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ABSTRACT 

Industrial companies that carry on innovation and operation must have well-
organized and capable business systems and processes. Customer needs, market 
demands, global competition and technological changes drive the companies to 
be more adaptable, flexible and dynamic. Design, manufacturing and delivery 
of high quality products to competitive prices to the customers are essential for 
industrial companies.  

A company with engineering and manufacturing of products in a business con-
text needs to have effective innovation of business system and process. Busi-
ness innovation encompasses the area from business idea to business operation 
and includes customer demands and solutions.  

The thesis is elucidating that business innovation can be carried out by working 
in a systematic and structured way and by utilizing engineering design theories 
and methods. The business models, based on a new theory with a new naviga-
tion tool for interaction engineering, are describing which activities should be 
performed in business innovation with product platform development and 
product structuring.  

The creation of business innovation models has been carried out according to a 
hermeneutic research method. The research work followed the hermeneutic 
circle or spiral.  

The thesis introduces a new dimension to the design area, namely business 
innovation or engineering, corresponding to business design and development. 
Business innovation is also a new type of innovation, combining technological, 
product, process, market and organizational innovations in industrial compa-
nies.  

Keywords: Business Modeling, Product Platform Development, Product Life 
Cycle Modeling, Product Structuring, Innovation Methods, Integrated Design.  
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PREFACE 

This doctoral thesis is a scientific summary of my industrial and academic 
journey from a Master of Science in Electronic Engineering at Chalmers Uni-
versity of Technology to a Doctor of Philosophy in Engineering Science at the 
Royal Institute of Technology.  

My first professional job was as electronic design engineer at ITT/Standard 
Radio where I developed sub-systems for military equipment. The company 
changed name to Stansaab and after a few years of practice I became design 
responsible for one combat guidance system and one communication system 
for navy vessels. Due to my experience of system/product development and 
industrialization (and successful results) I was promoted to be manager produc-
tion engineering for both military and civilian products. Two of my assign-
ments beside line management concerned responsibility for industrialization of 
two generations of Alfaskop computer terminals.  

Stansaab merged with Datasaab and I was appointed manager for production 
engineering for both the factory in Stockholm and in Linköping. The product 
portfolio was enlarged with minicomputers and banking systems.  

LM Ericsson acquired Datasaab and Facit (printers and typewriters) and 
merged these two companies with Ericsson’s division for subscriber exchanges 
and thereby formed Ericsson Information Systems. In this new company, and 
business area, I had positions as production engineering coordinator, industri-
alization manager and technical manager for eight factories around in Sweden 
including responsibilities for investments, production technology, component 
technology and industrialization of new products.  

During more than 20 years I have been engaged in competence development 
and implementation of new technologies for products and production. When 
surface mount technology was developed and introduced at the Ericsson group 
during the 1980:s I was one of the organizers and leaders. During the 1990:s I 
was responsible for microelectronics, packaging and interconnection, produc-
tion technology and production system in PROLAB, a central unit for produc-
tion development for the Ericsson group, hosted by Ericsson Telecom and with 
representatives from other Ericsson companies in the board.  

In several rounds I have been involved in models, methods and processes for 
product development and industrialization, as responsible for the development 



environment for hardware, software and documentation at Ericsson data divi-
sion and Nokia Data, as coordinator for the market view (including business 
case) in the Ericsson corporate NPI-project (New Product Introduction was a 
platform for integration of product development and product supply), as proc-
ess leader for Configuration (of products and production systems) in the net-
work for the Ericsson model factory.  

Within Ericsson Radio Systems I have worked in networks for Design-Supply 
Integration comprising processes for New product introduction, Configuration, 
Revision handling and Decision support tool. I have worked with technical 
scenarios and roadmaps for electronic products and production, and with De-
sign for Supply including DFM, DFA, OEE, etc.  

The last year (2001) as employed at Ericsson, I was positioned at Corporate 
Production and worked part time for Corporate Sourcing as team leader for 
alliance development team Design and New product introduction in four Erics-
son alliances.  

For nearly 20 years I cooperated with managers and researchers at the Swedish 
Institute of Production Engineering Research (Institutet för Verkstadsteknisk 
Forskning, IVF), and colleagues from other engineering companies, in techni-
cal councils and committees for research and development of electronic prod-
ucts and production.  

As chairman of the technical council for electronics at the Swedish Association 
for Engineering Industries (Sveriges Verkstadsindustrier, VI) I had the oppor-
tunity to visit many countries around the world as Germany, France, Italy, 
USA, Japan, Taiwan, Singapore, Malaysia and study research, development 
and education at universities and companies. Based on knowledge and experi-
ence from these trips, among other things, the council succeeded to get several 
professor chairs established in electronic production at technical universities in 
Sweden and get a nation wide research school started on electronic packaging 
and production, E-PROPER.  

Together with professors and other scholars at KTH and colleagues at Ericsson 
I have developed, organized and carried out courses in product realization for 
professional engineers at Ericsson, and together with Ericsson colleagues I 
developed, conducted and carried out courses in electronic packaging, inter-
connection and production for undergraduate students at KTH.  

During the period from 1996 to 2001 I was an industrial Ph D student at the 
department Production System at KTH financed by Ericsson Telecom and 
Ericsson Radio Systems, and thereafter I have been a Ph D student at the same 
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department with the new name Production Engineering (Institutionen för In-
dustriell Produktion, in Swedish).  

My first project plan for my research study at KTH had the title: ‘Principles 
and methods for product realization with application on packaging, intercon-
nection and production technology for electronic products’. My idea was to 
study the shift from surface mount technology to chip mount technology in 
products and production systems, which can be considered as research in the 
area of management of technology. Chip assembly can be seen as the fourth 
generation of component assembly technology, after manual assembly, 
through-hole assembly and surface assembly of components on circuit boards. 
But due to outsourcing of production from Ericsson and other big companies, 
the technology shift was delayed and slowed down and the external production 
suppliers did not invest enough in development of new technology and equip-
ment, because they were happy with the profit marginal with existing tech-
nologies without taking bigger risks in new technology.  

My research at KTH therefore altered to a broader view on product develop-
ment and industrialization based on concurrent engineering of product and 
production system. This approach was reinforced when I studied engineering 
design theories, methods and tools, and realized that I could build my research 
on this theoretical base. Due to this enlarged scope of my research, I changed 
my project title to: ‘Business innovation by utilizing engineering design theo-
ries and methods’. My research area is business systems with focus on innova-
tion processes. The main part of my research is about product realization in 
business environment. With this research approach I could also re-use more of 
my knowledge and experience from my assignments in industry and my coop-
eration with KTH and IVF. Because I worked nearly full time at Ericsson 
(1996-2001), it was also important that my research at KTH covered about the 
same issues as my work at Ericsson.  

Leif Clausson 

Stockholm in January 2006  
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Part I: 
Research Problem and  
Research Methodology  

In this first part, there are two chapters. In chapter 1, the research presented in 
this thesis is explained and motivated, and the research problem and the re-
search questions are declared. In chapter 2, the research approach and the 
research methodology employed in this research work are described.  
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1 INTRODUCTION AND RESEARCH ISSUES 

Main objectives of innovation are to improve customer satisfaction and quality 
of life by improving business competitiveness of firms. These goals involve 
investments in all types of innovation, as in research and development, new 
product development, operations and production, marketing, and field-service, 
which are commercialized by successfully producing income streams (Dodg-
son, 2000).  

1.1 Business Innovation  
This thesis is about business innovation in engineering and manufacturing 
companies, where many types of innovations are involved, as technological, 
product, process, market and organizational innovation.  

Industrial companies that carry on innovation and operation must have well-
organized and capable business systems and processes. Customer needs, market 
demands, global competition and technological changes drives the companies 
to be more adaptable, flexible and dynamic. By working in network structures 
as extended enterprises, the companies face new possibilities and also new 
challenges. Design, manufacturing and delivery of high quality products to 
competitive prices to the customers are essential for industrial companies. Ho-
listic view of the product life cycle from technology development, via product 
and business development and realization, to business operation, is important 
for sustainable industrial companies.  

A company with engineering and manufacturing of products in a business con-
text needs to have effective innovation of business system and process. Busi-
ness innovation encompasses the area from business idea to business operation 
and includes customer demands and solutions.  

In order to be competitive an industrial company must have an efficient busi-
ness process. A business process is an assembly of connected activities and is 
designed to create a value for the customer. The business process is consisting 
of a number of sub-processes. In this thesis the business process is composed of 
four sub-processes, which can be denominated pre-development, main devel-
opment, order and delivery, and use and maintenance. Within these processes, 
the activities are executed.  
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An industrial company, or a division of a company, can be regarded as a busi-
ness system consisting of sub-systems. The business sub-systems are represent-
ing different perspectives on the business, inside and outside the company. The 
business sub-systems are in this thesis denominated market, innovation, supply 
and service. Most of the activities during development of the business system 
are carried out in the innovation system. But development activities are also 
carried out in the other business sub-systems (market, supply and service). In 
the innovation system therefore concurrent activities from the three other busi-
ness sub-systems are included.  

The innovation system can be decomposed into sub-systems, which in this 
thesis are denominated product-market, product-function, product-design, 
product-supply and product-service. The sub-systems are corresponding to 
parts in the product platform. By regarding these sub-systems as different 
views of the innovation system, and handling them as domains, theories and 
methods from the engineering design area can be utilized for business innova-
tion including product platform development and structuring.  

In order to develop models for business innovation, a new theory for interac-
tion engineering was developed by synthesis of two recognized engineering 
design theories, the theory of Axiomatic Design by Suh (1990) and the theory 
of Domains by Andreasen (1980), and one system design methodology, from 
Systems Engineering.  

Andreasen (1992a) describes in the theory of domains the design task as navi-
gation in relation to a basic pattern, which is composed of causal relationship 
between the domains. For the interactions within and between the domains 
(sub-systems) a design tool called interaction mechanism was invented and 
developed in this research work. The mechanism can be utilized for innovation 
of business system and process (including transformation of information) by 
interaction engineering. The transformations can be in form of translation, 
creation, realization, elaboration, composition, decomposition, constraint or 
change. The results of the interactions can form the information content for the 
business and the product platform as function structure, product structure, sup-
ply structure and service structure.  

Business innovation covers the area from business idea and product idea to 
business operation and product maintenance. The main part of business innova-
tion is development of the product platform including product and support 
structures. Product variants are created and realized by various configurations 
of products and production systems.  
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1.2 Innovation Process  
An industrial company operating with the objective to maximize its long-term 
profit has to give attention to both finding ways of working within the com-
pany and getting products out on the market. To work in an efficient way is 
normally a necessary condition to be able to successfully promote the product 
on the market and to be competitive.  

One way to ensure that the company will be successful on the market is to 
work with a good market mix. The most well-known market mix consists of the 
four P:s; Product, Price, Place and Promotion (Kotler, 1997). Business innova-
tion, which is executed in the business system of the company, should support 
these P:s. Demand on the business innovation process is to provide the com-
pany with the right products (quality), to the right price/cost (effort), at the 
right place, at the right time and with the right promotion (marketing). One 
objective of this thesis is to show and explain how to achieve an efficient busi-
ness innovation process.  

In order to get an effective business innovation, decisions have to be made 
concerning both quality and productivity (Sohlenius, 2000). With quality we 
mean that the right product functions are realized within tolerance, and at the 
time and to the price (cost) that the customer demands and accepts. This means 
that the product can fulfill the objectives that the market has put up for it. With 
productivity we mean the efficient use of both the time and the effort (re-
sources) needed for realizing the product. Working with quality and productiv-
ity is in line with the market mix’s demands on the business process. That is, it 
requires high quality to provide the right product, short lead time to meet the 
market window, and the use of as low effort as possible, but enough to realize 
the product, in order to keep the cost down (Fagerström, 2001), (Clausson et al. 
2002).  
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Figure 1.1: Fagerström’s model with basic parts and relations in methods 

for development processes (2001).  

In order to make good decisions, the need for the right information, and suit-
able knowledge to interpret it, is crucial (Fagerström et al. 2001). With good 
decisions we mean decisions that bring us close enough to our objectives. With 
the right information we mean the information needed to make good decisions. 
The information is collected in models, which are projected from the real 
world. That is, the model is a projection of the real world and the information 
collected in the model forms the bases for the decision-making. The decisions 
will, when carried out, give an effect in the real world that expectantly brings 
us close enough to the objectives of the business innovation. This is visualized 
in Fagerström’s model concerning basic parts and relationships in methods for 
development processes, Figure 1.1.  

All processes are initiated by a decision and a meaningful decision must be 
followed by a process in order to be conducted. To be able to make good deci-
sions during the innovation process, there is a need for transparency in the in-
novation system (Moestam Ahlström and Kjellberg, 2001). This transparency 
requirement induces an obvious need for a model consisting of generic steps in 
the business innovation system. Such a model could act as a map to navigate 
after when making decisions with the purpose to establish both effective and 
efficient working procedures within business innovation.  
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1.3 Research Issues  

1.3.1 Research Problem  
The tough competition on the market demands that the company can develop 
and produce products with higher performance and quality at lower price than 
the competitors. Shorter product life cycles put importance on the capability to 
develop products in a shorter time with lesser resources in order to maximize 
the market window for the company competing on the marketplace.  

The challenge for the company is therefore to bring to the market a flow of new 
and improved products that enable the business to achieve higher margins and 
profits, which in its turn gives an economic base for further development. In 
order to be successful, the company has to offer products that provide more 
added values to users and customers than products of the competitors.  

1.3.2 Research Objects  
Business innovation is in this research study considered as innovation of busi-
ness system and process. The research objects are therefore Business Innova-
tions, performed by industrial companies with engineering design of products 
and production system. Business innovation corresponds to development of 
business systems and processes, which are utilized in business operations.  

The author has so far studied industrial companies as Stansaab, Datasaab, Facit, 
Nokia Data, Ericsson Information Systems, Ericsson Telecom, Ericsson Radio 
Systems and Scania, which are or have been engineering and manufacturing 
companies with development of technology, products and production systems, 
and production of their products. The products of these companies were pri-
marily within mechatronical technology, which means that the products were 
realized with mechanics and electronics. The studied companies have also had 
business activities for marketing and service/maintenance. In practice this 
means that research has been done on companies with a broad range of activi-
ties.  

1.3.3 Research Objectives  
The objectives for the research were to create business innovation models and 
tools for industrial companies to support them to be effective and competitive 
in product development, realization and service with right quality and high 
productivity.  
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1.3.4 Research Questions  
The research work presented in this thesis has been conducted in order to an-
swer following research questions:  

• How should business systems and processes be formed to support in-
dustrial companies with electromechanical products to be effective and 
competitive in innovation and operation?  

• Which activities should be included in business innovation?  

• Which fundamental principles can be found to support business inno-
vation?  

1.3.5 Research Approach  
Business Innovation can be considered as Innovation of Business System and 
Process and regarded as a design task with design objects as business systems 
and processes.  

The research approach led to further questions to be explored:  

• What is innovation?  

• What is business system?  

• What is business process?  

• What is design?  

• Why is business innovation of academic and industrial relevance?  

1.4 Science and Knowledge Base  
The thesis is based on theoretical and practical knowledge from schools of 
technology and schools of economics. Especially, theory and methodology 
from the Engineering Design area are utilized together with knowledge from 
mechanical engineering, electrical engineering and systems engineering.  

Managing and organizing innovation corresponds to administration tasks, and 
doing innovation corresponds to engineering tasks. Traditionally, engineering 
schools have courses on technology, product development and industrial pro-
duction. Simultaneously, business schools have courses on management of 
technology, innovation and operation in business environment.  

8 



 

1.5 Definitions of Terms and Concepts  
Fundamental terms and concepts used in this thesis are defined, described and 
explained below in order to facilitate understanding of the contents of the the-
sis.  

1.5.1 Product Platform  
Product structuring and product life cycle modeling are important parts in the 
development of product platforms for engineering and manufacturing compa-
nies. During development the product should be structured according to differ-
ent needs and views from inside and outside the company, as customer, market, 
function, design, supply, maintenance and so on. Industrial companies need 
complete product life cycle models from product idea to product termination 
for their business innovation and operation.  

The main part of business innovation is development of the product platform 
including product and support structures. Product variants are created and real-
ized by various configurations of products and production systems.  

1.5.2 Business Process  
Business processes refer to the unique ways in which an organization coordi-
nates and organizes its operations to produce valuable products and/or services 
(Laudon and Laudon, 1998). Operations of an organization include various, 
directly or indirectly, value-adding processes, which involve creation, commu-
nication, and utilization of material, information, and knowledge.  

Different ways of organizing the operations in a business have evolved over the 
years. Two of the most familiar forms of organizing are the functional organi-
zation and the process organization. The functional organization emphasizes 
who does what and the process organization emphasizes how the result is done. 
In a process organization the customer demands are better understood and, 
thus, easier satisfied. In addition, unnecessary operations can be cut while 
streamlining the core value-adding business processes (Aganovic and Jonsson, 
2001). However, even if the process organization is applied, the companies 
must still have an understanding of the functions that are needed to execute the 
set of processes. Many companies are therefore organized in matrices of busi-
ness functional organizations and business processes.  

A process organization way of working implies that the whole business process 
is divided into different phases, which are carried out in a stepwise manner. 
The division into phases is defined based on the shifting of focus, as the busi-
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ness process life cycle is accomplished. In each phase, analysis and synthesis 
are performed in order to fulfill its objectives. This type of model is often re-
ferred to as a state-gate model (Cooper, 1988a, 1990b), (McGrath, 1996).  

1.5.3 Innovation System and Process  
The term ‘innovation’ comes from the Latin expression innovatio, which 
comes from innovo (in and novus) meaning ‘to renew’ and innovare meaning 
‘to make something new’. Innovation can be assumed as a process of turning 
opportunity into new ideas and putting these into widely used practice (Tidd et 
al, 1997, 2001).  

Innovation can be seen as the successful exploitation of new ideas. Innovation 
process can therefore be regarded as a key business process that by incorporat-
ing new technologies, design and best practice can enable businesses to com-
pete effectively in the global environment (UK Department of Trade and Indus-
try, DTI Innovation, 2004).  

An innovation process is normally considered as a course that incorporates the 
birth, the development and the establishment of ideas in the technical-science 
area. According to an definition from OECD (Organization for Economic and 
Cooperative Development), the innovation system consists of a network of 
organizations, human beings and game rules in which creation, spreading and 
innovative exploration of technology and other knowledge occurs.  

Innovation includes the scientific, technological, organizational, financial, and 
business activities leading to the commercial introduction of a new (or im-
proved) product or new (or improved) production process or equipment (Dodg-
son, 2000).  

In this thesis the author refer to the innovation system and its process as the 
means for development of both the products and their business systems and 
processes. This corresponds to the product platform concept that the product 
should be structured according to needs and views from inside and outside the 
company, as customer, market, function, design, supply and maintenance, ac-
companied with product life cycle views from product idea to product termina-
tion.  

The subject of innovation is essentially about change, and in this thesis particu-
larly about technological change. Change of technological character can take 
two forms, one form is change in the things (products), and another form of 
change is in the ways in which the things are produced. Traditionally these 
changes are termed ‘product innovation’ and ‘process innovation’ according to 
Utterback (1994).  
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A second dimension to change is the degree of novelty involved. There are 
degrees of novelty from minor and incremental improvements to major and 
radical changes.  

This thesis deals with the whole spectrum of changes, mainly technological 
changes including design and manufacturing of products, but also market and 
organizational innovation, however to a smaller extent. Management of innova-
tion is also treated in the thesis.  

Management of technological innovation is a complex and risky aspect of con-
temporary business. It is necessary for firms to master this kind of innovation 
to compete successfully.  

Innovation management has to be based on understanding the broad changes 
occurring in underlying technologies and markets, in globalization, industrial 
structures, and best management practices (Dodgson, 2000).  

1.5.4 Business and Operation  
The term ‘business’ is noun with many meanings as ‘trade or commerce; occu-
pation or profession; a firm; a factory’, according to Webster’s Universal Dic-
tionary (1993).  

The adjective ‘busy’ means ‘occupied’ or ‘full of activities’.  

The term ‘operation’ is a noun with different meanings as ‘a method of operat-
ing; a procedure; a military action’. The term is based on the verb ‘operate’ 
meaning ‘to work, to function; to produce a desired effect’ and ‘to run or con-
trol (a machine)’.  

1.5.5 Design and Development  
The term ‘design’ is both a verb meaning ‘to plan; to create; to intend’ and a 
noun meaning ‘a working drawing; a mental plan of scheme; the particular 
form of disposition of something’.  

The verb ‘design’ can be elucidated by using the word ‘designing’ meaning 
‘doing design’ and the noun ‘design’ can be elucidated by the double word 
‘design object’ meaning ‘object to be designed; object that is designed’ (Hubka 
and Eder, 1996).  

An object can be a thing, product, process, etc. 

The term ‘development’ is a noun meaning ‘the process of growing or develop-
ing’. The word ‘development’ comes from the word ‘develop’, which is a verb 
meaning ‘to evolve; to bring to maturity; to improve the value of something’.  
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1.5.6 Manufacturing and Production  
The term ‘manufacture’ comes the Latin words manus factura meaning ‘what 
the hand make’.  

The word ‘manufacture’ is a verb meaning ‘to make, use machinery; to invent, 
fabricate’.  

The term ‘manufacturing’ is a noun meaning ‘production of goods by manufac-
turing’.  

The term ‘produce’ comes the Latin word producere meaning ‘to produce’.  

The term ‘produce’ is a verb meaning ‘to bring about; to bring forward, show; 
to yield; to cause; to manufacture, make’.  

The term ‘production’ is a noun meaning ‘the act of producing; a thing pro-
duced’.  

In USA, manufacturing is regarded to be on a higher hierarchical level than 
production, in order to make the profession of manufacturing engineering more 
respected. In many parts of Europe, the opposite is understood with production 
and production engineering on a higher level than manufacturing.  

The international academy for production engineering research, CIRP, College 
International pour la Recherche en Productique, is defining manufacturing as a 
series of interrelated activities and operations involving the design, material 
selections, planning, production, quality assurance, management and marketing 
of the products of the manufacturing industries. This definition of manufactur-
ing from CIRP is broader than their scope of production, and manufacturing 
system is in CIRP view to a great extent corresponding to the concept of busi-
ness system used in this thesis.  

In most parts of this thesis, the terms manufacturing and production are treated 
more or less as synonymous words, but in some parts a difference is pointed 
out there a production system consists of a manufacturing system and a plan-
ning system. Manufacturing can be seen as the transformation of raw material 
to a finished product. Production can be seen as the activities needed to bring a 
product to the market.  

1.5.7 Realization, Industrialization and Commercialization  
The term ‘realization’ is a noun meaning ‘the action of realizing; something 
comprehended or achieved’, and is based on the verb ‘realize’ meaning ‘to 
become fully aware of; to make happen; to cause to appear real’.  
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The term ‘industrialization’ is a noun, which is based on the verb ‘industrialize’ 
meaning ‘to make or become industrial’. The term ‘industrial’ is an adjective 
meaning ‘relating to or engaged in industry; used in industry’. The term ‘indus-
try’ is a noun meaning ‘organized production or manufacture of goods; manu-
facturing enterprises collectively; a branch of commercial enterprise producing 
a particular product; any large-scale business activity’.  

The term ‘commercialization’ is a noun, which is based on the verb ‘commer-
cialize’ meaning ‘to put on a business basis; to exploit for profit’.  

1.5.8 Effectiveness and Efficiency  
The term ‘effectiveness’ is a noun based on the adjective ‘effective’ meaning 
‘producing a specified effect’, which is based on the noun ‘effect’ meaning ‘the 
result (or the change) produced by an action (or a cause); the power to produce 
some result’ according to Webster’s dictionary (1993) and the Oxford diction-
ary (1999). The word ‘effective’ can be translated to ‘verksam’, ‘verknings-
full’, ‘effektiv’ in Swedish (Norstedts stora engelsk-svenska ordbok, 1993).  

The term ‘efficiency’ is a noun based on the adjective ‘efficient’ meaning ‘pro-
ducing or achieving results without (or with little) waste of time or effort’ ac-
cording to Webster’s dictionary (1993) and the Oxford dictionary (1999). The 
word ‘efficient’ can be translated to ‘verksam’, ‘duktig’, ‘effektiv’ in Swedish 
(Norstedts stora engelsk-svenska ordbok, 1993).  

The term ‘effectual’ is an adjective meaning ‘able to produce the desired ef-
fect’.  

The term ‘productivity’ is a noun meaning ‘the state of being productive; the 
ratio of the output of a manufacturing business to the input of materials’. The 
word ‘productivity’ is based on the adjective ‘productive’ meaning ‘producing 
or capable of producing’. Productivity is a measure of efficiency.  

The term ‘effectiveness’ can be understood as ‘capability to produce the de-
sired result’ and the term ‘efficiency’ can be understood as ‘capability to pro-
duce results with low waste of effort and/or time’, which in Swedish corre-
sponds to ‘verkningsfullhet; effektivitet’ and ‘verkningsgrad; duglighet; effek-
tivitet’ respectively (Norstedts stora engelsk-svenska ordbok, 1993).  

In many books, theses and papers on product realization, the words ‘effective-
ness’ and ‘efficiency’ are used in combination with aiming to mean ‘doing the 
right thing’ (göra rätt sak) and ‘doing it in the right way’ (göra saken rätt) re-
spectively. However, when discussing ‘effectiveness’, the aspects of quality 
(e.g. desired effect or function) and productivity (e.g. limited effort) have to be 
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involved, because both aspects are needed in order to be regarded as ‘effective’ 
in product realization.  

In Collins Cobuild English dictionary (1995, 1999), the term ‘effective’ is de-
scribed in the following way: “Something that is ‘effective’ works well and 
produces the results that were intended”.  

1.6 Delimitations  
The unit of analysis in this thesis is industrial companies with engineering and 
manufacturing of electromechanical products, which are products that can con-
sist of a combination of hardware, firmware and software. Such products can 
have many functions and parts, and be produced in several variants and differ-
ent volumes.  

However, the thesis is mainly dealing with business innovation with product 
development and realization on a more principal and abstract level than dealing 
with concrete and detailed product configurations.  

Service in form of maintenance and marketing are treated in limited ways.  

1.7 Disposition  
The thesis consists of three major parts. The first part has two chapters. Chapter 
1 is an introduction to the thesis dealing with research area, problem, objec-
tives, questions and approach, terminology and delimitations. Chapter 2 de-
scribes the scientific approach and framework of the research work.  

The second part is the frame of reference based on literature studies of work 
from other researchers in form of books, theses and papers. This part has three 
chapters. Chapter 3 is on economic growth and innovation, chapter 4 on differ-
ent types of innovation, and chapter 5 on engineering design.  

The third part is the research results with four chapters. Chapter 6 is on indus-
trial case studies, chapter 7 on industrial system and process, chapter 8 on busi-
ness innovation, and chapter 9 on final discussion and conclusions.  

The first part is preceded by abstract, preface, acknowledgements, publications, 
and contents.  

The third part is succeeded by references.  
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2 SCIENTIFIC APPROACH AND FRAMEWORK 

2.1 Terminology  
The term ‘science’ is a noun meaning knowledge gained by systematic experi-
mentation and analysis, and the formulation of general principles. Science is 
the study of the nature and behavior of natural things and the knowledge that 
we obtain about them.  

The term ‘scientific’ is an adjective concerned with science; based on or using 
principles and methods of science; meaning systematic and exact. If you do 
something in a scientific way, you do it carefully and thoroughly, using ex-
periments or tests.  

The term ‘theory’ is a noun meaning an explanation or a system of anything; 
ideas and abstract principles of science or art; speculation; a hypothesis. A 
theory is a formal idea or set of ideas that is intended to explain something.  

The term ‘methodology’ is a noun meaning the methods and procedures used 
by a science or discipline; the philosophical analysis of method and procedure. 
A methodology is a system of methods and principles for doing something.  

The term ‘method’ is a noun meaning the mode or procedure of accomplishing 
something; orderliness of thought; an orderly arrangement or system. A method 
is a particular way of doing something.  

All terms above are referring to Webster’s Universal Dictionary (1993) and 
Collins Cobuild English Dictionary (1995, 1999).  

2.2 Research Approach  
The purpose of this research study was to create business innovation models 
and tools that provide answers to the research questions:  

• How should business systems and processes be formed to support in-
dustrial companies with electromechanical products to be effective and 
competitive in innovation and operation?  

• Which activities should be included in business innovation?  
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• Which fundamental principles can be found to support business inno-
vation?  

In order to answer the research questions the following research approach was 
formulated:  

Business Innovation can be considered as Innovation of Business System and 
Process and regarded as a design task with design objects as business systems 
and processes.  

Based on the research questions and the research approach, the main hypothesis 
was formulated:  

• Engineering Design theory and methodology can be utilized for Busi-
ness Innovation in industrial companies with electromechanical prod-
ucts.  

The main hypothesis is based on well-known knowledge in form of theories 
and methods within Engineering Design Science.  

The main hypothesis was divided into two sub-hypotheses for the research 
work:  

Theories and methods from the Engineering Design area can be used for:  

• Modeling of an industrial company as a business system with subsys-
tems and processes.  

• Modeling of an industrial innovation process by interactions between 
business subsystems and processes.  

2.3 Research Methodology  
The research work was structured according to the principal model in Figure 
2.1 with Object, Subject and Hypothesis, and performed by Observation, 
Analysis, Synthesis, Presentation and Validation, in order to answer the re-
search questions and to develop models and tools for business innovation for 
validation of the hypotheses.  
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Object Subject

Hypothesis

Observation

PresentationValidation

 
Figure 2.1: Model of Research. Adapted from Fagerström (2001).  

The model of research in Figure 2.1 can be described summarily:  

• Object of observation is business innovation  

• Subject is the researcher  

• Hypothesis is business innovation in form of models and tools  

The object of observation is the business innovation in industrial companies. 
Business innovation was observed by the researcher in several companies. The 
researcher has further observed (studied) literature in form of books, theses, 
papers and articles regarding:  

• Management of business, technology and innovation  

• Theories concerning engineering design  

• Methods dealing with development processes  

• Case studies dealing with product development, realization and intro-
duction  

These literature studies are also treated as objects of observation.  

Observation can be regarded as a method to collect data in the research. When 
the subject or researcher is doing observations, it is an advantage, that the re-
searcher has personal experience of the examined area or topic, according to 
Føllesdal et al. (1993, 2001).  
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The subject is the researcher, which is the same as the author of this thesis, in 
this case. The researcher, as the subject, attempted to understand, interpret and 
create knowledge about the object guided by the research questions. The re-
searcher observed and analyzed, synthesized and presented models and tools 
(as proposals in the beginning). The proposed models and tools for business 
innovation were used for further development and the proposals were treated as 
hypothesis. Analysis was done of each hypothesis, comparing the hypothesis 
with the results of the observations of the objects. The synthesis process creat-
ing a new or modified hypothesis was made based on the earlier hypothesis and 
the new knowledge gained in the earlier analysis.  

When performing the analysis and creating the synthesis, the following basic 
rules were used. These rules were originally stated as guidance when choosing 
models for development work (Ross, 1977): 

• Purpose of the model  

• Viewpoints on the model  

• Detailing level in the model  

One part of the research is to draw conclusions from the data, which is col-
lected by observations. This work is normally called analysis. Data from the 
analysis is transferred to information, which can be presented.  

The analysis can be done in different ways. Normally, the human brain is used 
to do the analysis. Thoughts and insights, which the researcher has about the 
object after observation, can be regarded as mental models. One can therefore 
assume that the analysis is performed based on mental models in the brain of 
the researcher. When the analysis is finished, the researcher can create a syn-
thesis and present the mental models as research results in form of a theory, if 
the results are valid (Føllesdal et al. 1993, 2001).  

Presentation of the hypothesis in form of models and tools for business innova-
tion with appurtenant descriptions is made as research results in chapter 8. 
Presentation is mainly done in order to disseminate the information and knowl-
edge gained by the observations to other persons.  

The presentation (of research results as models, hypotheses or theories) be-
comes the filter through which other persons can create their mental model of 
the object without having observed the objects by them selves.  

Validation of the hypothesis is, of course, best performed if the models prove to 
be useful in many companies doing both business innovation and business op-
eration. Validation of the models and tools is dealt with in chapter 8.  
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Validation intends to show how well the research results, in form of theory, 
hypothesis or model, corresponds to and conform to the object in reality. The 
research results can be regarded as valid if the models presented are reflecting 
the object in a fair and just way.  

The research model in Figure 2.1 expresses the principle procedure for the 
research process. But the model is not dealing with the details in the research 
work. The details in research processes vary with different types of research 
and are therefore treated in different research methods. Research methods can 
be classified into qualitative methods as case study research (Yin, 1994), 
(Stake, 1995) or hermeneutic method (Ödman, 1979, 1994), and quantitative 
methods as hypothetic-deductive method (Føllesdal et al. 1993, 2001).  

The creation of business innovation models has been carried out according to a 
hermeneutic research method (Ödman, 1979, 1994). The research work fol-
lowed the hermeneutic circle or spiral (Føllesdal et al. 1993, 2001). That is, the 
research started by setting up hypotheses, based on own knowledge and experi-
ence, stating models and tools with the objective to answer the research ques-
tions. After this the hypothetic models were tested by comparisons with the 
observations and experiences. This analysis resulted in knowledge about short-
comings in the first hypothetic models, since they were not good enough. The 
new knowledge, gained in the analysis, was used to modify the hypothetical 
models, which were tested again. This went on in several circles (or in a spiral) 
until models and tools, which were fulfilling the objectives for the research, 
were created, verified and accepted. This research process became an iterative 
process, where synthesis and analysis (Ueda, 2001) was alternated, just as 
whole and parts (Føllesdal et al. 1993, 2001), as it is often expressed in connec-
tion to the hermeneutic circle or spiral (Fagerström et al. (2001), Clausson et al. 
2002).  

Since different objects as companies, theories, methods and cases were ob-
served, the subject as researcher could hardly influence the objects with his 
observations. But the researcher could, of course, chose objects for observa-
tions, which were suited more or less well for the research purpose. Further-
more, the background and experience of the subject, as manager, engineer and 
designer, had affect on how the objects were interpreted (Chalmers, 1996). The 
researcher’s knowledge and experience about Engineering Design Theories and 
Methods, and about Business Systems, Innovations Systems and their Proc-
esses, were used both for synthesizing and analyzing the hypotheses. This re-
sulted in that models and tools for business innovation could be formed and 
validated.  

19 



 

The research has been explorative, successive and adaptive during my years as 
PhD student in order to accomplish the research objectives defined in this the-
sis. On the long way to the thesis, the research objectives have been revised to 
cope with changes in strategies and my work tasks at Ericsson Corporation. 
The research focus has therefore moved from technology change in packeting 
and interconnection of electronic products to business and operation develop-
ment.  

2.4 Scientific Framework  

2.4.1 Theoretical and Practical Knowledge Base 
The thesis is based on theoretical and practical knowledge from schools of 
technology and schools of economics. Especially, theory, methodology and 
knowledge from the Engineering Design area are utilized, as Design Science, 
Theory of Technical System, Theory of Domains, Axiomatic Design Theory, 
Theory of Inventive Problem Solving, and Systems Engineering.  

Knowledge areas for this thesis are electrical/electronic engineering, mechani-
cal engineering, industrial/production engineering, systems engineering, and 
management of technology, innovation and operation.  

Other knowledge areas, which have been involved in this research, are philoso-
phy of science and case study research methodology.  

2.4.2 Design Science  
The combination of design and science has been investigated by Hubka and 
Eder (1996) in their book about Design Science. They argue that collecting, 
defining, categorizing and classifying knowledge is one important role for sci-
ence. This includes finding relationships, structuring, and systematizing.  

According to Hubka and Eder, an accepted model for scientific procedure is 
based on following steps:  

1. ask an appropriate question  

2. propose a model and a hypothesis  

3. collect data  

4. analyze the data  

5. formulate an answer  
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6. accept the new knowledge and revert to 1  

The hypothesis may reach the detail of a proposed theory, if the prior know-
ledge and its logic are sufficiently well established.  

Formally, any phenomenon to be studied can be considered as an inseparable 
whole, which can be seen as a holistic viewpoint. However, there is a funda-
mental philosophical objection to artificially dividing theory (logic) and prac-
tice (experience), as the separation lacks a sufficient epistemological founda-
tion. But to understand a phenomenon in its context, we must separate, decom-
pose, and describe, not only for individual parts, but also with respect to theory 
and practice. On the basis of knowledge of the parts, we can then more effec-
tively abstract, conjecture, discover relationships, and synthesize into a holistic 
description, but also validate, verify and test (Hubka and Eder, 1996).  

Researchers often use intuition and logic in scientific processes. They proceed 
by using alternately deductive and inductive means and by using methods that 
are creative and imaginative, but also careful and systematic.  

Popper (1935, 1959) pointed out the importance of intuition, imagination and 
speculative hypothesis, when presenting one view of the form and history of 
scientific progress.  

Kuhn (1970) divided scientific progress into normal accumulation of know-
ledge within a disciplinary matrix (paradigm) for that region of knowledge, and 
into scientific revolution when the disciplinary matrix is object to revision.  

The way of gaining knowledge and insights by starting from a hypothesis is 
called a method in the areas of science. Hypotheses are scientific assumptions, 
which tend to complete and deepen the fragmentary empirical knowledge at a 
certain place, or join different empirical knowledge to a totality.  

According to Hubka and Eder, scientific progress is achieved by a combination 
of:  

1. proceeding from the whole to the parts (analysis)  

2. progressing from the parts to the wholes (synthesis)  

3. going from experiences and observations towards definitions (of terms) 
and causes, from the particular to the general (induction)  

4. moving from the general to the particular (deduction)  

5. transposing from a more concrete to a more abstract formulation (ab-
straction)  
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6. establishing a more concrete reality from a more abstract formulation 
(concretizing)  

Thus the systematic advancement into the reality of designing (in breadth and 
depth) will have a totality and quality of knowledge as its consequence.  

2.4.3 Case Study Research Methodology  
According to Robert Stake (1995), we are sometimes given the case, even obli-
gated to take it as the object to study, as the case is pre-selected. We are inter-
ested in it, because we need to learn about that particular case. We have an 
intrinsic interest in the case, and our work may be called intrinsic case study.  

In a different situation, we will have a research question, a puzzlement, a need 
for general understanding, and feel that we may get insight into the question by 
studying a particular case. E.g. by studying a person or an organization, we can 
pay particular attention to how a system or a program or another object func-
tions together with this person or organization. The use of case study is to un-
derstand something else (than the person or organization). Case study here is 
instrumental to accomplishing something other than understanding this particu-
lar person or organization, and our inquiry may be called instrumental case 
study.  

In the same situation, we may feel that we should choose several companies to 
study rather than just one. Each case study is instrumental to learn about the 
effects of the system, program or object, but there will be important coordina-
tion between the individual studies. That work may be called collective case 
study.  

Interpretation is a major part of all research. The function of the qualitative 
researcher during data gathering is clearly to maintain energetic interpretation. 
On the basis of observations and other data, researchers draw their own conclu-
sions. These can be called assertions, a form of generalizations. How to arrive 
at assertions is an ordinary process of interpretation.  

Perhaps the most difficult task of the researcher is to design good questions, 
research questions that will direct the looking and the thinking enough and not 
too much. The design of all research requires conceptual organization, ideas to 
express needed understanding, conceptual bridges from what is already known, 
cognitive structures to guide data gathering, and outlines for presenting inter-
pretations to others.  
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According to Robert Yin (1994), design and conduct of case studies can be 
used for research purposes. As a research strategy, the case study is used in 
many situations including:  

• organizational and management studies  

• the academic disciplines as well as professional fields such as business 
administration, management sciences, and social work  

The researcher and author of this thesis had the time and opportunity to define 
and formulate the research objectives and questions in order to correspond to 
personal interest and motivation. The researcher could also chose objects of 
observation, including cases for study, which suited the research objectives and 
questions. The chosen cases are representing all three types of case studies as 
intrinsic case study (to learn more of the particular case), instrumental case 
study (to understand something else) and collective case study (to learn about 
the effects of system, process, or object). The same case study can sometimes 
be considered as belonging to two of the three types.  

2.4.4 Natural Science  
The natural scientist tries to find universal statements, as theories and laws, 
which cover all phenomena as special cases. To say that we have found the 
explanation of an event is to say that the event can be deducted from a general 
regularity.  

According to Isaac Newton, the whole object of natural science can be de-
scribed in two parts, first to discover the laws of nature by induction from ex-
periments and observations, and then to apply these laws to the solutions of the 
phenomena of nature (Hacking, 1983, 1997).  

According to Karl Popper, we can never be sure that a theory or hypothesis is 
true, therefore should all theories be regarded as temporary truths, until they 
are falsified (Thurén, 1991, 2004).  

According to Thomas Kuhn, scientific revolutions occur when scientific and 
implicit knowledge within a certain scientific area, which can be called a para-
digm, gets questionable with many anomalies. This can lead to a crisis within a 
normal science and a revolution with a new paradigm with new knowledge and 
better conformity with facts, which outperforms the older paradigm. The scien-
tific revolution with shift of paradigm means that the knowledge building is 
rebuilt instead of added on (Hacking, 1983, 1997), (Thurén, 1991, 2004).  
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2.4.5 Engineering Science  
The consecutive phases of a science of engineering, seen as the knowledge 
development process as well as the accumulated theory- and knowledge base of 
engineering, are defined by Gunnar Sohlenius (1990, 2005) in the following 
way: 

1. Analyze what is  

2. Analyze (imagine) what would be possible  

3. Define what would be desirable  

4. Develop (create) what has never been  

5. Analyze the result of this development  

6. Conclude the generalized result of this analysis in a new theory  

These phases are logically connected to abduction and deduction according to 
the hermeneutic methodology. The first two and the fifth are abductive, 
whereas the third, partly the fourth and the sixth are deductive.  

The procedure can also be connected to the Hermeneutic Circle or Spiral, 
which means that the steps are being traversed several rounds throughout a 
research process.  

Another perspective, very natural to engineering, would be that the first two 
and the fifth steps are analytic and the third, fourth and sixth are synthetic 
(Sohlenius, 2005).  
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Part II:  
Frame of Reference 

In this second part, there are three chapters on the frame of reference for the 
research presented in this thesis. Chapter 3 deals with economic growth and 
innovation. Chapter 4 deals with various types of innovation. Chapter 5 deals 
with theories and methods within engineering design. These chapters in part II 
represent relevant literature related to various aspects on the research issues, 
as identified in the introduction chapter in Part I. With these three chapters in 
part II, a theoretical knowledge base is established for the research work and 
the research results presented in Part III.  
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3 ECONOMIC GROWTH AND INNOVATION 

The references in this chapter are chosen to provide historical, technical, eco-
nomical and organizational backgrounds and to constitute experience and 
knowledge bases for the research work on business innovation.  

3.1 Economic Growth by Innovation  
Innovation has for a long time been regarded as the engine of economic 
growth. Economic historians observed that the acceleration in economic growth 
during the nineteenth century (1800s) was the result of technological progress 
based on industrial innovations as steam engine, locomotive, electromagnetic 
induction dynamo, electric light bulb and others. These technological innova-
tions contributed to the industrial revolution.  

Joseph Schumpeter was among the first economists to consider how changes in 
technology contributed to economic benefits for the innovating companies and 
economic growth for the innovating countries. He argued that the competition 
between companies by means of new products functioned as stimuli to eco-
nomic progress. Schumpeter’s ideas on business cycles and economic devel-
opment have attained great interest and recognition, and due to this he is ac-
knowledged as the founder of modern growth theory.  

In the 1930s Schumpeter was the first to realize that the development and dif-
fusion of new technologies by profit-seeking entrepreneurs formed the source 
of economic growth. Schumpeter had the thesis that without any innovations 
and innovative activities there would be no economic growth. This stationary 
state needs an entrepreneur to be moved. The entrepreneur changes this balance 
of stable state and is the cause of economic development, which proceeds in a 
cyclic way.  

In shaping this theory of connecting innovations, business cycles, and eco-
nomic development, the Austrian economist Schumpeter re-used the Russian 
statistician and economist Nikolai Kondratiev’s ideas on major economic cy-
cles with long term waves (50-60 years in length) of boom followed by depres-
sion (Kondratiev, 1926). In the 1930s, Joseph Schumpeter formalized this con-
cept, and named the pattern the Kondratieff. This name has thereafter been 
attached to the phenomenon and known as Kondratieff Waves (Schumpeter, 
1934, 1939, 1942), (Kondratieff, 1935/51).  
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Robert Solow (1988), who was a student of Schumpeter, advanced the theories 
of Schumpeter in the 1950s and won the Nobel Prize for economic science. 
Paul Romer has developed these growth theories further and is responsible for 
the modern theory of economic growth, which argues that sustained economic 
growth arises from competition among firms. Romer argues that technology is 
an important ‘endogenous’ factor, which is a factor growing from or on the 
inside. The opposite is ‘exogenous’, which is caused or influenced by external 
factors. Technology is, in the modern growth theory, regarded as an internal 
factor, which is a central part of the economic system, and a key factor of pro-
duction along with capital and labor (Romer, 1990).  

Firms seek to increase their profits by devoting resources to creating new prod-
ucts and developing new ways of making existing products. This neo-
Schumpeterian economic growth theory (by Solow and Romer) underpins 
many theories of innovation management and new product development (Par-
kin et al. 1997).  

3.2 Waves of Innovation and Growth  
The history of capitalist development reveals a pattern of economic growth. 
The works by Kondratiev and Schumpeter have identified the major phases of 
this development. Five waves, or growth cycles, are recognized as Kondratieff 
waves and are shown in Figure 3.1.  
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Figure 3.1: Kondratieff waves of growth and their main features.  

Source: Trott (2002).  

These five Kondratieff waves correspond to the industrial revolution with early 
mechanization, the age of steam power and railways, the age of steel, electric-
ity and heavy engineering, the age of oil, automobiles and mass production, 
and the age of information and telecommunication. In these Kondratieff waves, 
the capitalist economy grew on the basis of major innovations in product, proc-
ess and organization with accompanying shifts in the social arena. In each ma-
jor phase of innovation a leading industry was established, which affected the 
way the economy was organized. The leap forward provided by such industry 
resulted in a major transformation of the economy (Kondratieff, 1935/51).  

Kondratieff waves may be defined as a pattern of long-term regularities of 
structural change in the modern world economy. The wave pattern consists of 
an alternation of periods of higher growth in industrial sectors with periods of 
slower growth with 50-60 years in wavelength. Each wave is analogous to a 
techno-economic paradigm (Kondratieff, 1984).  

According to the pattern of Kondratieff waves, we are presently in the fifth 
wave of technological development, which is called the information and com-
munications technology wave, with microelectronics and software engineering 
as two major factor industries. However, we have to distinguish the microelec-
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tronics revolution (making and using electronic circuits) from the information 
revolution (making and using software).  

The study of the pattern of Kondratieff waves can help explaining why some 
economies grow faster than others. The pattern can maybe outline the evolution 
of the global economy, and assist in politico-economic predictions. The theory 
of changing techno-economic paradigms emphasizes long-time horizons in 
both the development and diffusion of technologies, and the economic and 
social returns from them. The theory shows how technological innovation is a 
profoundly disruptive and uncertain process and that changing techno-
economic paradigms are genuinely ‘revolutionary’. This is in accordance with 
Kuhn’s theory of paradigm shift (Kuhn, 1970).  

The World Bank (1998:1) argues that ‘knowledge has become perhaps the 
most important factor determining the standard of living, more than land, than 
tools, than labor. Today’s most technologically advanced economies are truly 
knowledge-based’.  

The knowledge economy is not only about new creative industries and high-
tech business, this economy is also relevant to traditional manufacturing and 
services, and to businesses ranging from construction and engineering to retail-
ing and banking (UK Department of Trade and Industry, 1998).  

There are a number of drivers behind the move to the knowledge economy:  

1. the increasing knowledge intensity of the processes to generate, pro-
duce and commercialize new goods and services  

2. the extended capacity of information and communications technologies 
to store, process, and transfer vast amounts of information  

3. the process of globalization  

3.3 Definitions and Terms in Innovation  
The term innovation comes from the Latin expression in novatio, which comes 
from in novo meaning ‘to renew’ and in novare meaning ‘to make something 
new’.  

According to Webster’s Universal Dictionary (1993) the term ‘innovation’ is a 
noun based on the verb ‘innovate’, which is explained as ‘to introduce new 
methods, ideas, etc; to make changes’. An ‘innovator’ is ‘one who introduces, 
or seeks to introduce, new things’.  

Innovation itself is a very broad concept that can be understood, described and 
defined in a variety of ways:  
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 ‘Innovation is a total process of interrelated sub-processes. Innovation includes 
the conception of a new idea, the invention of a new device, and the develop-
ment of a new market. The innovation process consists of all these things act-
ing in an integrated fashion.’  
From: Stewart Myers and Donald Marquis (1969) Successful industrial innova-
tion: a study of factors underlying innovation in selected firms.  

 ‘Industrial innovation includes the technical, design, manufacturing, manage-
ment and commercial activities involved in the marketing of a new (or im-
proved) product or the first commercial use of a new (or improved) process or 
equipment.’  
From: Christopher Freeman (1982) The Economics of Industrial Innovation.  

 ‘Innovation is the specific tool of entrepreneurs, the means by which they ex-
ploit change as an opportunity for a different business or service. It is capable 
of being presented as a discipline, capable of being learned, capable of being 
practiced.’  
From: Peter Drucker (1985a) Innovation and Entrepreneurship.  

 ‘Companies achieve competitive advantage through acts of innovation. They 
approach innovation in its broadest sense, including both new technologies and 
new ways of doing things.’  
From: Michael Porter (1990) The Competitive Advantage of Nations.  

 ‘Innovation is much more than invention, and it includes all the activities en-
couraging the commercialization of new technologies.’  
From: Christopher Freeman and Luc Soete (1997) The Economics of Industrial 
Innovation.  

 ‘Innovation includes the scientific, technological, organizational, financial, 
and business activities leading to the commercial introduction of a new (or 
improved) product or new (or improved) production process or equipment.’  
From: Mark Dodgson (2000) The Management of Technological Innovation - 
An International and Strategic Approach.  

 ‘Innovation – the successful exploitation of new ideas – incorporating new 
technologies, design and best practice that enables businesses to compete effec-
tively in the global market.’  
From: UK Department of Trade and Industry, DTI Innovation (2004).  
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3.3.1 Innovation and Invention  
Most writers distinguish innovation from invention by suggesting that innova-
tion is concerned with the commercial and practical application of ideas or 
inventions.  

Invention, then, is the conception of the idea, whereas innovation is the subse-
quent translation of the invention into the economy (US Department of Com-
merce, 1967).  

According to Webster’s Universal Dictionary (1993) is the term ‘invention’ a 
noun based on the verb ‘invent’, which is explained as ‘to think out or produce 
a new device, process, etc.’  

Therefore the term ‘invention’ means ‘something invented’. An ‘inventor’ is 
‘one who invents’.  

An invention can be described as a new creation within the technical area, 
which can be patentable if the height of the invention is sufficient.  

An invention can be utilized as a part of an innovation, but an invention is not 
necessary for an innovation.  

The following simple equation can help to show the relationship between the 
terms innovation and invention:  

Innovation = theoretical conception + technical invention + commercial exploi-
tation  

The terms in this equation is explained by Trott (2002) in this way:  

The conception of new ideas is the starting point for innovation.  

A new idea by itself is neither an invention nor an innovation; an idea is only a 
concept or a thought or collection of thoughts. The activity of converting intel-
lectual thoughts into a tangible new artifact (usually a prototype product or 
process) is an invention activity, where science and technology usually play a 
significant role.  

Inventions need to be combined with hard work by many different individuals 
with different competencies in order to convert the inventions into useful prod-
ucts that will improve company performance. These activities with utilization 
of the inventions represent exploitation. However, it is the complete process 
from idea concept to commercial product that represents innovation.  

The explanation above introduces the notion that innovation is a process with a 
number of distinctive features that have to be managed. Management is needed 
because innovation often depends on inventions, and inventions need to be 
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harnessed to commercial activities before they can contribute to the growth of 
an organization.  

This gives another definition of innovation according to business schools (with 
education in management):  

• Innovation is the management (and the execution) of all the activities 
involved in the process of idea generation, technology development, 
manufacturing and marketing of a new (or improved) product (or 
manufacturing process or equipment).  

This definition of innovation as a process also offers a distinction between an 
innovation and a product, the latter being the output of innovation.  

Another definition of innovation comes from the 3M Corporation:  

• Creativity is the thinking of novel and appropriate ideas.  

• Innovation is the successful implementation of those ideas within an 
organization.  

3.3.2 Different Types of Innovations  
Industrial innovation does not only include major or radical innovations but 
also minor or incremental technological advances.  

Technological innovations can also be accompanied by additional managerial 
and organizational changes, often referred to as innovations as well.  

Therefore we can observe many different types of innovation:  

• Product innovation  

• Process innovation  

• Organizational innovation  

• Management innovation  

• Production innovation  

• Commercial/marketing innovation  

• Service innovation  

3.3.3 Technology and Science  
Both science and technology are playing important roles in innovation. Science 
can be defined as systematic and formulated knowledge.  
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Technology is often seen as being the application of science, but on the other 
hand is technology many times a prerequisite for science. Technology is not an 
accident of nature. In stead technology should be seen as the product of delib-
erate action by human beings.  

Trott (2002) has therefore suggested the following definition:  
‘Technology is knowledge applied to products or production processes.’  

Sony former chairman Akio Morita has declared that science provides us with 
information which was previously unknown. Scientific information can be 
employed and manipulated into technological concepts, processes and devices, 
which we can use to make our life or work more efficient and convenient. 
Therefore, technology, as an outgrowth of science, can be regarded as fuel to 
the industrial engine.  

3.4 Models of Innovation  
Innovation is such a complex process that analysts have developed several 
approaches to explaining its nature and how it works.  

Researchers have posed a series of questions for analyzing the type of innova-
tion activity. They ask, according to Dodgson (2000), whether the innovation 
is:  

• radical or incremental (Freeman, 1974)  

• continuous or discontinuous (Tushman and Anderson, 1986)  

• modular or architectural (Henderson and Clark, 1990)  

• sustaining or disruptive (Christensen, 1997)  

Other approaches consider the sources and nature of innovation more broadly, 
and these can be categorized into five generations of thinking, which can be 
represented by models of innovation (Rothwell, 1992).  

3.4.1 Innovation Models  
The sequential linear model of science and innovation dominated academic and 
industrial policies from the 1940s to 1980s. The recognition that innovation 
occurs through the interactions of the science and technology base (an activity 
area dominated by universities and industry), the technological developments 
(an activity area dominated by industry) and the needs of the market (an activ-
ity area dominated by customers) resulted in a more appropriate representation 
of innovation than the sequential linear model. The activity areas and their 
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interactions are exposed in the conceptual framework of innovation in Figure 
3.2. The explanations of the interactions of these activities (activity areas) form 
the basis for the models of innovation after the 1980s.  

 
Figure 3.2: Conceptual framework of innovation. Source: Trott (2002).  

3.4.2 Linear Models  
The innovation process has traditionally been viewed as a sequence of separa-
ble stages or activities. There are two basic variations of this linear model for 
product innovation. Firstly, there is the technology-driven model, referred to as 
the ‘technology push’ model of innovation (Figure 3.3 top). This model as-
sumed that innovation was a linear process, beginning with scientific discov-
ery, passing through invention, engineering, and manufacturing activities, and 
ending with the marketing of a new product or process.  

The technology-push model suggested that scientists make discoveries, tech-
nologists apply them to develop product ideas, and engineers and designers 
turn them into prototypes for testing. Then, manufacturing conceives ways of 
producing the products efficiently. Finally, marketing and sales promote the 
product to the potential consumer. In this model the marketplace was a passive 
recipient for the fruits of research and development (R&D).  

This technology-push model dominated industrial policy during the 1950s and 
1960s. This first linear model is also referred to as the ‘science-push’ model.  
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Figure 3.3: Two linear models of innovation. Source: Trott (2002).  

Secondly, there is the customer need-driven model, referred to as the ‘market -
pull’ model or the ‘demand -pull’ model of innovation (Figure 3.3 bottom). In 
this model, innovations derive from a perceived need or demand, which then 
influences the direction and rate of technology development. This model em-
phasizes the role of marketing as an initiator of new ideas resulting from close 
interactions with customers. These customer reactions are conveyed to R&D 
for design and engineering and then to manufacturing for production. R&D had 
a reactive role.  

This second linear model of innovation was adopted by public policy-makers 
and industrial managers from the early to mid-1960s.  

3.4.3 Simultaneous Coupling Model  
The third innovation model, the coupling model, integrated both the techno-
logy-push and the market-pull models (Figure 3.4). The emphasis in the coup-
ling model is on feedback effects between the downstream and upstream phases 
of the earlier linear models.  

The coupling model suggests that the simultaneous couplings of the knowledge 
within all involved functional areas foster innovations. Marketing (correspond-
ing to customer needs), R&D (corresponding to technology) and Manufactur-
ing (corresponding to production) are more integrated. Furthermore, the point 
of commencement (the trigger) for innovation is not known in advance in the 
coupling model.  
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The simultaneous coupling model shows in a better way than the linear models 
how innovations occur, according to Galbraith (1982).  

 
Figure 3.4: The simultaneous coupling model. Source: Trott (2002).  

3.4.4 Interactive Model  
The fourth model of innovation process, the interactive or the integrated model, 
develops the coupling idea further and links together the technology-push and 
market-pull models (Figure 3.5). The model emphasizes that innovations occur 
as the result of the interactions of the marketplace, the science base and the 
organization’s capabilities in R&D, Manufacturing and Marketing.  

Like the coupling model, there is no explicit starting point for innovation.  

Information flows are used to explain how innovations emerge and that innova-
tions can be triggered from a wide variety of points.  
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Figure 3.5: Interactive model of innovation. 

Source: Adapted from Rothwell and Zegveld (1985).  

The interactive innovation process represented in Figure 3.5 can be seen as a 
complex set of communication paths over which knowledge is transferred, 
according to Rothwell and Zegveld (1985).  

The generation of ideas is shown to be dependent on inputs from three basic 
areas, the organization’s capabilities, the needs of the marketplace, and the 
science and technology base.  

3.4.5 Systems Integration and Networking Model  
The fifth model of innovation, the systems integration and networking model, 
is also called Rothwell’s ‘fifth generation’ innovation process (Figure 3.6). The 
fifth-generation model includes the growing strategic and technological inte-
gration between different organizations inside and outside the firm, the way 
these are being enhanced by the ‘automation’ of the innovation process, and the 
use of new organizational techniques, such as parallel rather than sequential 
development (corresponding to Concurrent Engineering).  

The model moves away from the ‘silos’ of functional structures towards or-
ganizations according with business processes (Rothwell, 1992).  

Rothwell’s ‘fifth-generation’ innovation concept sees innovation as a multi-
factor process, which requires high levels of integration at both intra- and inter-
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firm levels. IT-based networks (including the Internet) increasingly facilitate 
systems integration and extensive networking. Computer systems and programs 
for design, engineering, manufacturing and other tasks correspond to ‘automa-
tion’ in the innovation process.  

The major aspects of the fifth-generation innovation process are outlined in 
Figure 3.6.  

Strategy
integration

Technology
integration

Global markets
and partners

R & D
collaboration

Networks

Linked CIM

Technology
fusion and
synergies

Internet, Intranet,
EDI, ERP, PDM
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Process-based organization
structure

Creative learning organization

Strategic R&D units/
programmes

Computer integrated
manufacturing

Lean production and thinking

Time-based strategies

Knowledge-based competion

Customers

Technology
strategy

Suppliers

Customers

 

Figure 3.6: Towards the fifth-generation innovation process.  
Adapted from Dodgson (2000).  

The value-creating activities of the firm are linked with suppliers and custom-
ers, and all the technological activities in the firm are directed by technology 
strategies.  

Dodgson et al. (2002) argue that the innovation process has been more inten-
sive as a result of the application of new digital technologies for simulation, 
modeling, integration and so on. Rothwell’s concept of the fifth generation of 
innovation process is a useful model when examining and explaining this 
“automation of innovation” by technology support.  
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Rothwell’s assumption of increased “electronification” of the innovation proc-
ess linked with technological and strategic integration, appear to be realized. 
The use of the new “electronic toolkit” can transform the innovation process by 
facilitating the transfer, transformation and control of information.  

Models, which are linear, sequential, and able to optimize, are complemented 
and substituted by models, which are dynamic, parallel and able to synchronize 
(Adler, 1997).  

Development models are changed from being based mainly on the logic of 
decision-making processes towards being based also on the logic of working 
processes (Adler, 1997).  

3.5 Competition and Innovation  
The challenge of business firms is to develop and sustain competitive advan-
tages. These competitive advantages facilitate that firms can meet their objec-
tives as profit generation, growth and increased market share.  

Firms compete successfully when they offer new, better, and/or cheaper prod-
ucts and services that their markets and customers require, and that their com-
petitors cannot provide. Competitive advantage therefore derives from the abil-
ity to make and do things more cheaply and better, or to make and do new 
things. Competitive advantage derives from the activities of firms compared to 
those of their competitors, but there has to be a market for the products or ser-
vices offered by the firms in order to be successful in their business.  

Innovation plays a central role both in improving productivity and developing 
new products and services, and in providing comparative advantages, accord-
ing to Dodgson (2000).  

Since the 1990s innovation has been at the forefront of economic and political 
debate about how to improve the competitiveness of economies and companies, 
according to Paul Trott (2002).  

Innovation and new product development are the main determinants by which 
commercially successful organizations derive competitive advantage (Martyn 
Cordey-Hayes, Emeritus professor of Technology Policy, Cranfield University, 
UK).  

For successful innovation and exploitation, companies need to draw on multi-
ple sources of knowledge for the chain of development from scientific idea to 
commercial success.  
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Most successful companies rely on the ability to continually develop new and 
improved products, by using the latest advances in scientific research and tech-
nology or by using existing technology applied in a new and interesting way.  

The commercial benefits of products with new technology are obvious. The 
primary challenge is to introduce new products based on effectual technologies 
at a rate that will keep the company ahead of the competition. This can lead to 
business success if all business functions in the company are performing well.  

The pace of technological changes will continue to be rapid and these changes 
open for new business opportunities. Firms with the ability of learning fast and 
moving quickly will achieve competitive advantages.  

Information and communications technology, corresponding to the fifth wave 
of broad historical technological change, will continue to have a profound im-
pact on industrial organization and management. The capacities of IT to share 
information more quickly, and the growing extent of globalization, will make 
the effectual use of innovations to be an important competitive advantage.  

Companies operate with the knowledge that their competitors will inevitably 
come to the market with a product that changes the basis of competition. The 
ability to change, evolve and adapt is therefore essential to survival. Freeman 
(1982) argues in his study of the economics of innovation that companies have 
to innovate otherwise they can die.  

Trott (2002) argues that innovation is a management process that is heavily 
influenced by the organizational context and the wider macro system in which 
the organization exists.  

It is the way a company manages its resources over time and develops capabili-
ties that influences its innovation performance.  

The overview in Figure 3.7 is compiled by Trott (2002) in order to explain how 
innovation occurs. Trott’s overview of the innovation process includes a busi-
ness management perspective and organizational behaviors.  
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Figure 3.7: Overview of the innovation process. Source: Trott (2002).  

3.6 Innovation in an Organizational Context  
Innovation needs to be viewed in the context of organizations and as a process 
within organizations. The resources required, in terms of knowledge, skills, 
money and market experience, mean that significant innovations are done by 
organizations rather than individuals.  

A number of well-known and recent innovations and scientific developments, 
such as computer software and hardware, and telecommunication systems, are 
associated with organizations rather than individuals.  

Examples of recent technological innovations:  

• 1970/80s Paper copier, Xerox, Canon  

• 1980s Personal computer, Apple Computer, IBM; 1G/NMT, Ericsson, 
Nokia  

• 1980/90s Computer operating system, Windows, Microsoft; 2G/GSM, 
Ericsson, Nokia  
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• 2000s Mobile phone system, 3G/WCDMA, Ericsson, Nokia, Siemens; 
Bluetooth wireless communication, Ericsson  

3.6.1 Individuals in the Innovation Process  
Individuals can be seen as key components of the innovation process. Within 
organizations it is individuals who define problems, have ideas and perform 
creative linkages and associations that lead to inventions. Moreover, within 
organizations it is individuals in the role of managers who decide what activi-
ties should be undertaken, the amount of resources to be deployed and how 
they should be carried out.  

This has led to the development of key individuals in the innovation process 
such as inventor, entrepreneur, business sponsor, design leader, process leader 
etc.  

3.7 Innovations and Industrial Evolution  
In his book Mastering the Dynamics of Innovation James M. Utterback (1994) 
has a discourse based on industrial cases that exhibit the waves of change and 
the survival of firms in different industries such as manual typewriter, automo-
bile and electronic devices.  

In general, each of these industries exhibits a similar pattern of entries and exits 
of firms.  

After a dominant or standardized design is established, the total number of 
firms declines steadily until the industry stabilizes with a few large firms. Ut-
terback suggests that the appearance of a dominant design has a powerful im-
pact on the development of future technological innovations within the same 
industry.  

Utterback observed from a 100-year perspective that industries experience 
innovation waves with great extents and that these waves are mixed with peri-
ods of stability and consolidation. When a wave of radical technological inno-
vation sweeps across an industry, this causes that some of the existing tech-
nologies get obsolete, and that firms (with products and internal capabilities 
bound up by those existing technologies) are forced to introduce the new tech-
nology. If the firms not get aboard the new technology they will either be 
swept away or be downgraded to another role in the industry.  

Another observation by Utterback is the phenomenon of firms making signifi-
cant product improvements, when firms are directly threatened by a new tech-
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nology. This can be seen as a common pattern when firms try to defend their 
technical and market positions.  

According to Utterback is it essential to understand the linkages of product 
technologies with manufacturing process, corporate organization and strategy. 
Design of product for manufacture, change in organization, and appropriate 
business strategy are prerequisites for competitive strength. Ability to innovate 
in manufacturing processes creates potential for product innovation and com-
petitiveness.  

According to Edward B. Roberts (2002) in the book Innovation: Driving Prod-
uct, Process and Market Change strong internal connections must exist be-
tween the market-facing parts of the company (sales and marketing, distribu-
tion, and field service) and the technology-creating parts (scientific research, 
engineering, manufacturing, and operations).  

Utterback’s study of innovations in the typewriter industry and in the electronic 
industries shows a dynamic relationship among product innovation, process 
innovation, the marketplace, and the firms that emerge and compete on the 
basis of particular innovations.  

These dynamic relationships remain a part of the innovative process in industry 
today. For example, in the personal computer industry, it is clear that the pace 
and direction of innovation has been heavily determined by a complex web of 
interrelated events taking place among integrated circuit producers, software 
companies, monitor and disk drive manufacturers, and others.  

Evidences from a number of sources show that overall technological and pro-
ductivity advances are a combination of both incremental and major innova-
tions.  

3.8 Economic Growth and Engineering  
Scientific knowledge of engineering within innovative industrial decision proc-
esses has a great potential to improve quality and productivity in industrial 
operations and by that improve profitability. This chain of improvement is a 
precondition for economic growth, which in its turn is necessary to improve 
welfare. Innovative processes have to combine creativity with quality and pro-
ductivity in order to achieve profitability and growth (Sohlenius, 2005).  

To improve the ability to meet more advanced requirements in new products 
and processes by using new knowledge and inventions, and to raise productiv-
ity through investments in more advanced and automatic tools, are the most 
important ways to improve profitability in industrial production. This is the 
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fundamental mechanism behind industrial production seen as engine of welfare 
(Sohlenius, 2005).  

3.8.1 Wealth and Conditions for Stable Economic Growth  
Economic growth is a precondition for increasing wealth and quality of life. 
However, we cannot take economic growth for granted. Wealth and quality of 
life have to be supported by high quality, productive technical systems in order 
to be obtainable and affordable. This includes energy-system, transportation 
system, telecommunication system, information system, and industrial produc-
tion system. These systems have to be able to develop and produce products, 
which are satisfying people both functionally and aesthetically. We also need 
work opportunities and an economic system that can act as an engine making 
everything, which we appreciate as quality of life. In order to extend quality of 
life further, it is important to obtain economic growth through effectiveness in 
the industrial sector as well as in the public sector. The preconditions and rela-
tions for this development are depicted as the logic of increased quality of life 
through economic growth in Figure 3.8, (Sohlenius, Kjellberg, Clausson, 
2004).  

The Logic of Increased Wealth through Industrial Innovation and Production
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Figure 3.8: The logic of increased quality of life through economic growth.  
Adapted from Sohlenius.  

Increased wealth is considered to increase quality of life. This is true if the 
resources we create meet our requirements and expectations and by that add to 
our quality of life. This is what we mean by quality. In other words economic 
growth is connected to the ability to satisfy human needs. This requires ability 
to understand and to define relevant human needs. The resources we have to 
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spend in order to obtain quality also make sense. To meet quality with minimal 
resources is fundamental. This is what we mean by productivity. Deviations 
from this are waste. Quality has both absolute and relative values, with both 

objective and subjective measures. Productivity is an absolute value, with ob-
jective measure. 

In this way the concepts of quality and productivity have to be used as guiding 
parameters in the management of product development and realization for in-
creased wealth. Quality and productivity are of prime importance in view of 
limited resources on earth. This is what Sohlenius mean by effectiveness.  

Quality and productivity is, however, not automatically obtained. They require 
creativity and engineering skill. A balanced combination of creativity and skill 
to obtain quality and productivity, can give profitability and stable economic 
growth. These conditions are forming the base for increased wealth in terms of 
quality of life. Total Effectiveness Management by understanding Means there-
fore is extremely important (Sohlenius, 2005).  

H. Thomas Johnson and A.Bröms (Johnson, Bröms, 2000) have pointed out 
that an industrial production system is a living system, which has to be Man-
aged by Means. Sohlenius argue that management by means must be based 
upon an understanding of the fundamental conditions shown in Figure 3.8. To 
the left of the figure we can interpret Human capabilities (competence, entre-
preneurship and cooperation). To the right we can obtain Quality of life. In 
between we have the things we have to design, produce and manage to suc-
ceed. This understanding is fundamental to the concept of Management by 
Means.  

The principles that guide natural systems, as Johnson and Bröms points out, are 
self-organization, interdependence and diversity. Skill in creativity, quality and 
productivity determines competitivity and thus strength for survival and contri-
bution to welfare.  

Work, capital and new technology are the main economic factors. Work can 
consist of people with knowledge and experience, which are also important 
factors for economic development.  

Ability to change is another factor that is mentioned very much as a precondi-
tion for success. Change in order to adapt to new conditions is always impor-
tant in order to obtain stable profitability. Profitability is the most important 
factor, which also might lead to economic growth and increased welfare. Also 
profitability without growth is of course of great value. Growth without profit-
ability, however, leads to disaster.  
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3.8.2 Total Effectiveness Management by understanding 
Means  
Profitability and economic growth requires a management by means with: 

• high competence in science based engineering as a base for creativity  

• ability to understand and to define market needs  

• ability to make decisions about products and processes in the innovation 
process leading to quality and productivity  

• ability to develop and manage competence  

The development or innovation process is a fundamental sub-process within 
industrial production. This process is that sub-process, which most clearly is 
connected to decision-making. The decisions taken in the innovation process 
have a fundamental impact on profitability. This is the reason for us to examine 
this sub-process more thoroughly.  

To start with we have to consider what we need and appreciate as customers 
and users of industrial products. This can be divided into the following points:  

• Which functions do we need or appreciate?  Functionality  

• How do we operate, talk to, the product?  Human interface  

• How much do we have to spend on life-cycle cost? Purchase, 

operation,  

maintenance,  

recycling  

• How does the product communicate, talk to us,  Styling  

emotionally?  

When developing products we have to use technical possibilities to meet real 
users´ needs and expectations. This development can be technology driven or 
market driven. We need both types of driving forces (Sohlenius, 2005).  

3.9 Summary of Chapter 3  
In this frame of reference chapter, knowledge and experience on economic 
growth and innovation from different sources have been presented. The terms 

47 



 

innovation and invention have been elucidated. Five historical models for in-
novation have been shown.  

Kondratieff waves are descriptive in showing a pattern of economic growth 
over long time periods based on technological innovations. This theory by 
Kondratiev and Schumpeter may also be prescriptive in pattern but not in con-
tents for coming waves of economic development underpinned by future tech-
nologies.  

Rothwell’s model of fifth generation innovation process is descriptive but not 
any longer prescriptive. The ingredients in this model are already implemented 
in many global industrial companies.  

Chapter 3 is showing that economic growth and welfare in society to a large 
extent is founded on industrial engineering with inventions and innovations.  
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4 INNOVATIONS 

The references in this chapter are chosen to support the research work on busi-
ness innovation guided by the research questions. Chapter 4 comprises and 
describes several types of innovation as technological, product, process, market 
and organizational innovation, which are accompanied with management of 
innovation.  

4.1 Technological Innovation  
Technological innovations are crucial for companies when developing new 
products, processes and services, improving productivity and providing com-
petitive advantages.  

Technology includes not only tangible artifacts, but also the knowledge and 
capabilities that enable technology to be developed and used in ways that are 
useful. The knowledge and capabilities are needed to deliver functionality that 
is replicable (reproducible) (Dodgson, 2000).  

The term ‘artifact’ (in American-English language) or artefact (in British-
English) comes from two Latin words, namely ars meaning ‘art’ and facere 
meaning ‘make or produce’. According to Webster’s Universal Dictionary 
(1993) is ‘artifact’ a noun explained as ‘a product of human craftsmanship, 
especially a simple tool or ornament’.  

Technological innovations include automobiles, airplanes, telephones, com-
puters, microprocessors and many other artifacts that did not exist 100 years 
ago. Engineering and manufacturing companies therefore have to innovate in 
order to succeed and survive. Companies can see technological innovations 
both as challenges and opportunities.  

The total impact of industrial and technological innovations on society and 
their working people has been enormous, but the development of most of these 
innovations has been long and difficult (Clausing and Fey, 2004).  

4.1.1 Effective Innovation  
Don Clausing and Victor Fey (2004) have in their book Effective Innovation: 
The Development of Winning Technologies described useful steps and guide-
lines to create technological innovations.  
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Clausing and Fey have presented a complete systematic process for taking 
steps toward effective technological innovation. This innovation process they 
call Effective Innovation. The process is probably most useful for the devel-
opment of technical modules (in products) or subsystems (in systems).  

The book covers innovation from technology strategy to the transfer of the 
reliable new technology into commercialization development. Another book by 
Clausing (1994) Total Quality Development covers the commercialization ac-
tivity.  

Enterprise Context  

Effective technological innovation is part of product acquisition, which in turn 
is one of the four generic enterprise processes. The other three main processes 
in the enterprise are integration and direction, sales and marketing, and supply 
chain. The process integration and direction can be regarded as the process for 
managing the enterprise. All enterprise activities are carried out by these four 
processes, according to Clausing and Fey, Figure 4.1.  

 
Figure 4.1: Four enterprise processes. Source: Clausing.  

These four enterprise processes correspond to what other large industrial com-
panies as Ericsson are using as their main business processes. Product devel-
opment and process development can be part of product acquisition. Business 
development can be part of product acquisition or integration and direction. 
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Installation and maintenance can be part of supply chain as sub-processes or 
they can be separate main processes.  

Product Acquisition Context  

Product acquisition in contextual environment can be performed as shown in 
Figure 4.2.  

 
Figure 4.2: Product acquisition process.  

Source: Center for Innovation in Product Development at the Massachusetts 
Institute of Technology.  

Product acquisition has five activities:  

1. Effective Innovation (of technology for products and processes)  

2. Business strategy and vision  

3. Product-portfolio architecture  

4. Product pipeline (detailed development of product and process)  

5. Market feedback, and product support in the field  
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In addition to the five activities of product acquisition, there are two environ-
mental contexts that affect product acquisition. These are represented in Figure 
4.2 by the two outer rectangles that enclose the five activities of product acqui-
sition. The first rectangle is the corporate infrastructure and core capabilities. 
That in turn is embedded in the world at large, represented by the second rec-
tangle with global economy, available technologies, suppliers and competitors.  

Effective Innovation Process  

The process of Effective Innovation has six steps:  

1. Technology strategy - what to focus on.  

2. Concept generation - apply the historical patterns of invention  
for success.  

3. Concept selection - pick the best before investing.  

4. Robustness development - early achievement of reliability  
and integrability.  

5. Technology readiness – no transfer of technology before it is ready.  

6. Technology transfer - effective delivery to portfolio architecture  
and the product pipeline.  

These six steps are shown in Figure 4.3.  
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Figure 4.3: Six steps for effective innovation.  

Source: Clausing and Fey (2004).  

Interactive Activities for Effective Innovation  

According to Clausing and Fey, there are three important interactive activities 
that greatly influence the successful performance of the process for Effective 
Innovation. These three interactive activities, shown in Figure 4.4, are focused 
on corresponding three questions:  

1. What latent needs are unsatisfied?  

2. What technology integrations are important?  

3. What are the important market segments?  
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Figure 4.4: Three important interactive activities.  

Source: CIPD/MIT and Clausing.  

Technology Strategy  

There are two critical questions for a company regarding technology strategy:  

• What new technologies and products to work with in order to satisfy 
market needs?  

• What new technologies and products may the competition come up 
with?  

As time to market for new products gets increasingly shorter, the answers to 
these two questions above become more critical and involve more risk for the 
company. Technology is crucial for competitive advantage and business suc-
cess, and a company need to choose the next winning technology for every new 
product generation.  

Concept Creation  

The main part of concept creation or generation is to develop the principal 
function of the device.  
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Clausing has described the term function in a pedagogic way:  

Technological systems perform functions. A function involves two compo-
nents: the object and the tool. The object is a component that is controlled (or 
manipulated); e.g., it is moved, deformed, magnetized, detected, etc. The tool 
controls (or manipulates) parameters of the object. A description of a function 
includes the action produced by the tool and the object, Figure 4.5.  

 
Figure 4.5: Function. Source: Clausing.  

Each function can be described by a pair of noun-verb or verb-noun. For ex-
ample, the punch deforms the sheet, which means that the function is deform 
sheet, and the punch is the tool, deform is the action, and the sheet is the ob-
ject.  

Clausing prefer to use examples from copier products as he has worked at 
Xerox.  

The navigation tool presented as a research result in chapter 8 and as a tool for 
interaction engineering is also working on objects with instructions how to 
transform an object from one state to another in business innovation.  

Many concepts can be developed by the application of TRIZ (based on the 
Theory of Inventive Problem Solving).  

Concept Selection  

Concept selection is used to choose the high-potential concepts for further de-
velopment. In order to competently invest and efficiently use the company 
resources, selections should be made before concepts are fully developed.  

The many concepts that are developed (e.g. by the application of TRIZ) can be 
evaluated by comparison. The tried-and-true approach for this evaluation is the 
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Pugh Concept Selection Process, according to Clausing and Fey, (Pugh, 1990, 
1991).  

Robust New Concepts  

New concepts that have been selected as superior in their potential have great 
promise. However, their initial reliability, which means their ability to function 
as intended, is normally insufficient. Robust design methods can and should be 
used to meet this challenge with reliability in order to increase robustness of 
the selected concept.  

Technology Readiness  

When the development of a new innovation is believed to be complete and 
reliable, an audit of the innovation can determine if the technological innova-
tion is ready to be selected and transferred into commercial product develop-
ment programs, Figure 4.6.  

This Technology Readiness audit can be compared with corresponding process 
steps at Ericsson Telecom (ETX) with Basic Technology Release (BTR). ETX 
also had Production Release (PSA & PSB) and Product Release (PRA & PRA) 
before the product was delivered to the market in small respectively large vol-
umes.  

 

 

 
Figure 4.6: Readiness audit: link between innovation and product.  

Source: Clausing.  

Technology Transfer and Integration  

Once the new innovation has passed the Readiness Audit, it is eligible to be 
selected for integration into a specific product-commercialization program.  
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Cost/Performance Superiority  

The concept that is selected has to be both ready and superior in cost and per-
formance. Performance means, according to Clausing and Fey, the broadest 
measure of the capability of the concept. This includes functions, robustness, 
size, weight, safety, ergonomics, and regulatory compliance. Cost means total 
life-cycle cost.  

4.1.2 Commercialization  
After the new innovation has been successfully transferred, the remaining task 
is to do the detailed design and development, develop the production and field-
support capability of the new product, and to integrate this with the needed 
channels, distribution, and marketing (Clausing and Fey, 2004).  

4.1.3 Technology Strategy  
Technological innovation is a strategic issue for management, because the de-
velopment and use of technology is a key source of competitive advantage. In 
addition, the globalization of technology and markets requires companies to 
take a strategic approach to their technological investments (Dodgson, 2000).  

For firms relying on technological innovation, successful firms look beyond 
their individual product lines and build a strategy around core knowledge com-
petencies, and these provide them with a sustainable and flexible strategic fo-
cus (Quinn, 1992), (Utterback, 1994).  

Technology strategies involve identifying the key technologies that underpin 
the firm’s present and future value-creating activities and ensuring that they are 
improved, supplemented and effectively introduced and used.  

An ‘offensive’ strategy involves technical and market leadership with a strong 
research orientation; ‘defensive’ strategies focus on defending existing tech-
nologies, and incremental improvement; ‘imitative’ and ‘dependent’ strategies 
involve following technological leaders, and focus on production capabilities; 
‘traditional’ strategies involve minimal investments outside the area of produc-
tion capabilities; and ‘opportunist’ strategies involve considerable investments 
in technology search and protection (Dodgson, 2000).  

Assessing technological opportunities and threats in the external environment 
is very difficult. Even the most knowledgeable people make wrongly predic-
tions about technological development:  

 ‘Everything that can be invented has been invented.’  
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(Charles H. Duell, Commissioner, US Office of patents, 1899)  

 ‘I think there is a world market for maybe five computers.’  

 (Thomas Watson, Chairman, IBM, 1943)  

 ‘There is no reason anyone would want a computer in their home.’ 

 (Ken Olson, President, Chairman, Digital Equipment, 1977)  

 ‘640 K (of RAM) ought to be enough for anybody.’  

 (Bill Gates, Chairman, Microsoft, 1981)  

Grupp (1992, 1994) argues that technological innovation will not only be more 
dependent on basic research, but will also involve combinations of technology 
fields, such as photonics, biosensors, and micro-technologies. Continuing ex-
tensive efforts will be required to seek synergies between and fusions of tech-
nologies.  

4.1.4 Patterns in the Emergence of Radical Innovations  
Whenever technological discontinuities occur, companies’ fortunes change 
drastically. Richard N. Foster (1986) from Innovation: The Attacker’s Advan-
tage.  

According to Utterback (1994) there is a general pattern to the invasion process 
by radical innovation into a stable business. For most product markets, there 
are periods of continuity, when the rate of innovation is incremental and infre-
quent, and periods of discontinuity, when major product or process changes 
occur. Invasion of radical changes into market, create new businesses and 
transform or destroy existing ones.  

An invading technology has often the potential for delivering radically better 
product performance or lower production costs or both. Figure 4.7 shows that 
the performance of a particular product improves rapidly during the period, 
when many alternative design approaches are tested in the market. With the 
appearance of a dominant design, however, product performance accelerates. 
After major advances have been made, a period of more incremental and infre-
quent changes sets in.  
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Figure 4.7: Performance of an Established and an Invading Product  
Contrasted along One Performance Dimension. Source: Utterback.  

At the time when an invading technology first appears (t1), the established 
technology generally offers better performance or lower cost than the chal-
lenger offers. The new technology can be regarded as basic or simple, which 
may lead to the belief that demand and use of this technology will only be lim-
ited.  

The performance superiority of the established technology may prevail for 
quite some time, but if the new technology has real value, it typically enters a 
period of fast improvements, just as the established technology enters a stage of 
slow innovative improvements.  

Eventually, the new-coming product or technology improves its performance 
characteristics to the point where they match those of the established technol-
ogy (t2) and surpass it, still in the middle of a period of rapid improvements for 
the new technology.  

Of course, the established players do not always sit back and watch their mar-
kets disappear. Most fight back. Suppliers of established technologies often 
respond to an invasion of their product market with increased creative effort 
that may lead to substantial product improvements based on the same product 
architecture or technology. Figure 4.8 describes this behavior of responding.  
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Figure 4.8: Performance of an Established and an Invading Product.  

Burst of Improvement in Established Product. Source: Utterback.  

By this response, the established product enjoys a short period of performance 
improvement, but by time (t3) the persistent pace of improvement in the new 
product technology allows the challenger to equal, and then surpass, the estab-
lished product.  

Continued investment in older technologies often leads to performance im-
provement, but this generally becomes marginal over time. The new technol-
ogy, on the other hand, often has so much more potential for better perform-
ance that it is regularly just a matter of time before the potential is realized and 
products with the new technology surpasses products based on the old technol-
ogy (Utterback, 1994).  

4.1.5 Disruptive Technology  
The term disruptive technology was created by Clayton M. Christensen (1997) 
to describe a new product with lower performance, but also with clearly lower 
cost, which in the end is displacing the product of the incumbent (market 
leader). The opposite of disruptive technology is sustaining technology, which 
provides improved performance and normally is incorporated into the incum-
bent’s product.  

In certain markets, the rate at which products improve exceeds the rate at which 
customers can learn and adopt the new performance. Therefore, at some point 
the performance of the product surpass the needs of certain customer segments.  
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At this point, a disruptive technology may enter the market and provide a prod-
uct, which has lower performance than the incumbent product, but exceeds the 
requirements of certain segments and thereby gains a foothold in the market. 
Christensen distinguishes between ‘low-end disruption’, which targets custom-
ers that have been surpassed, and ‘new-market disruption’, which targets cus-
tomers that could previously not be served profitably by the incumbent product 
from the market leader.  

The disruptive company will naturally aim to improve its margin (from low 
commodity level) and therefore innovate to capture the next level of customer 
requirements. The incumbent will not want to be engaged in a price war with a 
simpler product with lower production costs and will therefore attempt to move 
upwards in the market and focus on the more attractive customers.  

After a number of iterations, the incumbent product has been squeezed into 
successively smaller market segments, and when finally the disruptive technol-
ogy meets the demands of the last market segment, the incumbent technology 
will be obsolete and the products disappear from the market.  

Examples of disruptive technologies contra sustaining technologies are digital 
cameras contra photographic film, cellular telephony contra fixed-line teleph-
ony, voice over IP contra analog and fixed digital telephone systems, minicom-
puters contra mainframe computers, and personal computers contra minicom-
puters.  

4.1.6 Technological Inventions in Electronics  
Webster’s Universal Dictionary (1993) has following language clarification of 
the above used written words:  

Technology: the application of mechanical and applied sciences to industrial 
use (noun, singular)  

Technological: (adjective)  

Invent: to think out or produce a new device, process, etc (verb)  

Invention: something invented (noun)  

Electronics: the study, development and application of electronic devices 
(noun, singular); electronic circuits (noun, plural)  

According to the pattern of Kondratieff waves, Figure 3.1, we are in the wave 
denoted ‘information and communication’, which has been initiated and still is 
supported by inventions and innovations within electronics. The technologies 
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below are and were bases for many new products, processes and services into 
different markets, and for different customers and users.  

Transistor  

The transistor is one of the most famous examples of a technological invention. 
The transistor function was demonstrated in December 1947 at Bell Laborato-
ries in the United States of America. The inventors are John Bardeen, Walter 
Brattain and William Schockley. The invention became a launch innovation for 
the whole electronic industry. The three inventors of the transistor were 
awarded the Nobel Prize in Physics 1956. The invention is based on solid-state 
physics.  

Integrated Circuits  

Integrated circuits were invented separately by Jack Kilby in 1958 at Texas 
Instrument and by Robert Noyce in 1959 at Fairchild Semiconductor. Kilby 
and Noyce independently conceived the same idea, which was to integrate and 
fabricate all the circuit elements on a silicon chip including the wires. These 
two American scientists and engineers are both acknowledged as the inventors 
of the integrated circuit or the semiconductor microchip, which launched a 
technical revolution in electronics.  

Robert Noyce was awarded the first patent for an integrated circuit in 1961. 
Jack Kilby was awarded the Nobel Prize in Physics in 2000 for the invention 
and development of the monolithic integrated circuit. Kilby also invented the 
electronic handheld calculator in 1966.  

Invention of the integrated circuit chip, in form of an integration of transistors 
and other components into a single integrated circuit, can be regarded as transi-
tion to a higher system level or integration to a higher system (a supersystem). 
The invention solved the problem with wiring together hundreds of transistors 
and other electronic components (diodes, resistors, capacitors, etc.) into printed 
circuit boards. 40 years after the invention the number of transistors in an inte-
grated circuit can be counted in millions.  

In the 1980s, the development of Application Specific Integrated Circuits 
(ASIC) introduced the concept of modularity into the integrated circuit chip 
design. An ASIC is a chip designed for a certain application. ASICs are built 
by customized linking of existing circuit blocks with specific wiring in the 
semiconductor chip.  

The components of integrated circuits, either conventional or ASIC, are firmly 
wired. Their final design (or layout) is in the hands of a device vendor (semi-
conductor manufacturer). A more adaptive approach to computer system design 
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of circuits was introduced in the 1990s with a family of components known as 
Field Programmable Devices (FPD) or Field Programmable Gate Arrays 
(FPGA).  

A FPD is an integrated circuit that a user (e.g. a design engineer) can customize 
in form of programming in the field (e.g. in design office or factory) to perform 
a task (a set of functions). The FPD approach allows system designers to pro-
gram and test the circuit themselves without involving the vendors (circuit chip 
producers).  

A radical departure from conventional chip architectures is realized in a new 
type of integrated circuits, called Re-configurable circuits, which are under 
research and development around the world. These electronic circuits can 
automatically customize (re-configure) their internal wiring to any particular 
application. A software compiler takes applications written in high-level pro-
gram languages and maps them directly into silicon chip circuits.  

Microprocessor  

Marcian Edward ‘Ted’ Hoff invented the microprocessor or the computer-on-a-
chip in 1968 as researcher at Intel, a company there Robert Noyce was founder 
and manager. The integrated circuit (IC) was one of the stepping-stones along 
the way to the microprocessors in computers. Hoff’s invention of the micro-
processor launched another technical revolution in electronics. His technical 
solution came on the market as the microprocessor Intel 4004 (1971) starting 
the microcomputer industry.  

The microprocessor is an electronic computer central processing unit (CPU) 
made from miniaturized transistors and other circuit elements on a single semi-
conductor integrated circuit (also known as microchip or just chip).  

The evolution of microprocessors has been known to follow Moore’s Law, 
when it comes to steadily increasing performance over the years. Gordon 
Moore, at Fairchild Semiconductor and later co-founder of Intel, predicted 
1965, based on empirical observations, that the number of transistors on inte-
grated chip would double roughly every 12 months. Moore revised some years 
later his estimate for the expected doubling time, arguing that it was slowing 
down to about two years (24 months). A more popular version of Moore’s law 
has 18 months of doubling time. The number of transistors on a microchip is a 
rough measure of the computer processing power.  

Microcomputer  

A microcomputer is a computer with a microprocessor as its CPU. Desktop 
computers, video game consoles, laptop computers, and many types of hand-
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held devices are all examples of microcomputers. Most of the equipment used 
by a microcomputer is tightly integrated within a single case, although some 
equipment may be connected at short distances outside the case, such as moni-
tors, keyboards, mice, etc. In general, a microcomputer will not get much big-
ger than it can be put onto most tables or desks.  

Along with the CPU, a computer comes equipped with two types of data stor-
age, a very high-speed, volatile device known as RAM (Random Access Mem-
ory), and lower-speed non-volatile devices known as disk drives.  

Other devices that make up a complete microcomputer system include its 
power supply, and various input/output devices that are used to convey infor-
mation to and from a human operator (printers, monitors, human interface de-
vices).  

(Adapted from Wikipedia encyclopedia, 2004).  

Personal Computer  

A personal computer (PC) is an inexpensive microcomputer, which was origi-
nally designed to be used by only one person at a time. Personal computers 
entered the market in the end of the 1970s with Apple II as the first in volumes. 
IBM PC was launched 1981 and Apple Macintosh 1984. After 1981 a lot of 
IBM PC compatible clones arrived into the market.  

Initially, personal computers were rigid sets of central processing unit, mem-
ory, and control chips, but they rapidly evolved into modular systems enabling 
different combinations of components from different vendors. Most classes of 
PCs still follow the same basic IBM PC compatible design with an architecture 
based on modules and interfaces. This design makes them easily upgradeable 
and standardized.  

The motherboard is the primary circuit board for a computer. Most other com-
puter components plug directly into the motherboard to allow them to exchange 
information. Motherboards usually hold a chipset, BIOS (BInary Operating 
System called firmware), RAM (Random Access Memory), parallel port, key-
board and mouse ports, and expansion bays.  

Sometimes a secondary daughter board is plugged into the motherboard to 
provide more expansion bays and to cut down on size.  

The Central processing unit (CPU) is the part of the computer that performs 
most of the calculations and that makes programs or Operating Systems run. 
The hardware capabilities of personal computers can usually be extended by 
the addition of expansion cards.  
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Personal Computers can be categorized by size and portability:  

• Desktop computer  

• Notebook or laptop  

• Personal Digital Assistant  

• Wearable computer  

(Adapted from the Swedish Nationalencyklopedin, 1994, and Wikipedia ency-
clopedia, 2004).  

History of computing hardware  

The historical developments of computers based on transistors and integrated 
circuits have been summarized in IEEE Annals of the History of Computing 
(2004) and Wikipedia encyclopedia (2004). 

Computing hardware has been an essential component of the process of calcu-
lation and data storage since it became necessary for data to be processed and 
shared.  

First generation of modern digital computers 1940s  

The era of modern computing began with a flood of development before and 
during World War II, as electronic circuits, relays, capacitors and vacuum tubes 
replaced mechanical equivalents and digital calculations replaced analog calcu-
lations.  

The computers designed and constructed at that time have sometimes been 
called first generation computers. First generation computers were usually built 
by hand using circuits containing relays or vacuum valves (tubes), and often 
used punched cards or punched paper tape for input and as the main (non-
volatile) storage medium.  

Second generation of computers1947-1960  

The next major step in the history of computing was the invention of the tran-
sistor in 1947. This replaced the fragile and power hungry valves with a much 
smaller and more reliable component. Transistorized computers are normally 
referred to as second generation and dominated the late 1950s and early 1960s. 
Despite using transistors and printed circuits these computers were still large.  

Third generation of computers  

The explosion in the use of computers began with third generation computers.  
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These relied on Jack Kilby’s and Robert Noyce’s independent invention of the 
integrated circuit (or microchip). The first integrated circuit was produced in 
September 1958 but computers using them did not begin to appear until 1963.  

While large ‘mainframes’ increased storage and processing capabilities further, 
the integrated circuit allowed the development of much smaller computers that 
began to bring computing into many smaller businesses. Computers of third 
generation were essentially scaled down versions of mainframe computers. 
They were eventually called minicomputers.  

The minicomputer was a significant innovation in the 1960s and 1970s. It 
brought computing power to more people, not only through more convenient 
physical size but also through broadening the computer vendor field.  

Large scale integration (LSI) of transistors and circuits led to the development 
of very small processing units.  

Fourth generation of computers  

The basis of fourth generation computers was Marcian Edward Hoff’s inven-
tion of the microprocessor. Microprocessor-based computers were originally 
very limited in their computational ability and speed, and were not an attempt 
to downsize the minicomputer.  

Computers based on microprocessor were addressing a different market than 
mainframes and minicomputers.  

Telephone  

Telephone is a device for connecting people for communication on distance by 
wire. This device was invented by Alexander Graham Bell in USA 1876. Tele-
phone devices are today based mostly on electronics.  

Telephone System  

The public switched telephone network (PSTN) is the worldwide telephone 
system for connecting subscribers and their telephones. Originally a network of 
fixed-line analog telephone systems, but today includes almost all digital and 
mobile as well as fixed telephones. The basic digital circuit in the PSTN is a 
64-kilobit-per-second channel, originally designed by Bell Labs in USA. The 
main part of this public telephone network is today based on circuit-switched 
technology, but the network will gradually be converted to packet-switched 
technology.  
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Internet  

The Internet is the publicly available worldwide system of interconnected 
computer networks that transmit data by packet switching over the Internet 
Protocol (IP). The network is made up of thousands of other networks, as busi-
ness, academic, and government networks that provide various information and 
services, such as electronic mail, online chat, and the graphical, interlinked 
World Wide Web. Because it is the largest and most extensive internet in the 
world, it is simply called the Internet. Opposite to the term internet is the term 
intranet, which is a network that normally is used inside an organization as a 
business company.  

Intranet  

An intranet is a private network that is contained within an enterprise. The 
network may consist of many interlinked local area networks and also use 
leased lines in the wide area network. Typically, an intranet includes connec-
tions through one or more gateway computers to the outside Internet. The main 
purpose of an intranet is to share company information and computing re-
sources among employees. An intranet can also be used to facilitate working in 
groups and for teleconferences.  

An intranet uses TCP/IP (Transmission Control Protocol/Internet Protocol), 
HTTP (Hyper Text Transfer Protocol), and other Internet protocols and in gen-
eral an intranet looks like a private version of the Internet. With tunneling, 
companies can send private messages through the public network, using the 
public network with special encryption/decryption and other security safe-
guards to connect one part of their intranet to another.  

Typically, larger enterprises allow users within their intranet to access the pub-
lic Internet through firewall servers that have the ability to screen messages in 
both directions so that company security is maintained. When part of an intra-
net is made accessible to customers, partners, suppliers, or others outside the 
company, that part become part of an extranet.  

(Adapted from Whatis.com definition, 2004).  

Mobile phone  

A mobile phone is a mobile device, which acts as a normal telephone whilst 
being able to move over a wide area. Mobile phones allow connections to be 
made to the telephone network. Most current mobile phones use a combination 
of radio wave transmission and conventional telephone circuit switching, 
though packet switching is already in use for some parts of the mobile phone 
network.  
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Mobile phones began to proliferate through the 1980s with the introduction of 
“cellular” phones based on cellular networks with multiple base stations lo-
cated relatively close to each other, and protocols for the automated “hand-
over” between two cells when a phone moved from one cell to the other. At 
this time analog transmission was in use in all systems.  

Mobile phones were somewhat larger than fixed ones, and many were designed 
for permanent installation in cars (hence the term car phone), or as “transport-
able” phones with the size of a briefcase. These systems, NMT (Nordic Mobile 
Telephony), AMPS (American/Advanced Mobile Phone Service), TACS (Total 
Access Communication System), later became known as first generation mo-
bile phone systems.  

In the 1990s, second generation (2G) mobile phone systems such as GSM 
(Global System for Mobile communication), TDMA (Time Division Multiple 
Access), and CDMA (Code Division Multiple Access) began to be introduced.  

2G phone systems are characterized by digital circuit switched transmission 
and the introduction of advanced and fast phone to network signaling.  

In the beginning of the 21st century, third generation (3G) mobile phone sys-
tems such as UMTS (Universal Mobile Telecommunications System based on 
WCDMA, Wideband) and CDMA 2000 have begun to be publicly available.  

(Adapted from Wikipedia encyclopedia, 2004).  

4.2 Product and Process Innovation  
This subchapter covers both product innovation and process innovation. These 
two types of innovations are often interrelated, especially in manufacturing 
industries.  

4.2.1 The Dynamics of Innovation  
In his book Mastering the Dynamics of Innovation James M. Utterback (1994) 
has given accounts of several research contributions within the area of indus-
trial innovation. The book is based on American industrial experience of the 
past 150 years, complemented with pieces of evidence from Europe and Japan.  

A wide range of industries and their historical, technological, organizational 
and economic development has been studied and described. The book covers 
the evolution of industries with products as manual and electric typewriters, 
electronic devices as transistor, integrated circuit and hard disk, and electronic 
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equipment as television set, electronic calculator, personal computers and su-
percomputers.  

From this research material professor Utterback and some of his colleagues 
have developed knowledge and models about the dynamics of innovation in-
cluding product and process innovation, the concept of a dominant design, and 
patterns in the emergence of radical innovation including S-curves for tech-
nologies and products.  

A model of the dynamics of industrial innovation  

Innovation in industry is according to Utterback a process that involves uncer-
tainty, human creativity, and chance. Innovation is conditioned by a firm’s 
competitive environment, technology, organization, and conscious strategic 
choices.  

In his book Utterback has described a practical model of the dynamics of in-
dustrial innovation. The model is depicted from observed patterns of successful 
industrial innovation, which indicate that relationships exist between product 
and process changes, the state of evolution of an industry, and the competitive 
climate faced by individual firms.  

Understanding these relationships is crucial, both to the scholar, who seeks 
keys to the general behavior of firms and their abilities to innovate, and to the 
practicing manager, whose mission is to plan and act. The dynamic model is 
based primarily on products for which cost and product performance are two 
important competitive factors.  

The dynamic model is a result of a joint research work by James Utterback at 
Massachusetts Institute of Technology and William Abernathy at the Harvard 
Business School. These two professors collaborated during the 1970s with 
research work in the areas of technological change, innovation, and industrial 
management.  

Utterback carried out research on innovation and management of technology. 
He looked at differences in product innovation among firms and industries and 
related those differences to firms’ explicit competitive strategies for growth and 
competition. He found that firms, which focused on customer perception of 
product performance, emphasized product innovation, while those focusing on 
cost and quality emphasized process innovation.  

Abernathy carried out research on the dynamics of innovation in the production 
processes and its relationship to product innovation. The two professors real-
ized that they together had the elements of understanding a complex set of rela-
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tionships linking a firm’s product and process technologies to its competitive 
environment and organizational structure.  

They continued to develop this dynamic theory of innovation, which was re-
ported in Abernathy’s book (1978) The Productivity Dilemma, and also pub-
lished in several articles, (Abernathy and Utterback, 1978), (Utterback and 
Abernathy, 1975).  

Abernathy and Utterback (1978) suggested that product innovations are soon 
followed by process innovations in what they described as an industry innova-
tion cycle. The model of the dynamics of innovation in industry, exposed here 
as Figure 4.9, shows that the rate of major innovation for both products and 
processes follows a general pattern over time, and that product and process 
innovation share an important relationship.  

 
Figure 4.9: Abernathy-Utterback model of The Dynamics of Innovation.  

Phases within the model of innovation dynamics  

Three developmental phases are used in Abernathy-Utterback model of indus-
trial innovation and they are named fluid, transitional, and specific.  

Fluid Phase  

In the fluid phase of a technology’s evolution, the rate of product change is 
high, and the results of innovation activities are uncertain in terms of product, 
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process and market. In the fluid stage there is a high rate of growth in market 
demand. Customers search for products with particular functionality (perform-
ance). Direct competition among the entrepreneurial companies is relatively 
low, and therefore products with new technology have high profit margins.  

Transitional Phase  

If the market for a new product grows, the rate of major product innovation 
decreases and the rate of major process innovations increases. Characteristics 
of the transitional phase are market acceptance of a product innovation and the 
emergence of a dominant design. As product and market uncertainty decrease, 
R&D efforts increase in order to improve the dominant design (or technology) 
and to shorten the product design cycles.  

Specific Phase  

Utterback and Abernathy used the term ‘specific’ rather than ‘mature’ for the 
third phase, because the plan for manufacturing of assembled products is to 
produce a specific product in an efficient way.  

In the specific (or mature) phase, products built around the dominant design 
proliferate. In this phase, the value ratio of quality (including functionality) to 
cost becomes the basis of competition. The connections between product and 
process are very close in the specific phase. Any small change in either product 
or process can be difficult and expensive to introduce and require a correspond-
ing change in the other.  

Some industries enter what Abernathy and Utterback described as a ‘specific 
phase’, in which the rate of major innovation decreases for both the product 
and process. These industries become extremely focused on cost, volume, and 
capacity, which lead to that product and process innovations appear in small, 
incremental steps.  

Discontinuity Phase  

In terms of the dynamic model, the firm that produces in the specific phase has 
entered a final state from which only a radical departure in product or process 
can liberate it. This departure could be seen as a forth stage corresponding to 
the discontinuity phase, which is added to the dynamic model by Utterback 
later. Reasons for departure to the discontinuity phase can be that the existing 
technology turns into obsolete by the introduction of next-generation technol-
ogy, a more advanced technology, or that markets converge. Because techno-
logical discontinuities can make a company’s competitive capability obsolete, 
companies must be prepared to change their business strategies.  
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4.2.2 The Concept of a Dominant Design  
Abernathy and Utterback introduced the concept of a ‘dominant design’ based 
on their observations of radical product innovation (Utterback and Abernathy, 
1975).  

Utterback had studied how a dominant product design emerged in the manual 
typewriter industry, after an initial period of intensive shaping and mixing of 
product innovations. When the dominant design had appeared, experimentation 
with the fundamental systems of the machine decreased. Manufacturers and 
customers then had a clear idea how a typewriter should be and how it should 
operate. No substantial innovation took place until 25 years later, when electric 
typewriter machines were innovated.  

A similar phenomenon was seen in the personal computer industry, in which an 
amount of product variety was rapidly formed and structured by the emergence 
of the IBM PC, whose great success enforced design uniformity. The IBM PC 
format quickly became the dominant design in its market.  

A dominant product design usually takes the form of a new product synthe-
sized from individual technological innovations, which are introduced inde-
pendently in prior product variants. A dominant design has the effect of enforc-
ing or encouraging standardization.  

The appearance of a dominant design shifts the competitive emphasis to favor 
those firms with a greater skill in process innovation and process integration 
and with more highly developed technical and engineering skills.  

4.2.3 Incremental and Radical Innovations  
The distinction between refining and improving an existing design, and intro-
ducing a new concept that departs in a significant way from established prac-
tice, is one of the central notions in the literature on technical innovation 
(Freeman, 1982).  

Incremental innovation introduces relatively minor changes to the existing 
product, exploits the potential of the established design, and often reinforces 
the dominance of established firms (Tushman and Anderson, 1986).  

Radical innovation, in contrast to incremental, is based on a different set of 
engineering and scientific principles and often opens up whole new markets 
and potential applications.  
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Radical innovation often creates great difficulties for established firms and can 
be the basis for the successful entry of new firms or even the redefinition of an 
industry (Tushman and Anderson, 1986).  

4.2.4 Architectural and Modular Innovations  
Rebecca M. Henderson and Kim B. Clark have demonstrated that the tradi-
tional categorization of innovation, as either incremental or radical, is incom-
plete and sometimes misleading. Henderson and Clark (1990) therefore intro-
duced a new and third category of innovation that they named ‘architectural 
innovation’ and defined as innovations that change the architecture of a prod-
uct without changing its components. The ‘architecture’ of a system (or prod-
uct) is the way that the components are integrated into the system (or product).  

The introduction of architectural innovation, as systemic improvements without 
great attention to its component parts, can be complemented with another and 
fourth category of innovation that could be named ‘modular innovation’, which 
occurs in components, assemblies and subsystems without addressing the sys-
tem of which they are a part.  

In mechatronical products, the interfaces between the modules have to be con-
sidered when the architecture of the product is developed or changed.  

Henderson and Clark argue that architectural innovations destroy the useful-
ness of the architectural knowledge of established firms. They based their in-
novation concept on an empirical study of the semiconductor photolithographic 
alignment equipment industry, which had experienced a number of architec-
tural innovations.  

Component and Architectural Knowledge  

The distinction between the product as a system and the product as a set of 
components underscores the idea that successful product development requires 
two types of knowledge:  

• First, it requires component knowledge or knowledge about each of the 
core design concepts and the way in which they are implemented in a 
particular component.  

• Second, it requires architectural knowledge or knowledge about the 
ways in which the components are integrated and linked together into a 
coherent whole.  
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4.2.5 Innovative and Competitive Firms  
The New Product Development (NPD) process requires firms to be creative 
and controlled, and to share information, but also to protect information as a 
major source of competitiveness. Firms must also respond to existing market 
demands, and produce differentiated products using novel technological ad-
vances (Dodgson, 2000).  

Successful NPD almost always requires close integration with the marketing 
function. Successfully innovative firms have a strong market orientation, with 
an emphasis on satisfying user needs and creating product advantages such as 
unique benefits, high quality, attractive price, or innovative features.  

Innovative firms also have close proactive links between production and NPD 
processes. According to Pisano and Wheelwright (1995), it is necessary with 
simultaneous development of new products and new manufacturing processes. 
New products have to be designed for production, which means that they have 
to be capable of being made as efficiently and cheaply as possible.  

4.2.6 Product Strategy  
The products developed by an organization provide the means for it to generate 
income. But there are many factors to consider in maximizing the product’s 
chance of success in competitive environments. A company has to identify the 
specific ways it can differentiate its products in order to gain competitive ad-
vantage (Trott, 2002).  

Product strategy has to be interlinked with other company strategies as busi-
ness, technology, market and production strategy.  

4.2.7 Product Platforms  
Emphasis on continuity in the development of capabilities is also consistent 
with the idea of an evolving product platform that a ‘product family’ shares. 
Meyer and Utterback (1993) use the car industry as the classic example of this 
idea, where several individual models may share the same basic frame, suspen-
sion and transmission. They say that ‘a robust platform is the heart of a suc-
cessful product family, serving as the foundation for a series of closely related 
products’.  

A product family is a group of products that share common form, features and 
function(s), (Stake, 2000). In a product family, a multitude of product variants 
are based mainly on the same product family concept (Sivard, 2001). When 
designing a product family, decisions have to be taken regarding standardiza-
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tion of components across a product family and the demands of distinct end 
products without components standardization (Sundgren, 1998).  

An architecture (of a product or system) is a structure of units and their rela-
tions (Andreasen, 1998).  

A product platform is a set of subsystems and interfaces that form a common 
structure from which a stream of derivative products can be efficiently devel-
oped and produced (Meyer and Lehnerd, 1997).  

In this thesis, the concept of product platform is enlarged to also encompass 
support structures as production system and maintenance system, which are 
supporting the business and the product structure.  

4.2.8 Product Portfolios  
Another set of strategic considerations concerns the overall portfolio of prod-
ucts. Analyzing the organization’s total collection of products by viewing the 
collection as an investment portfolio may give new insights. This approach was 
initiated by the share-growth matrix, or Boston box, which used market share 
and market growth as dimensions against which to plot the positions of prod-
ucts.  

4.2.9 Overview of New Product Development Theories  
The early stages of the new product development process are most usually de-
fined as idea generation, idea screening, concept development and concept 
testing. They represent the formation and development of an idea prior to its 
taking any physical form. In most industries it is from this point onwards that 
costs will rise significantly. It is clearly far easier (and cheaper) to change a 
concept than a physical product.  

The subsequent stages involve adding to the concept, as those involved with 
the development (manufacturing engineers, product designers and marketers) 
begin to make decisions regarding how best to manufacture the product, what 
materials to use, possible designs and the potential market’s evaluations (Trott, 
2002).  

The organizational activities, used by companies in new product development, 
have been represented by numerous different models. These models have at-
tempted to capture the key activities involved in the process, from idea to 
commercialization of the product.  
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Figure 4.10: Commonly presented linear NPD model. Source: Trott (2002).  

The NPD process is traditionally presented as a linear model with a number of 
stages, according to or similar to Figure 4.10. This is largely because new 
product development is viewed from a financial perspective where cash out-
flows precede cash inflows as in Figure 4.11.  
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Figure 4.11: Cash flows and new product development. Source: Trott (2002). 

This graph shows the cumulative effect on cash flow through the development 
phases, to the build-up of stock and work in progress in the early stages of pro-
duction, when there is no balancing in-flow of cash from sales, to the phase of 
profitable sales, which brings the cash in-flow.  

Virtually all those actually involved with the development of new products 
dismiss such simple linear models as not being a true representation of reality. 
More recent research suggests that the process needs to be viewed as a simulta-
neous and concurrent process with cross-functional interactions (Sohlenius, 
1992), (Hart, 1993).  

4.2.10 Benefits of Effective Innovation  
New technologies can both attract customers and lead to new products. New 
technologies in new products can have different roles and thereby sustain busi-
ness growth in different ways. Various types of new products are:  

1. Blockbuster products (revolutionary technology); launch rapid indus-
trial expansion  

2. Technologically improved products; incorporate growth innovations  

3. Rearchitectured products  

4. Products improved by knowledge-based engineering  

5. Products with cosmetic changes  
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Often new products are some combination of these types of products (Clausing 
and Fey, 2004).  

4.3 Market Innovation  
Market innovation includes the identification of market trends and opportuni-
ties, the translation of these requirements into new products and services, and 
the promotion and diffusion of these products and services to marketplaces 
(Tidd et al. 2001).  

4.3.1 Marketing  
Marketing focuses on the needs of the customer, and therefore should begin 
with an analysis of customer requirements, and attempt to create value by pro-
viding products and services that satisfy those requirements.  

The marketing mix is the set of variables that are to a large extent controllable 
by the company, normally referred to as the ‘four Ps’: product, price, place and 
promotion (Kotler, 1997). All four factors allow some scope for innovation:  

• product innovation results in new or improved products and services  

• product innovation allows some scope for premium pricing 

• process innovation may result in price leadership  

• innovations in logistics may affect how a product or service is made 
available to customers  

• innovations in media provide new opportunities for promotion  

However, we need to distinguish between strategic marketing, that is whether 
or not to enter a new market, and tactical marketing, which is concerned mainly 
with the problem of differentiating existing products and services, and exten-
sions to such products (Tidd et al. 2001).  

4.3.2 Market Plan  
Business strategy and vision includes market forecasts, customer value proposi-
tions, and the competitive profile. This also provides information about which 
innovations will have the greatest business significance.  

Clausing and Fey (2004) describes that when a new innovation, as a product or 
a module of a product, has passed the readiness audit, the object of innovation 
can be selected for integration into a specific product-commercialization pro-
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gram, in order to be sold at all markets. Clausing’s readiness audit corresponds 
to approved release of technology or product for exploitation in form of prod-
uct realization, product introduction or market introduction.  

Usually the selection of technical object for product commercialization is made 
in the context of early product-development planning work that has already 
been completed. In this work a market-attack plan (MAP) should be developed. 
The MAP methodology was developed at the Xerox Corporation in the 1990s. 
Essentially the same material is presented by Michael E. McGrath as the Mar-
ket Platform Plan (McGrath, 1995, 2000).  

The MAP includes market and product strategic vision, market-in analysis, 
platform definition, product-portfolio planning, technology/architecture plan-
ning, value-chain plans, and considerations of the available resources (Clausing 
and Fey, 2004).  

4.3.3 Marketing Techniques  
Many of the standard marketing tools and techniques are of limited utility for 
the development and commercialization of novel or complex new products or 
services.  

Therefore, before applying the standard marketing techniques, we must have a 
clear idea of the maturity of the technologies and markets (Tidd et al. 2001).  

Figure 4.12 presents a simple two-by-two matrix, with technological maturity 
as one dimension, and market maturity as the other.  
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Figure 4.12: Technological and market maturities determine the marketing 

process. Source: Tidd et al. (2001).  

Each quadrant raises different issues and will demand different techniques for 
development and commercialization:  

Differentiated  

Both the technologies and markets are mature, and most innovations consist of 
the improved use of existing technologies to meet a known customer need. 
Products and services are differentiated on the basis of packaging, pricing and 
support.  

Architectural  

Existing technologies are applied or combined to create novel products or ser-
vices, or new applications. Competition is based on serving specific market 
niches and on close relations with customers. Innovations typically originate in 
collaboration with potential users.  

Technological  

Novel technologies are developed which satisfy known customer needs. Such 
products and services compete on the basis of performance, rather than price or 
quality. Innovations are mainly driven by developers.  
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Complex  

Both technologies and markets are novel, and co-evolve. In this case there is no 
clearly defined use of a new technology, but over time developers work with 
lead users to create new applications.  

4.3.4 Differentiating Products  
Differentiation measures the degree to which competitors differ from one an-
other in a specific market. Product differentiation is associated with profitabil-
ity.  

High relative quality is associated with high return on sales. One reason for this 
is that businesses with higher relative quality are able to demand higher prices 
than their competitors. Another reason is that higher quality may also reduce 
costs by improving processes and limiting waste. Result can be that companies 
benefit from both higher prices and lower costs than competitors, and thereby 
achieve higher profit margins.  

Good value is associated with increased market share. Plotting relative quality 
against relative price provides a measure of relative value. High quality at a 
high price represents average value, but high quality at a low price represents 
good value.  

Analysis of data (from a database on the profit impact of market strategy) re-
veals a more detailed picture of the relationships between innovation, value and 
market performance, Figure 4.13, (Tidd et al. 2001).  

 
Figure 4.13: Relationship between innovation and market performance.  
Source: Adapted by Tidd et al. (2001) from Clayton and Turner (2000).  

Process innovation helps to improve relative quality and to reduce costs, 
thereby improving the relative value of the product. Product innovation also 
affects product quality as a greater effect on reputation and value. Together, 
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these two types of innovation, resulting in better relative value and reputation, 
drive growth in market share.  

Evidence suggests that there is an almost linear relationship between product 
innovation and market growth. In consumer markets, maintaining high levels of 
new product introductions are necessary, but not sufficient. In addition, reputa-
tion, or brand image, must be established and maintained (Tidd et al. 2001).  

4.3.5 Quality Function Deployment  
Quality function deployment (QFD) is a useful technique for translating cus-
tomer or market requirements into development needs, and encourages com-
munication between engineering, production and marketing. Customer-required 
characteristics are translated or ‘deployed’ by means of a matrix into language, 
which engineers and marketing men/women can understand (Figure 4.14).  

 
Figure 4.14: Quality function deployment matrix.  

Source: Adapted by Tidd et al. (2001) from Clausing and Hauser (1988).  

The construction of a relation matrix, which is also known as ‘the house of 
quality’, requires a significant amount of technical and market research (Hauser 
and Clausing, 1988). Great emphasis must be made on gathering market and 
user data in order to identify potential design trade-offs, and to achieve the 
most appropriate balance between performance, quality and cost.  
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Symbols are used in the matrix to show the relationship between customer re-
quirements and technical specifications, and weights can be attached to illus-
trate the strength of the relationship. The matrix filling can be used for both 
technical and financial assessments. Further, comparisons with competing 
products, as benchmarking, can be included.  

QFD can be regarded as a market-pull method.  

4.3.6 Market Research and New Product Development  
Market pull approach  

The market-pull approach to innovation is to find out what the market demand 
and the customer needs, and then produce it. The benefits of this approach to 
the new product development process have been widely articulated and are 
commonly understood (Cooper, 1990a), (Kotler, 1997).  

Advocates of market research argue that such activities ensure that companies 
are consumer-orientated. In practice, this means that new products should be 
more successful if they are designed to satisfy a perceived need rather than if 
they are designed simply to take advantage of a new technology (Ortt and 
Schoormans, 1993).  

The issue of market research in the development of new products is controver-
sial. The marketing literature has usually described new product development 
as a market/customer-led process. But ironically, many major market innova-
tions appear in practice to be technologically driven. They evolve from a tech-
nological invention seeking a market application, rather than a market opportu-
nity seeking a technological solution.  

These experiences are direct opposite of the marketing concept, which is to 
start with trying to understand customer needs. The role of market research in 
new product development is questionable with major product innovations, 
where and when no market exists (Tidd et al. 2001):  

• if potential customers are unable to understand what needs the product 
can satisfy, then market research can only provide negative answers 
(Brown, 1991)  

• consumers often have difficulties in articulating their needs  

Hamel and Prahalad (1994) argue that customers lack foresight and they refer 
to Akio Morita, Sony’s influential leader:  
‘Our plan is to lead the public with new products rather than ask them what 
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kind of products they want. The public does not know what is possible but we 
do.’  

Major innovations are referred to as discontinuous new products, when they 
differ radically from existing products. These innovations sometimes create 
entirely new markets but often they require customers and users to change their 
behavior patterns. Such products usually require from users a period of learn-
ing before the products can be used in a good way.  

Technology push approach  

Adopting a technology-push approach to product innovations can allow a com-
pany to target and control premium market segments, establish its technology 
as the industry standard, build a favorable market reputation, determine the 
industry’s future evolution, and achieve high profits.  

Technological innovation can become the centerpiece in a company’s strategy 
for market leadership, but this technology-approach is, however, costly and 
risky. Such an approach requires a company to develop and commercialize an 
emerging technology in search of growth and profits. To be successful in the 
market, a company needs to ensure that its technology is at the heart of its 
competitive strategy (Trott, 2002).  

Many companies were successful because they were prepared to take the risky 
decision to ignore market research and customer opinion, and proceed with 
their new product ideas, because they believed that the product would be suc-
cessful. Examples are Sony Walkman CD-players and Ericsson Hot Line mo-
bile phones.  

The significance of discontinuous new products is often overlooked. Morone’s 
(1993) study of successful US product innovations suggests that success was 
achieved through a combination of discontinuous/radical product innovations 
and continuous/incremental improvements.  

Evidence show that only a small fraction of the total number of new products 
introduced on the market is based on radical innovations (Trott, 2002).  

4.4 Organizational Innovation  
Most innovations, especially major technological innovations such as elec-
tronic products and automobiles, occur within organizations. Management and 
execution of innovations are therefore essential for the performance of organi-
zations. Study of organizations and their management is a broad subject and no 
single approach provides all answers to achieve competitiveness. Accordingly, 
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identification of factors and issues that affect organizational innovation are of 
great interest and importance.  

4.4.1 Theoretical Approaches about Organizations and Inno-
vations  
Innovation can be driven by a management process within the context of an 
organization. This is the case especially in a modern industrialized society 
where innovation is increasingly viewed as an organizational activity with 
many persons involved. In order to greatly manage innovation within organiza-
tions is it crucial to understand the patterns of interaction and behavior, which 
represent the organization (Trott, 2002).  

Classical view or scientific management approach  

The classical view of organizations is built round traditional management con-
cepts, such as bureaucratic theory (Weber, 1964) and scientific management 
(Taylor, 1947). This classical school of thought tends to view the organization 
as an instrument for achieving established goals, in which members of the or-
ganization can be made to serve these goals by management’s use of reward 
and motivation techniques.  

According to this classical view, innovation is a series of rational decisions 
leading to a clearly defined outcome. This school of thought contributed to the 
dominance of the ‘technology-push’ model of innovation, by pushing that the 
creation of new products should be based on new scientific developments 
(Trott, 2002).  

Human relations approach  

The human relations school evolved by questioning the classical view in the 
1930s. This new organizational view identified informal and non-legitimized 
group processes, which influenced behaviors within organizations. This school 
of thought led to the development of the contingency theory.  

Behavioral approach  

The behaviorists dominated management thinking in the 1950s. The impor-
tance of teamwork and improved working conditions received much greater 
attention (Maslow, 1954), (Drucker, 1954).  

Competition issues raised the importance of market knowledge and the need to 
understand the requirements from the consumers. The creation of new business 
opportunities was dominated by the ‘market-pull’ approach to new product 
development.  
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Strategic management approach  

The idea that sustained organizational success was the result of extensive logi-
cal and sequential planning mechanisms dominated strategic management 
thinking in the 1950s and 1960s. Chandler’s (1962) influential work popular-
ized the notion of strategy, which led to the increased use of strategic planning 
by many multinational organizations at that time.  

Mintzberg’s (1978) historical studies of organizations showed the importance 
of incremental change. Similarly, Quinn (1978) argued that decisions are taken 
via logical incrementalism, where decision-making is based on adaptation to 
the changing environment.  

This dynamic view of decision-making, based on learning from experience and 
the emergence of strategies over time, accommodates an interactive model of 
innovation whereby market considerations interact with the science and tech-
nology base of the organization (Trott, 2002).  

Contingency approach  

The organization contingency theory posits the view that there is no single best 
organizational structure. Instead, the structure should be adapted to the activi-
ties being performed.  

Organizational activities (or tasks) are the things that individuals do as part of 
groups in order for the organization to achieve its purposes. This emphasis on 
internal activities (rather than structure) is an important factor with regard to 
innovation, since the process of innovation is made up of a series of linked 
activities performed by individuals and groups within an organization.  

Systems approach  

The systems theory was developed concurrently with contingency theory dur-
ing the 1960s and 1970s. However, systems theory emphasizes processes and 
dynamic analysis rather than characteristic and structural analysis (Checkland, 
1989), (Katz and Khan, 1966).  

The origins of the system theory can be traced back to the 1950s when Ludvig 
von Bertalanffy, a biologist, first used the term ‘systems theory’ (Bertalanffy, 
1951). Systems theorists therefore analyze the commercial organization from 
the perspective of complex organic systems.  

A system is defined as any set of elements linked in a pattern, which carries 
information that is ordered according to some pre-determined rules. Organiza-
tions are seen as goal-directed systems. All systems have both structures and 
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processes. Structures are the relatively stable elements, whereas processes are 
the dynamic relationships among system elements over time.  

Systems theory has shown the importance of the organization’s interactions 
with the external world. These interactions are identified as knowledge flows in 
the innovation process and the benefits (or products) of these interactions are 
important for the ability of the organization to innovate (Trott, 2002).  

4.4.2 Organizational Structures and Innovation  
The structure of an organization is defined by Mintzberg (1978) as the sum 
total of the ways in which the organization divides their labor into distinct tasks 
and then achieves coordination among them.  

The nature of the industry in general and the product being developed in par-
ticular will significantly influence the choice of organizational structure. More-
over, the organization structure will considerably affect the way its activities 
are managed. It is not possible to alter one without causing an effect on the 
other.  

For example, the introduction of concurrent engineering techniques means that 
companies will need to be less reliant on functional operations and adopt the 
use of project management and cross-functional teams (Tidd et al. 2001).  

The systems for defining and developing innovative products and processes 
have to be matched with the surrounding organizational context. Achieving this 
precondition involves creating the organizational structures and processes, 
which enable technological change to thrive.  

Evidence suggests that the higher uncertainty and complexity in the environ-
ment, the greater the need for flexible structures and processes to deal with it 
(Miles and Snow, 1978), (Lawrence and Dyer, 1983).  

This partly explains why some fast-growing sectors, for example electronics or 
biotechnology, are often associated with more organic organizational forms, 
whereas mature industries often involve more mechanistic arrangements.  

The work by Burns and Stalker (1961) on Scottish electronic organizations 
looked at the impact of technical change on organizational structures and on 
systems of social relationships. This work suggests that ‘organic’, flexible 
structures, characterized by the absence of formality and hierarchy, support 
innovation more effectively than ‘mechanistic’ structures (Trott, 2002).  
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The role of the individual in the innovation process  

Rubenstien (1976) argue that the innovation process is essentially a people 
process and that organizational structure, formal decision-making processes, 
delegation of authority and other formal aspects of a so-called well-run com-
pany are not necessary conditions for successful technological innovation.  

Rubenstein’s studies revealed that certain individuals had fulfilled a variety of 
roles (often informal) that had contributed to successful technological innova-
tion (Trott, 2002).  

Ways of doing innovation  

Organizations develop particular ways of behaving which become ‘the way we 
do things in this organization’. These ways or patterns reflect an underlying set 
of shared beliefs about the world and how to deal with the world. The patterns 
form part of the organization’s culture. They emerge as a result of repeated 
experiments and experience around what appears to work well, which means 
that the patterns are learned.  

Over time the behaviors turn into more automatic responses to particular situa-
tions, and the patterns thereby develop into routines. These routines of organ-
izational behavior are associated with formal and informal structures, proce-
dures and processes, which describe ‘the way we do things around here’ (Tidd 
et al. 2001).  

Levitt and March (1988) describe routines as established sequences of actions, 
which are combined with technologies, formal procedures or strategies, and 
informal conventions or habits.  

Successful innovation routines are what a particular firm has learned over time, 
through a process of trial and error, and the routines tend to be firm-specific. 
This means that each firm has found or has to find its own way of doing these 
things, including developing and learning their own particular routines.  

Resources and capabilities for innovation  

Success in innovation appears to depend upon the technical and human re-
sources (people, equipment, knowledge, money, etc.) and the capabilities in the 
organization to manage the resources. Basic capabilities (or skills) are behav-
iors associated with things like planning and managing projects or understand-
ing customer needs. These basic routines need to be integrated into broader 
abilities, which taken together make up an organization’s capability in manag-
ing innovation.  
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There is also a negative side of routines (or core capabilities), as the routines 
represent embedded behaviors in form of ’the way we do things around here’. 
Therein lies their strength, but also their weakness, because the routines can 
become barriers to thinking in different ways. These core capabilities can be-
come core rigidities, when ‘the way we do things around here’ becomes inap-
propriate (Leonard-Barton, 1995).  

4.4.3 Organizational innovations  
Organizations are constantly seeking new answers or solutions for the prob-
lems of becoming competitive. During the last decades there have been many 
proposed solutions for obtaining competitive advantage through reconfiguring 
organizations (Tidd et al. 2001).  

Among the concepts of organizational innovation are:  

• Benchmarking best practice  

• Total Quality Management (TQM)  

• Quality circles  

• Business process re-engineering (BPR) 

• Networking/clustering  

Lessons from America’s Best-Run Companies  

In their book In Search of Excellence: Lessons from America’s Best-Run Com-
panies, Thomas J. Peters and Robert H. Waterman (1982) studied why one 
American corporation was more successful than other corporations in the 1970s 
and beginning of the 1980s. Peters and Waterman reported together with part-
ners at the consultant firm McKinsey & Co what to be learned from the best-
managed companies in USA at that time about 30 years ago.  

Their research about corporate excellence told them that any intelligent ap-
proach to organizing had to encompass, and treat as independent, at least seven 
variables: structure, strategy, people or staff, management style, systems and 
procedures, guiding concepts and shared values (i.e. culture), and the present 
and hoped-for corporate strengths and skills. These seven variables constituted 
a framework, which was called McKinsey 7-S framework as all variables could 
be written by words beginning with the letter S (Peters and Waterman, 1982).  

Peters and Waterman studied and found eight basic practices, which they re-
garded as successful business management techniques and as attributes to char-
acterize the distinction of excellent, innovative companies:  
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• A bias for action  

• Close to the customer  

• Autonomy and entrepreneurship  

• Productivity through people  

• Hands on, value driven  

• Stick to the knitting  

• Simple form, lean staff  

• Simultaneous loose-tight properties  

Peters and Waterman described and used a double meaning of the word ‘inno-
vation’. First the normal thought of innovation as the creative development of 
marketable new products and services. But also the thought of innovative com-
panies as able to respond to change of any sort in their environments.  

That concept of double innovative capability seemed to define for Peters and 
Waterman the task of truly excellent manager or management team. The com-
panies that seemed to have achieved that kind of innovative performance were 
the ones that they labeled excellent companies.  

But the excellent companies were not so successful and profitable in the long 
run as International Business Machines (IBM) with mainframe computers, 
Digital Equipment Corporation (DEC) with minicomputers, Boeing with air-
planes, Hewlett Packard (HP) with electronic calculators, and other well-
known American corporations demonstrated during the 1980s and 1990s.  

Benchmarking  

Benchmarking is concerned with enhancing organizational performance by 
establishing standards against which processes, products and performance can 
be compared and consequently improved. Benchmarking can be regarded as a 
tool for organizational learning, if the organization uses the benchmarking in-
formation for developing new knowledge and competences in order to gain 
competitive advantages.  

Benchmarking methods were originally developed at Xerox in the end of the 
1970s and the beginning of the 1980s, when Xerox got problems to compete 
with Japanese companies with copiers, which had lower price and better qual-
ity. Xerox answered to the competition by starting a process they called ‘Prod-
uct quality and feature comparisons’.  
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Robert C. Camp introduced benchmarking to Xerox’s operations in 1981. He 
called benchmarking ‘the continuous process of measuring our products, ser-
vices and practices against our competitors or leading-edge companies’. 
Benchmarking was, according to Camp, a way to regain our competitiveness 
(at Xerox). Camp states that performance gaps, identified by benchmarking, are 
caused by process practices, business practices and operational structures 
(Camp, 1989, 1995).  

Benchmarking can be used to find best practice by measuring oneself against 
‘the best of the best’. Benchmarking is dealt with in many books during the 
years, many times as a part of a TQM-program for improvements (Watson, 
1992), (Karlöf, 1996, 2001), (Zairi, 1998), (Tidd (editor) 2000).  

Total quality management  

Total quality management (TQM) aims to create new organizational behavior 
around improved quality and continuous innovation (Clausing, 1994, 2004).  

Frameworks have been developed (such as that for the European Quality 
Award or the Baldrige Award in the USA) which provide a structure for devel-
oping and assessing progress on TQM. These frameworks have been used to 
enable ‘benchmarking’ between organizations, which are seeking to learn 
about organizational innovation.  

An essential part of TQM is to mobilize the problem solving capabilities of 
employees for the continuous improvement in the operations of firms. Incre-
mental, continuous improvement is often the most important form of innova-
tion in production activities (Bessant, 1998).  

Another part of TQM is to give greater autonomy and responsibility to the in-
dividuals for performing tasks.  

Quality Circles  

Quality circle is a quality improvement method utilizing employee participa-
tion. Employees are supposed to be the greatest asset of an organization and by 
using these human resources other resources can be converted into (more) use-
fulness.  

Quality circle is a participation method in the workplace for both the work 
environment for employees and quality and productivity for the company, in-
cluding the products and processes.  

A quality circle is a group of staff that meets regularly to discuss quality related 
work problems in order to examine and generate solutions to these problems. 
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The group can be regarded as a quality improvement team and participation is 
voluntary. Another name of the improvement group is Kaizen team.  

Quality circles are said to be developed in the 1960s by Kaoru Ishikawa in 
Japan, but other sources say that the method was used by the US army during 
the second world war and introduced to Japan by US staff (Russell and Taylor, 
2000, 2003), (Lillrank and Kano, 1989, 1990).  

Business process re-engineering  

A contrast to the incremental ideas of process improvement is the radical 
breakthrough approach of business process re-engineering (BPR). The BPR 
concept is based on ideas within traditional organization and methods practice 
with the customer need in focus.  

These ideas were brought together to define BPR as:  
The fundamental rethinking and radical redesign of business processes to 
achieve dramatic improvements in critical, contemporary measures of perform-
ance, such as cost, quality, service and speed (Slack et al. 2001, 2004).  

An existing organization and its procedures reflect the way that business was 
conducted and may not support the core business in the future. This should be 
reason for redesign of the business.  

Business process re-engineering became known through work by Hammer and 
others with major service sector organizations, which had invested heavily in 
IT as a way of raising productivity. The absence of significant gains despite 
this investment led to the recognition that ‘computerizing chaos’ would simply 
compound the problem. Therefore fundamental rethinking was needed about 
the overall design of organization and processes within these companies 
(Hammer and Champy, 1993), (Willoch, 1994).  

Process re-engineering starts with a blank sheet of paper and asks ‘how could 
we best perform this process to achieve customer satisfaction?’ Then the result-
ing target model is compared with what actually happens in the company. 
Typically, the study identifies unnecessary activities, which fail to add value 
and which introduce delays and redundancy into the system.  

The popularity of BPR during the 1990s was an indication of the extent to 
which organizational innovation had been neglected over the previous two 
decades.  

Many companies are changing from functional to process-based organizational 
structures. Business Process Re-engineering has enjoyed great success as a 
popular technique for this reorganization. The principle of organizing by proc-
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ess is valuable, but existing company skills and routines have to be considered 
and processes have to be supported by appropriate IT.  

The approach with re-designs of business has been criticized as BPR was used 
as one of the major ‘downsizing’ tools in the 1980s and 1990s. The combina-
tion of radical downsizing and redesign can mean the loss of core experience 
from the operation.  

Other approaches for organizational change  

TQM, BPR and networking are typical examples of organizational innovations, 
but many others can be identified, such as ‘mass customization’, ‘cellular 
manufacturing’, ‘virtual firms’ and ‘lean production’. The danger with all of 
these programmes is that they are seen as one-off radical changes rather than as 
part of a continuing programme of organizational adaptation and development.  

In the same way as technological changes are progressing mainly through in-
cremental improvements interrupted by radical shifts, organizational innova-
tions need to be managed as similar combinations of incremental and radical 
changes (Tidd et al. 2001).  

The BPR approach is similar to the ideas put forward by Peters (1997) who 
makes the case for the total destruction of company systems, hierarchy and 
procedures and replacing them with a multitude of single-person business units 
working as professionals. Peters argues that the small improvements according 
to TQM, detracts effort from real need of reinventing the business, i.e. ‘incre-
mentalism is an enemy of innovation’. Tom Peters argues that a radical ap-
proach is the only way organizations can be sufficiently innovative to survive 
in the twenty-first century.  

Christensen (1997) develops the philosophy of disruptive innovations that in-
troduce a different package of attributes to the marketplace than the packages 
that mainstream customers have traditionally valued. Christensen argues that 
leading companies failed to maintain their position at the top of their industrial 
or market sector, when the technology or market changed, because these mar-
ket leaders ignored the emerging disruptive technology.  

A survey of the concepts for organizational innovations shows that there are 
the radical breakthrough approaches (of Hammer, Peters, and Christensen), and 
the incremental improvement methodologies (based on the philosophies of 
TQM). It may be possible, and even necessary, for industrial companies to 
follow both types of change at different times in order to develop and maintain 
competitiveness. Large and significant innovations can be followed by small 
and incremental improvements, but it is of importance to be aware of the 
strengths and weaknesses of both types of changes (Trott, 2002).  
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4.5 Managing Innovation  
Management research confirms that innovative firms, which mean those that 
are able to use innovation to improve their processes or to differentiate their 
products and services, outperform their competitors, measured in terms of mar-
ket share, profitability, growth or market capitalization (Tidd et al. 2001).  

However, the management of innovation is inherently difficult and risky. Most 
new technologies fail to be translated into products and services, and most new 
products and services are not commercial successes. In short, innovation can 
enhance competitiveness, but requires a different set of management know-
ledge and skills from those of everyday business administration.  

To be successful, companies have to integrate the management of market, tech-
nological and organizational change to improve the competitiveness of firms 
and the effectiveness of their organizations. The management of technological 
innovation is managing the translation of technology into successful products 
and services. This suggests a competence- and knowledge-based approach to 
technology management, which also requires analysis of organizational struc-
tures and processes.  

The management of organizational innovation has shifted from an emphasis on 
‘change management’ of structure and culture, to the design and improvement 
of internal processes, such as knowledge management, and external linkages 
and networks. In market innovation there has been a shift in emphasis from 
market segmentation and analysis of consumer behavior, to relationship and 
networked marketing that demands targeting of product development and close 
linkages with lead customers.  

Tidd et al. (2001) argue that the process of innovation management is essen-
tially generic, although organization-, technology- and market-specific factors 
will constrain choices and actions.  

Innovation includes a lot of activities, which have to be managed properly. The 
need for managing innovation can be understood by following definitions and 
descriptions of innovation:  

• Innovation is much more than invention, and it includes all the activi-
ties encouraging the commercialization of new technologies (Freeman 
and Soete, 1997).  

• Innovation includes the scientific, technological, organizational, finan-
cial, and business activities leading to the commercial introduction of a 
new (or improved) product or new (or improved) production process or 
equipment (Dodgson, 2000).  
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Above these innovation activities, managers are confronted by major changes 
in the nature of industry and business. The most significant of these are 
changes in industry in general, in business and innovation systems, in innova-
tion process, in management and in globalization.  

Innovation as a process to be managed  

Innovation is not a singular event, but a series of activities that are linked in 
some way to each other. Therefore, innovation can be regarded as a process.  

Industrial innovation is extremely complex and involves a variety of different 
activities to handle. Innovation can accordingly be seen as a systemic process 
with goals, decisions and activities, which have to be managed, Trott (2002).  

The framework in Figure 4.15 is supportive in describing the main factors, 
which need to be considered to make innovation successfully managed. The 
model in Figure 4.15 shows the interactions of the functions inside the organi-
zation and the interactions of those functions with the external environment. 
Functions involved in the innovation process are business planning, marketing, 
research and development, engineering and manufacturing.  
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Figure 4.15: Innovation management framework. Source: Trott (2002).  

The framework in Figure 4.15 emphasizes the importance placed on interac-
tions (both formal and informal) within the innovation process. Innovation has 
been described as an information-creation process that arises out of social in-
teraction. The firm provides a structure within which the creative process is 
located (Nonaka and Kenney, 1991).  

The centre of the framework is represented as the knowledge base of the or-
ganization, which is essential for the innovative ability. The continual accumu-
lation of this knowledge base underpins the ability of the organization to create 
new product ideas. This organizational heritage represents for many firms a 
competitive advantage.  
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4.5.1 Managing technological innovation  
It is well understood that technological developments can lead to improved 
products and processes, reduced costs and ultimately better commercial per-
formance and competitive advantage. The ability to capitalize on technological 
developments and profit from the business opportunities that may subsequently 
arise requires a business to be in an appropriate strategic position. Figure 4.16 
illustrates the iterative and continual process involved in the management of 
research and technology to support business.  

 
Figure 4.16: The R&D strategic decision-making process.  

Source: Trott (2002).  

Management of innovation involves trying to manage something, which is 
inherently complex and risky. In addition to the intrinsic complications of 
many products, a key aspect of complexity lies in the systemic nature of con-
temporary industrial production. Technology-based innovations, be they air-
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planes, cars, home banking, or personal computers, are comprised of various 
component systems. Computers, for example, comprise central processing 
units, operating systems, applications software, monitors, keyboards, disk 
drives, memory chips, power supplies, and communications devices. Integra-
tion of these often highly complex systems is a key task of management of 
technological innovation (Dodgson, 2000).  

Some of these complex systems have been described as a different form of 
industrial production, requiring different management approaches (Hobday, 
1998). Thus, for complex products and systems (CoPS), including high value 
products, capital goods, control systems, networks, and civil engineering con-
structs such as aircraft engines, avionic systems, and intelligent buildings, the 
emphasis is on design, project management, systems engineering, and systems 
integration.  

Managing risk and uncertainty  

Risk is determined by a number of considerations. Important factors in the 
management of risk in technological innovation include unpredictability, cost, 
and appropriability.  

The innovative activities of firms are confronted by:  

• general business uncertainty of future decisions on investment  

• technical uncertainty about future technological developments and the 
parameters of technological performance and cost  

• market uncertainty about the commercial viability of particular new 
products or processes  

Corporate competitiveness requires knowledge, and the organizational ability 
to learn fast and move quickly, when winning technological concepts emerge 
(Freeman and Soete, 1997).  

The management of the innovation process involves development of the crea-
tive potential of the organization including generation of new ideas. Managing 
uncertainty is a central feature of managing the innovation process. Pearson’s 
uncertainty map (Pearson, 1991) provides a framework for analyzing and un-
derstanding uncertainty and the innovation process, Figure 4.17.  
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Figure 4.17: Pearson’s uncertainty map. Source: Pearson (1991).  

Pearson’s framework divides uncertainty into two separate dimensions:  

• uncertainty about ends (what is the eventual target of the activity or 
project)  

• uncertainty about means (how to achieve this target)  

The map assists managers to consider how ideas can be transformed into inno-
vations depending on uncertainties in outcome and process.  

4.5.2 Managing New Product Development  
Products can be new to the world and new to the firm. Products can also be 
repositioned into new markets (Dodgson, 2000).  

The challenges and difficulties in new product development (NPD) are both 
developing the right product and doing it efficiently.  

Over the years a large number of models and methods have been developed to 
support improvements of a company’s performance in NPD.  

In NPD different terms are used:  
Business opportunity: A possible technical or commercial idea that may be 
transformed into a revenue-generating product.  
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Product concept: A physical form or a technology plus a clear statement of 
benefit.  

Screening: A series of evaluations, including technical, commercial and busi-
ness assessments of the concept.  

Prototype/pilot: A tentative physical product or system procedure, including 
feature benefits.  

Production: The product produced by the scale-up manufacturing process.  

Launch: The product actually marketed, in either market test or launch.  

Commercialization: Market introduction, when the product is launched and 
hopefully begins to generate sales revenue.  

Commercial success: The successful outcome of NPD meeting the goals set for 
the product, usually in form of market share and profit.  

Key activities to be managed  

The network model of NPD shown in Figure 4.18 represents a generalized and 
theoretical view of the development process.  

 
Figure 4.18: A network model of NPD. Source: Trott (2002).  
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The framework in Figure 4.18 can help business managers and project manag-
ers to understand the interactions between different parts within and outside the 
company. Parties involved in NPD are research and development, engineering 
and manufacturing, marketing and sales, management and finance, customers, 
suppliers, distributors, and so on. In order to understand what particular activi-
ties should be undertaken, it is more useful to view the new product develop-
ment process as a series of linked activities as in Figure 4.19.  

 
Figure 4.19: The NPD process as a series of linked activities.  

Source: Trott (2002).  

Figure 4.19 attempts to identify and link together most of the activities that 
have been associated with the NPD process over the years. This diagram repre-
sents a generic process model of NPD.  

One of many studies on new product success and failure was undertaken by 
Robert G. Cooper. In Cooper’s study twelve (12) activities were identified: 
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initial screening; preliminary market assessment; preliminary technical assess-
ment; market study; financial analysis; product development; product testing 
(in-house); product testing (with customer); test marketing; trial production; 
full-scale production; and product launch.  

Another study by Cooper has shown that firms frequently omit some of these 
activities (Cooper, 1988a). The answers on what activities to involve in NPD 
are dependent on both context and industry.  

4.5.3 Product Design and Development  
In their book Product Design and Development (1995, 2000) Karl T. Ulrich 
and Steven D. Eppinger blends the perspectives of marketing, design and 
manufacturing into a single approach to product development. The authors try 
to keep a balance between theory and practice by emphasizing on methodolo-
gies. They argue that a methodology is a step-by-step procedure for completing 
a task, which can provide a concrete approach to solving a product develop-
ment problem.  

A product is something sold by a company to its customers, according to Ul-
rich and Eppinger. Product development is the set of activities beginning with 
the perception of a market opportunity and ending in the production, sale and 
delivery of a product.  

A process is a sequence of steps that transforms a set of inputs into a set of 
outputs. A product development process is the sequence of steps or activities, 
which a company employs to conceive, design and commercialize a product. 
Ulrich and Eppinger proposed a generic development process consisting of 
following activities:  

• Concept development: the front end process  

• Product planning  

• Identifying customer needs  

• Establishing product specifications  

• Concept generation  

• Concept selection  

• Concept testing  

• Product architecture  

• Industrial design  
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• Design for manufacturing  

• Prototyping  

• Product development economics  

• Managing project  

The development activities are distributed among following phases in the de-
velopment process:  

• Planning  

• Concept development  

• System-level design  

• Detail design  

• Testing and refinement  

• Production ramp-up  

4.5.4 Integrated Product Development  
The expression integrated product development is formulated by Mogens 
Myrup Andreasen and Lars Hein (in their book with the same title) and covers 
the integration aspects of product, process, market and management (An-
dreasen and Hein, 1987).  

The aim of product development is the creation of good business for the com-
pany by satisfying the customers with good products. Good business is the 
result of using the market, the product and its production in a balanced way in 
order to make best use of the advantages and satisfy the customers.  

Product development starts with a business search in which the target is to find 
potential commercial possibilities consisting of perceived needs, product ideas 
and/or ideas with respect to production technique. Product development ends 
with realized business with running production and sales.  

Following activities are involved in integrated product development:  

• Look for business ideas.  

• Assign priorities based on the survey of business ideas. 

• Prepare for product development by making project proposals.  

• Survey project proposals and assign priorities.  
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• Start product development.  

• Monitor product development.  

• Establish commercialization by utilizing results from projects and 
product development in business.  

• Monitor business.  

• Wind up product/business.  

4.5.5 Process of Innovation Management  
Innovation success depends on being able to manage projects from initial idea 
or opportunity to a successful commercial product or service, or an effective 
new internal process.  

This involves a sequence of problem-solving activities and needs a staged 
framework for decision-making about whether or not to continue with devel-
opment, allocation of resources and so on.  

The task of making innovation happen, in form of moving from idea through to 
success products, services or processes, is essentially a task of managing ‘the 
development funnel’ according to Wheelwright and Clark (1992), Figure 4.20.  

 
Figure 4.20: New product development funnel.  

Source: Wheelwright and Clark (1992).  

The management of innovation can therefore be seen as a gradual process of 
reducing uncertainty through a series of problem-solving stages, moving 
through the phases of scanning and selecting and into implementation, and 
linking market and technology-related streams along the way.  

With shorter life cycles and demand for greater product variety, pressure is also 
placed upon new product development (NPD) systems to work with a wider 
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portfolio of new product opportunities and to manage the risks associated with 
progressing these through development to launch. To deal with this, attention 
has focused on systematic screening, monitoring and progression frameworks 
such as Cooper’s ‘stage/gate’ approach (Teece and Pisano, 1992).  

4.5.6 Stage Gate Decision Process  
As Cooper suggests, successful innovators tend to operate some form of struc-
tured, staging process (Cooper, 1988a). As new products or new processes 
move through the development funnel, there is a need to assess performance 
characteristics and to ensure that progress forward is linked to successful 
achievement of these goals.  

Robert G. Cooper proposed a series of stages (phases or steps) with connected 
gates (check points), Figure 4.21. Many variations (e.g. ‘fuzzy gates’) on this 
approach of stage-gate process or phase review process exist. The stage-gate 
model ensures that there is structure in place, which reviews technical, eco-
nomical and marketing data at each stage. The achievement in each stage is 
therefore controlled by the following gate, which function as a quality control 
check point or decision point, before progression to the next stage in the proc-
ess (Cooper, 1990b).  

 
Figure 4.21: Stage-gate process for new product development.  

Source: Cooper et al. (2002a).  

New product development begins with an idea and ends, in some cases, with 
the successful launch of a new product. The steps between idea and end can be 
seen as a dynamic process, according to Cooper. The stage-gate model divides 
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this process into a series of activities (stages) and decision points (gates), Fig-
ure 4.21.  

The stage-gate system developed by Cooper (1988a, 1990b, 1994, 2002a, 
2002b) is used by companies as a project management technique in new prod-
uct development. Essentially, the stage-gate procedure systematizes decision-
making at various stages of a new product’s development.  

The procedure involves:  

• Stop/go decisions at each stage  

• Increased resource commitment at each stage  

• Evaluation by appropriate staff  

In Cooper’s generic stage-gate process in Figure 4.21 there are five original 
stages plus a new discovery stage, which make six stages:  

• Discovery: idea generation based on observations of demands, needs, 
problems, possibilities, etc.  

• Scoping/Preliminary investigation: a quick examination and scoping of 
the project including assessment of technical merits and market pros-
pects  

• Building business case/Detailed investigation: a more detailed consid-
eration leading to a business case, including project definition, justifi-
cation, and plan  

• Development: the actual design and development of the new product  

• Testing and validation: tests and trials in the marketplace, laboratory, 
and plant to verify and validate the new product, and its marketing, 
production and economics  

• Launch: Commercialization of the product including beginning of full 
production, marketing, and selling.  

Gates are predefined with established mandatory and desirable criteria to be 
met. The discovery stage was added to the front end of the process to generate 
breakthrough new product ideas (Cooper at al. 2002a). In the same paper, Coo-
per, Edgett and Kleinschmidt also added a technology process, which they 
called stage-and-gate process for science or technology projects, Figure 4.22.  
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Figure 4.22: Stage gate new product process with technology developments.  

Source: Cooper et al. (2002a).  

The management issues in linking stage-gate systems with portfolio manage-
ment and business strategy are difficult, and remain a continuing problem for 
many firms (Cooper et al. 2002b).  

4.5.7 Project Control Model at Ericsson  
Ericsson Corporation has for many years and projects used PROPS (an internal 
acronym at Ericsson) as a method and model for project management and a 
concept for project work. PROPS has been developed within Ericsson Corpora-
tion, which can be regarded as a global organization that successfully has used 
the project work form for developing competitive products and for introducing 
these products on the market. PROPS has been in use since 1988 in many types 
of projects and in different Ericsson companies over the world. PROPS and 
Cooper’s stage-gate model were developed contemporary and both project 
models were launched in 1988.  

The purpose of PROPS is to support a business-focused, efficient and success-
ful project management and management of projects in a multiproject organiza-
tion.  

Project management is a way of steering and managing operations toward 
clearly defined short-term goals. The project work form allows individual pro-
ject members to contribute to the organization’s business results, with many 
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aspects of their personal and professional competence. This makes project 
management a competitive advantage for organizations that know how to use it 
for reaching their business objectives.  

PROPS increases efficiency by allowing everyone connected with a project to 
share a common view and a common terminology. This promotes reduced lead-
times in time-to-market and time-to-customer for new products.  

PROPS provide a general model for project work by defining what should be 
done in the project and when it should be done. The phases of the project, and 
the steering and management activities needed for integrating and controlling 
the project work and coaching the project members, are described in the model.  

PROPS has four phases in a single project:  

1. Prestudy  

2. Feasibility study  

3. Execution  

4. Conclusion  

In the single project flow there are six tollgates for project steering (including 
decisions to stop or continue) and a number of milestones depending on the 
type of project work (Ericsson Infotech, 1999).  

4.5.8 Integrating the Fuzzy Front End of New Product Devel-
opment  
New product development has become a core business activity that needs to be 
closely tied to the business strategy and a process that must be managed 
through analysis and decision-making.  

Lead-times for product design and development have been reduced by en-
hanced capabilities for concurrent engineering, rapid prototyping, and 
smoothly functioning supplier partnerships.  Management attention has there-
fore begun to shift to the cross-functional front-end strategic, conceptual, and 
planning activities that typically precede the detailed design and development 
of a new product (Khurana and Rosenthal, 2002).  

Product-specific front-end activities help clarify the product concept, define 
product and market requirements, and develop plans, schedules, and estimates 
of the project’s resource requirements.  

A process view of the front end of new product development is presented in 
Figure 4.23.  
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Figure 4.23: A model of the new product development front end. 

Source: Khurana and Rosenthal (2002).  

This process description is consistent with growing empirical evidence of the 
need to simultaneously consider overall product strategy (foundation elements) 
with project-relevant input, such as product ideas, market analysis, and tech-
nology options. Thus understanding the interrelationships between the activi-
ties is as important as the activities themselves (Khurana and Rosenthal, 2002).  

4.5.9 Management Philosophies and Techniques  
From the viewpoint of a company, the mixture and marketable properties of 
products needs to be managed. The satisfaction of external customers can lead 
to continuing operation and economic capability of the enterprise. Therefore 
the product family, its scope, variety, innovation, advertising, packaging, and 
all other features need to be planned, kept under review, directed and imple-
mented (Hubka and Eder, 1996).  

These activities require some integration, which can be helped by management 
organization, philosophies and techniques such as quality assurance and its 
international recognition in the standards of the ISO 9000 series, Total Quality 
Management (TQM) (Crosby, 1979, 1995; Deming, 1986, 2003; Imai, 1986; 
Ishikawa, 1985; Juran, 1992, 1999, 2003) and its continuation as Total Quality 
Development’ (TQD) (Clausing, 1994), Benchmarking (Camp, 1989), Quality 
Function Deployment (QFD) (Hauser and Clausing, 1988), Value Analy-
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sis/Engineering (Miles, 1972), Cost-Benefit Analysis (Layard, 1972), Robust 
Design (Phadke, 1989; Taguchi, 1986, 1993).  

The management means and tools mentioned above are some of the most well 
known during the last 30 years, but it is either recommendable or practical to 
use all of them at the same time. However, they represent a lot of know-how 
and experience, and managers and other leaders should learn and practice ap-
plicable parts of this menu of knowledge for industrial operations.  

4.6 Summary of Chapter 4  
In this chapter of references, different types of innovation as technological, 
product, process, market and organizational have been described.  

Technological inventions in electronics are presented to show some of the most 
important driving forces behind the Kondratieff wave called ‘information and 
communication’.  

Based on descriptive research on industrial development, Utterback and Aber-
nathy demonstrated that product and process innovation often are interrelated 
in manufacturing industries. This relationship between a product and its manu-
facturing process should be regarded as prescriptive and supported by concur-
rent engineering.  

The concept of a dominant design by Abernathy and Utterback can be regarded 
as a theory based on descriptive research, but the research result may also be 
prescriptive for future products and processes.  

Management of innovation is a topic for education at business schools in order 
to make business successful and profitable. However, it is not enough to know 
how to organize and administrate activities for innovation. In order to make 
successful innovations, engineers and other human resources are needed with 
proper technical and other knowledge about the subject for innovation and with 
creative capacity and ability to do real inventions and innovations.  
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5 ENGINEERING DESIGN 

The references in this chapter on theories and methods within the engineering 
design area are chosen to support the research work on business innovation 
according to the research approach.  

5.1 Design Science  
In their book Design Science (1996) Vladimir Hubka and W. Ernst Eder have 
described what Engineering Design is about. The word ‘design’ can have two 
meanings, one is ‘design of objects’, which corresponds to ‘doing design’ or 
‘designing’. The other meaning is ‘design object’, which is the planned out-
come of a design process. A ‘design object’, in form of a product or process, 
must first be preconceived and developed, before it can be built or realized.  

The designer of the object is the one who creates the product or process. What 
the designer does, in order to do create the object, is to find and describe a cer-
tain structure that is suitable to perform a certain function. From this descrip-
tion and representation a product or process can be built or realized.  

The task of the designing consists of thinking ahead and describing a structure, 
which appears as potential carrier of the desired characteristics in form of prop-
erties, including the functions.  

The task of designing has Hubka and Eder expressed in process terms: design-
ing is defined as the transformation of information from the condition of needs, 
requirements and constraints into the description of a structure, which is capa-
ble of fulfilling these demands. The demands must include the wishes of the 
customers, but also all stages and requirements of the life cycle and all inter-
mediate states that the product must pass through.  

Engineering Design has many definitions and explanations:  
Taylor (1959): Engineering design is the process of applying various tech-
niques and scientific principles for the purpose of defining a device, a process, 
or a system in sufficient detail to permit its physical realization.  

Asimow (1962): Engineering design is a purposeful activity directed towards 
the goal of fulfilling human needs, particularly those which can be met by the 
technology factors of our culture.  
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Feilden (1963): Mechanical engineering design is the use of scientific princi-
ples, technical information and imagination in the definition of a mechanical 
structure, machine or system to perform pre-specified functions with the maxi-
mum economy and efficiency.  

VDI 2223 (1973): Designing is a predominantly creative activity, founded on 
knowledge and experience and striving for optimal solutions by thinking ahead 
about technical products, in order to determine the functional and structural 
construction and create documents that are ready for manufacture. (VDI: Ver-
ein Deutscher Ingenieure, Association of German Engineers).  

Suh (1990): Design may be formally defined as the creation of synthesized 
solutions in the form of products, processes or systems that satisfy perceived 
needs through mapping between the functional requirements (FRs) in the func-
tional domain and the design parameters (DPs) in the physical domain, through 
proper selection of the DPs that satisfy the FRs.  

Suh (1990): Design involves four distinct aspects of engineering and scientific 
endeavor:  

• the problem definition from a “fuzzy” array of facts and myths into a 
coherent statement of the question  

• the creative process of conceptualizing and devising a proposed physi-
cal embodiment of solutions  

• the analytical process of determining whether the proposed solution is 
correct or rational (corresponding to verification)  

• the ultimate check of the fidelity of the design product to the original 
perceived needs (corresponding to validation)  

In engineering, the first step toward developing a solution is the synthesis of 
the overall solution, which involves conceptualization and design of an overall 
solution by integrating empirical knowledge and scientific principles. This step 
is then followed by the optimization process, which involves the dissection of 
the design into components, and the analysis of each component using scien-
tific principles and mathematical tools. That is, engineering consists of analysis 
and synthesis, science-driven and technology-driven fields, natural and artifi-
cial laws, scientific and technological factors, as well as human and societal 
issues (Suh 1990).  

Each product goes through a life cycle, which can briefly be characterized by 
stages such as: product planning, designing and developing, preparing for 
manufacture or implementation, implementation or manufacture and assembly, 
distribution, exploitation and disposal.  
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Designing:  

• is an activity performed by humans, individually or in teams, together 
with their assisting tools, as computers, in a working environment.  

• as a process accepts input information about the task and the require-
ments for its output.  

• delivers as its output a set of instructions for implementing or manufac-
turing the designed system.  

A typical arrangement of designing seen from a management view, according 
to Hubka and Eder, consists of clarifying the task, conceptualizing, embodying, 
and detailing. During designing, a system may need to be broken down, or 
decomposed, into sub-systems. Each sub-system can be regarded as a different 
design problem.  

The need to bring products to the market as quickly as possible arises from 
trying to shorten the time to economic break-even and profit. There is conse-
quently a need to rationalize, and preferably systematize the processes of de-
signing. The design process must be managed, made accountable, and made 
reliable and predictable in timing and quality of output (Hales, 1993).  

The process of designing can be performed in systematic, methodical and struc-
tured ways. Rationalizing the design process also implies that the product and 
its manufacturing process should be designed concurrently (simultaneously) 
where possible (Sohlenius, 1992), (Kusiak, 1993), (Prasad, 1996).  

Designing and Innovation  

Innovation is about to create the new and original, but the goal of the designing 
must be to achieve a solution that is optimal or good enough in the given con-
ditions. The word innovation has particular meaning in the context of introduc-
ing or implementing a newer realized solution. This process of the “renewing 
introduction” can contain designing, but can also be done with existing means 
or designs. The word innovation is presumed be used merely when a renewal is 
brought onto the market or is taken in service.  

Designing and Inventing  

If a new idea is devised for completing a technical artifact, this is called an 
invention.  

Such inventions are normally patentable, which means that they can be pro-
tected against copying under certain conditions through granting a patent to the 
inventor or inventors.  
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5.2 A Systematic Approach to Engineering Design  
In their book Engineering Design - A Systematic Approach (1996, 2001), 
Gerhard Pahl and Wolfgang Beitz have elaborated on the Theory of Technical 
Systems, which is a theory created by Hubka and Eder (1988).  

The Scope of Design  

The main task of engineers is to apply their scientific and engineering know-
ledge to the solution of technical problems, and then to optimize those solu-
tions within the requirements and constraints set by material, technological, 
economic, legal, environmental and human-related considerations.  

Problems become concrete tasks after the clarification and definition of the 
problems, which engineers have to solve to create new technical products (arti-
facts). The mental creation of a new product is the task of design or develop-
ment engineers, whereas its physical realization is the responsibility of manu-
facturing engineers, according to Pahl and Beitz without regarding concurrent 
engineering.  

The Position of the Design process within a company  

Designers determine the properties of every product in terms of function, 
safety, ergonomics, production, transport, operation, maintenance, recycling 
and disposal. The integration of mechanical, electronic and software engineer-
ing (mechatronics) has led to many exciting product developments.  

In view of the central responsibility of designers for the technical and eco-
nomic properties of a product, and the commercial importance of timely and 
efficiency of product development, it is important to have a defined design 
procedure to find good solutions. This procedure must be flexible, and at the 
same time be capable of being planned, optimized and verified.  

Design science uses scientific methods to analyze the structure of technical 
systems and their relationships with the environment. The aim is to derive rules 
for the development of these systems from the system elements and their rela-
tionships.  

Design methodology, however, is a concrete course of action for the design of 
technical systems that derives its knowledge from design science and cognitive 
psychology, and from practical experience in different domains.  

Design methodology includes:  

• plans of action to link working steps and design phases according to con-
tent and organization  
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• strategies, rules and principles to achieve general and specific goals  

• methods to solve individual design problems or partial tasks  

Fundamentals of the Systematic approach  

A problem is characterized by three components: an undesirable initial state, a 
desirable goal state, and obstacles that prevent a transformation from the unde-
sirable initial state to the desirable goal state at a particular point in time.  

Problems also have the following important characteristics:  

Complexity: many components are involved and these components, through 
links of different strength, influence each other.  

Uncertainty: not all requirements are known; not all criteria are established; the 
effect of a partial solution on the overall solution or on other partial solutions is 
not fully understood, or only emerges slowly.  

These characteristics distinguish a problem from a task. A task imposes mental 
requirements for which various means and methods are available to assist.  

General working methodology  

The following procedures, conditions and concepts are used in a systematic 
approach:  

• Define the goals  

• Clarify the boundary conditions  

• Dispel prejudice  

• Search for variants  

• Evaluate  

• Make decisions  

Analysis  

Analysis is the resolution of anything complex into its elements and the study 
these elements and of their interrelationships.  

Abstraction  

Through abstraction it is possible to find a higher level of interrelationship, 
which is more generic and comprehensive.  
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Synthesis  

Synthesis is the putting together of parts or elements to produce new effects 
(functions) and to demonstrate that these effects create an overall order.  

Flow of work during the process of planning and designing  

In principle, the planning and design process proceeds from the planning and 
clarification of the task, through the identification of the required functions, the 
elaboration of principle solutions, the construction of modular structures, to the 
final documentation of the complete product.  

It is useful and common to divide the planning and design process into the 
following main phases:  

Planning and Clarifying the task  

To start a product development, a product idea is needed that looks promising 
given the current market situation, company needs and economic outlook. The 
purpose of this phase is clarification of the task by collecting information about 
the requirements that have to be fulfilled by the product, and also about the 
existing constraints and their importance. The result of this phase is the specifi-
cation of information in a requirements list.  

Conceptual design  

The conceptual design phase determines the principle solution. This is achieved 
by abstracting the essential problems, establishing function structures, search-
ing for suitable working principles and then combining those principles into a 
working structure. Conceptual design results in the specification of principle 
(technical solution).  

Embodiment design  

During this phase, designers develop the design and thereby determine the 
construction structure (overall layout) of a technical system in line with techni-
cal and economic criteria. Embodiment design results in the specification of 
layout.  

Detail design  

This is the phase of the design process in which the arrangement, forms, di-
mensions and surface properties of all the individual parts are finally settled, 
the materials specified, production possibilities assessed, costs estimated and 
all the drawings and other production documents produced. The result of the 
detail design phase is the specification of production.  
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5.3 Engineering Design Theories and Methods  

5.3.1 Theory of Technical Systems  
The Theory of Technical Systems (TTS), presented by Hubka and Eder (1988), 
classifies human knowledge about technical systems into an ordered set of 
statements about a technical system’s nature, regularities of conformation, 
origination, development and various empirical observations (Aganovic, 2004).  

The purpose of TTS, as a part of Design Science, is to describe, explain and 
justify the object of designing, which is the technical system to be designed, 
from all points of view important for designing. The descriptive statements of 
the theory affect primarily the transformation and the effects of technical sys-
tems on the operands, the mode of action or operation of the technical system, 
component structures and constructional elements (components), different pos-
sibilities of modeling of technical systems, their characteristics, but also their 
origination and development (Hubka and Eder, 1996).  

Such a knowledge system (the Theory of Technical Systems, TTS) on this high 
level of abstraction is placed above the knowledge areas existing in the 1990s, 
which treat predominantly the individual Technical System families.  

According to the TTS, the purpose and task of a technical system (TS) is to 
transform its operands (materials, energy or information) from an original state 
into a desired state. This transformation is carried out in a technical process, 
called Transformation Process, consisting of sub-processes or operations that 
alter one or several properties of the operand in an appropriate direction. 

Technical, human, information and management systems are together with the 
environment the operators of the transformation, Figure 5.1.  
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Figure 5.1: Transformation System Model and Technical System Model.  

Source: Aganovic et al. (2003).  

Technical systems have according to Hubka and Eder (1996) the following 
kinds of structure:  

• Process structure: what transformation processes take place within the TS; 
structure elements are the TS-internal processes.  

• Function structure: what internal capabilities do the TS have; structure 
elements are the functions.  

• Organ structure: what active locations implement the capabilities; structure 
elements are the organisms and/or organs as function carriers.  

• Component structure: what physical (material) parts implement the organs; 
structure elements are the assembly groups, components (constructional 
elements).  

These four structures, and a number of additional structures, can be represented 
for each technical system. Therefore a process, function, organ and component 
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structure exists for each technical system. In a technical system, the organs can 
be regarded as function carriers. The organs consist of components, which by 
working together produce the effects, which provide the functions in the proc-
esses.  

The Theory of Technical Systems (TTS) considers also the life phase aspects in 
the development of technical systems. This theoretical framework (TTS) by 
Hubka and Eder (1988) is concerning the design of a general technical system.  

5.3.2 Theory of Domains  
The Theory of Domains by Mogens Myrup Andreasen (1991, 1992a) is a theo-
retical foundation for mechanical design. The theory is based on the same four 
structures or structural system views of a technical (mechanical) system as the 
Theory of Technical Systems. Each way of looking at things is called a domain 
(Andreasen, 1980).  

The Theory of Domains (ToD) has these four systems or views (domains) of a 
machine or mechanical product:  

• Process system, which describes the appropriate transformation, which 
takes place in the machine.  

• Function system, which describes the effects, which the machine is to 
create.  

• Organ system, which describes the entities, which create the effects.  

• Constructional system, which describes the way in which the organs 
are realized.  

The design of mechanical systems or products can be viewed as the creation of 
a collection of mechanical parts, which together with the relationships between 
the parts make up a functional, appropriate whole. Both the parts and their rela-
tionships have to be taken into consideration as important components of the 
system.  

In the mechanical system design, entities and models are united in a causal 
pattern, which connects the system’s purpose, functionality and quality with 
the form of the mechanical parts and their details.  

The four domains have the following causal relationships:  

• The technological principle for the transformation, which is the pur-
pose of the machine, determines the functions, which are to be imple-
mented in the machine.  
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• The functions are created by organs within the machine.  

• The organs are materially implemented by machine parts.  

The domains are causally linked together by the so-called functions/means 
causality, where the processes determine the functions, the functions are cre-
ated by the organs, and the organs are realized by the components.  

This relation (between domains) is also called the horizontal causality princi-
ple (Hubka, 1988), (Andreasen, 1980), for the reason that the task of the 
man/machine system is to perform a causal chain of transformations, which 
corresponds to the purpose of the product or machine.  

Another relation (between organs) is called the vertical causality principle 
(Hubka, 1988), (Andreasen, 1980) since in a product or machine there is a hi-
erarchy of organs, whose effects (functions) work together in causal chains and 
thereby deliver the effect necessary to realize the transformation.  

The Domain Theory can be used to describe the design task as navigation in 
relation to a fixed basic pattern, which is composed of causal relationships 
between and within the four domains.  

 
Figure 5.2: The domain model with four domains. Source: Andreasen (1992b).  

The domain model can be regarded as a basic map, on which it is possible to 
chart the progress of the design task, Figure 5.2. Movements in relation to this 
map are the designer’s navigational maneuvers, in form of specification, syn-
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thesis, analysis, optimization, documentation and so on. Maneuvering can in-
volve structuring, forming, choice of material and so on, Figure 5.3.  

 
Figure 5.3: Navigations within a domain and between domains.  

Source: Andreasen (1992a).  

The Domain theory contains a genetic model for the results of the design task, 
the chromosome model, Figure 5.4. The Theory of Domains (ToD) can there-
fore be used as a foundation for product modeling. The product model can be 
regarded as the product’s chromosome. The chromosome structure of data cor-
responds to the product structure (Andreasen, 1992b).  
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Figure 5.4. The product chromosome model with four domains and their causal 

relations. Source: Aganovic (2004).  

The product chromosome model with four domains describes ideally the result 
of the design activity, Figure 5.4. Each entity or structure (process, function, 
organ, constructional parts) is the result of synthesis, modeling, calculations 
etc. And each activity runs through different degrees of finalization in form of 
sequences or phases as goal (specification), concept, construction, detailing and 
final state. The product model has the ability to model the genetics of the ma-
chine system (product), including its causal relations between processes, func-
tions, organs and parts, and its design history (Aganovic, 2004).  

The chromosome structure of a product model has the benefits that it is flexible 
to the designer’s approach as top down design, bottom up design, abstract or 
concrete design and that it allows an accounting concerning the progress of the 
design activity.  

A product is, according to Andreasen, going through four life phases: the de-
sign phase, the production and establishing phase, the utilization phase and the 
liquidation phase. Total life aspects are costs, quality, environmental effects, 
and so on.  

Malmqvist (1995, 1997) has presented product models based on the chromo-
some model and the function-means tree model for capturing the design his-
tory. These combined models can represent both design characteristics of the 
design object, as process-, function-, organ- and component-structures of the 
technical system, and functional requirements, means, objectives and con-
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straints in the design process. An integrated product model (including design 
specification) can be seen as a base for concurrent engineering by providing a 
shared representation of the evolving design for team members, according to 
Malmqvist and Schachinger (1997).  

Andreasen’s product model with four domains has later been re-modeled to 
consist of three domains, where the process domain has become the transfor-
mation domain and the function domain has merged into the organ domain, 
where the function can be seen as behavior of the organ structure (function-
carrier), Figure 5.5, (Andreasen, 1998).  

 
Figure 5.5: A product’s three structural and behavioral definitions.  

Source: Andreasen (1998).  

The product can be explained from four viewpoints:  

1. The activities in form of the transformations of energy, material and 
information  

2. The functionality carried by organs  

3. The structure of parts, which realizes the organs  

4. The life cycle  

The organs can be regarded as sub-systems of the product seen as a technical 
system.  
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The function-means law links the structural characteristics and the behavioral 
properties of a mechanical artifact by functional reasoning within each domain 
and between the domains, Figure 5.5.  

Andersson (2003) has presented a general requirements and product concept 
model based upon the Theory of Domains and function-means decomposition. 
In this model, intended behaviors (functions) are related to organs (functional 
realization), and organs are allocated to parts (functional allocation).  

Andersson refers to Hubka’s law or the function-means law, which is stated by 
Andreasen (1980):  
’The primary functions of a machine system are supported by a hierarchy of 
sub-ordinate functions, which are determined by the chosen means’.  

Andreasen has also stated that in the hierarchy of the functions, there exist 
causal relations, determined by the means.  

Andreasen’s statements mean that functional decomposition cannot be sepa-
rated from solving a required function (corresponding to synthesis of a solu-
tion). A means (solution) for the main function must be stated before functional 
decomposition into sub-ordinate functions.  

The function-means law may be modeled as a tree structure. The principle in 
the build-up of the function/means tree is a hierarchical arrangement of func-
tion levels and means levels, which are linked corresponding to the casual rela-
tions between function and means.  

This relation between functions and means correspond to the zigzagging (map-
ping and decomposing) between functional requirements and design solutions 
in the theory of Axiomatic Design (Suh, 1990).  

The product chromosome model can be extended with the structure for a manu-
facturing process, which also is called the production domain. The component 
in the constructional domain is produced by process in the production domain 
(Andreasen, 1992b).  

After the merger of the function and the organ domains and addition of the 
production domain, the new theory of domains can be considered to have the 
following four domains or structures:  

• Transformation domain with technical processes  

• Organ domain with functions  

• Constructional domain with parts  

• Production domain with manufacturing of parts  
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Another way to reduce the numbers of the original domains would have been to 
merge the organ domain with the component domain to a common solution 
domain, and thereby get one function domain and one means domain.  

5.3.3 Axiomatic Design Theory  
The objective of the theory of Axiomatic Design by Nam P. Suh (1990) is to 
establish a science base for design and to improve design activities by provid-
ing the designer with a theoretical foundation based on logical and rational 
thought processes and tools. The goals of Axiomatic Design are to make hu-
man designers more creative, reduce the random search process, minimize the 
iterative trial-and-error process and determine the best designs among those 
proposed (Suh, 1999).  

Axiomatic Design can be considered as a method that provides the designer 
with a logical approach to design tasks. Thus, the designer will get a good 
structure and documentation at all hierarchical levels of the design object re-
gardless of the extent of the design task. The logical structure and its documen-
tation help the designer to come to decisions based on solid foundation and also 
to transfer the design information to other designers in a comprehensible way 
(Suh, 1990).  

Axiomatic Design is a design process where decisions among design alterna-
tives are based upon axioms (Sohlenius, 2005). Axiomatic Design states two 
design axioms that assist the designer to make good decisions about the quality, 
when choosing between different design concepts. The design axioms also 
provide rational means for evaluating the quality of proposed solutions at all 
levels. The independence axiom (first axiom) entails that the independence of 
functional requirements should be maintained. The information axiom (second 
axiom) entails that the information content should be minimized (probability of 
success maximized).  

In the Axiomatic Design theory, the design process is divided into four do-
mains, Figure 5.6. The first domain is the customer domain, in which the cus-
tomer needs are collected, that is, the input that will affect the design object. 
The second domain is the functional domain, in which the functional require-
ments (FRs) are stated. FRs are extracted from the needs that the final product 
or process must satisfy, that is, the customer needs. The third domain is the 
physical domain, in which the design parameters (DPs) are stated. Every DP is 
a concept to fulfill one FR, that is, one DP corresponds to one FR. The fourth 
domain is the process domain. In the process domain process variables (PVs) 
are stated. Every PV is a process to fulfill the concept stated by one DP, that is, 
one PV corresponds to one DP.  
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Figure 5.6: Design domains. Source: Nam P. Suh.  

FRs are defined as the minimum set of requirements, which completely charac-
terize the design objectives for a specific need. FRs must be specified in a ‘so-
lution-neutral environment’ (Suh, 1990).  

Functional Requirement (FR) is a customer requirement on product-function.  

Design Parameter (DP) is a feature of the designed object with a function meet-
ing a Functional Requirement (Sohlenius, 2005).  

During the design process, the designer uses the four design domains to de-
velop the design information. The relationship between two adjacent domains 
is described as “what-to-how.” The domain on the left represents what the de-
signer wants to achieve, while the domain on the right represents how the de-
signer wants to satisfy the requirement in the “what” domain.  

This what-how-relation corresponds to the first axiom, the independence 
axiom, which focuses on the mapping between what is required (functional 
requirements) and how to achieve it (design parameters). The information 
axiom (the second axiom) establishes information content as a relative measure 
for evaluating and comparing alternative acceptable solutions in view of suc-
cess.  

Besides the domains, there are other features that have to be taken into consid-
eration to complete the design process model, and that are the constraints. The 
constraints are limiting the available solution space. There are two types of 
constraints: input constraints and system constraints. Input constraints are ex-
tracted from the customer domain and are often the result of decisions made 
outside the current development process. System constraints are the results of 
earlier decisions made within the current development process, often at higher 
levels of the design hierarchy.  

Axiomatic design also deals with the hierarchic nature of designs, which ap-
pears in the functional-, physical- and process domain as trees with, in the ideal 
case, identical structures. The functional-, design- and process trees grow 
throughout mapping between the domains and decomposition within them. The 
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mapping between the domains creates the trees on each level. One whole level 
has to be mapped over all domains, before the decomposition to the next level 
starts. This whole process, mapping between the domains and decomposing 
into new layers, is called zigzagging, Figure 5.7.  

Functional
Domain

Physical
Domain  

Figure 5.7: Decomposition by zigzagging. Source: Nordlund (1996).  

The design process progresses from an abstract system level to more detailed 
levels (systems, subsystems, assemblies, parts and part features). This is repre-
sented in terms of a design hierarchy. These hierarchies (sometimes called ‘de-
sign trees’) exist in three of the domains; the functional, physical, and process 
domains. The design solutions (DPs), which are chosen at higher abstraction 
levels, affect the further decomposition of the design problem (FRs). For this 
reason, the designer has to zigzag between the domains and alternate between 
decomposing and making design decisions. Zigzagging between the functional 
and the physical domains is illustrated in Figure 5.7.  

Axiom  

The term axiom is a noun meaning a widely held or accepted truth or principle 
(Webster’s Dictionary, 1993).  

An axiom is a statement or idea, which people accept as being true (Collins 
Cobuild Dictionary, 1995).  

The term axiomatic is an adjective meaning pertaining to, or of the nature of, 
an axiom (Webster’s Dictionary, 1993).  

If something is axiomatic, it seems to be obviously true (Collins Cobuild Dic-
tionary, 1995).  

Quality  
The functional requirements (FRs) have to be based on dialogues with custom-
ers in the marketplaces and defined as the minimum necessary functions of the 
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product including allowed deviations from target values, that is to say toler-
ances. In the design, the term quality means that the design parameters (DPs) of 
the product are meeting those defined FRs within agreed tolerances.  

Decision criteria for these demands are defined in terms of two axioms. If we 
have defined the FRs correctly, they define requirements, which the designers 
need to control one at a time. Axiom 1, a design maintaining independence 
between functional requirements is superior, defines a decision criterion for 
functionality. Axiom 2, a design with higher probability to meet functional 
requirements is superior, defines a decision criterion for success. Axiom 1 and 
axiom 2 therefore are correct and useful decision criteria in order to obtain 
quality (Sohlenius et al. 2004).  

Productivity  
In order to realize products we extract materials from nature and process them 
with energy, which we control with information, which also requires energy to 
access and process. Our expenditure or cost, in order to design and to produce 
products, is in form of energy.  

After quality therefore low energy requirement, which can be measured as cost, 
is the next decision criterion in engineering design. This requirement can for-
mally be expressed as an axiom, Axiom 3: Minimize energy in the selection of 
design parameters in order to meet the functional requirements, which is the 
operational rule according to this productivity axiom.  

Time is also essential for innovation and operation. We are often concentrating 
our attention to time, as lead-time, such as Time To Market (TTM) and Time 
To Customer (TTC). This means that we need an axiom 4 as a decision crite-
rion for time, Axiom 4: Minimize time in the selection of DP’s meeting the FRs 
according to axiom 1 and 2 is the operational rule according to this timely 
axiom.  

Decision criteria  
In conclusion, four axioms (fundamental principles) are the valid decision cri-
teria for the choice of the best alternative solution at each level in the hierarchi-
cal function-/design-/process variable-trees (Sohlenius et al. 2003).  

The axioms we have found relevant for decisions in innovation processes are 
the following:  

• Axiom 1: A design maintaining the independence of functions is superior 
to coupled designs. 
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• Axiom 2: A design with higher probability to meet the functional require-
ments within specified tolerances is superior. 

• Axiom 3: A design requiring less energy to realize is superior. 

• Axiom 4: A design requiring less time to realize is superior. 

The first two axioms are defining quality. They are the same as Nam Suh has 
given the form of design rules in his books (Suh, 1990, 2001). The last two 
axioms (theorems) are defining productivity and are proposed by Sohlenius 
(2000). Quality has to be defined and met first and productivity afterwards. If 
cost (resources) or time has to be priority depends on type of product and mar-
ket conditions, therefore only one of these two axioms/theorems (3 or 4) is to 
be used after axiom 1 and 2.  

Concurrent Engineering  
According to Sohlenius (1992), design of product and design of process have 
to be integrated in order to secure product-quality. By using concurrent engi-
neering we are integrating two design objects: the product and the production 
process. Sohlenius was therefore proposing an expansion of the domains from 
four (in Figure 5.6) to six domains, Customer-, Functional-, Design-, Process-
requirement-, Process-design- and Process-installation-domain, Figure 5.8.  

The Customer domain deals with requirements on the product as well as re-
quirements on the business process (BR) of the company. The process domain 
of the product (PV) is containing process requirements (MR), which are func-
tional requirements (FR:s) for the design of the manufacturing system, which is 
the tool in the manufacturing process (MP). Manufacturing system and process 
are realized by manufacturing installation (MI), (Sohlenius et al. 2003).  
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Figure 5.8: Systemic map for concurrent product and process design.  

Source: Sohlenius. 

Furthermore, the map in Figure 5.8 can also address other theories and meth-
odologies necessary and helpful to know and use:  

• Quality Function Deployment, QFD, is useful when defining FRs from 
a dialogue with customers, (Clausing, 1994).  

• Theory of Inventive Problem Solving, TIPS, is powerful when search-
ing for DPs satisfying defined FRs, (Altshuller, 1988).  

• Robust design based upon the Taguchi Method is useful to improve ro-
bustness against disturbances from environment or the processes. Ro-
bust design is using parameter design and tolerance design, (Phadke, 
1989).  

• Design for Manufacture and Design for Assembly are useful to define 
constraints from chosen process-variables on lower levels in the design 
domain, (Boothroyd and Dewhurst, 1987, 2002).  

Vallhagen (1996) uses the addition of domains proposed by Sohlenius (1992) 
to expand the process domain to five domains in a manufacturing world. These 
five manufacturing domains are called parts manufacturing, material handling, 
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assembly, integration and control, and human factors. Vallhagen places the 
customer domain in a customer world, and the functional domain and the 
physical domain in a design world, which makes a totality of three worlds with 
eight domains.  

Claesson, Johannesson and Gedell (2001), and Johannesson and Claesson 
(2005), have presented generic product and product platform models compris-
ing an integrated requirements and concept part, based on function-means and 
axiomatic design approaches. The model concept has a system structure com-
posed of a hierarchical function-means tree in order to capture the design in-
tent, rationale and history of the platform based products, and a configurable 
component structure. In order to certify that the design decisions in the product 
development process are reasonable and will not cause downstream problems, 
an axiomatic approach is used for analyses and evaluations of relations be-
tween objects, as functional requirements (FR:s), means or solutions (DP:s) and 
constraints (C:s), when doing functional decomposition, (Johannesson, 2004).  

5.3.4 Theory of Inventive Problem Solving  
Industrial experience shows that technological innovation is risky and expen-
sive. Product development based on new technology is primarily a trial-and-
error process with uncertain outcome in performance and time. A scientific 
approach, to be used instead of the trial-and-error method of technological de-
velopment, would be a better way for product and process innovation. Such an 
approach would offer a set of principles guiding engineers toward the most 
promising technology solutions.  

According to Clausing and Fey (2004) such fundamental principles exist for 
technological innovation. The principles constitute the foundation of a method-
ology for innovation engineering called Theory of Inventive Problem Solving 
(the Russian acronym is TRIZ, the Swedish acronym is TIPS), which was de-
veloped by the Soviet scientist, inventor, and author Gienrych Altshuller and 
his school since 1946 (Altshuller, 1988, 1992).  

TRIZ is based on the analysis of a large amount of worldwide patents and the 
extraction of key principles of innovation from this analysis. The aim of TRIZ 
is to be a systematic way of inventing and solving technical problems, without 
trade-off solutions (compromises).  

The foundation of TRIZ is a set of the universal laws, corresponding to funda-
mental principles, which describe and explain the prevailing trends of evolution 
of technological systems (i.e. products, technologies, and production proc-
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esses). TRIZ can be used both for identification and conceptual development of 
technological innovation.  

Product realization can be studied and described as it is performed in practice, 
which is named descriptive research. Another way of study is to search and 
describe new and better ways of doing things, which is named normative re-
search. TRIZ is placed within the normative frame and is including results from 
descriptive analysis of innovation processes (Berg, Burvall, Sohlenius, 1998).  

Creativity is the ability to create or generate innovative solutions. TRIZ pro-
vides support for formulation and structuring of technical problems and genera-
tion of solution alternatives, which can meet defined functional requirements. 
TRIZ can be regarded as a concept with several knowledge intensive tools for 
technical problem solving, which can be useful in technological innovation.  

Guiding technology evolution  

For conceptual development of next-generation technology candidates, a com-
prehensive process called TechNav (Fey et al. 2001) can be used, Figure 5.9. 
TechNav is based on the laws and lines of technological system evolution in 
TRIZ (Theory of Inventive Problem Solving) and business analysis. A law 
(fundamental principle) of technological system evolution represents a signifi-
cant, stable, and repeatable pattern of change with time, according to Fey. 
These patterns involve the interactions among the elements of the system, and 
between the system and its environment, which change with time.  
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Figure 5.9: TechNav process for strategic technology development.  

Source: Fey.  

The ideal technological system  

A technological system is not a goal in itself; we need it only to perform a cer-
tain function.  

A system is a “fee” for realization of the required function. When we compare 
two systems that perform the same function, we choose the one that requires 
fewer resources to build and maintain. An ideal technological system requires 
no material to be built, consumes no energy, and does not need space and time 
to operate. In other words, an ideal system is an absent system. The notion of 
ideal system is one of the cornerstones of TRIZ.  
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Resolving system conflicts  

To resolve a system conflict means to eliminate the harmful action while re-
taining and not degrading the useful action.  

Three basic approaches are used in TRIZ for resolving system conflicts:  

1. Elimination of the conflicting components.  

2. Changing the conflicting components such that the harmful action dis-
appears.  

3. Introducing a special tool intended to eliminate or neutralize the harm-
ful action.  

Some system conflicts are relationship of advantage/disadvantage between two 
or more components. Direct attempts to improve one component produce dete-
rioration in the other component(s). When trying to overcome a system con-
flict, one of the conflicting components is usually changed or eliminated.  

A situation when the same object must be in mutually exclusive physical states 
is called a physical contradiction. TRIZ offers specific ways out of contradic-
tion conflicts. Since the object cannot possess mutually exclusive properties at 
the same point of space at the same time, one can envision three generic princi-
ples (called separation principles) for resolving physical contradictions:  

• Separation of opposite properties in time  

• Separation of opposite properties in space  

• Separation of opposite properties between the whole and its parts  

In his book, And Suddenly the Inventor Appeared, The Art of Inventing, How to 
Invent and Solve Technical Problems (1984, translated into English 1992 by 
Lev Shulyak), Genrich Altshuller (under the pseudonym Henry Altov) regards 
a system conflict as a technical contradiction, which the inventor has to find 
and remove.  

5.3.5 Systems Engineering  
Systems Engineering can be regarded as a methodology based on industrial 
experiences from design and development of large system products as air-
planes, military systems and telecommunication systems.  

According to Miller (1978) a system is a set of interacting units with interrela-
tionships among them.  

Systems Engineering has been and can be defined in many ways:  
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‘Systems engineering is a branch of engineering, which concentrates on the 
design and application of the whole as distinct from the parts. Systems engi-
neering is looking at a problem in its entirety, taking account all the facets and 
all that variables, and linking the social to the technological’ (Simon Ramo, 
1980, 1988).  

‘Systems engineering is a process that controls the technical system develop-
ment effort with the goal of achieving an optimum balance of all system ele-
ments. It is a process that transforms a customer’s needs into clearly defined 
system parameters, and allocates and integrates those parameters to the various 
development disciplines needed to realize the system products and processes’ 
(Martin, 1997).  

‘Systems engineering can be seen as a collection of concepts and methods that 
have evolved to cope with the complexity of modern developments. The meth-
odology has a system approach, which can be applied to a wide variety of de-
velopments from huge aerospace systems to mass-produced consumer electron-
ics and developments of large-scale software’ (Stevens et al. 1998).  

Systems engineering is steadily growing more important in the increasingly 
globalized environment. We have to build ever more intricate products to re-
main competitive, and this complexity introduces difficulties, which demand a 
system approach. The interactions between components become more difficult 
to manage, gradually becoming the dominant problem of development. At the 
same time, the pressure to cut the development cycle time is hard.  

Time to market with the right product  

Figure 5.10 shows a simple product cycle from requirements to eventual use. 
The first step of systems engineering is the definition of the requirements, fol-
lowed by designing and developing the initial product. The role of capturing 
and managing requirements, which is sometimes called requirements engineer-
ing, helps us define what the product must do. The design then defines what 
will be produced. The development process then generates the initial systems, 
and the next steps take the product to mass-production, deployment, and opera-
tional use. Feedback from users then determines the shape of future products.  
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Figure 5.10: Time to market with the right product.  

Source: Stevens et al. (1998).  

For many businesses, the key success factor is delivering the right product to 
the market before the competitors, and even the development cost is often sec-
ondary to product timeliness.  

Scope of Systems Engineering  

The definition of a ‘system’ depends upon one’s view of the world. Frequently 
the word system is used synonymously with a product. In this sense, a product 
is an artifact (a human-made entity with a distinguishing and identifiable pur-
pose) that draws on integrated, constituent parts, each of which does not indi-
vidually possess the required overall characteristics.  

Systems engineering is about creating effective solutions to problems, and 
managing the technical complexity of the resulting developments. At the out-
set, it is a creative activity, defining the requirements and the product to be 
built. Then the emphasis switches again, to integration and verification, before 
delivering the system to the customer.  

The systems engineering role is to handle the whole life cycle in a balanced 
way. At all times, the role involves trade-offs between competing factors such 
as performance, risk and cost. Systems engineering has to ensure that designs 
are practicable and also meet the user requirements. A holistic approach is 
needed without bias toward specific sub-systems or technologies.  

Systems engineering is to bridge the abstract early stages and the detail of im-
plementation. Systems engineering first establishes what is feasible, then cre-
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ates the architecture for the system to be produced. Systems engineering de-
fines the requirements for components, but does not itself produce or manufac-
ture components.  

The system life cycle  

Figure 5.11 shows another view of the life cycle reorganized as a ‘V-diagram’, 
with verification occurring across the horizontal links and between the defini-
tion phases. The left-hand side of the V-diagram defines what is to be built, and 
the right-hand side builds it from the components, and verifies the end products 
against the left-hand specification. Information produced to specify compo-
nents is the basis of testing of those components during the integration stage. 
Components are accepted, integrated and verified in stages until they are 
formed into a complete, tested system. The better the work on the left-hand 
side is done, the easier is the work on the right hand side.  

 
Figure 5.11: The V-diagram form of the life cycle.  

Source: Stevens et al. (1998).  

Here we consider validation as end-to-end verification, showing that the com-
plete system meets its user requirements under operational conditions.  

User requirements  

Users are defined as all of those people involved in the operation of the fin-
ished product, but provided that their needs will influence that product. The 
fundamental user of the product is the person who really needs the end product, 
and not necessarily the system operator.  

System requirements  

System requirements explore the solution, but ideally avoid commitment to any 
specific design. Defining them is a highly creative process, aimed at showing 
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what the system will do, but not how it will be done. The system requirements 
form a model of the system, acting as the intermediate step between the user 
requirements and the design, often couched in functional terms.  

Any realistic set of system requirements will need to be organized hierarchi-
cally, helping us to view and manage information at different levels of abstrac-
tion. Decomposition should be done two or three levels at a time, exploring the 
levels below before confirming any choice above.  

The architectural design process  

Architectural design defines clearly what is to be built, Figure 5.12. This is 
potentially the most creative part of the system process, and the point at which 
the cost of the system is largely fixed. When it is complete, each design com-
ponent can be seen separately by the group tasked to produce it, and so the 
design forms the basis for management of the implementation. It transforms 
system requirements into more concrete form by allocating functions to hard-
ware, software or people.  

 
Figure 5.12: Architectural design. Source: Stevens et al. (1998).  

Requirements for architecture  

A good architecture provides a sound understanding of how the system will 
work. The design should be modular so that interfaces can be defined inde-
pendently from the components that use them.  

Concurrent Engineering in design  

At the design stage, the system has to be split into major components, some of 
which will be developed separately. Instead of finishing the design of a product 
and then starting to design the manufacturing system to produce it, concurrent 
engineering largely performs the tasks in parallel.  

The same applies to the test system and the operational support system. The 
end product is the lead for these derived systems, but they in turn influence the 
end product to make it testable and operable. The production system must be 
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able to manufacture the end product, but will itself constrain the product by, for 
example, limiting the tolerances on dimensions and temperatures.  

Large gains of productivity have come from increasing concurrency between 
designing the product and designing the support systems. Concurrent engineer-
ing effectively treats them as an integrated architectural design, rather than as a 
sequential definition process.  

From Integration to Operation 

The work by capturing user requirements, defining a set of system require-
ments and then producing an architectural design, results in a specification for 
a set of realizable components. These components are to be built by different, 
specialist groups.  

Figure 5.13 show integration and verification of the system in a test environ-
ment followed by installation and validation in the operational environment.  

 
Figure 5.13: Integration to operations. Source: Stevens et al. (1998).  

The system is ultimately installed into an operational environment, validated 
against user requirements, and handed over to the operational staff. This in-
volves integrating the end product to the support systems, such as the opera-
tional and maintenance systems.  

Integration and verification is always a compromise, balancing the rigor of 
testing against the resources and calendar time needed to perform it.  

Verification is always comparative, checking a product against its specifica-
tion, i.e. requirements or design, Figure 5.14.  
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Figure 5.14: Verifying a single system. Source. Stevens et al. (1998).  

Design and Production verification  

In producing a complex product, integration and verification may be repeated 
several times, Figure 5.15. Firstly, the process certifies that the design is satis-
factory by testing the development models, giving clearance to manufacture 
operational units (design verification). When the production units are built, a 
similar process tests them to certify that the manufacturing process is working 
satisfactorily (production verification). Verification occurs after this to check 
mass-production units, and even during repair and upgrade. Not all products 
are reaching the volume of mass-production.  

 
Figure 5.15: Design verification to production verification.  

Source: Stevens et al. (1998).  

Design verification certifies that the design meets the requirements and that the 
product will work correctly if it is manufactured properly. During system inte-
gration, tests are performed against all levels of design, and may require con-
struction of mock-ups and rigs for high-risk design areas.  
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Integration and Verification  

Component-level verification checks a component against the design specifica-
tion.  

Integration-level verification checks the interfaces and control mechanisms of 
the system against the architectural design.  

System-level verification checks the finished product against tests based on the 
system requirements.  

Verification ensures that the selected solution meets its specified technical re-
quirements, and properly integrates with interfacing products (Martin, 1997).  

Installation and Validation  

Once the completed product has satisfactorily completed all its tests in the fac-
tory, it can then be installed in the operational environment ready for valida-
tion. Validation, or acceptance as it is often called, ensures that the operational 
capability meets the user requirements.  

Validation ensures that the requirements are consistent and complete with re-
spect to higher-level requirements. Validation ensures that ‘you are working 
the right problem’, whereas verification ensures that ‘you have solved the prob-
lem right’ (Martin, 1997).  

5.4 Summary of Chapter 5  
In this reference chapter, different theories and methods are presented to pro-
vide a theoretical base for the research work on ‘Business innovation by utiliz-
ing engineering design theory and methodology’.  

The theories and methods presented in chapter 5 are chosen to support the re-
search work according to the research approach, which is stating that business 
innovation can be regarded as a design task. The results of the research work 
based on the theoretical base in chapter 5 are presented in chapters 7 and 8.  

After a modification of the theory of domains by Andreasen, a comparison with 
the theory of axiomatic design by Suh show that both these engineering design 
theories are based on four domains with similar contents. This similarity can be 
observed as evidence to argue that four design domains are needed for describ-
ing the design process regarding product development.  

The organs in the theory of domains can be regarded as sub-systems of the 
product seen as a technical system. Organs as function carriers in the domain 
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theory can thereby be compared with the concept of sub-systems used in Sys-
tems Engineering methodology.  

The function-mean-relation in the domain theory corresponds with the what-
how-relation in the axiomatic design theory.  

Further conclusions, comments and viewpoints on reference chapter 5 are pre-
sented in result chapter 9, Final discussion and conclusions.  
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Part III:  
Research Results 

In this third part, which consists of four chapters, the main research results are 
presented. In chapter 6, a number of industrial case studies are presented. In 
chapter 7, research results on activity models for industrial systems and proc-
esses are presented. In chapter 8, the findings from the case studies and the 
models for industrial activities are, together with the findings from the litera-
ture studies presented in part II, utilized in the creation of models and tools for 
business innovation. In chapter 9, final discussion and conclusions based on 
the research work and the research results are made.  
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6 INDUSTRIAL CASE STUDIES 

This chapter is based on my own industrial experiences as manager, engineer 
and developer working in, and as PhD student visiting and studying, a number 
of industrial companies with engineering and manufacturing of electrome-
chanical products.  

The objectives for this research were to create business innovation models and 
tools for industrial companies to support them to be effective and competitive 
in product development, realization and service with right quality and high 
productivity.  

Business innovation has in this research study been considered as innovation of 
business system and process. The research objects are therefore Business Inno-
vations, performed by industrial companies with engineering design of prod-
ucts and production system. Business innovation corresponds to development 
of business systems and processes, which are utilized in business operations. 
The main parts of business development in industrial companies are product 
development and industrialization.  

The author has therefore studied industrial companies such as Stansaab, Data-
saab, Facit, Nokia Data, Ericsson Information Systems, Ericsson Telecom, 
Ericsson Microwave, Ericsson Radio Systems, Ericsson Components, Ericsson 
Corporation, Volvo Car Corporation, Saab Automobile and Scania CV, which 
are or were engineering and manufacturing companies with development of 
technology, products and production systems, and production of their products. 
The products of these companies were mainly with electromechanical technol-
ogy, which means that the products were realized with electronics and mechan-
ics. The studied companies have also had business activities for marketing and 
service/maintenance. In practice this means that research has been done on 
companies with a broad range of activities.  

In this chapter (6), some of the case studies are presented by figures and text. 
Information and knowledge from the case studies are used to answer the re-
search questions, and further research results are presented in chapter 7 and 8.  
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6.1 Product Development, Release and Supply  

6.1.1 From Product Idea to Product Supply  
Business innovation covers the area from business idea to business operation 
and includes the development from product idea to product supply, as modeled 
in Figure 6.1 and 6.2.  

 
Figure 6.1: From product idea to product supply.  

Source: Clausson (1983, 1984).  
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The business models in figure 6.1 and 6.2 were developed in 1983 as parts of a 
policy for Ericsson Information Systems (EIS) regarding buy or develop, and 
buy or manufacture, electronic products. I was, among other issues, responsible 
for the development of policy and models for make/buy decisions in EIS 
(Clausson, 1983).  

The business idea for the Business area Information systems (BI) within the 
Ericsson group was to provide markets and customers with products for infor-
mation handling, from integrated systems to single working places. Product 
ideas for EIS and Facit should be within the area of information systems and in 
accordance with the business idea.  

When a product idea comes up within BI, the idea (concept) must be tested 
towards the market to assess market demand and customer needs and to esti-
mate affordable cost. Proposals for new products can also come from market 
analysis and/or competitor analysis.  

If the product idea seems possible to market and seems suitable within the 
product program, then a market investigation is done with analysis of markets 
and competitors, and revenues and costs, over the complete product life cycle.  

If the market/business calculation shows sufficient profitability relative to other 
product ideas, and resources of capital, human resources and competences are 
enough, then a requirement specification is produced with shall- and should-
requirements, and goals for time schedules and costs. Sometimes ‘garage’-
prototypes are realized to verify the product concepts, before product decisions 
are taken. The idea about ‘garage’ projects and prototypes comes from the 
start-up period of the firm Hewlett Packard. This type of early product devel-
opment in the 1980s is today called ‘discovery stage’ by Cooper (2002a), Fig-
ure 4.21, and ‘fuzzy front end product development’, Figure 4.23, (Khurana 
and Rosenthal, 2002).  

In order to evaluate and decide if the product should be developed and/or 
manufactured internally and/or externally, technical specifications and calcula-
tions for development and manufacturing and for purchasing alternatives are 
made.  

Develop/buy decisions are taken based on policy, strategy, specifications, time 
plans, cost plans, resources and competences.  

During design and development, value analysis of product should be done in 
order to optimize performance and cost ratio. Design for manufacturing must 
be done concurrent with design for customer of the product.  
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Tenders for manufacturing of the designed products are requested by the pur-
chasing department in order to make decisions about buy externally or manu-
facture internally.  

After successful pre-serial production (with proper documentation, tools and 
aims for manufacturing) and production review, the product (including docu-
mentation, calculation and support) can be approved for serial production and 
product supply to market.  

 
Figure 6.2: Product development and product supply.  

Source: Clausson (1983, 1984).  
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Figure 6.1 and Figure 6.2 are principally based on the same business model, 
but have separate descriptions of the developmental phases. In Figure 6.1, ac-
tivities for product development, productification, industrialization and pur-
chasing are overlapping various steps in the business model.  

In Figure 6.2, activities for product planning, requirement analysis, system 
design, design, production preparation, production start-up and serial produc-
tion are included. Figure 6.2 is better showing the business activities connected 
with request for proposals for make-buy alternatives and decisions.  

The model for product development from idea to supply (Clausson, 1983) can 
be regarded as a stage gate process (Cooper, 1988a, 1990b) or phase review 
process (McGrath, 1996) with both stages (phases) and gates (decision points).  

6.1.2 Product Development and Release Model  
The concept of product release is based on achievements of fulfilled criteria in 
the product development process. After proper decisions of product release at 
different product levels, product management, product development, marketing 
and production are provided with new and appropriate product specifications 
and designs.  
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Figure 6.3a: Product development and release model (English version).  

Source: Clausson (1987).  
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Figure 6.3b: Product development and release model (Swedish version).  

Source: Clausson (1987).  

The models for product development and release in Figures 6.3a and 6.3b was 
developed in 1987 by me, together with my colleagues, when I was responsible 
for the developmental environment for system, hardware, software and docu-
mentation products for the data division at EIS. This division was later sold to 
Nokia and merged with Nokia Data to continued work with personal computers 
and other IT-products (Clausson, 1987).  

The product development and release model in Figure 6.3 was developed and 
launched (in 1987) before the stage-gate model, which was launched in 1988 
by Robert G. Cooper in USA. But I was not aware of Cooper’s model until the 
1990s. When we developed the product development and release model for EIS 
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data division in 1987, we looked at Ericsson Telecom and Digital Equipment 
Corporation and their models for project management and product develop-
ment. Cooper is said to have looked at models at NASA (National Aeronautics 
and Space Administration) before he launched the stage-gate process (Cooper, 
1988a, 1990b).  

The product development and release model in Figure 6.3 is based on follow-
ing phases or steps in product development and realization:  

• Product definition resulting in specified product.  

• Module development resulting in verified module.  

• Product integration resulting in verified product.  

• System test resulting in product verified in system environment and in-
dustrialized product for limited marketing and deliveries.  

• Limited production resulting in product verified in customer environ-
ment and verified in production environment.  

• Full serial production with full marketing and deliveries of products.  

The product release code (PR + number/letter) is signaling the achieved status 
of the product. The product release model has similar appearance as Systems 
Engineering obtained in the V-model.  

6.1.3 Product Life Cycle  
The life cycle of a product can be divided into different phases as research and 
technology development, product development and industrialization, and vol-
ume production, according to Figure 6.4 from Ericsson Telecom. These phases 
correspond to Time-to-Technology (TTT), Time-to-Market (TTM) and Time-
to-Customer (TTC).  
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Figure 6.4: Product life cycle at Ericsson Telecom.  

Adapted by Clausson (1992). 

6.1.4 Product Development Phases  
In their book on Electronic components, packaging and production, Halbo and 
Ohlckers (1993, 1995) show how the work is divided into different phases, 
when a product is being developed, Figure 6.5.  
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Figure 6.5. Product development phases. Source: Halbo and Ohlckers (1995).  

Phases in the development of a product are used in order to get a systematic 
process where results can be described and decisions can be made at defined 
points in time.  

The development starts with market investigations, and a description of what 
properties and specifications the market need. This is coupled to our own ideas 
for the new product.  

Pre-development is done in a pre-project, which can result in a lab model 
(mock-up) or a garage prototype for product demonstration. Main development 
is done in a subsequent project resulting in products at different ready-levels 
accompanied by preproduction, industrialization and marketing. Final results of 
main development project are production, sales and service of the new product.  

6.2 System, Product and Document Structures  

6.2.1 System and Product Structures at Ericsson Information 
Systems and Ericsson Telecom  
Product structuring is used in order to manage complex products. By dividing 
such a complex product into logical parts, which are logical from a design, 
production, sales or delivery point of view, each part can be handled as a sepa-
rate product. This division can be called product structuring (LM Ericsson Data 
AB, 1999).  
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For products there are many various structures and two of the most prominent 
ones are system structure (corresponding to functional structure) and product 
structure (corresponding to realization structure), as in Figures 6.6a and 6.6b. 
These structures were used at Ericsson Information Systems and Ericsson Tele-
com during the 1980s and 1990s.  

 
Figure 6.6a: System and product structures (Swedish version).  

Source: Clausson (1987).  
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Figure 6.6b: System and product structures (English version).  

Source: Clausson (1987).  

System or functional structure can be divided into several levels as system, 
subsystem, function block and function unit.  

Product or realization structure can be divided into products as sales and deliv-
ery units, and modules and components as realization units.  

6.2.2 System and Product Structures at Ericsson Radio Sys-
tems and Ericsson Corporation  
Figures 6.7 a and 6.7b show how Ericsson has structured systems and products 
for handling sales and orders, sales packaging, system packaging, and imple-
mentation and realization based on requirement specifications. These structures 
were used at Ericsson Radio Systems and are used at Ericsson Corporation for 
3G mobile telephone systems.  
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Figure 6.7a: Generic product structure model. Source: Ericsson (1999). 

 

 
Figure 6.7b: Product relations and property areas. Source: Ericsson (1999). 

Sales packaging is based on product families, product packages and sales prod-
ucts.  
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System packaging is based on order objects and delivery objects.  

Implementation and realization are based on systems, subsystems, blocks, and 
hardware units and software units. 

Product packages are commercial products, which Ericsson offers to the mar-
ket. A product package provides a set of functions and characteristics to be 
useful for the customers.  

Standard modules implement the functions and characteristics of a product 
package. A standard module is defined and handled as a product. A standard 
module may be an equipped cabinet, a magazine, a printed board assembly, a 
group of cabinets, a SW license, a manual, etc.  

6.2.3 System and Product Structures in Systems Engineering 
In Systems Engineering there are many definitions and examples of system 
hierarchy and system building blocks. The IEEE 1220 standard uses basic 
building block to define a larger structure called a system breakdown structure 
(Martin, 1997). This IEEE approach deals with five separate entities:  

• building block system  

• end product subsystems  

• end products  

• enabling subsystems  

• enabling products  

A system is an assemblage or a combination of elements or parts forming a 
complex or unitary whole. Systems are composed of components, attributes 
and relationships. A system is a set of interrelated components working to-
gether towards some common objective or purpose.  

The definition of a system is not complete without consideration for its position 
in the hierarchy of systems. Every system is made up of components, and a 
component can be broken down into smaller components. If two hierarchical 
levels are involved in a given system, the lower level is conveniently called a 
subsystem (Blanchard and Fabrycky, 1998).  

The system can be defined in functional terms through the generation of a se-
ries of block diagrams.  
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6.2.4 Document Structure  
The document structure for the data division of Ericsson Information Systems 
shows how policies, strategies, models, methods, rules, tools and aims were 
interrelated in the 1980s, Figure 6.8.  

 
Figure 6.8: Document structure. Source: Clausson (1987).  
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The documents covered various areas and topics as plans for business, technol-
ogy and quality, product, system, hardware and software development, project 
management, quality control and review, test, technical documentation, service 
and maintenance, and product administration.  

6.3 Development and Industrialization  
The working methods at Ericsson Telecom and Business area switching (BX) 
for development and industrialization of system products and basic technolo-
gies were in the 1990s characterized by concurrent engineering, Figure 6.9. 
Basic technologies, consisting of building blocks and their production proc-
esses, were developed and industrialized to be available in time for the need for 
system design and production (Clausson, 1992a).  

 
Figure 6.9: Model for development and industrialization of  

electronic products. Adapted by Clausson (1992).  

160 



 

In the end of the 1980s Ericsson Telecom introduced procedures for release of 
technology, product and production processes, which were fully implemented 
during the 1990s with good results.  

Basic Technology Release (BTR) implied approval of new building blocks to 
be designed into new products and acknowledged that products with such 
building blocks could be produced in prototype volumes with certain yield and 
quality. Building blocks could be components, printed circuit boards, modules, 
etc.  

Basic Technology Release corresponds to Technology Readiness Audit in 
Clausing’s process for Effective Innovation in subchapter 4.1.  

Product Release A (PRA) conditioned by Production Status A (PSA) signaled 
that the product was released for production and delivery in small volumes 
with defined quality to a small number of markets.  

Product release B (PRB) conditioned by Production Status B (PSB) signaled 
that the product was released for production and delivery in large volumes with 
defined quality to a large number of markets.  

Process release for chosen building block was mandatory for product release. 
Directives for process release (A and B) and process responsibilities were in-
troduced at BX to ensure production capability and quality (Clausson, 1992b).  

System product and basic technology are developed concurrently, Figure 6.9. 
Basic technology consists of building practices and manufacturing processes, 
Figure 6.10.  
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Figure 6.10: System product and basic technology at Ericsson Telecom.  

Source: Clausson (1992).  

Building practices means the physical realization of electronic products in form 
of mechanical, electrical, magnetical, optical parts/components and interfaces. 
Building practices and production engineering are coupled together, when a 
certain building practice is chosen this means to a certain degree that produc-
tion technique for the product also is chosen.  

My first project plan as research student at KTH was partly based on this case 
on development and industrialization of system products realized by electronics 
(Clausson, 1998).  

6.4 Electronic Products and Components  

6.4.1 Electronic Development  
The development within electronics has been characterized by the integration 
of transistors in integrated circuits and the miniaturization of electronic compo-
nents and products, Figure 6.11.  
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Figure 6.11: Integration and miniaturization within electronics.  

Source: Clausson (1994).  

The number of transistors in one integrated circuit has increased from one to 
millions during a time period of fifty years. The size of a computer has de-
creased from a living room to a finger ring during the same period.  

6.4.2 Electronic Packaging Road Map  
First generation of electronic assembly was made by manual operations of 
mounting and soldering of components as transistors, diodes, resistors, connec-
tors, etc.  

Second generation of electronic assembly used printed circuit boards (PCB) 
with holes and components with pins to be put in the holes. The components 
were mass-connected to the printed circuit board in one operation in a solder-
ing machine. This technique was called plated through technology (PTH) as the 
walls of the holes in the PCB:s were plated with metal. Printed circuit board 
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with components mounted and soldered is called printed board assembly 
(PBA).  

Third generation of electronic assembly is also using printed circuit boards, but 
here are the components mounted and connected on the surface of the PCB:s. 
This technique is therefore called surface mount technology (SMT), (Marcoux, 
1992).  

Fourth generation of electronic assembly is using naked chips, which are wire 
bonded or flip chip bonded to substrate or boards (chip-on-board). This tech-
nique is sometimes called multi chip technology (MCM), (Sandborn and Mo-
reno, 1994), Figure 6.12.  

 
Figure 6.12: Electronic packaging road map for integrated circuits.  

Adapted by Clausson (1994).  

Component packages for integrated circuits have evolved from the dual in line 
packages for PTH-technology in the 1970s and moved in all directions. By 
introducing surface mount packages in the 1980s, packaging density on boards 
could be increased by decreased pitch (center-to-center distance between 
leads), and by using all four sides of the packages for leads. By placing the 
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pins, leads or solder-balls under the packages, the packaging density could be 
further increased, Figure 6.12, (Tummala et al. 1997).  

Surface mount technology (SMT) with small outline integrated circuit pack-
ages, leaded chip carriers, printed circuit boards, design rules and production 
techniques was developed and industrialized during the 1980s. Quad flat pack-
ages, ball grid array packages and chip scale packages were introduced during 
the 1990s. Today in 2005 is SMT still the dominating technology due to the 
increased packaging density of transistors in integrated circuits and due to the 
reluctance to invest in the fourth generation of electronics assembly with naked 
chips. When the product companies as IBM, HP, Compaq, Ericsson and others, 
decided to outsource their production, the investments in new assembly tech-
nology decreased, as the new suppliers were pleased with their profit marginal 
and low risk by staying with an established and well-known surface mount 
technology.  

One ambition for electronic packaging and interconnection is to be able to de-
sign and manufacture system-on-chip (SOC). Today is it possible to build a 
system with multi-chips as a module, which can be realized with a ball grid 
array package and thereby be called system-in-package (SIP).  

6.4.3 Electronic Component Packages  
The footprints occupied by components on printed circuit boards have de-
creased by each generation of component packages. Packages for surface 
mount technology have during the 1990s decreased by a factor of 10 in area 
size from quad flat packages via ball grid array packages to chip scale or chip 
size packages, Figure 6.13.  
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Figure 6.13: Development of component packages and naked chips.  

Adapted by Clausson (1995).  

The internal connections in packages between chip and lead frame are done by 
wire bonding, tape bonding or flip-chip bonding. Alternatives to have the bare 
die or silicon chip in component packages are to have chip-on-board with wire 
bonding technology, or direct chip attach with flip-chip technology on sub-
strate or printed circuit board. These techniques with naked chips on board 
require protection of the chips with some surface material as epoxy (Seraphim 
et al. 1989), (Halbo and Ohlckers, 1995), (Chip Scale Packaging versus Flip 
Chip 1997-2006, BPA, 1997), Microvia Substrates 1998-2008, BPA, 1998).  

6.4.4 Electronic Product and Production  
Production of electronic products can be represented as a flow from silicon 
chips to final product. Electronic products are built by components, printed 
circuit boards, mechanics and software. Components assembled on printed 
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circuit boards (mönsterkort in Swedish) became printed board assembly (kret-
skort in Swedish), which corresponds to modules. A personal computer can be 
seen as a system consisting of subsystems as control unit with loaded pro-
grams, monitor, keyboard, and power supply, with cables as interfaces, Figure 
6.14.  

 
Figure 6.14: From silicon to electronic product.  

Source: Adapted from Landers et al. (1994).  
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Other electronic products as mobile phones, radio base stations, televisions, 
CD- and DVD-players have the same principal production flow as in Figure 
6.10.  

In the electronics production, various processes are used such as component 
mounting, soldering, testing, packing and transporting (Landers et al. 1994), 
(Danielsson, 1995).  

My first project plan as PhD student at KTH was partly based on this case on 
electronics production (Clausson, 1998).  

6.4.5 Electronics Production Flow  
 

 
Figure 6. 15a: Production flow for electronic products (Swedish version).  

Source: Clausson (1995).  
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Figure 6.15b: Electronic products in production flow (English version).  

Source: Clausson (1995).  

6.4.6 Electronic Packaging and Interconnection  
Purpose for electronic building practice is to carry, interconnect and protect 
electronic components, Figure 6.16.  
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Figure 6.16: Electronic packaging building levels. Source: Clausson (1996).  

Electronic packaging and interconnection can be divided into several levels as 
components, modules, printed board assembly, magazine, cabinet and container 
for larger system products, or units and apparatus for smaller electronic prod-
ucts.  

6.5 Ericsson Supply and Production  

6.5.1 Ericsson Telecom Production  
The telephony switch AXE10 was a large system consisting of several sub-
systems packaged and interconnected by tens of cabinets, until the system was 
re-designed in 1999 into a small number of cabinets.  
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The production structure at Ericsson Telecom (ETX) was organized according 
to the system structure, which facilitated concurrent engineering between de-
sign units and production units, Figure 6.17.  

 
Figure 6.17: Production structure AXE10. Source: Clausson (1994).  

Production flow followed the added value levels with component and, subsys-
tem manufacturing, and system integration, Figure 6.18.  

 
Figure 6.18: Production flow AXE10. Source: Clausson (1994). 

171 



 

Components were used to build printed board assemblies, magazines and cabi-
nets to be integrated to complete systems.  

 
Figure 6.19: Production units AXE-10 in Sweden. Source: Clausson (1994).  

Production units (factories) in Sweden for AXE10 telephone switch and trans-
mission products during the 1980s and 1990s were Älvsjö, Östersund, Katrine-
holm, Ingelsta and Norrköping, which produced one or two sub-systems or 
system products each.  

The factory at Älvsjö in Stockholm was (after moving the production of APZ 
to Östersund) used for prototype-production for next generation AXE-N (for 
networks).  

Printed circuit boards (for printed board assemblies) were manufactured both at 
Älvsjö and Ingelsta in Norrköping during the 1980s and beginning of the 
1990s.  

6.5.2 Ericsson Telecom Supply  
In the middle of the 1990s Ericsson started outsourcing of electronic compo-
nents and sub-products as cables, mechanics and printed board assemblies to 
other suppliers, 1st and 2nd tier suppliers according to Volvo supply philosophy.  
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Figure 6.20: Product supply AXE10. Source: Ericsson Telecom (1996). 

The strategy was to concentrate the production resources at Ericsson towards 
manufacturing of sub-systems at System production centers and order hand-
ling, engineering and system verification at Supply center.  

During the 1990s Östersund and Norrköping were outsourced to Solectron, and 
Älvsjö and Ingelsta were closed down.  

In the beginning of the 2000s, Katrineholm is the only of the former ETX-
factories in Sweden, which is still operating within Ericsson Corporation.  

6.5.3 Ericsson Radio Production  
Mobile pones were produced at Ericsson Radio factories in Kumla and 
Linköping in Sweden during the 1990s with printed circuits from Kumla PCB-
factory.  

Radio base stations (RBS) were produced in the factories in Gävle and Kista 
during the 1990s.  

In the beginning of the 2000s, Kumla mobile phone factory was converted to 
PBA-factory as supplier of PBAs to Gävle factory for integration in RBS. 
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Kumla PCB-factory was first sold and then closed. Linköping mobile phone 
factory was sold to Flextronics and then closed down.  

6.6 Products  
The telephony switch AXE10 consisted of a large number of equipped cabi-
nets, which were built together as sub-systems (sub-racks or modules) to com-
plete systems, as Figure 6.21a and 6.21b are showing.  
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Figure 6.21a: Cabinets for AXE10 switch with central processor, input/output 

and group switch. Source: Ericsson Telecom (1999).  
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Figure 6.21b: Cabinets for AXE10 switch with group switch, AC/DC-

converters and battery back up. Source: Ericsson Telecom (1999).  

The cabinets consisted of equipped magazines (sub-racks) with printed board 
assemblies, Figure 6.22.  
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Figure 6.22: Magazine for AXE10 switch equipped with printed board assem-

blies. Source: Ericsson Telecom (1999).  

Radio base stations are also built in cabinets with equipped magazines consist-
ing of printed board assemblies, cables and other units and modules, Figure 
6.23.  
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Figure 6.23: Radio base station (RBS) cabinet with magazines, printed board 

assemblies, modules and circuits.  
Sources: Ericsson Radio Systems and Ericsson Components (2000).  

Electronic products as mobile telephones are built with components, printed 
board assembly and final assembly in plastic cabinet, Figure 6.24.  
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Figure 6.24: Mobile phone with electronic circuits.  

Sources: Ericsson Radio Systems and Ericsson components (2000).  

In different electronic products, modules with components can be used as small 
printed board assembly to fit on printed boards or in cabinets, Figure 6.25.  

 
Figure 6.25: Modules with electronic circuits.  

Source: Ericsson Component (2000).  
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A product family for radio base stations (RBS) contains a number of system 
products depending on applications as indoor, outdoor, installation on ground, 
installation on house walls, etc. as shown in Figures 6.26a, b, c, d.  

 
Figure 6.26a: Cabinet view RBS 3202 indoor application.  

Source: Ericsson (2005).  
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Figure 6.26b: Cabinet view RBS 3101 outdoor application.  

Source: Ericsson (2005).  
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Figure 6.26c: RBS 3104 HW layout. Source: Ericsson (2005).  

 

 
Figure 6.26d: RBS 3104 outdoor application. Source: Ericsson (2005).  
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6.7 Enterprise and Business  

6.7.1 Enterprise System  
An enterprise system can be regarded as a business system, which is part of a 
larger business system, a super system. In the enterprise there can be divisions 
or units, which function as subsystems of the enterprise system.  

 
Figure 6.27: Enterprise system as a business system in a business super-system. 

Source: Clausson (1994).  

The enterprise system has functions for management, research and develop-
ment, design and manufacturing, marketing, sales and purchasing. Technolo-
gies for products and production are used in design and manufacturing of prod-
ucts, Figure 6.27.  

The enterprise system has relations with both customers and suppliers.  
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6.7.2 Enterprise Result  

 
Figure 6.28: Enterprise result with dependencies. Source: Clausson (1994).  

The results of an enterprise can be explained by success rate, market share and 
profitability of products, which depend on several factors such as satisfied cus-
tomers, product performance/price, quality, competence, short lead-times and 
volumes, Figure 6.28.  

6.7.3 Product Realization  
Product realization corresponds in this case to product creation and industriali-
zation, which are based on research, development and manufacturing activities, 
Figure 6.29.  
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Figure 6.29: Product realization. Source: Sohlenius and Clausson (1995).  

Research (including invention) results in technologies for product and produc-
tion, and corresponds to the product life phase time-to-technology.  

Product and process development (including innovation) for market supply 
flow corresponds to the product life-phase time-to-market.  
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Product supply (including production) for customer supply flow corresponds to 
the product life-phase time-to-customer.  

These terms for product life-phases were used at Ericsson Telecom in the 
AXE-N project and at Ericsson Radio Systems during the 1990s, and at Erics-
son Corporation (after merger of Telecom and Radio) in the beginning of the 
2000s.  

6.7.4 Business System and Product Life Phases  
During my research work I summarized some of my knowledge and experience 
from the industrial companies that I had studied into sketches or models, Fig-
ures 6.30 a, b, c.  

 
Figure 6.30a: Product life phases. Source: Clausson (2001).  
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Figure 6.30b: Business overview with working areas. Source: Clausson (2001).  
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Figure 6.30c: Business system in business environment.  

Source: Clausson (2001).  

6.7.5 Ericsson Business Process 
Inputs to Ericsson business process are changes, expectations, needs, new stan-
dards and technologies from daily operations, customer business today, market 
business tomorrow, and external and internal technology providers, Figure 
6.31.  
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Figure 6.31: Ericsson business process in context.  

Source: Ericsson Corporation (2001).  

Ericsson business process consists of several sub-processes. Provide and launch 
of products in processes for time-to-technology (TTT) and time-to-market 
(TTM). Supply and support of products in processes for time-to-customer 
(TTC) and time-with-customer (TWC). The business process also has sub-
processes for manage and support business, Figure 6.33.  

Purpose of Ericsson business process is business fulfillment of business today 
and tomorrow.  

Ericsson processes for TTT and TTM corresponds to product acquisition proc-
ess at US enterprises, Figures 4.1 and 4.2. Ericsson processes for TTC and 
TWC corresponds to processes for sales and marketing, and supply chain at US 
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enterprises, Figure 4.1. Ericsson processes for manage and support corresponds 
to processes for direction and integration at US-enterprises, Figure 4.1.  

6.7.6 Ericsson Time to Market Flow  
The common TTM (Time to Market) flow was originally developed by Erics-
son Radio Systems (2000) as a new product development model. The TTM 
flow covers product development from idea to full deployment. Purpose with 
the TTM flow is to provide the market with the most competitive product port-
folio by transforming business opportunities to products and to make products 
ready for an effective Time to Customer (TTC) flow.  

Most activities in the TTM flow are done in parallel, and in incremental and 
iterative ways of working, in order to shorten lead times and improve quality. 
Types of products are network, network elements, services, solution and plat-
form. Applications are customer service, software, hardware and new technol-
ogy.  

Inputs or triggers to the Product to Market (TTM) flow or process are changes 
in society and telecom world, customer expectations, gap and problems in 
product portfolio, and new standards and technologies. These inputs are used to 
define business opportunity including evaluate business case (1) and to define 
product content for product development (2), Figure 6.32.  
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Figure 6.32: Ericsson process map for Time-to-Market flow.  

Source: Ericsson Corporation (2001).  

After decision on product development, product intent is released for two par-
allel roads of concurrent development. One road is product design and devel-
opment by means of specify product including product structure (3), (4), design 
and test product, and verify product in system environment (6).  

Another road is design market offer including product package structure. After 
decision on announcement (5) follow activities to prepare deployment includ-
ing product industrialization, preparing marketing and announcement of prod-
uct to market.  

Verified product and organization ready for deployment are meeting in exhibit 
product in service (7), which includes verification of production, marketing and 
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sales processes. After decision on market release, product is ready for service 
in market business tomorrow and ready for deployment in Product/Time-to-
Customer (TTC) flow, which corresponds to sales, production and delivery 
flow. Product to customer (TTC) flow is also understood as the process for 
supply of the product or solution to customer.  

The TTM flow has product status checkpoints and tollgates for decision. After 
the product business case is confirmed, acknowledgement of full deployment 
(8) of the product can be made.  

6.7.7 Ericsson Time to Market Workflow  
Ericsson TTM workflow for development of 3G systems consisting of node, 
sub-systems and HW- and SW-components, Figure 6.33, is a refinement of 
Common TTM flow, Figure 6.32.  

 
Figure 6.33: TTM workflow for 3G systems.  

Source: Ericsson Corporation (2005). 

6.7.8 Ericsson Supply Process  
Supply process at Ericsson was re-designed to TTC process in the end of 
1990s, according to Figure 6.34. 

192 



 

 
Figure 6.34: TTC process at Ericsson. Source: Ericsson (1998). 

6.7.9 Ericsson Radio Systems Supply Process 
The process map at Ericsson Radio Systems in Figure 6.35 shows that a proc-
ess as TTC-Supply consists of several sub-processes.  
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Figure 6.35: Process map Ericsson Radio Systems Supply.  

Source: Ericsson Radio Systems (1999). 

Order in form of specified customer order represent input to TTC-Supply proc-
ess, and product arrived at delivery point represent output from TTC Supply 
process, which therefore could be denoted order and delivery process.  

6.7.10 Ericsson Core Business Process  
Ericsson Business Process (EBP), in form of core business process for products 
and services, consists of two sub-processes, Time to Market (TTM) flow, 
which also is called Market Supply Flow (MSF), and Time to/with Customer, 
which also is called Customer Supply Flow (CSF), Figure 6.36.  
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Figure 6.36: Ericsson business process map for products and services. 

Source: Ericsson Corporation (2001).  

The interface or bridge between these two flows, with new product develop-
ment (NPD) in one flow and product marketing, sales, supply and service in 
another flow, is new product introduction (NPI). NPI corresponds to product 
industrialization in form of preparation for production, marketing, sales and 
service support.  

6.7.11 Ericsson Product Packages  
Product packages are Ericsson’s offer to the market. A product package is a 
commercial product, which provides a set of features and characteristics to be 
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useful for the customers. A specified product package is a product package for 
which all options have been assigned a value.  

Ericsson’s strategy with product packages is to use standard modules (stan-
dardized building blocks) for implementation of a large variety of telecom so-
lutions, according to Figure 6.37.  

 
Figure 6.37: Ericsson’s ‘hour glass’ strategy with product packages and stan-

dard modules. Source: Ericsson (2001).  

A standard module by itself, or in combination with other standard modules, 
implements the functions and characteristics of a product package. A standard 
module may be a complex hardware configuration as a group of cabinets, a 
cabinet with equipped magazines, or an equipped magazine, but also a maga-
zine, a printed board assembly, a cable, a loadable software module, a SW li-
cense, a manual, etc.  

Standard modules ought to be optimized for large-scale supply. Ideally, stan-
dard modules should be as few as possible in number and formed in such a way 
that they can be used as general building blocks, which are common for many 
product packages, in order to get high volume and low cost. Thereby, supply 
flow can be standardized and efficient, and flexibility in sales can be achieved 
by product packages. The building blocks (standard modules) in the supply 
view represent the bill-of-material ordered from production.  

Product packages are used in marketing and sales (commercial) view and stan-
dard modules are used in supply and maintenance (physical) view, Figure 6.38.  
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Figure 6.38: Commercial view and supply view of product packages.  

Source: Ericsson (2001).  

Commercial view shows sales objects (units) and supply view shows delivery 
objects (units).  

Examples of product families are radio base stations as RBS 2000 and RBS 
3000 cabinets, mobile switch centers (MSC) and antenna systems. Product 
packages (with configuration rules) function as links between commercial view 
and supply view, Figure 6.38.  

System solutions within a product area are based on product families and prod-
uct packages. A product family keeps a number of product packages together. 
System solution on site with configured product packages is shown in Figure 
6.39.  

 

197 



 

 
Figure 6.39: Site solution with configured product packages.  

Source: Ericsson (2001). 

6.8 Automotive Companies  
Car manufacturing companies, as Volvo Car Corporation and Saab Automo-
bile, have long experience of product platform development, product structur-
ing and product packaging.  

In order to market and deliver product packages with options, cars can be 
equipped with different standard modules as engine, gear box, wheel size and 
type, chassis color, interior material and color, chair type, air condition, naviga-
tion instrument, sound/music equipment, etc.  

Each option or module can consist of tens or hundreds of components or arti-
cles.  

6.8.1 Volvo Car Corporation  
Volvo Cars is one of two automobile companies in Sweden with engineering 
and manufacturing of cars, engines, gearboxes, etc. Each of their complete 
products, as Volvo S80, can be regarded as a product package with options, 
Figure 6.40.  
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Figure 6.40: Product package Volvo S80 with options.  

Source: Ericsson (2001).  

Process for product development and industrialization consisted of phases for 
Business development, Concept development, Prestudy, and Detail design and 
Industrialization (2003). Business and concept development can be regarded as 
pre-development.  

Final assembly and painting of Volvo cars are made in Torslanda plant in 
Gothenburg. Engine production is located in Skövde, as 1st tier supplier.  

6.8.2 Saab Automobile  
Saab Automobile is the other of the two car companies in Sweden with engi-
neering and manufacturing of cars, engines, gearboxes, etc. Saab has also used 
product packaging for marketing, sales and production of their cars.  

Saab 9-5 Kombi model year 2001 consisted of four models or product pack-
ages: S, SE, Aero and Griffin. Each product package could be equipped with 
options (optional sub-packages), as Comfort package (automatic climate con-
trol equipment; cruise control, travel computer, etc.), Interior package (mate-
rial, color, etc.), Plus package (baggage net, arm support, etc.), Sport package 
(sport chassis, aluminum wheels, etc.) and Pilot package (alarm, navigation 
system, sound system with radio, loudspeakers and CD, hands free for mobile 
phone, etc.).  
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Saab 9-5 Kombi model year 2005 consisted of four models or product pack-
ages: Linear, Arc, Vector and Aero. Figure 6.41 shows a typical configuration 
of a Saab 9-5 Kombi automobile.  

 
Figure 6.41: Saab model 9-5 Kombi. Source: Saab Automobile (2005).  

Final assembly of Saab automobiles is placed in Trollhättan. Engine production 
is situated in Södertälje and gear box production is/was located in Gothenburg 
as 1st tier suppliers.  

6.8.3 Scania CV 
Scania is one of the two large truck companies with engineering and manufac-
turing in Sweden.  
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Figure 6.42: Scania truck model R470. Source: Scania CV (2005). 

 

 
Figure 6.43: Scania model R164. Source: Scania archive. 
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Scania has a long tradition with modularization as customer-oriented standardi-
zation and configuration of large volumes of alternative components. Purpose 
with Scania’s modular system is to meet widest possible demand with mini-
mum number of components. Based on a limited set of parts, a large variety of 
products can be configured.  

 
Figure 6.44: Modularized chassis. Source: Scania archive. 

Modularized chassis makes it possible to build up numerous of truck variants 
by using common units among the chassis, Figure 6.44.  

Scania had three types of product development assignments: Pre-development, 
Concentrated Introduction and Product Follow-up, Figure 6.45:  

 
Figure 6.45: Product development assignments at Scania.  

Source: Scania (2002). 

Pre development in form of research and technology development (advanced 
engineering) was performed within line organization (Wikholm, 2002), 
(Kenger and Hagström, 2003).  
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Scania had cross-functional processes, Figure 6.46.  

 
Figure 6.46: Cross-functional processes at Scania. Source: Scania (2002). 

Product development for product and market introduction was based on cross-
functional project work involving project management, product marketing, 
service (after sales), parts, purchasing, design and testing, components manu-
facturing and final assembly. Process for product development (Concentrated 
Introduction) consisted of phases for Initiate, Prestudy, Development, Verifica-
tion, Implementation and Production start (Wikholm, 2002).  

In product realization, Scania used digital models (including simulation) and 
physical prototypes (including testing).  

Besides product development, Scania has processes for production (order and 
distribution) as part of Sales to delivery, and service (after sales) as part of 
Customer support, Figure 6.46. In service, another two Scania trucks (in value) 
are sold during use and maintenance. Sales and service are therefore belonging 
to the same organization (2005).  

Final assembly of trucks is located in Södertälje. Engine production as 1st tier 
supplier is also in Södertälje. In Falun and Sibbhult, other tier suppliers 
are/were situated (2005).  
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Summary of Chapter 6  
The researcher has chosen objects of observation, as cases to study, which were 
appropriate according to the research objectives and questions. The chosen 
cases are representing all three types of case studies as intrinsic case study (to 
learn more of the particular case), instrumental case study (to understand some-
thing else) and collective case study (to learn about the effects of system, proc-
ess, or object). Some of the same case studies can be considered as belonging 
to two of the three types.  

In this research result chapter (6), different types of innovation at different 
business levels in industrial companies, guided by the research objectives and 
questions, are studied and reported. The empirical information and knowledge 
from the case studies are also used to provide further answers to the research 
questions, in chapters 7 and 8.  
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7 INDUSTRIAL SYSTEM AND PROCESS 

This chapter is based on two papers written in cooperation with professor 
Gunnar Sohlenius and associate professor Ann Kjellberg (Sohlenius et al. 2003 
and 2004), and a joint project work with professor Gunnar Sohlenius on Fun-
damental theory for decision-making in industrial innovation processes (Carl 
Trygger foundation 2004-2005), and a paper written together with my col-
leagues as PhD students at KTH (Clausson et al. 2002) mainly based on my 
research on businesses processes.  

The objectives for the research were to create innovation models and tools for 
industrial companies to support them to be effective and competitive in product 
development, realization and service with right quality and high productivity.  

In this chapter, research results are presented about industrial systems, proc-
esses and activities. Sohlenius et al. (2004) argue that economic growth and 
quality of life are dependent on innovation and industrial production.  

7.1 Industrial Process  
The Industrial Process contains the innovation process and the production 
process. Products and production systems are created in the innovation process 
and products are produced in the production process. Knowledge about tech-
nology, market, product and production, and corresponding resources, are in-
puts to the innovation process, Figure 7.1.  
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Figure 7.1: Industrial Process contains sub-processes for innovation  
and production. Adapted from Sohlenius.  

The decisions in the innovation process are defining the products and the op-
erative business processes in accordance with the business strategy. The pro-
duction system is initiated from customer orders and cultivates material to 
carry functions appreciated by the customers. Market share and customer satis-
faction depend on how successful the products and the production system ful-
fill the expectations of customers and users. Analysis of market and influences 
from customers give information and feedback to the innovation process.  
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Innovation increases the developmental and technological level of products and 
production systems in major and radical steps. Kaizen improves the develop-
ment level in minor and incremental steps. Japanese companies use the word 
‘kaizen’, which comes from ‘kai’ meaning ‘infinite’ and ‘zen’ meaning ‘war’. 
Kaizen is an important part of the methods in Total Quality Management 
(TQM) with continuous improvements (Clausing, 1994).  

Profitability depends on the level of customer appreciation, which is related to 
what competitors can offer. Performance of products and production systems 
have to be increased all the time, otherwise profit will turn to loss, sooner or 
later, due to continuous harder competition.  

7.2 Industrial System  
The Industrial System consists of three subsystems:  

• Innovation System developing products and processes  

• Planning System creating process plans with orders as inputs  

• Manufacturing System processing materials with energy and information 
into products  

Manufacturing System together with Planning System can be called Production 
System.  

The activities innovation, planning and manufacturing and their interrelations 
can be more accurately presented with a structured analysis and design tech-
nique called SADT methodology (Ross and Bracket, 1976), (Ross and Scho-
man, 1977), (Ross, 1977), (Marca and McGowan, 1987) as shown in Figure 
7.2.  

Product Model, Process Model, Planning System and Manufacturing System 
have to be created by Innovation System. Manufacturing System, meeting Or-
ders controlled by Planning System in form of Process Plan, and operating on 
Material and Components from suppliers, produces Products to be delivered to 
customers, Figure 7.2.  

207 



 

Develop Product
& Process

Create Process
Plan

Produce Product

Market Demand

Knowledge

Tools

Engineering
Work

System
Tool

Product Model

Process Model

Planning System

Order

Matererial

Components

Manufacturing System

Process Plan

Product

Waste

Energy Work

Work

 Industrial System for Innovation and Production

Figure 7.2: Industrial System consists of subsystems for innovation, planning 
and manufacturing. Adapted from Sohlenius. 

Innovation is primarily an information and knowledge development process, 
which is employing our cognitive and visionary creative abilities. This requires 
specific competences and can be enhanced by problem solving support. Crea-
tivity, quality and productivity are important elements in industrial develop-
ment and production (Sohlenius, 2000), (Sohlenius, Fagerström, Kjellberg, 
2002), (Sohlenius, Kjellberg, Clausson, 2003), (Sohlenius, Clausson, Kjellberg, 
2004).  

Sustainable industrial innovation and operation must satisfy customers, share-
holders and employees without harming nature or be hazardous to humans 
(Johnson, Bröms, 2000).  

7.3 Logical Nature of Innovation System and Process  
In order to get an effective business innovation, decisions have to be made 
concerning both quality and productivity (Sohlenius, 2000, 2005), (Sohlenius, 
Clausson, Kjellberg, 2004). With quality we mean that the right product is real-
ized within tolerance, and at the time to the price that the customer demands. In 
other words, the product will fulfill the objectives set by the market. With pro-
ductivity we mean the efficient use of both the time and the effort needed for 
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realizing the product. Working with quality and productivity is in line with 
market and customers’ demands on the business process. That is, it requires 
high quality to provide the right product, short lead-time to meet the market 
window and, finally, the use of as low effort as possible in order to keep the 
cost (price) down.  

In order to make good decisions, the need for the right information, and suit-
able knowledge to interpret it, are crucial (Fagerström, 2001). With good deci-
sions we mean decisions that brings us close enough to our objectives (goals). 
With the right information we mean the information needed to make good deci-
sions. The information is collected in models, which are projected from the real 
world. That is, the model is a projection of the real world and the information 
collected in the model forms the bases for the decision-making. The decisions 
will, when carried out, give an effect in the real world that should bring us 
close enough to the goals of the business innovation. This is visualized in 
Fagerström’s model concerning basic parts and relationships in methods for 
development processes, Figure 7.3.  

Model

Real World

Decision
Information

EffectProjection

 
Figure 7.3: Fagerström’s model of methodological approach for development 

of systems and processes (2001).  

Besides the real world, there are three complementary worlds, which are essen-
tial in an innovation or a development system. These worlds are the model 
world, the decision world and the human competence world, Figure 7.4.  

The innovation system and its process can be understood as combining the 
decision world with the human competence world and the model world into a 
systemic (systems-type) model of innovation, as in Figure 7.4, (Sohlenius, 
2000, 2005), (Sohlenius, Clausson, Kjellberg, 2005). The innovation system 
can be regarded as consisting of these three worlds and the innovation process 
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can be seen as interacting of the three worlds. The innovation system can, as 
shown in Figure 7.4, be described as having worlds or sub-systems for:  

• Modeling of products, systems, structures and processes  

• Decision-making in innovation processes  

• Development and deployment of competences  
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Figure 7.4: Systemic Model of Innovation.  
Adapted from Sohlenius and Fagerström.  

By using these three worlds (or sub-systems) in the systemic map of innova-
tion, the logical nature of innovation systems and processes can be examined.  

The decisions in the innovation process are obviously affecting the outcomes of 
the industrial systems and processes. In order to make good decisions we need 
to have well-defined objectives (goals). In industrial innovation processes, 
goals must be defined based upon knowledge about customer needs and market 
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demands, and expectations from shareholders and employees. The decision 
criteria therefore have to be related to quality and productivity of products and 
processes, and as far as possible based upon axiomatic ground. To base deci-
sions on criteria of an axiomatic nature gives a solid scientific base for the de-
cisions in the innovation system and process.  

7.3.1 Decision World  
Nam Suh is proposing to see the design process as a mapping or interplay be-
tween four domains as in Figure 7.5, (Nordlund, 1996), (Suh, 2001). This in-
terpretation is relevant for understanding the design process and useful for 
elaboration of the interactions between the domains. The design process is 
principally a decision process, where the objectives (goals) are defined from 
the needs and expectations of the stakeholders, primarily the customers.  

F u n c tio n a l 
D o m ain  

 C u s to m er  
D o m a in  

P h ys ic a l 
D o m a in  

P ro ce ss  
D o m ain  

C u s to m e r  
N e ed s  

F u n ctio n a l 
R eq u irem en ts  

D es ig n  
P a ram e te rs  

P ro ce ss  
V ariab les  

 

Figure 7.5: Design Domains. Source: Nam P. Suh.  

A closer look at the logical nature of the innovation system and process reveals 
two important orthogonal structures: the hierarchical structure vertically and 
the causal structure horizontally in Figure 7.4. These structures are similar to 
the vertical and horizontal causality chains in the theory of Domains (An-
dreasen et al. 1997).  

The hierarchical structure has to do with the inherent hierarchical nature of 
products and our ability to interpret and describe the structure. A product can 
consist of modules, which consist of components, which consist of parts carry-
ing features. The tree-structure is, in the ideal case, identical in the functional, 
design and process domains and the structure is defined by the words consists 
of downwards and belongs to upwards. Decomposing and composing within 
the domains illustrate vertical and hierarchical relationships.  

The causal structure has to do with objectives (e.g. functions) and means, and 
is showing the connections between related positions in the hierarchical trees in 
adjacent domains. The words how and why are the horizontal guiding keys in 
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this causal structure. Mapping between the domains exposes horizontal and 
causal relationships.  

The existence of these two structures is the logical reason why we have to zig-
zag between the domains if we want to follow the connections between Func-
tional Requirements, Design Parameters and Process Variables. In other words 
zigzagging, as in Figure 7.6, is to follow the logical nature of innovating prod-
ucts and processes and to meet defined and expressed objectives (goals).  

Fu n c t i o n a l
D o m a i n

P h y si c a l
D o m a i n  

Figure 7.6. Decomposition by zigzagging. Source: Nordlund (1996).  

Suh (1995) has noted that in axiomatic design, zigzagging between the do-
mains is required to create the hierarchies of functional requirements, design 
parameters and process variables.  

Everything we do in design has a hierarchical nature to it. That is, decisions 
must be made in order of importance by decomposing the problem into a hier-
archy. In order to obtain better performance, both engineering and management 
structures require fundamental and correct principles and methodologies to 
guide decision making in design (Suh, 1990).  

According to the theory of Concurrent Engineering, design of the product and 
the process has to be integrated in order to secure product quality. In concur-
rent engineering we are integrating at least two design-objects as the product, 
the production system and/or the production process (Sohlenius, 1992), (Fager-
ström, Moestam Ahlström, 2001), (Sahlin et al. 2002).  

7.3.2 Human Competence World  
The development decisions have to be taken by humans cooperating in the 
innovation system and process. It is therefore essential to develop the human 
part of the industrial system in its widest meaning, in parallel to and within the 
development of the entire business system and process. The qualitative part of 
this human system is very much equal to the competence of people involved. 
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The ability to define appropriate goals and to make good decisions is a prime 
core competence related to quality and productivity of products, systems and 
processes (Sohlenius, Kjellberg, Clausson, 2003).  

A good way to support the competence development in a company is to deal 
with concepts as vision, goals, strategies and activities vertically in the com-
pany organization, as in Figure 7.7. The human dialogue about the actuality of 
these concepts is a good instrument to create transparency and consistency in 
the understanding of the relevant parts of the business at different organiza-
tional levels in the specific company (Kjellberg, 1998), (Moestam Ahlström et 
al. 2002). It is also useful and interesting to note that the concepts vision, goal, 
strategy and activity in the human competence world, have the corresponding 
conceptual meaning as customer, function, design and process in the decision 
world in Figure 7.4.  
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Figure 7.7: Successive decomposition of goals in the company.  

Source: A. Kjellberg.  

In order to succeed with the business strategy, it has to be accompanied by a 
competence strategy. The competences needed for the new business systems 
and processes around the new products have to be defined and developed by 
the innovation process. The goals, strategies and activities for this competence 
development have to be defined and planned in the competence management 
process, Figure 7.8.  
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Figure 7.8: Competence management process. Adapted from A. Kjellberg.  

7.3.3 Model World  
The model world is a part of the innovation system and its process and at the 
same time an essential tool in the communication between humans, and be-
tween humans and computers (Ross, 1977), (Nielsen, 2003), (Aganovic et al. 
2003).  

The models of products, modules, components, parts and processes have to be 
created in parallel to the decisions in the decision world. The Design Parame-
ters have to be carried by features functioning to meet the Functional Require-
ments. Features are carried by parts, which are belonging to components, which 
are assembled into modules and products. The models are descriptions of prod-
ucts, modules, components, parts and features capable of answering what-
questions, in Figure 7.9. In this way we can get a complete information repre-
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sentation by handling why and how questions as well as what questions in a 
connected and consistent way.  

Modeling of products and processes has to be integrated with the decisions in 
the innovation process. Models are vital means for the communication in the 
entire industrial process. The models also have to contain elements for the de-
sign decisions such as FRs, DPs and PVs. CN is customer-, FR is function-, DP 
is design- and PV is process domain, in Figure 7.9.  

P ro d uc t io n  S y s te m  M o d e l
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Figure 7.9: Modeling of products, systems and processes in  

innovation process. Adapted from Sohlenius.  

Modeling is the abstract and simplified representation of an object (to be) in the 
real world. A model can be regarded as a tool for answering questions about 
something else, that is, the model is actually an information carrier. Different 
models can be considered for different purposes, such as showing structural 
connections, shapes and dimensions in the products, and showing behaviors in 
the production process as well as in the product use by the customer. In order 
to get useful, any model must be designed with consideration of purpose, view-
point and detailing level (Ross, 1977).  

Today when agile production and business networks between companies are 
developing and when cooperation directly with customers is getting more im-
portant, the possibilities to use modeling as a tool for communication and as a 
part of the decision process create very promising facilities for business. How-
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ever, in order to succeed, modeling must be done in coordination with the deci-
sion process and the human competence development (Aganovic et al. 2003), 
(Nielsen, 2003).  

7.4 Industrial Production Models  
The model of Industrial System with subsystems for innovation, planning and 
manufacturing in Figure 7.2 can be elaborated into additional models based on 
SADT (Structured Analysis and Design Technique) and IDEF (Integrated 
computer aided manufacturing DEFinition) (Ross 1977, 1985). IDEF0, the 
Integration DEFinition language 0, can be regarded as a tool or method for 
graphical representation of a system or an enterprise. This modeling standard 
can be utilized for construction of models comprising system functions (activi-
ties, actions, processes, operations), functional relationships, and data that sup-
port systems analysis, design and integration. IDEF0 can be used to capture a 
process or an activity and its input, output, control and mechanism.  

The models presented here are based on research results and industrial experi-
ences during many years. The principal method is hermeneutic research. The 
models in Figures 7.10 - 7.13 are describing casual connections for decision-
making. The models are suggested by Sohlenius and Clausson to be more pre-
scriptive than descriptive.  

A purpose with the industrial system is product realization, which can be per-
formed by innovation process and production process, as in Figure 7.10.  
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Figure 7.10: Industrial System encompasses processes for  
Innovation and Production.  

The outputs from the innovative activities are used as inputs for the operative 
activities, as to produce products, Figure 7.10.  
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The innovation process starts with creation of new ideas or with existing ideas 
for products and business, Figure 7.11. After that, market, organization and 
competences are prepared for the coming business. Then, product and process 
models, and production system are created. The innovation process is com-
pleted with production and approval of the first copy of the new product.  
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Figure 7.11: Innovation process.  
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Within the innovation process are network of partners and competence re-
sources created and organization developed, Figure 7.12.  
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Figure7.12: Creation of competence resources and preparation of organization.  
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Production process is initiated by customer order and ends with customer ac-
ceptance of product, Figure 7.13. Production process consists of planning pro-
duction, purchasing of material and components, manufacturing of parts, as-
sembly of products and delivery of products.  
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Figure 7.13: Production process.  
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The Production system consists here of Planning system, Manufacturing sys-
tem and Business administration system.  

7.5 Summary of Chapter 7  
In this research result chapter concerning industrial system and process, models 
and tools for innovation and operation are presented. Systems for innovation, 
planning, manufacturing and business administration can be regarded as tools 
for innovation and operation in industrial companies. Innovation of industrial 
system and its operative processes can be viewed as business innovation.  
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8 BUSINESS INNOVATION 

This chapter is based on my papers (Clausson, 2003a, 2003b, 2003c, 2004), 
the main part of paper on Business Process Engineering (Clausson et al. 
2002), the methodology part of report on Systems Engineering (Clausson et al. 
2003), and my knowledge and experience from academy and industry.  

The objectives for this research were to create business innovation models and 
tools for industrial companies, and following research questions were formu-
lated:  

• How should business systems and processes be formed to support in-
dustrial companies with electromechanical products to be effective and 
competitive in innovation and operation?  

• Which activities should be included in business innovation?  

• Which fundamental principles can be found to support business inno-
vation?  

In order to guide the research work, following research approach was chosen:  

Business Innovation can be considered as Innovation of Business System and 
Process and regarded as a design task with design objects as business systems 
and processes.  

Based on the research questions and the research approach, the main hypothesis 
was formulated:  

• Engineering Design theory and methodology can be utilized for Busi-
ness Innovation in industrial companies with electromechanical prod-
ucts.  

The main hypothesis was divided into two sub-hypotheses for the research 
work:  

Theories and methods from the Engineering Design area can be used for:  

• Modeling of an industrial company as a business system with subsys-
tems and processes.  

• Modeling of an industrial innovation process by interactions between 
subsystems and processes.  
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In chapter 7, research results were presented about industrial systems, proc-
esses and activities. In this chapter (8), research results are presented and the 
research questions are answered about business systems and processes, and the 
hypotheses are tested and validated.  

8.1 Business System and Process  

8.1.1 Business System  
An industrial company, or a business unit within a company, can be regarded 
as a business system, where the activities are carried out in business processes. 
The business system can consist of several sub-systems. The business sub-
systems are in this thesis denominated market, innovation, supply and service. 
Most of the activities for business development are carried out in the sub-
system for business innovation, henceforth called the innovation system. But 
development activities are also carried out for the other business sub-systems 
(market, supply and service). In the innovation system are therefore concurrent 
activities from the three other business sub-systems included. This concurrent 
engineering is shown in the model in Figure 8.1, where the innovation system 
is over-lapping the market system, the supply system and the service system to 
some extent.  
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Figure 8.1: Model of business system with four sub-systems.  

8.1.2 Business Process  
In order to be competitive an industrial company needs to have an effective 
(efficient) business process. A business process is an assembly of connected 
activities and is designed to create value for customers. The business process is 
consisting of a number of sub-processes. In this thesis, the business process is 
composed of four sub-processes, which can be denominated pre-development 
(process-for-technology), main development (process-for-market), order and 
delivery (process-for-customer), and use and maintenance (process-for-
service). The activities are performed within the processes, Figure 8.2.  
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Figure 8.2: Model of Business System and Business sub-Processes.  

Business innovation activities are performed in the business sub-processes for 
pre-development and main development. Business innovation process is com-
posed of these two sub-processes for business development (representing the 
product life phases time-to-technology and time-to-market).  

Business operation activities are executed in the sub-process for order and de-
livery (representing the product life phase time-to customer), and the sub-
process for use and maintenance (representing the product life phase time-to-
service).  

The model in Figure 8.2 is a matrix covering both business system views and 
product life phases.  
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8.2 Business Engineering  
Business engineering corresponds to business development or innovation.  

8.2.1 Business Innovation System  
Business development activities are performed in the business sub-system for 
innovation. The innovation system can be decomposed into sub-systems, which 
in this thesis are denominated product-market, product-function, product-
design, product-supply and product-service, according to different perspectives 
of the business and structures of the product platform.  

The business system covers all four business sub-processes, but the innovation 
system covers only two of the sub-processes (for pre-development and main 
development), Figure 8.3.  
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Figure 8.3: Model of Innovation System and Business System  
with different views.  
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8.2.2 Interaction Tool  
The Theory of Domains describes the design task as navigation in relation to a 
basic pattern, which is composed of causal relationship between the domains. 
For the navigation within and between the domains (sub-systems) a new design 
tool called interaction mechanism is developed and utilized in this thesis. The 
interaction tool can be used for innovation or engineering in the business sys-
tem, including transformation of information within the sub-systems and be-
tween the sub-systems. The transformations can be in form of translation, crea-
tion, realization, delivery, elaboration, composition, decomposition, abstrac-
tion, detailing, constraining, validation, test, verification, evaluation, change 
and improvement. The mechanism can be regarded as a navigation tool compa-
rable with a compass with interaction instructions, Figure 8.4.  

The interaction mechanism can also be seen as an interface or a bridge between 
the business sub-systems and between sub-processes. Views in the innovation 
system are treated as domains in this interaction engineering supported by the 
mechanism, Figure 8.3. Views are different aspects of the business or innova-
tion system.  
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Figure 8.4: Mechanism for Interactions between and within domains.  

The interaction mechanism is a tool for interaction engineering and is based on 
Engineering Design theory and methodology. The interactions can have both 
causal relations and hierarchical relations, but the tool can also provide other 
types of interactions. The interaction tool can be regarded as a central part of a 
fundamental principle for business innovation.  

8.2.3 Business Innovation  
In this thesis Business Innovation is considered as Innovation of Business sys-
tems and processes. Activities for business innovation are performed in the 
innovation system and the two innovative processes, pre-development and 
main development. The innovation system consists of sub-systems and by re-
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garding these sub-systems as different views and handling them as domains, 
theories and methods from the engineering design area can be utilized for busi-
ness innovation or engineering, including product platform development and 
product structuring.  

The research approach is that Business Innovation can be regarded as a design 
task and following design objects, corresponding to parts of the product plat-
form and represented by sub-systems in the innovation system, are set up:  

• Product-market system (demand/sales package/offer structure)  

• Product-function system (function/system structure, function package)  

• Product-design system (product/realization structure)  

• Product-supply system (supply/production structure)  

• Product-service system (maintenance structure)  

Design objects are also connected processes for business development and 
operation, which have to be designed, re-designed or re-used. Design is corre-
sponding to decision-making in a design process or innovation process using 
decision world, human competence world and model world, as in Figure 7.4.  

Design of business system and processes starts from business idea with cus-
tomer needs and market demands. Goal for the design is business operation that 
can satisfy customer and market. Context for business design (development) is 
company vision, goal and strategy. Design objects for business innovation are 
the same as the sub-systems in the innovation system. Design objects are also 
business processes corresponding to product life phases.  

Design for business operation, i.e. development of business systems and proc-
esses, can be done by interactions/transformations between sub-systems and 
sub-processes in the matrix of business system/process. Sub-systems and sub-
processes are interrelated; results (outputs) from sub-processes are stored as 
information in structures of sub-systems, and information in structures are used 
as inputs to sub-processes. Interactions horizontally have causal relationships 
and interactions vertically have hierarchical relationships. Horizontal relations 
answer the questions What, How and Why. Vertical relations answer the ques-
tions Consists of and Belongs to, according to Figure 7.4.  

Business systems and processes are designed by zigzagged mapping between 
the sub-systems (domains) and sub-processes with the interaction mechanism. 
By stating the interactions, business sub-processes, as in Figure 8.3, can be 
developed and described with nouns and verbs for each process-step or activ-
ity, as in Figure 8.5. The development of sub-processes is seen from the inno-
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vation system views, as product market, function, design, and supply, in both 
figures (8.3 and 8.5).  
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Figure 8.5: Model of Innovation System with structures and processes.  

According to Figure 7.1, we first design the innovation process, which can be 
used for development or innovation of the product and its support systems. The 
innovation process is in this thesis consisting of two sub-processes, the pre-
development process and the main development process. We start to develop 
the first development sub-process, the Process-for-Technology (PfT), based on 
the sub-systems in the innovation system, knowledge and experience. Thereaf-
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ter, the second development sub-process, the Process-for-Market (PfM), is 
developed based on the pre-development or technology process, the sub-
systems in the innovation system, knowledge and experience, Figure 8.6.  
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Figure 8.6: Modeling of Innovation System with structures, processes and  
interactions for an electromechanical product. 

Example for an electromechanical product with modeling of pre-development 
process (Process-for-Technology, PfT) and main-development process (Proc-
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ess-for-Market, PfM), with use of the interaction mechanism, is presented in 
Figure 8.6:  

• PfT/Scope/Need is translated into PfT/Function Requirement,  

• which is created into / realized (virtually) by PfT/Digital product 
model,  

• which is realized (virtually) by PfT/Production simulation.  

• PfT/Scope/Need is elaborated into PfM/Concept/Requirement, which 
is also translated from/constrained by PfT/Function Requirement.  

• PfM/Concept/Requirement is translated into PfM/Function specifica-
tion, which is also elaborated from PfT/Function Requirement and con-
strained by PfT/Digital product model.  

• PfM/Function specification is created into/realized by PfM/Prototype, 
which also is elaborated from PfT/Digital product model and con-
strained by PfT/Production simulation.  

• PfM/Prototype is realized/produced by PfM/Prototype production, 
which is also elaborated from PfT/Production simulation.  

When we have developed the innovation process, we develop the production 
process, e.g. the Process-for-Customer, based on information on the Process-
for-Market, concurrent with the product and the production system.  

Example for an electromechanical product with modeling of order- and supply 
process (Process-for-Customer, PfC), with use of the interaction mechanism, is 
presented in Figure 8.6:  

• PfM/Concept/Requirement is elaborated into PfC/Offer/Order, which 
is also translated from/constrained by PfM/Function specification.  

• PfC/Offer/Order is translated into PfC/Function Description, which is 
also elaborated from PfM/Function specification and constrained by 
PfM/Prototype.  

• PfC/Function description is created into/realized by PfC/Product, 
which is also elaborated from PfM/Prototype and constrained by 
PfM/Prototype production.  

• PfC/Product is realized/produced by PfC/Volume production, which 
also elaborated from PfM/Prototype production.  
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We can also develop the maintenance process, the Process-for-Service, based 
on earlier processes and concurrently with the product and/or the production 
system.  

When the business processes are designed, we can use or re-design them for 
development of the product platform in form of the sub-systems for product-
market, product-function, product-design, product-supply and product-service. 
The interaction mechanism is then used for mapping between the domains 
(sub-systems) and decomposition within the domains. The results from these 
interactions or activities in the business processes can form the hierarchical 
information content for the product platform and its business as market offer, 
function structure, product structure, supply structure and service structure. But 
product-service view is not included in Figure 8.5 and 8.6. All business sub-
processes have to be run through (mapped over all domains) and all hierarchi-
cal levels have to be decomposed/composed in order to develop and realize the 
product and its support systems.  

Product-service view is not included in Figure 8.5 and 8.6, because this view is 
not so straightforward depicted as product supply view. As described in Figure 
7.4 we can ask the questions What, How and Why in a systematic and logic 
way for the four domains or views for Customer, Function, Product and Pro-
duction/Process. But Service view is linked to both Product view and Produc-
tion view with What, How and Why questions, and these links are better shown 
in Figure 8.9. 

Business innovation covers the area from business and product idea to business 
operation and product maintenance, and includes customer demands and solu-
tions. The main part of business innovation is development of the product plat-
form and its support systems and processes. Product platforms include different 
perspectives and structures of products. Product variants and corresponding 
production systems are created and realized by configurations within the prod-
uct platform.  

8.2.4 Business Innovation Process  
The business innovation process starts with business idea and ends with busi-
ness operation. The business idea can be to solve customer needs and market 
demands, and market, develop, produce, deliver and serve products to custom-
ers. The business innovation process encompasses both the pre-development 
sub-process and the main development sub-process. In the business innovation 
process are the products, the sub-systems in the business system and the opera-
tive business processes developed. The business sub-systems can be market 
system, product system, supply system and service system.  
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Based on business idea, customer need and market demand, are scope, concept 
and requirement for both product and business sub-system created, Figure 8.7. 
Based on scope, concept and requirement are products and sub-systems devel-
oped and realized. All steps in the business innovation process are validated, 
tested, verified or evaluated. If products and sub-systems not are meeting needs 
and requirements, then they have to be re-designed, i.e. changed.  

Business scope includes business case and product idea. A business case should 
include cost and benefit information/analysis to facilitate to make decision 
about change that will have impact on the business.  

Business concept includes business plan and product concept. A business plan 
should include sections on the product, markets, technology, development, 
production, marketing, human resources, financial estimates with contingency 
plans, and timetable and funding requirements (Tidd et al. 1997, 2001).  

Business innovation process can be represented with an U-formed model, as 
Figure 8.7. The model is showing the synthesis of product and/or sub-system to 
the left and the analysis to the right. The result of each synthesis-step is 
checked by a corresponding analysis-step. If the analysis shows that the syn-
thesis not meets the customer need, market demand, business or product scope, 
concept and requirement, then the design has to be improved. The U-model can 
be utilized both for pre-development and development of products and business 
sub-systems. The U-model in Figure 8.7 is an expansion of the V-model in 
Systems Engineering in section 5.3.5, Figure 5.11, with an improvement activ-
ity (in the bottom of the U-letter) regarding improvements, which do not need 
any re-design of system or product.  

234 



 

Business idea Business operation

Customer
need

Market
demand

Scope/Concept
creation

System/Product
development

System/Product
realization

Customer
offer

Market
introduction

Scope/
Concept

evaluation

System/Product
verification

System/Product
test

System/Product improvement

 

Figure 8.7: Model of Business Innovation Process.  

Business system with innovation and operation can be modeled by subsystems 
(domains) and their relations (interactions), Figure 8.8 and 8.9. The models 
show the working way from customer/market need of product/service to opera-
tion/service of this product/service at customer.  
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Fig 8.8: Model of Business system with innovation and operation (abstraction).  

The model in Figure 8.8 is abstracted to a level, which is not showing the inter-
relations between product design, supply and service in a detailed way as in 
Figure 8.9.  
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Figure 8.9: Model of Business system with innovation and operation  
(elaboration).  

The model in Figure 8.9 is showing that supply and service are interrelated to 
the same product but in different ways. Production and service have different 
requirements and constraints related to the product, which imply different 
tools, equipment, education and so on for product supply and product service. 
An important factor is that product volume per day is much higher in a factory 
workshop than in a service shop. Another factor is that service processes have 
to be adapted to what production processes provide but production processes 
should also be designed with product service considered.  

8.3 Activities  
One of the research questions concerned activities and which activities should 
be involved in business innovation.  
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The requested activities are all activities in the innovation process that create 
value for the customers. The activities are concerning ideation, development 
and realization of product platforms with products and support systems, and 
presented in result chapter 7 and 8.  

8.4 Fundamental Principles  
One of the research questions concerned fundamental principles and which 
principles could support business innovation. The fundamental principles can 
be regarded as basic rules, which are used as support tools for decision-making.  

The main hypothesis for the research work was based on engineering design 
theory and methodology and that this knowledge could be utilized for business 
innovation.  

Sohlenius (2005) has summarized differences between principles and method-
ologies:  

• A principle is a general observable truth, which can be defined as a rule 
concerning a phenomenon (natural, artificial).  

• An axiom is a fundamental truth, which is always observed to be valid, 
and for which there are no counterexamples or exceptions (Suh, 1990).  

• A theorem is a principle, which can be proved from accepted axioms.  

• A methodology is a system of plans of action, methods, principles and 
rules used in a particular discipline.  

According to Sohlenius (2005), fundamental principles should be separated 
from methodologies. In our research in engineering science and industrial en-
gineering, the fundamental principles are regarded as more important than the 
methodologies. Methodologies have a practical importance for the designers 
and should be chosen as freely as possible by the individual designer in the 
specific design task. It is, however, important to know the scientific or funda-
mental principles, which are guiding good design results. To violate those prin-
ciples would result in inferior systems, products and processes. The designer 
has to know that those principles are underpinning the methodologies, which 
are used in designing.  

8.4.1 Principles in Design Science  
Designing is defined as the transformation of information from the condition of 
needs, requirements and constraints into the description of a structure, which is 
capable of fulfilling these demands (Hubka and Eder, 1996).  
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During designing, a system may need to be broken down, or decomposed, into 
sub-systems. Each sub-system can be regarded as a different design problem 
(Hubka and Eder, 1996).  

Innovation is about to create the new and original, but the goal of the designing 
must be to achieve an optimal solution in the given conditions (Hubka and 
Eder, 1996).  

8.4.2 Principles in Theory of Technical Systems  
Purpose and task of a technical system (TS) is to transform its operands (mate-
rials, energy or information) from an original state into a desired state. This 
transformation is carried out in a technical process, called Transformation 
Process, consisting of sub-processes or operations that alter one or several 
properties of the operand in an appropriate direction (Hubka and Eder, 1988). 

Technical artifacts or systems do not operate in isolation and are, in general, 
part of a superior system (Pahl and Beitz, 1996, 2001).  

A problem is characterized by three components: an undesirable initial state, a 
desirable goal state, and obstacles that prevent a transformation from the unde-
sirable initial state to the desirable goal state at a particular point in time (Pahl 
and Beitz, 1996, 2001).  

The relationships between function and structure form the central problem of 
technical knowledge. A function system can be thought of as system made up 
of the effects, which the system has to produce, together with the necessary 
relations between the effects. In the design processes, the effects or functions 
are to be considered as goals and the structures as means to achieve these goals 
(Hubka and Eder, 1988).  

8.4.3 Principles in Theory of Domains  
The product can be explained from four viewpoints (Andreasen, 1998):  

• The activities in form of the transformations of energy, material and 
information.  

• The functionality carried by organs.  

• The structure of parts, which realizes the organs.  

• The life cycle.  

Each way of looking at things is called a domain (Andreasen, 1980).  
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The domains are causally linked together by the so-called functions/means 
causality, where the processes determine the functions, and the functions are 
created (or carried) by the organs, and the organs are realized by the compo-
nents (or parts) (Andreasen, 1992a, 1998).  

The domains can be used to describe the design task as navigation in relation to 
a fixed basic pattern, which is composed of causal relationships between the 
four domains (Andreasen, 1992b).  

The interaction mechanism (tool) can be used in a framework for interactions 
between and within domains (Clausson, 2002).  

8.4.4 Principles in Axiomatic Design Theory  
Design is mapping between four domains, Customer-, Function-, Design- and 
Process-domain. The Product or Process being designed is described in the 
Design domain in a hierarchically way by being broken down into a design-tree 
(Sohlenius, 2004).  

Design is defined as the creation of synthesized solutions in the form of prod-
ucts, processes or systems that satisfy perceived needs through mapping be-
tween the functional requirements (FRs) in the functional domain and the de-
sign parameters (DPs) in the physical domain, through proper selection of the 
DPs that satisfy the FRs (Suh, 1990).  

FRs are defined as the minimum set of requirements, which completely charac-
terize the design objectives for a specific need. FRs must be specified in a ‘so-
lution-neutral environment’ (Suh, 1990).  

During the design process, the designer uses the four design domains to de-
velop the design information. The relationship between two adjacent domains 
forwards to the right is described as ‘what-to-how’, and backwards to the left is 
described as ‘why-to-what’. The domain on the left represents what the de-
signer wants to achieve, while the domain on the right represents how the de-
signer wants to satisfy the requirement in the “what” domain (Suh, 1990).  

The axioms (or fundamental principles) we (Sohlenius et al. 2004, Sohlenius 
2005) have found relevant (as design criteria) for decisions in innovation proc-
esses are:  

• Axiom 1: A design maintaining the independence of functions is supe-
rior to coupled designs (axiom from Suh).  

• Axiom 2: A design with higher probability to meet the functional re-
quirements within specified tolerances is superior (axiom from Suh).  
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• Axiom 3: A design requiring less energy to realize is superior 
(axiom/theorem from Sohlenius).  

• Axiom 4: A design requiring less time to realize is superior 
(axiom/theorem from Sohlenius).  

Axiom/theorem 3 or 4 (only one at a time) should be used after axiom 1 and 2, 
depending on competition situation. Axiom 3 and 4 can therefore be regarded 
as theorems following axiom 1 and 2 to be used in industrial companies 
whether limited resources (low cost) or short lead-time is essential in product 
realization due to competition on the market.  

The logical nature of the innovation system and process reveals two important 
orthogonal structures: the hierarchical structure vertically and the causal struc-
ture horizontally:  

• The hierarchical structure has to do with the inherent hierarchical na-
ture of products and our ability to interpret and describe the structure. 
The tree-structures in the functional, design and process domains are 
defined by the words consists of downwards and belongs to upwards. 
Decomposing and composing within the domains illustrate vertical and 
hierarchical relationships.  

• The causal structure has to do with objectives (e.g. functions) and 
means. The words what, how and why are the horizontal guiding keys 
in this causal structure. Mapping between the domains exposes hori-
zontal and causal relationships.  

The existence of these two structures is the logical reason why we have to zig-
zag between the domains when decomposing and making design decisions. 
Zigzagging is to follow the logical nature of innovating products and processes 
and to meet the objectives (goals), (Sohlenius et al. 2004, Sohlenius 2005).  

8.4.5 Principles in Theory of Inventive Problem Solving  
The purpose of a product or a process is its function. If the function of a prod-
uct or some of its parts is not required, the product or the parts in question are 
not needed.  

A technological system is not a goal in itself; we need it only to perform a cer-
tain function. A system is a “fee” for realization of the required function. When 
we compare two systems that perform the same function, we choose the one 
that requires fewer resources to build and maintain. An ideal technological 
system requires no material to be built, consumes no energy, and does not need 
space and time to operate. In other words, an ideal system is an absent system.  
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Opportunities for innovations are based upon the existence of technical con-
flicts.  

To resolve a system conflict means to eliminate the harmful action while re-
taining and not degrading the useful action by compromising, optimization or 
negotiation.  

For resolving physical contradictions there are three generic principles (called 
separation principles):  

• Separation of opposite properties in time.  

• Separation of opposite properties in space.  

• Separation of opposite properties between the whole and its parts.  

8.4.6 Principles in Managing Innovation  
Learning can be described as the ways firms build, supplement, and organize 
knowledge around their competencies and within their cultures, and adapt and 
develop organizational efficiency through improving the use of these compe-
tencies (Dodgson, 2000).  

Learning can be seen as a purposive quest by firms to retain and improve com-
petitiveness, productivity, and innovativeness (Dodgson, 2000).  

Knowledge-building activities are crucial elements in the definition of core 
technological capabilities, which are in turn integral elements of competitive 
advantages (Leonard-Barton, 1995).  

Key features of the firm-specific competencies are the ability to convert techni-
cal competencies into effective innovation and the generation of effective or-
ganizational learning (Pavitt, 1994).  

Benchmarking consists of comparisons amongst competitor companies on spe-
cific dimensions of corporate performance, which are beyond financial per-
formance, with the purpose of identifying and catching up with best practice 
(Tidd et al. 2001).  

The stage-gate model divides the dynamic process for new product develop-
ment into a series of activities (stages) and decision points (gates), (Cooper, 
1988a, 1990b, 2002a, 2002b).  

The application of digital technologies for simulation, modeling, integration 
and so on, makes the innovation process more intensive (Dodgson et al. 2002).  
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8.5 Validation  
The term ‘validation’ is a noun based on the verb ‘validate’, which means to 
corroborate, according to Webster’s Universal Dictionary (1993).  

To ‘validate’ something means to prove or confirm that it is true or correct, 
according to Collins Cobuild English Dictionary (1995, 1999).  

The term ‘validity’ is a noun based on the adjective ‘valid’, which means based 
on facts, according to Webster’s Universal Dictionary (1993).  

The ‘validity’ of something is whether it can be trusted or believed, according 
to Collins Cobuild English Dictionary (1995, 1999).  

The objectives for this research were to create business innovation models and 
tools for industrial companies and answer the research questions:  

• How should business systems and processes be formed to support in-
dustrial companies with electromechanical products to be effective and 
competitive in innovation and operation?  

• Which activities should be included in business innovation?  

• Which fundamental principles can be found to support business inno-
vation?  

In order to guide the research work, the research approach was set up:  

Business Innovation can be considered as Innovation of Business System and 
Process and regarded as a design task with design objects as business systems 
and processes.  

Based on the research questions and the research approach, the main hypothesis 
was formulated:  

• Engineering Design theory and methodology can be utilized for Busi-
ness Innovation in industrial companies with electromechanical prod-
ucts.  

The main hypothesis was divided into two sub-hypotheses for the research 
work:  

Theories and methods from the Engineering Design area can be used for:  

• Modeling of an industrial company as a business system with subsys-
tems and processes.  

• Modeling of an industrial innovation process by interactions between 
subsystems and processes.  
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In order to create business innovation models and tools, the needs for an exten-
sive review of business systems and processes in several companies and a wide 
study of literature are obvious. The results in this thesis are therefore based on 
observations from many companies and a number of books, theses, papers and 
articles regarding: 

• Management of business, technology and innovation  

• Theories concerning engineering design  

• Methods dealing with development processes  

• Case studies dealing with product development, realization and intro-
duction  

The author has industrial knowledge and experience from working more than 
30 years in different positions, including management, in many industrial com-
panies. The author has also academic knowledge and experience from 10 years 
as (industrial) PhD student, including teaching students from university and 
industry.  

I have developed my models and tools by:  

• creative working based on some visual ideas to combine and further 
develop two established theories within Engineering Design and one 
methodology within Systems Engineering  

• studying reference literature within the research area  

• using my knowledge (information and understanding) about and ex-
perience with industrial innovation and operation  

I have gradually verified my models by comparing with innovation and opera-
tion in companies, which I have knowledge about and experience on.  

The idea to renovate Suh’s domains in the theory of Axiomatic Design into 
structures, I got from Andreasen’s interpretation of the concept domain in the 
theory of Domains, as each way of looking at things (view). The domain for 
Functional Requirements (FR) is used for functional structure, the domain for 
Design Parameters (DP) is used for product structure, and the domain for Proc-
ess Variables (PV) is used for production structure, according to section 5.3.3. 
and Figure 5.6 on Axiomatic Design theory and according to section 8.2.3 and 
Figure 8.5 on Business Innovation.  

This idea of using structures in the domains of Axiomatic Design, I tested in 
June 2001 on my supervisor professor Gunnar Sohlenius, who responded that 
he had not seen that usage of structures in Axiomatic Design earlier.  
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In his new Domain theory, Andreasen (1998) has included the product life 
cycle as one domain (viewpoint). As far as I know, there are no other product 
life phases (processes) in the Axiomatic Design theory by Suh (1990) than the 
design process (phase).  

Therefore I added three of the most common and used product life phases 
(Time-to-Technology, Time-to-Market and Time-to-Customer) to my models. 
These phases or flows (TTT, TTM and TTC) are the same as I used as research 
student at KTH in my first project plan (Clausson, 1998) with titel: ‘Principles 
and methods for electronic product realization with application on building 
practices and production engineering’.  

The domain for Customer Needs (CN) in Axiomatic Design theory, Figure 5.6, 
I developed further to include both customer need and market demand. During 
the development of my models, the customer/market domain expanded to con-
tain also market offer (as sales package) and customer order, and the produc-
tion process (TTC phase) changed name to order and delivery process.  

The service process (TTS phase) was introduced into my models because I 
realized in the 1970s at Stansaab, as responsible for industrialization of Alfa-
skop data products, that both production and service were essential parts of the 
business system. Therefore, responsible representatives for these two opera-
tions and processes participated in the product realization by putting demands 
on and provide solutions to the product and its competitiveness both on the 
market and at the customers.  

Alfaskop data terminals were successful as working tools because of better 
performance, quality and reliability than competing products. During several 
years in the 1970s and 1980s, Alfaskop was one of the most profitable products 
in Sweden due to design, production and service.  

The interaction mechanism in section 8.2.2 and Figure 8.4 is based on my own 
visual ideas on how to:  

• develop the zigzagging method for mapping and decomposing in the 
Axiomatic Design theory according to section 5.3.3 and Figure 5.7  

• develop the designer’s navigational maneuvers in the Domain theory to 
a basic pattern according to section 5.3.2 and Figure 5.3  

• apply methods and activities in Systems Engineering methodology ac-
cording to section 5.3.5  

I have thereby first developed my ideas (by synthesis of two theories and one 
methodology) into a theory building (a theoretical base for my models) and 
then started to sketch my models, before I began to make my case studies (by 
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choosing relevant cases for my development of models and compare my mod-
els with the most effectual parts of product realization in the studied compa-
nies).  

My first sketch of a domain-based model was called ‘Framework with generic 
structures and units (entities) for product (life cycle) innovation and supply’, 
Figure 8.10.  

 
Figure 8.10: Sketch on Framework with generic structures and units for prod-

uct innovation and supply. Source: Clausson (2001).  

This sketch on Framework with structures, Figure 8.10, I compared with an-
other sketch, which I made based on my knowledge and experience from Erics-
son on product realization of telecom system, Figure 8.11. 
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Figure 8.11: Sketch on domains with structures for functions, product and pro-

duction. Source: Clausson (2001).  

Structures for functions, product and production are related to each other. 
Function or system structures are transformed to product or realization struc-
tures, according to Case 6.2.1 with Figures 6.6a and 6.6b. Product structure is 
based on product building levels as cabinet, magazine, printed board assembly 
and components, corresponding to Case 6.4.6 with Figure 6.16. Production 
system is organized according to product building levels and practices. Produc-
tion organization or supply chain is based on system or node production centers 
(system and sub-system suppliers of equipped cabinets and magazines), system 
module suppliers (magazines, cables and printed board assembly), and compo-
nent suppliers, according to Case 6.5.1 with Figures 6.17 and 6.18, and Case 
6.5.2 with Figure 6.19. Comparison between the two sketches, Figure 8.10 and 
Figure 8.11, showed that modeling three of the domains with structures was in 
line with reality.  

In my sketches on Business system, I introduced product life phases as busi-
ness processes, Figure 8.12a and b, and divided the business system into sub-
systems for market, innovation, production and service, Figure 8.13 a and b, 
and introduced the concept of matrix organization, Figure 8.14 a and b. The 
Swedish versions (a) are the original sketches in my research work.  
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Figure 8.12a: Business system with business processes (Swedish version).  

Source: Clausson (2002). 
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Figure 8.12b: Business system with business processes (English version).  

Source: Clausson (2002). 
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Figure 8.13a: Business system with sub-systems (Swedish version).  

Source: Clausson (2002). 
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Figure 8.13b: Business system with sub-systems (English version).  

Source: Clausson (2002). 

The sketches in Figures 8.13a and b correspond to the model in Figure 8.1 in 
section 8.1.1.  
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Figure 8.14a: Business system with sub-systems and processes in matrix 

(Swedish version). Source: Clausson (2002). 
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Figure 8.14b: Business system with sub-systems and processes in matrix  

(English version). Source: Clausson (2002). 

The sketches in Figures 8.14a and b correspond to the model in Figure 8.2 in 
section 8.1.2, which was further developed to the model of innovation system 
and business system with different views in Figure 8.3 in section 8.2.1.  

Innovation system is one of the sub-systems in the business system. In the in-
novation system there is one innovation process consisting of two sub-
processes for pre-development and main development, Figure 8.15.  
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Figure 8.15: Business system with innovation system and processes. Source: 

Clausson (2002). 

In my next sketch on Innovation system structures, Figures 8.16, I introduced 
customer needs and market demand and offer. The sketch I called ‘Model of 
Structures for Innovation – Multi-viewpoint modeling of Innovation system’.  
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Figure 8.16: Innovation systems structures. Source: Clausson (2002).  

The sketch in Figure 8.16 is further developed to the model Figure 8.5 in sec-
tion 8.2.3.  

The case studies described in chapter 6 are actually carried out gradually dur-
ing my research work and introduced case by case (step by step) in my thesis 
during manuscript writing in order to test and verify my ideas and solutions in 
the models.  

I have used my knowledge and experience on ways of working from ten indus-
trial companies: Stansaab, Datasaab, Ericsson Information Systems, Facit, 
Nokia Data, Ericsson Telecom, Ericsson Microwave, Ericsson Components, 
Ericsson Radio Systems and Ericsson Corporation.  

Stansaab (with military systems and data products) and Datasaab (with banking 
systems and minicomputers) merged to one company in the end of the 1970s. 
Ericsson Information Systems (EIS) was formed in the beginning of the 1980 
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by merging Datasaab with the G-division (with private switches) at LM Erics-
son. Facit (with printers and type writers) was transferred from Electrolux to 
EIS. The data division of EIS was sold to Nokia Data in the end of the 1980s. 
Ericsson Microwave was earlier named Ericsson Radar Systems (with military 
products and systems). Ericsson Telecom (with public switches) and Ericsson 
Radio Systems (with mobile phone products and system) were merged to 
Ericsson Corporation in the beginning of the 2000s.  

I have also used my knowledge about ways of working at Volvo Cars, Saab 
Automobile and Scania CV.  

I have made use of a large research library consisting of publications as books, 
reports, thesis, papers, and of working and presentation material from different 
industrial companies, which I have been employed at or have studied. I have 
used this research archive for knowledge building, theory building and study-
ing examples and solutions (cases) for comparing and improving my models.  

The number of industrial companies and cases, which I have studied and used 
for development/adaptation, and verification/validation of my models (built on 
a theoretical base founded on engineering design theories), is large enough to 
be used in one group for further development and one group for verifica-
tion/validation.  

 
Figure 8.17: Induction and deduction. Source: Arbnor and Bjerke (1994). 

According to Arbnor and Bjerke (1994), there are two ways of formulating 
hypotheses and testing them. In the first case, the hypotheses are built on refer-
ence material and empirical data is used to verify the hypotheses, deduction. In 
the other case, hypotheses are formulated using empirical data as support and 
the results are tested using the reference material, induction, Figure 8.17.  
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In my research and thesis, engineering design theories and methods and litera-
ture studies can be regarded as reference material, and industrial case studies 
can be regarded as empirical data or material. However, in my research I have 
built hypotheses both on one part of reference material and on one part of my 
empirical data (material), and tested the hypotheses with other parts of my ref-
erence and empirical materials.  

According to Alvesson and Sköldberg, research is always more or less herme-
neutic to its nature, when starting research within a new area the understanding 
of the problem is often rather weak. During the work, the understanding of the 
problem increases and the researcher travels through the hermeneutic circle to a 
new starting point. However, the understanding is greater and new conclusions 
can be made. This may also be described as abduction, see Figure 8.18.  

 
Figure 8.18: Three different ways of doing research.  

Source: Alvesson and Sköldberg (1994).  

8.5.1 Product Life Phases 
In the new theory of Domains, Andreasen (1998) introduced product life 
phases as one view or domain, section 5.3.2. A product is going trough four life 
phases, which Andreasen identified as design, production and establishing, 
utilization, and liquidation. In my models I use the first three phases, but not 
the last phase (liquidation). The design phase I divide into two development 
phases, corresponding to pre- and main development.  

Three of the product life phases in my models, as Figure 8.2 in section 8.1.2 
and Figure 8.3 in section 8.2.1, are denominated Process/Time-to-Technology 
(TTT), Process/Time-to Market (TTM), and Process/Time-to-Customer (TTC).  
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These phases correspond to the phases at Ericsson Telecom in Case 6.1.3 with 
Figure 6.4, and to the phases in my project plan as PhD student at KTH for 
research on product realization of electronic products (Clausson, 1998).  

The fourth phase, Process/Time-to-Service in Figure 8.2 and Figure 8.3 is 
taken from Stansaab operations with Alfaskop data products.  

Product life phases are also based on Case 6.7.4 with Figure 6.30a.  

The phases TTM and TTC can be verified by the phases Market Supply Flow 
and Customer Supply Flows at Ericsson Development (AXE-N) and Ericsson 
Radio Systems in Case 6.7.3 with Figure 6.29.  

The phases TTT, TTM, TTC and TTS can be verified by the phases TTT, 
TTM, TTC and TWC (Time with Customer) at Ericsson Corporation in Case 
6.7.5 with Figure 6.31.  

The phases TTM and TTC can be validated by the phase TTM (Product/Time 
to Market) and the phase TTC (Product/Time to Customer) at Ericsson Radio 
Systems in Case 6.7.6 with Figure 6.32.  

The phase TTM can be validated by the phase TTM workflow at Ericsson Cor-
poration in Case 6.7.7 with figure 6.33.  

The phase TTC can be validated by Case 6.7.8 with Figure 6.34 at Ericsson 
Corporation (LME).  

The phase TTC can be validated by Case 6.7.9 with Figure 6.35 at Ericsson 
Radio Systems Supply.  

The phases TTM, TTC and TTS can be validated by the phases TTM (MSF) 
and TTC/TWC (CSF) in Case 6.7.10 with Figure 6.36 at Ericsson Corporation.  

8.5.2 Business Processes  
The business processes in my models, as Figure 8.2 in section 8.1.2 and Figure 
8.3 in section 8.2.1, are corresponding to the product life phases Process/Time-
to-Technology (TTT), Process/Time-to Market (TTM), Process/Time-to-
Customer (TTC) and Process/Time-to-Service (TTS).  

In the new theory of Domains, Andreasen (1998) stated four phases or proc-
esses as design, production and establishing, utilization, and liquidation. De-
sign corresponds to pre- and main development, production and establishing 
correspond to order and delivery, and utilization correspond to use and mainte-
nance in my models.  

Business processes are also based on Case 6.7.4 with Figure 6.30a.  

258 



 

The denominations of the processes in my models are based on the industrial 
companies and the literature that I have studied.  

Pre-development  

TTT: Pre-development process supported by the structures for product-market, 
product-function, product-design and product-supply, Figure 8.5 in section 
8.2.3, corresponds to one of the two sub-processes of the innovation process in 
the innovation system, Figure 7.1 in section 7.1 and Figure 8.15 in section 8.5, 
and corresponds to the decision process in the decision world supported by the 
models in the model world, Figure 7.4 in section 7.3, which corresponds to the 
design process with domains, Figure 5.6 and Figure 7.5.  

TTT: Pre-development process is based on primary development at Facit and 
garage-development at Ericsson Information Systems in Case 6.1.1 with Fig-
ures 6.1 and 6.2.  

TTT: Pre-development is verified by research and basic technology develop-
ment at Ericsson Telecom in Case 6.3 with Figure 6.9.  

TTT: Pre-development is verified by Prestudy at Ericsson Corporation accord-
ing to PROPS in section 4.5.7.  

TTT: Pre-development is verified by Provide and Launch at Ericsson Corpora-
tion in Case 6.7.5 with Figure 6.31.  

TTT: Pre-development is verified by business and concept development at 
Volvo Cars in case 6.8.1.  

TTT: Pre-development is validated by Pre-development at Scania CV in Case 
6.8.3 with Figure 6.45.  

TTT: Pre-development is validated by reference material in Case 6.1.4 with 
Figure 6.5.  

Main development  

TTM: Main development process supported by the structures for product-
market, product-function, product-design and product-supply, Figure 8.5, cor-
responds to the other sub-process of the innovation process in the innovation 
system, Figure 7.1 and Figure 8.15, and corresponds to the decision process in 
the decision world supported by the models in the model world, Figure 7.4, 
which corresponds to the design process with domains, Figure 5.6 and Figure 
7.5.  

TTM: Main development process is based on secondary development at Facit.  
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TTM: Main development process is based on product development at Ericsson 
Information Systems in Case 6.1.1 with Figures 6.1 and 6.2, and Case 6.1.2 
with Figure 6.3a.  

TTM: Main development is verified by Development and Industrialization at 
Ericsson Telecom in Case 6.3 with Figure 6.9.  

TTM: Main development is verified by Feasibility study and Execution at 
Ericsson Corporation according to PROPS in section 4.5.7.  

TTM: Main development is verified by Provide and Launch at Ericsson Corpo-
ration in Case 6.7.5 with Figure 6.31.  

TTM: Main development is verified by Time to Market Flow at Ericsson Radio 
in Case 6.7.6 with Figure 6.32.  

TTM: Main development is verified by Time to Market Workflow at Ericsson 
Corporation in Case 6.7.7 with Figure 6.33. 

TTM: Main development is verified by Market Supply Flow (TTM) in Case 
6.7.10 with Figure 6.36.  

TTM: Main development is verified by Prestudy, Detail design and Industriali-
zation at Volvo Cars in Case 6.8.1.  

TTM: Main development is validated by Concentrated Introduction at Scania 
CV in Case 6.8.3 with Figure 6.45.  

TTM: Main development is validated by reference material in Case 6.1.4 with 
Figure 6.5.  

Order and delivery 

TTC: Order and delivery process corresponds to the production process in Fig-
ure 7.1 in section 7.1.  

TTC: Order and delivery process is based on Ericsson Information Systems 
with product supply in Case 6.1.1 with Figures 6.1 and 6.2, and with full pro-
duction in Case 6.1.2 with Figure 6.3a.  

TTC: Order and delivery is verified by Volume Production at Ericsson Tele-
com in Case 6.3 with Figure 6.9.  

TTC: Order and delivery is verified by TTC Supply at Ericsson Corporation in 
Case 6.7.5 with Figure 6.31.  

TTC: Order and delivery is verified by TTC process Supply at Ericsson Corpo-
ration in Case 6.7.8 with Figure 6.34.  
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TTC: Order and delivery is verified by TTC-Supply at Ericsson Radio in Case 
6.7.9 with Figure 6.35.  

TTC: Order and delivery is validated by Customer Supply Flow with Supply 
and Implementation (TTC) in Case 6.7.10 with Figure 6.36.  

TTC: Order and delivery is validated by Order and distribution as part of Sales 
to Delivery at Scania CV in Case 6.8.3 with Figure 6.46.  

Use and maintenance 

TTS: Use and maintenance process is based on Stansaab Alfaskop operations.  

TTS: Use and maintenance is verified by Support (Time with Customer, TWC) 
at Ericsson Corporation in Case 6.7.5 with Figure 6.31.  

TTS: Use and maintenance is validated by Customer Supply Flow with In Ser-
vice Support (TWC) at Ericsson Corporation in Case 6.7.10 with Figure 6.36. 

TTS: Use and maintenance is validated by Service (after sales) as part of Cus-
tomer support at Scania CV in Case 6.8.3 with Figure 6.46.  

8.5.3 Business System  
The business system with sub-systems for market, innovation, supply and ser-
vice in Figure 8.1 in section 8.1 is based on Case 6.7.1 with Figure 6.27, and on 
Case 6.7.4 with Figure 6.30b and Figure 6.30c.  

The denominations of the sub-systems in my models are based on the industrial 
companies and the literature that I have studied.  

8.5.4 Structures  
The structures for Product-market, Product-function, Product-design and Prod-
uct-supply in Figure 8.5 correspond to the models for Dialog with customer, 
Function, Product and Process in the model world in section 7.3 with Figure 
7.4.  

The structures are also based on Case 6.7.1 with Figure 6.27, and on section 
8.1.1 with Figure 8.1. 

The denominations and layouts of the structures in my models are based on the 
industrial companies and the literature that I have studied.  

Structures for functions, product and production are interrelated. Function or 
system structures are transformed to product or realization structures, according 
to Case 6.2.1 with Figures 6.6a and 6.6b.  
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Product structure is based on product building levels as cabinet, magazine, 
printed board assembly and components, corresponding to Case 6.4.6 with 
Figure 6.16.  

Production system is organized according to product building levels and prac-
tices. Production organization or supply chain is based on system or node pro-
duction centers (system and sub-system suppliers of equipped cabinets and 
magazines), system module suppliers (magazines, cables and printed board 
assembly), and component suppliers, according to Case 6.5.1 with Figures 6.17 
and 6.18, and Case 6.5.2 with Figure 6.20. A node is a product subordinated to 
a network, as a Radio Base Station (RBS) is a part (node) of the radio access 
network.  

Products with cabinet (rack), magazine (sub-rack), printed board assembly, 
modules and components are shown in Case 6.6 with Figures 6.21a and b, 6.22, 
6.23, 6.24, 6.25, 6.26a, b, c and d.  

According to Case 6.4.6 with Figure 6.16, magazines, cabinets and containers 
are utilized in system products and system production, but not in smaller prod-
ucts and electronics production, where the products are built as apparatus, in 
line with Case 6.4.4 with Figure 6.14 and Case 6.4.5 with Figures 6.15a and b.  

In order to coop with product types with different leveling in physical layers, I 
made a combined solution for these two types of products and generalized the 
product structure to consist of three realization levels; product, module and 
component, as in Figure 8.10 in section 8.5 and Figure 6.6b in section 6.2.1.  

Comparison between my model in Figure 8.5 and the Cases 6.2.1, 6.4.4, 6.4.6, 
6.5.1 and 6.5.2 showed that my modeling of the structures for product-function, 
product-design and product-supply was consistent with reality.  

The structure for product-market is based on customer needs, Figure 5.6. Dur-
ing development I complemented the structure with market demand, market 
offer, sales packages and customer order due to my knowledge and experience 
on business development in industrial companies.  

The structures for product-market, product-function and product-design are 
verified by Case 6.2.2 with Figures 6.7a and 6.7b at Ericsson Radio, and vali-
dated by Case 6.7.11 with Figures 6.37, 6.38 and 6.39 at Ericsson Corporation.  

Structure for product-supply is based on Case 6.5.1 with Figures 6.17, 6.18 and 
6.19 at Ericsson Telecom production, and is verified by Case 6.5.2 with Figure 
6.20 at Ericsson Telecom supply, and validated by Case 6.5.3 at Ericsson Ra-
dio production. The product-supply structure can also be validated by Cases in 
section 6.8 from automotive companies, Volvo, Saab and Scania.  
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Product packages as market offer, sales packages and order packages are veri-
fied by Case 6.2.2 with Figures 6.7a and 6.7b at Ericsson Radio, and validated 
by Case 6.7.11 with Figures 6.37, 6.38 and 6.39 at Ericsson Corporation, and 
validated by Cases 6.8.1 at Volvo and 6.8.2 at Saab.  

The structure for product-design (product build-up) with levels for product, 
module and component is verified by Case 6.7.11 with Figures 6.37, 6.38 and 
6.39 at Ericsson, and validated by Case 6.8.3 at Scania.  

The structures for product-function and product-design are validated by refer-
ence material in Case 6.2.3.  

8.5.5 Interaction tool  
The interaction tool (mechanism) in section 8.2.2 with Figure 8.4 is developed 
to be a tool for interaction engineering. The tool is based on design as mapping 
and decomposing in the theory of Axiomatic Design in section 5.3.3, and on 
design as navigation in relation to a fixed pattern in the theory of Domains in 
section 5.3.2.  

The interactions horizontally between domains are verified by the causal struc-
ture in section 7.3 with Figure 7.4 and are validated by the horizontal causality 
principle in section 5.3.2.  

The interactions vertically within domains are verified by the hierarchical na-
ture and structure of products in section 7.3 with Figure 7.4 and are validated 
by the vertical causality principle in section 5.3.2.  

The zigzagging between domains is used and verified by many researchers in 
many applications and cases on the theory of Axiomatic Design in section 7.3 
with Figure 5.7.  

The other interactions with the navigation tool are new. They are demonstrated 
in an example on an electromechanical product in section 8.2.3 with Figure 8.6.  

8.5.6 Business Innovation Process 
The business innovation process in section 8.2.4 with Figure 8.7 is based on 
Systems Engineering methodology in section 5.3.5 with Figures 5.11 and 5.14, 
and on a generic innovation process in this section, Figure 8.19.  
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Figure 8.19: Generic innovation process. Source: Clausson (2002). 

Object in the generic innovation process can be system, product, etc.  

The business innovation process is verified by Case 6.1.1 with Figures 6.1 and 
6.2 and by Case 6.1.2 with Figure 6.3a.  

The business innovation process is validated by Case 6.2.3 with reference ma-
terial on Systems Engineering.  

8.5.7 Analysis and discussion  
The main hypothesis and the sub-hypotheses are presented as models and tools 
for business innovation. In this thesis the models represent maps with a naviga-
tion tool with the purpose to guide the designers to good decisions in the de-
velopment of business systems and processes, and the research results can be 
considered as a theory supporting an effective (efficient) business innovation 
process. The main part of business innovation in this thesis is product platform 
development and product structuring.  
During development of the models, the following basic rules were used (Ross, 
1977):  

• Definition of the purpose of the model  
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• Viewpoint of the model  
• Detailing level in the model  

Validation intends to show how well the research results, in form of theory, 
hypothesis or model, correspond to and conform to the object in reality. The 
research results can be regarded as valid, if the models presented are reflecting 
the object (business innovation in this thesis) in a fair and just way.  

My research work has been carried out both iteratively (by iteration) and 
gradually (step by step) in order to develop and verify my models for business 
innovation according to the hermeneutic research method. The research work 
thereby followed the hermeneutic circle or spiral. That is, the research started 
by setting up hypotheses, based on my own knowledge and experience (includ-
ing theories and methods within Engineering Design), stating models and tools 
with the objective to answer the research questions. After this, the hypothetic 
models were tested by comparisons with the observations and experiences. 
This analysis resulted in knowledge about deficiencies in the first hypothetic 
models, since they were not good enough. The new knowledge, gained in the 
analysis, was used to modify the hypothetical models, which were tested for 
validation.  

This went on in several circles (or in a spiral) until models and tools, which 
were fulfilling the objectives for the research, were created, verified and ac-
cepted. This research process became an iterative process, where synthesis and 
analysis was alternated, just as whole and parts, as it is often expressed in con-
nection to the hermeneutic circle or spiral. By this research method based on a 
theoretical base and on successive creation, verification and modification of 
hypothetic models and tools, until they were accepted, the sub-hypotheses and 
the main hypothesis can be considered as having been tested and validated.  

My approach for the design and development of my models for business inno-
vation is based on two engineering design theories, the theory of Domains and 
the theory of Axiomatic Design. During development I also used methods from 
Systems Engineering. On this theoretical base, I further developed my models 
by utilizing one part of my theoretical and empirical platform, and verified and 
validated my models by utilizing another part of my theoretical and empirical 
platform (based on my knowledge and experience).  

Verification and validation is performed part by part of my models covering:  

• Product life phases  

• Business processes  

• Business system  
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• Structures  

• Interaction tool  

• Business innovation process 

Thereby are all parts of my main models and the central parts of my interaction 
tool verified and validated, but I have not had the opportunity and time to vali-
date the whole (complete) models for business innovation in real industrial 
companies.  

An industrial company is normally a functional and process organization in a 
matrix-form. Activities are organized into business processes, and responsibili-
ties are organized according to functional capabilities and business processes. 
The business models in this thesis are based on this matrix concept.  

The author has in this research studied business innovation for industrial com-
panies with engineering and manufacturing of mainly mechatronical products. 
But the results in form of models and tools should also be useful for companies 
with other types of products with structures as machine systems as mechanical, 
electrical, electromechanical and electronic products. A large number of the 
engineering and manufacturing companies in Sweden and other countries with 
product platforms with physical products should be able to use and make bene-
fit of the models and tools in this thesis.  

The purpose with the research and the results were to support this type of in-
dustrial companies to be effective and competitive in product development, 
realization and service with right quality and high productivity.  

Validations of the research results presented in this thesis have been carried out 
as comparisons with business innovation in industrial companies (with elec-
tromechanical products) reported as case studies and with reference material 
from literature studies.  

Seeing that the models and tools for business innovation are created in this 
research work by utilizing engineering design theory and methodology, and 
that the presented models and tools are regarded as valid, the hypotheses can be 
regarded as validated.  

However, the interaction mechanism is (partly) a new tool and the new parts 
can be regarded as invention. This means that the tool for interaction engineer-
ing cannot be validated completely by comparison with reality of today, as the 
entire tool has not been used in real industrial companies so far.  

The interactions between sub-systems and sub-processes in the innovation sys-
tem by using the interaction tool is also a new way or method to develop busi-
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ness in form of models for product platforms, including products and product 
support systems, and corresponding business sub-processes.  

Business innovation in this way by using the interaction mechanism cannot be 
validated in reality of today, because companies are not regularly interacting 
the sub-systems with the sub-processes and the sub-processes with the sub-
processes, in order to develop products, support structures and business proc-
esses in the business system.  

According to Hubka and Eder (1996) on Design Science, scientific progress is 
achieved by a combination of:  

• proceeding from the whole to the parts (analysis)  

• progressing from the parts to the wholes (synthesis)  

• going from experiences and observations towards definitions (of terms) 
and causes, from the particular to the general (induction)  

• moving from the general to the particular (deduction)  

• transposing from a more concrete to a more abstract formulation (ab-
straction)  

• establishing a more concrete reality from a more abstract formulation 
(concretizing)  

In my research I have made scientific progress by using and combining the 
procedures above stated by Hubka and Eder in Design Science (1996).  

By referring to science of engineering as defined by Gunnar Sohlenius (1990, 
2005), the researcher can draw the conclusion that business innovation by us-
ing the models with the interaction mechanism for interaction engineering can 
be regarded as a new theory within engineering design.  

The consecutive phases of a science of engineering, seen as the knowledge 
development process as well as the accumulated theory- and knowledge base of 
engineering, are defined by Sohlenius (1990, 2005) in the following way: 

1. Analyze what is  

2. Analyze (imagine) what would be possible  

3. Define what would be desirable  

4. Develop (create) what has never been  

5. Analyze the result of this development  

6. Conclude the generalized result of this analysis in a new theory  
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These phases are logically connected to abduction and deduction according to 
the hermeneutic methodology.  

In order to verify the validity of a design theory, there are according to Buur 
(1990) two approaches, verification by logic and verification by acceptance.  

Logical verification is based on:  

• Consistency: there are no internal conflicts between individual parts or 
elements (e.g. axiom) of the theory.  

• Completeness: all relevant phenomena previously observed can be ex-
plained or rejected by the theory (i.e. observation from literature, in-
dustrial experience, etc.).  

• Well-established and successful methods are in agreement with the 
theory.  

• Cases (i.e. particularly on business innovation) and specific business 
design problems can be explained by means of the theory.  

Verification by acceptance is based on:  

• Statements of the theory (as axioms and theorems) are accepted by re-
searchers and experienced industrialists within this area of design and 
development.  

• Models and methods derived from the theory are acceptable to re-
searchers and experienced industrialists within this area of design and 
development.  

In this research work, logical verification have been used to test the internal 
validity of the research results, for the reason that the models are based on and 
evaluated (verified) by established and accepted theories and methods within 
Engineering Design, and that a multitude of industrial cases are used for devel-
opment and verification of the models.  

Verification by acceptance have also been employed for the reason that several 
papers with the models and the interaction tool have been evaluated and ac-
cepted to be presented at scientific conferences, seminars and workshop.  

In order to establish and evaluate quality of research design, Yin (1994) has 
suggested (for empirical social research) four tests and a set of tactics to be 
relevant for case study research:  

Construct validity by establishing correct operational measures for the con-
cepts being studied by using three tactics to increase construct validity:  
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• use of multiple sources of evidence (many cases and figures from dif-
ferent companies are used in my research study)  

• establish a chain of evidence (several cases on same type of object are 
used in my research study)  

• have the draft study report reviewed by key informants (most of the 
cases are reported by my self as original creator of material or key in-
formant by using my knowledge and experience in this research study)  

The case study tactics to construct validity is to be used under the data collec-
tion phase.  

Internal validity by establishing a causal relationship by using analytic tactics 
in form of doing pattern matching, explanation building and time-series analy-
sis.  

The case study tactics to achieve internal validity is to be used under the data 
analysis phase.  

Internal validity is suggested by Yin (1994) to be used for explanatory or 
causal studies only, and not for descriptive or exploratory studies. However, 
my research work is both exploratory and explanatory. My research includes 
also descriptive and prescriptive studies.  

Nevertheless, in my research I have done pattern matching between models in 
different cases and my models during development and validation.  

I have also done explanation building on business innovation including product 
platform development and product structuring.  

External validity by establishing the domain to which a study’s findings can 
be generalized by using replication logic in multi-case studies.  

The case study test for external validity is to be used under the research design 
phase.  

External validity is the test that deals with the problem whether the findings of 
a study can be generalized beyond the domain of the case study. The domain of 
my research is business innovation in industrial companies with mechatronical 
products. The findings in this thesis can be generalized to industrial companies 
with engineering and manufacturing of products with structures as machine 
systems.  

Reliability is concerned with the trustworthiness (or dependability) of the re-
sults, and the repeatability of a study. The objective of this test on reliability is 
to be sure that a later investigator following the same procedures as described 
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by an earlier investigator and conducted the same case study all over again, that 
the later investigator should arrive at the same findings and conclusions.  

This case study test on reliability is to be used under the data collection phase.  

My research study is both exploratory and explanatory. The research results in 
this thesis are to some extent dependant on my ability to create new solutions. 
However, doing and presenting an extensive verification and validation of the 
models and by using a large number of cases facilitate the possibility for an-
other researcher to arrive at approximately the same findings and conclusions.  

Validation of the hypothesis is, of course, best performed if the presented mod-
els and tools prove to be useful in many industrial companies doing both busi-
ness innovation and business operation. Unfortunately, that type of validation 
is a far too extensive work to cope with within this research study and would 
take too many years to complete, but it could be a good object for further re-
search. However, the employment of a recognized research method and a de-
tailed method description, and a concrete and detailed verification/validation of 
the research results, provides the means for other researchers to evaluate the 
results in this thesis.  

One can argue that a theory is always a model, but a model is not necessarily a 
theory (Føllesdal, et al., 1993). If the models presented in this thesis are only 
models, which have been verified and accepted, or can be regarded as a new 
theory, depends on the criteria, which have to be fulfilled by the proposed the-
ory. That question, if the new models with tools presented as research results in 
chapter 8 can be accepted as a new theory, is to early to answer in this thesis.  

Since different objects as companies, theories, methods and cases were ob-
served after the researcher left employment in industry, the subject as re-
searcher could hardly influence the objects with his observations. But the re-
searcher could, of course, chose the objects for observations, which were suited 
more or less well for the research purpose. Furthermore, the background and 
the experience of the topic (business innovation), as manager, engineer and 
designer, had affect on how the objects were interpreted.  

8.6 Summary and Conclusion of Chapter 8  
In this research result chapter, models and tools for business innovation are 
presented and the hypotheses are validated. Activities and fundamental princi-
ples, which are involved in business innovation, are presented. Thereby are the 
research objectives achieved and the research questions answered.  
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9 FINAL DISCUSSION AND CONCLUSIONS 

This thesis is about business innovation in engineering and manufacturing 
companies, where many types of innovations are involved, as technological, 
product, process, market and organizational innovation. Main objectives of 
innovation are to improve customer satisfaction and quality of life by improv-
ing business competitiveness of companies.  

In an industrial company with activities for engineering and manufacturing of 
products, there are both functional areas and processes to be organized. Nor-
mally, this is solved by a matrix organization of functions (as market, design, 
production and service) and processes (innovative and operative). In this thesis 
a company is regarded as a business system with functional capabilities (as 
business sub-systems) and process capabilities (as business sub-processes).  

Business innovation in this research study is considered as innovation of busi-
ness systems and processes including product platform development and prod-
uct structuring. Business innovation is performed by interactions within and 
between the business sub-systems and the business sub-processes. Modeling of 
business systems and processes, including product platforms and structures, 
during four product life-phases have been carried out.  

In order to develop models for business innovation, a new theory for interac-
tion engineering was developed by synthesis of two established and well-
known engineering design theories, the theory of Axiomatic Design by Suh 
(1990) and the theory of Domains by Andreasen (1980), and one system design 
methodology, from Systems Engineering. On this theoretical base, I further 
developed my models by utilizing one part of my theoretical and empirical 
platform, and validated my models by utilizing another part of my theoretical 
and empirical platform (based on my knowledge and experience).  

In the thesis, models for business innovation, including an invented interaction 
mechanism, have been presented. These models can be used as maps, with the 
new interaction mechanism as navigation tool, for innovation of business sys-
tems and business processes. Business innovation of system and process corre-
sponds in this study to business development.  

The models are showing that an industrial company can be regarded as a busi-
ness system, which can be decomposed into sub-systems for areas as market, 
innovation, production and service. These sub-systems can be further decom-
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posed into sub-sub-systems. By regarding the sub-systems of the innovation 
system as different views and handling them as domains, theories and methods 
from the engineering design area can be utilized for business innovation or 
engineering.  

The business process is consisting of a number of sub-processes. In this thesis 
the business process is composed of four sub-processes, which can be denomi-
nated pre-development (process-to-technology), main development (process-to-
market), order and delivery (process-to-customer), and use and maintenance 
(process-to-service). Business innovation is performed by the two development 
processes and business operation is performed by the order and delivery, and 
use and maintenance processes. Business innovation is carried out by choosing 
the business sub-systems and sub-processes to be involved and by using the 
interaction mechanism.  

Business innovation covers the area from business idea and product idea to 
business operation and product maintenance. The main part of business innova-
tion is development of the product platform including product and support 
structures. Product variants are created and realized by various configurations 
of products and production systems within the frames of the product platform.  

Innovation of products and business systems/processes, and production of 
products, in cooperation with other engineering and/or manufacturing compa-
nies need collaboration solutions for product and business engineering. Plat-
forms for collaborative engineering, based on generic principles and structures, 
and information and communication standards, can support systematic and 
structured ways of working with business systems, processes, products and 
corresponding information in extended enterprises. The collaboration platform 
should include knowledge, structures and information for product functions 
and build-ups, and business systems and processes. Information should be fed 
to and retrieved from the information system of the platform successively dur-
ing development and realization of products and business systems and proc-
esses.  

The thesis is elucidating that business innovation, including modeling and 
structuring of products, can be carried out by working in a systematic and 
structured way and by utilizing engineering design theories and methods. The 
models with the new navigation tool for interactions are describing which ac-
tivities should be performed in business innovation with product platform de-
velopment and product structuring.  

Different models for business innovation are presented with different purpose, 
perspective and detailing level, corresponding to structured analysis and design 
technique (SADT), (Ross, 1977).  
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The thesis introduces a new dimension to the design area, namely business 
innovation or engineering, corresponding to business design and development. 
Business innovation is also a new type of innovation, combining technological, 
product, process, market and organizational innovations in industrial compa-
nies.  

For companies in business with changes, innovations can create new markets 
and products. Well-managed and innovative companies with an effective (effi-
cient) business process have good possibilities to be competitive in a tough 
business environment.  

A benefit of the models is an increased transparency of the business system. 
Furthermore, an increased understanding of the business processes is achieved. 
The models are also showing which activities should be included in business 
systems and processes. A number of fundamental principles, which could be 
used to support business innovation, are also presented.  

The models have focus on business innovation, and business operation is there-
fore dealt with to a limited extent. Development for service is also treated lim-
ited.  

Another limitation is that the models have not been used in a real business 
company. Thus, it is difficult fully to judge how well the models with the inter-
action tool can support industrial companies in business innovation. However, 
the models are validated part by part by comparisons with business innovation 
in different industrial companies.  

Moreover, the models are based on engineering design theories and methods, 
from several different sources (Hubka and Eder, 1988, 1996), (Suh, 1990, 
2001), (Andreasen, 1992a, 1998), (Sohlenius, 2000, 2005):  

• The theory of Domains, as to Andreasen, has four domains (Transfor-
mation/Process, Function/Organ, Components/Parts, Produc-
tion/Manufacturing of parts) for a technical system (machine); these 
domains cover purpose, realization and production of the product (ma-
chine), but not production system and service.  

• The theory of Axiomatic Design, as to Suh, has also four domains 
(Customer, Function, Design, Process) for a product; these domains 
cover purpose, realization and production process, but not design of 
production system and service.  

• The road map for concurrent design, as to Sohlenius, covers six do-
mains (Customer, Product function, Design product, Business process, 
Design manufacturing system, Installing manufacturing system) for 
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product and business process; these domains cover purpose and reali-
zation of both product and manufacturing system, but not service.  

Production system (in this thesis) refers to supply system with suppliers of 
components, modules and products. In Sohlenius paper are business require-
ments and manufacturing requirements starting-points for manufacturing sys-
tem design.  

The models, including the interaction tool, correspond to some extent to the 
domain theory (Andreasen, 1992a, 1998), which describes the design task as 
navigation in relation to a basic pattern, which is composed of causal relation-
ship between the domains. The domain model can be regarded as a basic map, 
on which it is possible to chart the progress of the design task. Movements in 
relation to this map are the designer’s navigational maneuvers.  

Andreasen deals with design of mechanical machine systems and obviously are 
there similarities with business systems. For the design you need a map for 
navigation and tracking. In this thesis are the operations/transformations of the 
navigation tool (interaction mechanism) specified. In the domain theory are the 
navigation maneuvers more open.  

The interactions (in this thesis) have also similarities with the mapping and 
zigzagging in Axiomatic Design (Suh, 1990, 2001).  

Knowledge and experience from the Systems Engineering area are also utilized 
in this research work regarding business and innovation systems and processes.  

One conclusion from the results in this thesis is that a theory for design of 
product platforms in a business context should be based on five domains: cus-
tomer need/market demand, function, design/development, production/supply 
and maintenance/service. However, a domain for service/maintenance has to 
relate to the other domains by regarding that the service system is a separate 
system that must be created integrated with the product and the production 
system, in order to make the product easy to maintain and to design the service 
system. Another conclusion is that fundamental principles including interaction 
tools should be involved in such a new theory for business innovation.  

The author has in this research studied business innovation for industrial com-
panies with engineering and manufacturing of mainly mechatronical products. 
However, the results in form of models and tools should also be useful for 
companies with other types of products with structures as machine systems as 
mechanical, electrical, electromechanical and electronic products. A large 
number of the engineering and manufacturing companies in Sweden and other 
countries with product platforms with physical products should be able to use 
and make benefit of the models and tools in this thesis.  
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The objectives with the research and the results were to support this type of 
industrial companies to be effective and competitive in product development, 
realization and service with right quality and high productivity.  

The models for business innovation in this thesis are based on theory building 
and generalizations of observations and findings from particular industrial 
companies and literature studies.  

The new models with tools presented as research results in chapter 8 can be 
regarded as a new theory, and be called theory for interaction engineering. 
However, I cannot give any answer in this thesis, if other researchers will ac-
cept my theory, but I regard my theory as relevant, adequate accurate and valid 
for business innovation in industrial companies with electromechanical prod-
ucts.  

The models in this thesis are general, but they have to be made more concrete 
as product- and company-specific, when they are used in real business envi-
ronment.  

Further research has been identified:  

• Elaboration of the models. In this thesis I have presented the first gen-
eration of my models, but I foresee that the models (including descrip-
tions, denominations and interactions) can be developed further, for in-
stance the relation with service should be able to improve.  

• Case studies to validate the complete models with the interaction tool. 
As I have not had opportunity and time to verify my complete models 
with the interaction tool in any real company, it would be appropriate 
to do that validation in a company open to test new ways of working 
with business innovation. In order to get my models and tools accepted 
as a new theory, the models and tools ought to be validated by other re-
searchers in more cases.  

• Analysis of similar models as Procedure model for design of mecha-
tronic systems (Gausemeier and Moehringer, 2003) in VDI (Verein 
Deutscher Ingenieure, Association of German Engineers) 2206, and  
GRAI (Graphe à Résultats et Activités Interliés, Graph with Results 
and Actions Interrelated) model and Engineering method (Doumeingts 
et al. 1987), (Girard and Merlo, 2003).  

• Broader scope of the models to include service, competence, organiza-
tion and company strategy.  
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9.1 Academic Relevance  
Business innovation is a new dimension of engineering design with business 
system and process as design objects in a wider context (business environ-
ment). Business innovation is carried out as interaction engineering on business 
sub-systems and sub-processes using a new design tool called interaction 
mechanism.  

Business innovation (or engineering) can be seen as an application or an exten-
sion of established theories and methodologies within the engineering design 
area and the research work can therefore be considered as knowledge building. 
The models with tools for business innovation can also be regarded as a new 
theory (for interaction engineering) within design science and the research 
work can in that case be considered as theory building (based on synthesis of 
two recognized engineering design theories).  

9.2 Industrial Relevance  
Business innovation models and tools are created for industrial companies to 
support them to be effective and competitive in product development, realiza-
tion and service with right quality and high productivity.  

Functional capabilities and process capabilities are merged in the models to 
facilitate effective (efficient) business innovation by using interactive tools and 
fundamental principles.  

The research results, based on design science and broad knowledge and many 
years of industrial experience, show that business systems and business proc-
esses can be innovated (or developed) by utilizing engineering design theories 
and methods. The research work can therefore be considered as building 
knowledge for industrial practice.  
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