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Abstract

Embodied in the concept of functional products is a shift in view for manufacturing 
companies as providers of physical artefacts to service providers. Furthermore, 
differentiation by offering added value, increased commitment towards customers, life-
cycle commitment for the physical artefact and close collaboration between 
manufacturing companies are characteristics of the concept of functional products. On a 
business level, the concept of functional products are expressed as total offers, integrated 
solutions and/or functional sales. On a product development level, the integration of 
hardware, software and service aspects is identified. Accordingly, from one viewpoint 
the concept of functional products leads to a transition view and from another 
viewpoint the concept of functional products leads to an integration view. A shift in 
view and integration seem to be in opposition to each other.

The purpose of this thesis is to explore what new approaches in product 
development are motivated by the concept of functional products. To understand the 
concept of functional products, the differences between hardware and service aspects 
have to be understood. A knowledge perspective frames the study. The focus is upon 
hardware and service knowledge. 

The work in this thesis approaches the concept of functional products from a 
product development perspective i.e. a development of physical artefacts viewpoint, 
bringing in service management literature. The studies are delimited to manufacturing 
companies acting in a business-to-business environment. The research strategy used 
encompasses an interpretive approach and qualitative material is generated in both 
interviews and meetings with industry people.

Two perspectives emerge in the theoretical framework, a hardware perspective and a 
service perspective. A transition or a shift in view from a hardware perspective to a 
service perspective can take place on a business level, whereas on a product 
development level an integration view is necessary. The ability to alternate between a 
service perspective including needs analysis and a hardware perspective including 
solutions has been presented. Thus, the importance of understanding needs is 
recognised for functional product development. New approaches for product 
development are found concerning integration of knowledge, collaboration and 
reflective approach to services. An open-minded approach to products where new 
products and offerings can emerge has also been discussed.

Keywords 
Product Development, Functional Products, Engineering Design, Knowledge 
Integration  
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Thesis

This thesis comprises an introductory section and the following appended papers. 

Paper A 
A Service Perspective on Product Development – Towards Functional Products. Åsa Ericson and 
Tobias Larsson. Presented at the 12th International Product Development Management 
Conference, Copenhagen, 12-14 June 2005. 

In Paper A, I am responsible for the premise of the paper, the performance of the study 
and the writing. Tobias Larsson has provided valuable input beyond his responsibilities 
as my supervisor.

Paper B 
Knowledge Sharing Challenges within the Extended Enterprise. Åsa Ericson, Henrik Nergård 
and Tobias Larsson. Presented at the International Conference on Engineering Design, 
Melbourne, 15-18 August 2005. 

The idea for Paper B evolved in discussions with Henrik Nergård. Interviews and 
analysis of the material have been performed in collaboration with Henrik Nergård. 
The writing is my own, but Tobias Larsson has contributed valuable input and 
discussions.  

Paper C
Functional Product Development – Discussing Knowledge Enabling Technologies. Henrik 
Nergård, Åsa Ericson, Mattias Bergström, Stefan Sandberg, Peter Törlind and Tobias 
Larsson. 

The basis of the discussions in Paper C comprises studies performed by Henrik 
Nergård, Mattias Bergström, Stefan Sandberg and myself, respectively. The ideas 
presented in the figures and discussions in the paper are based on a collaborative analysis 
of our material. Peter Törlind and Tobias Larsson have contributed to the discussions.
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1 Introduction 
Besides emerging within the Swedish manufacturing industry, functional product as a 
term and as a concept has a tradition in a wide range of areas, e.g., the food and dairy 
industries, the confectionary industry and biochemistry. Fisher [1] presents a 
classification of functional products and of innovative products. Functional products are 
defined as having stable, predictable demand and long life cycles, but “…their stability 
invites competition, which often leads to low profit margins” [1, p. 106].

Functional products in the context of the manufacturing industry represent a 
phenomenon that differs from Fisher’s taxonomy [2]. This idea is expressed in forms of, 
for example, total offers/integrated solutions/functional products or doing functional 
sales [3], [4], [5], [6], and conveys a will to differentiate products by offering customers 
added value. Even though the phenomenon is given a different name in the 
manufacturing industry, the phenomenon is based on common features that may be 
discerned in the companies’ efforts.

The focus on a strategic business level in manufacturing companies is to sell functions 
to customers. From the customers’ perspective the ownership of the physical artefact is 
not transferred; what is bought and paid for are functions [7]. Therefore, the 
manufacturing companies tend to focus on providing service [6] or on leasing [5]. The 
integration of hardware, software and services into this phenomenon is identified [8], 
[9], [10], [11]. Further efforts on a business level are to provide the customers with a 
more encompassing offer i.e., integrated solutions [9], total offers [12] or total 
care/functional products [7]. The changed view on the business level entails a view to 
provide an increased commitment towards customers and a life-cycle commitment for 
the physical artefact. A transition from products to services i.e., to abandon one view in 
favour of another, is outlined [13]. This shift in view, from a focus on transactions of 
physical artefacts to the offering of services, as well as a hardware and service integration 
view, is captured in the concept of functional product.

On a product development level in industry it is recognised that a shift in view 
and/or integration will not be effortless. The focus on service providing on a business 
level arouses concerns about technical progress on the technical design level. Will 
technical progress stagnate as a result of this shift in view? How can technical progress 
as well as the integration of services be supported in the concept of functional products? 
There are many questions and concerns surrounding the concept of functional products 
that are of interest to both industry and researchers.  

In manufacturing companies, services are seen as complementary or add-ons to the 
physical artefact and occur in aftermarket activities [14]. The word ‘aftermarket’ to 
denote the occurrence of services indicates that the physical artefact is central to the 
company, and not the service. A major part of the profit is made on aftermarket 
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activities such as maintenance and spare parts. Over time, competition has increased in 
the aftermarket activities of manufacturing industries. One trigger for the concept of 
functional products can be found in the interest to control the aftermarket activities for 
the physical artefact. If the ownership of the physical artefact is not transferred to the 
customer, the responsibility for maintenance and spare parts remains with the service 
provider. The aftermarket is thus the domain of the provider and competition from, for 
example, companies manufacturing pirated spare parts, is prevented. The driving force 
to control the aftermarket also enables ecological sustainability through remanufacturing 
[5] and design with respect to technological advances [7]. Thereby, the development of 
physical artefacts i.e., the product development, is affected by the concept of functional 
products.

Through the lens of service management researchers, the integration of hardware, 
software and services within the same offer is nothing new [6]. However, on a 
development level the integration of services into the design process has the potential to 
affect the physical artefact in positive ways according to ecological, economic and social 
sustainability issues. The service integration into product development can be expressed 
in terms of usability and ability to collaborate [6], but also in terms of customised 
solutions of a physical artefact [15]. Nevertheless, today customers’ needs inform 
product development in minor ways [16]. The increased content of services in product 
development raises the possibility for functional product development to be guided by 
customer needs and to meet these needs in different ways [17], [18].

The focus on integrating services and hardware into the product development 
constitutes an incitement for manufacturing companies to use all competences for the 
benefit of the customer [6]. This view encourages the manufacturer to design physical 
artefacts optimised for the customers’ value-creating processes. The concept of 
functional products has to address customer needs, but also flexibility to cross-
functional, cross-business, cross-cultural and cross-continental collaboration [19]. 
Resources needed for a global market are not easily found within a single company. 
Agile manufacturing, flexible and quick responsive manufacturing, is the capability to 
handle changing markets driven by customer-designed products and services [20]. 
Focus in agile thinking is on the sharing of resources, technologies and risks, as well as 
on organisational flexibility [20]. Hence, agile thinking is in line with the concept of 
functional products [19].  Enabling technologies, e.g., concurrent engineering, virtual 
manufacturing and information and communication infrastructure, are critical for the 
performance of flexible manufacturing [20]. The dynamic business setting and the 
vision for collaboration present a picture of networks of knowledge inputs and product 
outputs [21].

Knowledge is described as contemporary organisations’ most important resource, and 
knowledge management places expectations on computer tools to facilitate knowledge 
representation, storing and transfer [22], [23]. Knowledge management can be divided 
into two approaches [22], [24], [25]. The first focuses on gathering, collecting, storing 
and reuse; the second focuses on knowledge integration, creation and sharing involving 
human components [21], [22], [24], [25]. Besides introducing knowledge problems, 
cross-boundary knowledge work is seen to involve social aspects [19], [26], [27], [28]. 
The shift in view and/or the integration of hardware and service into the concept of 
functional products could be seen as a clash between these views of knowledge 
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management. To enable functional product development service and hardware 
knowledge must be understood.  

All in all, the Swedish manufacturing companies’ shift in view and integration view 
captured in the concept of functional products seems to insist on new ways of thinking 
when doing business, but also new thinking and practice in the knowledge area of 
product development.  

1.1 Purpose 
The concept of functional products is a challenge for the manufacturing industry, a 
challenge that necessitates new thinking and practice in product development. One 
characteristic of the concept of functional products is the integration. Another 
characteristic of the concept is the manufacturing companies’ shift in view from 
hardware providers to service providers. A ‘shift in view’ and an ‘integration of service 
and hardware’ seem to be in opposition to each other.

Thus, the purpose of this thesis is to explore the following questions: 

What new approaches in product development are motivated by the concept of 
functional products? 

What knowledge and information are vital to product development? 

What knowledge and information are vital to service management?  

1.2  Delimitations 
The thesis concerns an exploration of the concept functional products in product 
development. The service content as a component of the total offer from 
manufacturing company is growing.  

Views on product development abound. One dilemma is the use of the word 
product in the explanations given. For example, “...it can be stated that product 
development represents a term for refereeing to the creation of an improved or new product as well 
as its delivery to the market” [29, p. 415]. In this thesis, product development refers to the 
development of physical artefacts. Early phases of product development i.e., planning 
and conceptual design, are of particular interest.

The thesis concerns the understanding of a new situation and how it can affect 
product development, rather than establishing a definition of functional product 
development. The environment is delimited to the design of physical artefacts in a 
business-to-business situation. Service aspects are brought into that process to highlight 
changes for the development of physical artefacts. The outlining of a service 
development process as such is not the purpose.  

The integration of hardware and services into the concept of functional products 
entails knowledge integration issues. The collaboration needed for additional resources 
in functional product development highlights a knowledge sharing process. Thus, a 
knowledge perspective frames the study. The focus is upon hardware and service 
knowledge.  
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1.3 Definitions 
A knowledge perspective is applied to the phenomenon studied in this thesis. A 
knowledge perspective is challenging in itself. What is knowledge and what is 
information? Some equate information and knowledge. The distinction between the 
terms can be paraphrased [30] as follows: 

Data – a collection of facts, measurements, etc.  

Information – organised or processed data. Information is structured and is valid in 
an isolated context. 

Knowledge – contextualised, relevant and actionable information. Knowledge is 
fuzzy and loosely coupled and is valid in a shared context.  

Based on this view, an integral part of being knowledgeable is the ability to act [30]. 
Information exchange facilitates the sharing, creation and use of knowledge and this in 
turn creates a shared context [28]. Information resides in media and networks; it is 
tangible, while knowledge resides in a shared context and is intangible [31]. 
Information can be easily processed, while knowledge must be continuously re-created 
and re-constituted through dynamic, interactive and social networking activities [24]. 
My view is that the sharing process can be computer supported, though what is 
formalised and represented in the computer software is information.

The business perspective on knowledge is more practical, even though there is no 
uniform definition or consensus on what it specifically means [30]. In this thesis I apply 
a knowledge perspective in a business-to-business context. Hence, the knowledge 
perspective relates to both information and knowledge which flow back and forth 
between and inside companies in product development projects of physical artefacts.  

1.4 Disposition of the Thesis 
The thesis as a whole is built on this cover paper and three appended papers. The cover 
paper provides an introduction to the research area and summarises the three appended 
papers. In the following chapter, I present the research environment and my 
background. Firstly, this is done because I do not have a background in engineering, 
but I am acting in an engineering design environment. I have to present my 
understanding of the area in which I am striving to contribute.  Secondly, this is done 
because the description of my background serves as an introduction to my research 
strategy, which is presented in Chapter 3. The theoretical framework is outlined in 
Chapter 4. Chapter 5 is two-fold. Firstly, I am render the three appended papers and 
summarise what has been learnt. Secondly, the findings are discussed in the view of the 
theoretical framework of this thesis. In Chapter 6, I present some concluding thoughts 
and reflect on the contribution of this thesis. Finally, in Chapter 7, I will propose some 
ideas for further research and my own future studies. 
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2 The Research Environment 
In this section I have adopted a stance between the research world and the industrial world. This is 
intentional, since I must relate to the two worlds and contribute to both; before I can do that, I 
have to understand the research environment.

2.1  Computer Aided Design  
The vision of the Division of Computer Aided Design, mirroring the industrial 
intentions, includes an integrated and multidisciplinary approach focusing on a 
user/customer-need orientation. Research within the division is performed in close 
collaboration with industrial companies. The knowledge area of computational methods 
for finite element modelling and simulation is well established in the research field of 
computer aided design.  

Over time, in line with changes in the industrial environment, the division’s focus 
has evolved to encompass a broader range of simulation methods to support product 
development and contribute to the domain of Engineering Design. Today, three main 
areas within the Engineering Design domain are in focus (1) Distributed Collaborative 
Engineering (2) Simulation Driven Design, and (3) Functional Product Development.

Besides a focus on collaboration aspects in Engineering Design, the Distributed 
Collaborative Engineering area is concerned with learning and support for design teams 
in geographical distributed environments. The collaboration aspects concern all parts of 
product development, as well as an interest in the engineering practice as such. 
Particular interest areas are methods and environments to support creativity, 
information and knowledge sharing with a focus on the technical transfer processes, on 
technology design per se and on the interaction between humans and technology.  

The area of Simulation Driven Design is concerned with computer simulation tools, 
models and methods. These tools, models and methods are well established in 
engineering practice for validation and verification in product development, but they 
can be potentially improved, not only technically, but also with regard to their use in 
guiding design processes.  

Compared to the other focus areas, the Functional Product Development area is 
rather new to the division and is still evolving in the sphere of research, as it is in the 
manufacturing industry. The potential for a broader use of computational technology, 
particularly distributed technology, is recognised. The aim of the research area is work 
procedures, methods and tools to support functional product development. Since 
Functional Product Development involves the integration of hardware and service 
aspects, this research area insists particularly on a multidisciplinary approach combining 
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product development with other areas, e.g., service management and knowledge 
management.  

2.2  Me, Myself and I 
My professional background includes several years at Swedish Railways. I have assisted 
in the offering procedure for the sale of railway transportation services to customers in 
industry. The work included development of transportation services, in cooperation 
with industry-specific segments of customers, to meet customer needs. During these 
years, work was aided by computer support on a day-to-day basis. Over time, an 
interest in how to design information systems to support human activities evolved.

Accordingly, in 1998 I attended the Informatics and Systems Science programme at 
Luleå University of Technology. The focus of the programme was on soft systems 
thinking and on user-oriented design, seeing the designer as bridging the gap between 
human activities and technology i.e., social informatics. A distinction between soft 
systems thinking and hard systems thinking enables to distinguish between two 
fundamentally different stances within systems thinking. Hard systems thinking employ 
the word system as a label for a systemic world; thus, it can be controlled and problems 
can be solved correctly. In soft systems thinking the world is considered to be very 
complex and problematic; to cope with it, the process of inquiry is systemic [32]. In 
soft systems thinking design is understood as the transformation from a problematic 
situation to a new preferred and feasible situation. All of this has engendered my 
interest in change processes, communication, knowledge aspects and learning. The soft 
systems thinking approach is an inherent part of my way of thinking and it finds 
practical expression in an interest to understand several perspectives of a situation to 
shed light on how a situation interpreted as problematic by its actors can change into a 
preferred and feasible one.  

2.3  The Industrial Context 
Besides the vision of an integrated product development process in Swedish 
manufacturing industry, the use of computational support is established in the industrial 
context [33]. Knowledge-based engineering computational tools are used by design 
engineers. The aim is to capture and re-use product and process knowledge. For 
example, manufacturing knowledge can be captured in product models which can be 
used for generic products to save time and improve quality [34]. Furthermore, the use 
of finite element analysis is part of the daily work of analysis engineers [35]. Although 
commonly used by engineers in product development activities, the computational 
tools are seen more or less as crisis tools and not used for reaping the benefits of a 
simulation driven product development i.e., shorter product development time and 
improved quality. The use of virtual manufacturing and simulation tools makes it 
feasible to test several alternatives before a product or prototype exists [36]. Besides this, 
the use of simulations increases technical information in decision-making and risks can 
be reduced [36]. The use of expensive material can also be reduced [36]; thus, life-cycle 
costs and environmental aspects can benefit from the use of simulations. All in all, the 
use of computational techniques and tools is considered to be an advantage in industrial 
product development [33].   
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The creation of highly complex products provided by the manufacturing industry 
necessitates improvement of the information infrastructure of design and simulation to 
support the involvement of several collaborative partners in the design process [33]. 
Information and knowledge infrastructures in a collaborative setting involve more 
dimensions than computer infrastructures and computer technology. For example, 
socially mediated engineering in the context of industrial collaborative design has been 
identified [19]. This means that there is a dependency between the work of design 
engineers and analysis engineers, and more is learned about a model by understanding 
the rationale of the person who made that model and being able to ask him or her for 
advice [19]. A shared understanding of what to design, of the process and of the design 
team members’ roles contributes to good design. Working in design teams dispersed 
around the globe, the creation of a shared context relies on collaborative computer 
support tools [37], but also on informal communication. Distributed collaborative work 
insists on computer technology to enable informal communication as well as parallel 
communication [38]. Hence, it is important to understand soft aspects or human 
activities, e.g., relationships and communication, to design useful and supporting 
computational tools.

Even though the focus on what constitutes the product diverges between the 
information system design and the engineering design perspectives, there are common 
characteristics. The perspective of design, the development of products and the 
emphasis on information and communication tools to support information sharing is 
present in both perspectives. Furthermore, the focus on user/customer needs 
emphasised at the division of Computer Aided Design and the manufacturing industry’s 
interest in human activities provide a starting position for me to contribute to the both 
worlds.

2.4 Positioning my Studies in the Research Environment 
Product development companies can be considered as having two main development 
areas, which can be interpreted as a technical development area and commercial 
development area [39]. In Figure 1, the commercial or business development area is 
represented by total offer and functional sales. On this overarching business development 
level, a transition view from products to services is prevalent [13].  Research questions 
asked at the total offer level concern what is being sold to the customers and which parts 
constitute the total offer.  To what extent is the offer a service offer?  

On the functional sales level, the phenomenon studied is approached by considering 
issues about how the total offers/integrated solutions/functional products are sold or 
provided to the customer. Initial interest at this level concerns, for example, leasing, 
renting or providing the physical artefact as a service.  
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Figure 1. Positioning of studies in the research environment 

The functional product development level emphasises the actual development of 
functional products. The term product is here used in a wide sense i.e., the result of a 
development process – service, software, hardware or a combination thereof 1. The 
starting positions for the research studies of the concept of functional products can thus 
diverge. My starting position is hardware development and my empirical material has 
been generated in manufacturing companies. Material from service management 
literature aids an understanding of the integration as well as the understanding of the 
shift in view. Within hardware development the early engineering design phases are of 
particular interest. Thus, the studies in this thesis can be positioned in the intersection of 
hardware and services in Figure 1. The interplay between total offer and functional sales 
levels affects the design of the physical artefact, so they are not neglected, although they 
are not the focus in this thesis.

1 Product development in this thesis refers to development of physical artefacts. Establishing a definition 
of functional product development is beyond the scope in this thesis. Nevertheless, the integration of 
services and hardware into functional product development blurs the definition of the term product. 
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3 Research Strategy  
Research skills are acquired in the interplay between practice and reflection. Consequently, 
underpinning thoughts or my a priori understandings as well as a reflection on what I have learnt 
through doing research are included in the last part of this section. Besides being presented in this 
thesis, the research strategy outlined here has been used in all three appended papers to obtain 
material.

3.1  An Interpretive Approach and the Hermeneutic Spiral 
It is important to discuss the appropriateness of the methods and approach in relation to 
the research problem and not to treat the choice as obvious. How to study the chosen 
problem area is an inherent part in the research purpose or question. The purpose 
should guide the choice of methods as well as the kind of information that is useful and 
accessible. The purpose of this thesis encompasses the intention to explore and to 
understand a phenomenon. I am striving to understand a future to-be situation, thus 
the present has to be explored and interpreted in terms of plausible changes.  

Hermeneutics is about interpretations. I have chosen the interpretive approach since 
it highlights the researcher as an ‘interpretive tool’ [40] and this has also been my role 
during the interaction with people from the manufacturing companies. Furthermore, 
the interpretive approach supports the idea that human activities are purposeful or 
meaningful to those carrying out the activities.

Humans never face the world without assumptions i.e., pre-understanding. These 
determine what is understandable and what is not to us as humans. Pre-understanding 
could be described as a form of network of experiences that can be activated. Sources 
for pre-understanding are personal experiences, experiences of others and 
intermediaries such as textbooks, research reports and lectures [41]. If the pre-
understanding has arisen without conscious reflection, it could be an obstacle to every 
kind of meaningful learning. I have presented my background and touched on my 
network of experiences in the previous chapter.  

The hermeneutic spiral is important in the effort to interpret human activities [42]. 
The spiral visualises the relations between the phenomenon that is to be interpreted, 
the pre-understanding and the context in which humans can interpret the phenomenon 
[42]. Hence, it is possible to say that a characteristic of an interpretive approach is that 
the meaning of a phenomenon can only be understood as a whole in its context, or that 
the content and context merge [43]. The problem phase is vital, as it is important to see 
the situation as problematic to those involved. The people who actually perform the 
activities hold different meanings of their activities and have diverging interpretations as 
to what constitutes the problem. The interplay in the hermeneutic spiral or the iterative 

We got to keep this world together, got to
keep it moving straight…trust and forgive 
each other. A little love and we just 
might…

Get it together - Seal  
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process deepens and sharpens the research question, given that the researcher gains 
better understanding of the phenomenon. The researcher as such is a tool for the 
interpretation, but should not be a cause for bias. A researcher guided by an interpretive 
approach is well aware that there is no single definitive picture, but several pictures. 
Even so, it is possible to establish a common view, a view created in interaction 
between humans, a view that these people share as a plausible interpretation of the 
situation.

This thesis has advanced in a way that is similar to the hermeneutic spiral. Part of this 
approach is to be confident with open research questions and to go with the flow i.e., 
in those directions that the research suggests. However, to ensure that one does not 
stray too far in scope from the research area’s delimitations, a well-founded 
understanding of the research area is necessary. Therefore, I have attempted to present 
my understanding of the research area of computer aided design in previous chapter 
and have presented the delimitations for the studies in the introductory chapter.

The approach to the phenomenon in research depends on the nature of the 
phenomenon. If a body of knowledge exists, it is possible to approach the phenomenon 
under study beginning in theory. Thus, theory testing is interesting. If the body of 
knowledge is limited or no knowledge exists, as in the concept of functional products, 
the starting position has to be in the context in which the phenomenon is experienced, 
in this case, the manufacturing industry. Within this context some sort of data or 
material is sought. 

3.2 Obtaining Background Material  
Research material can be in the form of numbers or words; i.e., quantity or qualities 
[44], [45]. The word quantitative describes a search for the degree of occurrence of a 
phenomenon in a population. The word qualitative describes a search for an intrinsic 
worth of a phenomenon. Qualitative material focuses on interpretations, understandings 
or experiences of the social world [46], while quantitative methods aim to measure 
some aspect stated in the research question with the interest to explain and predict [41]. 
The purpose of this thesis is not to measure any occurrence of a phenomenon in a 
population. The purpose of this thesis encompasses humans’ interpretations of a future 
situation. Interpretations of this situation come in words; accordingly, the generated 
material is qualitative. The choice to generate qualitative material in this thesis is based 
on the kind of information that was considered as useful for the purpose. The purpose 
is, in turn, based on the kind of information that was considered accessible. Since 
understanding and knowledge of the concept of functional products is limited, 
measurable parameters are not accessible.  

3.2.1  The Context for Material Generation 
The context for material generation is two-fold. Firstly, it was found in Swedish 
companies engaged in industrial product development. The companies have the 
experience of long-term relationships based on customer-provider roles, but they have 
also the experience of partner relationships and contractual supplier relationships. The 
companies have active business relationships with each other. Secondly, the context for 
material generation was found in meetings with a broader range of Swedish industry 
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companies. The companies in the meetings and workshops were a mix of 
manufacturing companies engaged in industrial product development and companies 
that constitute the other party in business-to-business situations, namely, customers 
and/or end-users.  Some people have been positively disposed to the concept of 
functional products and some have not. Some people have been well informed about 
the concept and some have not. This diversity has contributed to the material by 
encompassing not only possibilities, but also risks, and not only advantages, but also 
disadvantages. Access to these companies and to people active in them is crucial for the 
design of a research strategy [41]. Access to the companies in the manufacturing 
industry was already established, but access to people holding experiences and 
understandings about product development and people having visions for the concept 
of functional products and functional product development had to be gained. Initial 
access to these people was gained in meetings held with a project group consisting of 
people from both academia and industry. Further access was gained through interviews 
in which the interviewees suggested the names of other potentially interesting 
interviewees.

3.2.2  Talking With People 
When the decisions to talk with people and who to talk with are made, the decision 
about how to talk with people has to be made. Interviews, defined in a broad sense as 
‘to ask questions’ can be seen as an umbrella term for a plethora of methods. Interviews 
can be done in written surveys, but since the concept of functional products and 
functional product development is still rather elusive, surveys were not an option, due 
to the difficulty of formulating questions that would generate useful material. Beside 
this, it was felt that there was an evident risk that written questions would bias the 
material.

Talking directly to people was found useful. In interviews, both the questions and 
the scope of answers can vary. The interviewee, in unstructured interviews, is free to 
formulate and frame the answers within the context he or she chooses. The researcher 
listens and encourages the interviewee to develop his or her story. The researcher wants 
to start a dialogue that stimulates the interviewee to develop their own thoughts and 
questions. In a structured interview the questions asked are focused and information-
seeking and the interviewee can chose between alternative answers that are presented 
beforehand. A semi-structured interview is not a middle way, but an intentional 
technique to generate material within chosen topics. The interviewee is free to 
formulate and frame the answers, but the researcher is allowed to ‘keep’ the interviewee 
on topic or to extend the topics if the material provided by the interviewee is found 
interesting.

The interviews conducted in my studies can be classified as semi-structured. A broad 
set of topics was initially defined, e.g., a new business scenario, services. Over time, 
new topics were found in the generated material, e.g., product development, functions, 
customer needs.

Interviews can be performed with individuals or groups; here, I have done both. 
Furthermore, the interviews have been done in face-to-face meetings, but also with 
telephone conferencing equipment and distributed computer tools. To start a dialogue I 
have encouraged the interviewee to explain a term, concept or idea presented in his or 
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her first answers. I have also done a summary of the conversation when leaving one 
topic and taking up the next.  I have not been alone doing the interviews. The initial 
interviews have been conducted together with a former ‘non-engineer’ colleague. 
These interviews generated material on business aspects and on services on an overall 
level. Due to our shortcomings and by virtue of not being engineers, I felt that this 
constellation was not sufficient to generate deeper material that would allow bringing 
hardware and service aspects together in the concept of functional product 
development. It was decided that interviews would be carried out in collaboration with 
an engineering colleague. In these interviews we have been able to take turns and 
interact with the interviewee to generate material covering both hardware and service 
aspects. The parties in an interview situation meet each other as strangers; the 
researcher must put the participants at ease. To achieve this, the researcher herself must 
be at ease. This new constellation, with another engineer, put me at ease.

When doing interviews it is useful to understand the concept of rapport [47]. At one 
level, rapport means that the participants must not “…always agree about the content of the 
other’s viewpoint, but both recognize that the viewpoint is valid and worthy of respect” [47, p. 
189].  At another level, the participants have to agree about communication style, e.g., 
turn-taking, finishing without interruption, freedom to use any form of expression. The 
same words must not be used to express the same idea. Rapport is a quality of a 
communication event, not of the relation between the participants. ‘Neutrality’2 should 
not be confused with rapport. The distinction is that: 

Rapport is a stance vis-à-vis the person being interviewed. Neutrality is a stance 
vis-à-vis the content of what the person says. Rapport means that I respect the 
people being interviewed, so what they say is important because of who is saying 
it… Yet, I will not judge them for the content of what they say to me. [48, p. 
365]

To achieve rapport there has to be clarity of purpose with the interview. The 
presented topics have framed the purpose in the interviews. Furthermore, I have 
emphasised that there are no right or wrong answers and that it is important that the 
interviewees talk about the topics in their own words. To conduct interviews together 
with the engineering colleague made the interviewees comfortable, since they felt free 
to use their own words. This became apparent when a topic has required explanation in 
special technical terms and the interviewees have turned to the engineering colleague to 
explain the topic. The interviewees are promised anonymity. The interviews have been 
tape-recorded and transcribed. The material generated in interviews has been presented 
for the industrial people and follow-up questions have been asked.  

In addition to the interviews, material has been generated in meetings with an 
industrial/academic project group and in interplay with colleagues working in related 
research projects. I have taken notes during these meetings and I have asked follow-up 
questions.

2 Neutrality can be discussed, but doing so here does not serve the purpose of the thesis. 
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3.2.3 Organising the Material 
The generated material is summarised and reflected upon during the conversations with 
interviewees. The choice of relevant material and interpretations are integrated along 
the way. The generated material has been read in a non-cross-sectional way, a practice 
guided by a search for the particular and the holistic [46]. The non-cross-sectional 
indexing starts by simply reading the material as a whole. The task is to look for 
particular ideas, similarities and differences i.e., coding, categorising and analysing. In 
this cyclic process where the material is processed several times, a first step of analysis 
yields an overall description of the phenomenon.

3.3  Recoverability  
The issue if the researcher is measuring what is supposed to be measured or not is called 
validity [46]. I have generated qualitative material, but I have searched for patterns e.g., 
particular ideas, similarities, differences. The search for patterns per se can be considered 
as a generation of quantitative material, but the focus of my studies has not been on 
quantification. In the search for qualitative material the validity problem is not a 
consideration, since nothing is going to be measured. The interpretation and the 
description of the situation seem familiar to the interviewees and the situation can be 
empirically generalised to other contexts. Empirical generalisation is strengthened by 
ensuring anonymity. A dilemma arises in connection with this situation, since the 
researcher’s interpretation can yield statements like “we already knew that”. Thus, the 
research cannot be judged in straightforward, traditional terms.  

Reliability has to do with whether the measurements are made correctly. The term 
has its origin in natural science and is closely connected to repeatability [49]. But, the 
term ‘reliability’, in this sense, is not applicable here. Dealing with qualitative material, 
researchers know that repeatability is beyond their reach, whilst reliability is not. 
Checkland and Holwell [50] introduce the term recoverability instead of the concept 
repeatability. The emphasis in this term is that the research process should be 
“…recoverable by anyone interested in subjecting the research to critical scrutiny” (p. 18). To 
make this possible a ‘declared-in-advance methodology’ encompassing how the 
research is done and a particular framework of ideas has to be presented. The 
framework of ideas is important when dealing with interpretations, since these are 
highly interconnected with the researcher.  In the previous chapter I have presented my 
background and my framework of ideas. The ‘declared-in-advance methodology’ is also 
in line with the suggestion to declare decisions based on a priori characteristics [45].

3.4  A Priori Understanding, Reflections and Lessons Learned 
I have entered the research situation with an interest in human activities and I have 
striven to understand the interviewees’ interpretations of a situation. Early in my 
research studies I understood that where engineers see technology in use to support 
human activities, I see humans using technology to support their activities. This 
perspective affects how the concept of functional products is explored in this thesis.  

It has been difficult to gain access to the people and to their experiences; but the 
hard work does not end there. Access has not been as problematic in the interview 
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situations as it has in meetings. In a meeting situation the overall communication style is 
focused on information rather than on dialogue. The meeting form is used for 
reporting on progress, mainly technical progress. Of course, in these meetings I have 
not had much to inform about, I have not made any technical progress, because it is 
not the purpose of my studies. In these situations I have understood that the purpose of 
my studies has not been easy for industry people to grasp initially. The fuzziness in 
formulation of the purpose is in line with the hermeneutic spiral and part of the 
approach.

The interpretative approach in my research strategy, where the interpretations of the 
present context and the concept of functional products i.e., a new context, must co-
evolve, has contributed to the difficulty of understanding what it is all about. The 
explorative approach has also contributed to the fuzziness. Within specified 
delimitations, the phenomenon is followed in those directions that emerge over time. 
Nevertheless, in the early stages of the study, there has been an expectation on me, 
with limited understanding of the as-is situation, to jump to interpretations about a 
future to-be situation.  I have not been able to meet that expectation and the access to 
people has thereby been affected. Besides the advances that I have made in my 
understanding of the studied phenomena and the progress in my understanding of the 
research area, I think that my interest in learning has made me open-minded. My hope 
is that this understanding and my attitude will help me to gain deeper access more 
quickly in future meeting situations.  

A lesson learned is that workshops could be another means of generating material. 
Using this form of meeting removes some of the expectations on the researcher to 
provide information, but both the objective of the workshop and that this is another 
form of meeting than the participants are used to must be made clear to all parties. 
Thus, a structured invitation describing the objective, the meeting form and the 
researcher’s expectations must be presented beforehand. To understand feasible 
changes, the workshop could take the form of a ‘future workshop’ [51]. In future 
workshops the focus can be turned from the critique of an as-is situation to a fantasy to-
be situation and finally, to what is possible and realistic to implement at present.  This 
would contribute useful material. For industry, the contribution could be an 
understanding of changes that are feasible today, as well as possible directions for future 
changes. The workshop participants could be from different companies that are 
interested in working together in real world too. As a moderator, coordinating the 
efforts and focus, I would be accompanied by at least one engineering colleague.  
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4 Theoretical Framework  
The literature which forms the theoretical framework for the thesis can be divided into three stream; 
(1) product development, (2) extended enterprise and (3) service management. The literature is 
essentially multidisciplinary in focus. Three different streams can be discerned and shows that the 
theoretical framework has expanded over time. Besides discerning related work, the framework will 
be used as a base for the following chapter, where the discussion strives to bring together the 
appended papers and the view outlined in this thesis.

4.1  Product Development 
Product development literature focuses on engineering areas, such as mechanical, 
electrical or construction areas [52]. Consequently, literature on product development 
views the concept product as a physical artefact [39], [53], [54]. On an overall level, 
product development is explained as “…the set of activities beginning with the perception of a 
market opportunity and ending in the production, sale, and delivery of [physical artefacts]“ [54, 
p. 2].

The view of the term product as a physical thing is embodied in the product 
development literature. “It is an acknowledged fact that all products are manufactured…” [53,
p. 148].  The view of the design process is also affected.

Products are artefacts conceived, produced, transacted and used by people because of 
their properties and the functions they may perform. Product design is the process of 
devising and laying down the plans that are needed for the manufacturing of a 
product.” [39, p. 3]

Design and development engineers “…carry a heavy responsibility, since their ideas, 
knowledge and skills determine in a decisive way the technical, economic and ecological properties 
of the product” [55, p. 1]. But it is also concluded that engineering design is an activity 
that affects almost all areas of human life [55]. Accordingly, besides ethical and aesthetic 
activities, design are political and ideological activities since every design “…affects our 
possibilities for actions and our way of being in the world” [56, p. 10]. 

Roozenburg and Eekels [39] divide product development into two processes: a 
technical and a commercial. The goal of the technical development process is to 
produce a number of products according to a particular design. The goal of the 
commercial development process is profit; for profit to be calculated, the cost of 
development, production, distribution and sale of the product must be known. The 
product as such “…forms the link between the technical and commercial development process”
[39, p. 21].  

Ulrich and Eppinger [54] describe product development activities as a sequence of 
six steps. The steps are (0) Planning; this activity is referred to as “phase zero”, (1) 

…trust I seek and I find in you, every day for
us something new, open mind for a different 
view…

 Nothing else matters - Metallica  
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concept development, (2) system-level design, (3) detail design, (4) testing and 
refinement and (5) production ramp-up. The input to the planning phase is corporate 
strategy, assessments of technology developments and market objectives. In the 
planning phase the portfolio of projects for the development organisations are 
identified. Decisions that affect the product and the processes are made during this 
phase, e.g., new technologies or not, manufacturing goals, service goals, financial issues, 
time frames, market segments to consider, mix of products and platforms [54].  

All necessary knowledge to develop products cannot always be achieved by planning 
[57]. A goal formulated in advance has a limited meaning for the parties if the 
development project is a commitment that never has been made before. A detailed and 
complete specification does not by default make it possible to understand what the 
commitment is about, since understanding also arises in practice [57].  

Identification and investigation of user/customer needs represents an initial activity 
in concept development, and identification of service issues is part of the next step, 
system-level design. Interaction with users/customers will help the design team to 
“…build a personal understanding of the user’s environment and point of view” [54, p. 62]. 
Bitran and Pedrosa [58] discuss methods and tools used in product development and 
their applicability to service development. They recognise the challenge to design a 
service system flexible enough to deal with, for example, differences in culture.  

One dilemma in the concept development stage is that knowledge of the product 
and the processes involved is low or vague, while decisions made at this stage can 
determine almost 80% of the product costs [59].

It can be argued that the design process starts much earlier than the planning phase 
i.e., before a plan is in place and before several meetings about what is supposed to be 
done [56]. The design of the design process per se is part of the early phases [56]. Designing 
an applicable design process includes the actual thinking about the environment for the 
design process and being assigned to a particular design task [56]. Decisions in the 
design of the design process concern  

…to what extent the process will focus on early phases, creative and innovative 
work, new technology, the organization in question, users, the needs of the client, 
analysis, and specification. These early decisions create the “container” and the 
conditions for the subsequent process. [56, p. 16]   

Furthermore, the technical performance metrics or engineering characteristics and 
the product’s basic physical configuration are decided on in early phases of concept 
development, “…but also the extended product offerings such as life-cycle services and after-sale 
supplies” [60, p. 6].  

4.1.1  Information and Communication in Product Development 
From an information point of view, product development can also be described as “…
a process of gradually building up a body of information until it eventually provides a complete 
formula for manufacturing a new product” [61, p. 158]. The nature of that body of 
information has changed over time.

Previously, the development of physical artefacts was known as the ‘over-the-wall’ 
design process [52] i.e., the activities were disconnected and a body of information was 
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built up to encompass complete information about the artefacts at that stage. 
Information flows describe a phase-based process where information is transferred from 
one activity to the next [61]. The information about the artefacts was passed on from 
one activity to another, from the marketing people to design engineers to the 
production units. Each time the information was interpreted, first into a specification, 
and then into ideas about what to design, after which the information was interpreted 
and transformed into a manufacturing specification. Finally, the production units 
interpreted the information and built what they thought the design engineers wanted 
[52]. Such a development process describes a systematic design approach where the 
tasks, activities and goals should be broken down into sub-tasks, sub-activities and sub-
goals [55]. Furthermore, besides a clear task formulation and structured procedures, 
constraints and boundaries have to be clarified [55].  

Increasing complexity in modern technology requires design teams to design and 
develop major new physical artefacts [52]. The design teams are recommended to be 
multifunctional [62] and cover sufficient diversity of knowledge [54]. The design teams 
introduce problems of organisation and communication [63]. The working tasks within 
the organisational functions of marketing, design and production should be carried out 
concurrently in a parallel interactive process i.e., integrated product development [39], 
[62], [63], [64], [65]. At least two reasons for carrying out integrated product 
development may be discerned. Firstly, it will shorten lead times. Secondly, working 
together ensures that the product does everything it must to be a commercial success 
[66].

No distinct divisions between the sequences in integrated product development can 
be drawn, since they are carried out iteratively and thus achieve a step-by-step 
optimisation [39]. In each phase, alternative solutions can be thought up; the design 
team is therefore urged to diverge and converge in each phase [39], [54]. The move 
from phased-based information flows to the continuous flows of information in 
integrated product development means that the body of information is incomplete and 
requires good communication.

4.1.2 Knowledge Aspects in Product Development 
Quality of the physical artefact, development time, development capabilities and costs 
are issues of successful product development [54].  

Besides having means for problem-solving, the competence to use methods and 
aspects related to the assessment of useful methods, current methods and future methods 
are vital in conceptual design. Furthermore, the essentials of technical development 
systems need to be understood to have a picture of product development in a wider 
context, e.g., plant, equipment, machines.

A focus on physical artefacts insists on knowledge aspects about constructional 
interrelationships, assembly and component issues. Conversion of energy, material, 
signals, functional interrelationships, physical effects, geometric and material 
characteristics are examples of other important aspects in product development [55].  

A basic idea in the fundamentals of product development is to establish the 
specification as soon as possible, by fighting changes and influences that might challenge 
it [56]. However, today design teams also have to cope with the product’s state of flux 
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[63] and cope with an approach which is “…essentially a pro-active one in which the design 
is redefined and developed on the basis of ‘real-time’ interaction so that it is constantly evolving 
and improving” [67, p. 252]. This introduces design problems as indistinct and the design 
engineers have to act on ‘good enough’ knowledge [19], [68].

4.2 Extended Enterprise 
The extended enterprise is defined as an organisational network facilitating global 
connectivity empowering people to innovate [69]. An organisational network can be 
understood as simply consisting of nodes, e.g., firms, business units, actors, and links i.e.,
interactions between the nodes. Networks can range from intimate partnerships to 
simply buying and selling or even merely exchanging views and information [70]. It 
can also apply to long-term innovation networks [67]. The components of a network 
are both autonomous and dependent in relation to the network [71]. Thus, interaction 
in networks is not only about being influenced, but influencing [72]. The performance 
of a given network depends on its connectedness and its consistency in interest and in 
goals [71].  

In interactions between firms, there is an implicit impression of sharing knowledge, 
decision-making and mutual rewards [70]. The organisational flexibility needed for the 
concept of functional products is exemplified with virtual enterprises [19]. Virtual 
enterprises are described as “… temporary alliances formed by independent companies 
worldwide, sharing the burdens and rewards of increasingly demanding development projects” [19,
p. 16). The extended enterprise emphasises the sharing of risks, profits, responsibilities, 
knowledge and so forth [69]. Advances in modern technology have facilitated global 
connectivity.

Computer technologies are inherently boundary-crossing and enable companies to 
create alliances and networks with numerous companies around the world [69]. Having 
the extended enterprise in view, companies will leverage relationships inside and 
outside its boundaries encouraging people to share knowledge, and the boundary 
between external and internal collaboration will be blurred [69]. The ability to play 
with virtually limitless possibilities, interchangeability of product parts and the capacity 
to continually try out new combinations of resources are enabled by a shapeless 
organisation that allows for the recombining of resources [73].

4.2.1 Knowledge Integration 
The aim for knowledge sharing is to bolster communication, learning and 
organisational knowledge [25]. This gives knowledge management the meaning and 
purpose to transform tacit knowledge into explicit knowledge3 and to transform 
individual knowledge into organisational knowledge [22].

Methods suggested and put forward by the Japanese way, e.g., “Toyotism” and Just 
in Time, required a change of mentality rather than a change in machinery [71]. 

3 Tacit knowledge is highly personal and hard to formalise. It develops through experience and is 
expressed in advices and “know-how”. Explicit knowledge is easier to express and is about for 
example procedures, policies. It occurs in instructions, manuals and so forth [30]. 



29

Emphasised in the Japanese way is the capability of autonomous teams or groups, where 
the capability has developed through learning by doing and sharing knowledge in the 
daily work [71]. So, the Japanese way strives to give people a process and a context to 
create new knowledge. The process is very human, and based on socialisation [31], 
[74]. Face-to-face meetings are important to enable knowledge creation and re-
creation, especially if the nature of the task at hand is complex [28].

From a knowledge perspective, the extended enterprise can be interpreted as a 
shared context for knowledge creation, knowledge sharing [28], [75] and knowledge 
integration [21], [24], [27]. This shared context does not necessarily mean a physical 
place. It can be a virtual space enabled by computer tools, it can be a mental space 
where ideals are shared or it can unify physical, virtual and mental spaces [75]. The 
concept of a “trading zone” [76] is similar to this view of an extended enterprise as a 
shared context for knowledge creation, sharing and integration. In the trading zone; 
“Different traditions of theorizing, experimenting, instrument making, and engineering meet – 
even transform one another – but for all that, they do not lose their separate identities and 
practices” [76, p. 436].  

4.3  Service Management 
Service management literature focuses on the development of services and on 
management of intangible aspects, e.g., customer relationships, networks, customer-
perceived value, customers’ perception of quality. Service is an elusive concept.

A service is viewed as part of the wider concept product. A product can be a 
commodity, a service, computer software or – more common – a combination of 
these. A product is the result of a production process. [77, p. 19]

Whereas physical goods are tangible, services are intangible. Physical goods are things 
and services are activities [15]. Nevertheless, the logic of services is different from 
producing hardware [78]. Physical artefacts can be delivered i.e., being moved from 
one place to another, but services cannot be delivered this way [15]. Services are 
produced and used just as needed and at a time and place of the customer’s choosing 
[78]. Services are co-produced in relationships, networks and through interaction [79], 
[80]. Even though a service is not a thing, a customised solution of a machine, or 
almost any physical product, can be turned into a service [15]. “A machine is still a 
physical good, of course, but the way of treating the customer with an appropriately designed 
machine is a service” [15, p. 45]. The view on hardware from a service management 
perspective reduces hardware to a distribution mechanism for service provision. 
However, the focus has shifted from tangibles to intangibles [81]. Skills, information, 
knowledge, interactivity and connectivity in relationships are now in focus [81]. 

Services can be seen as occurring both within the company and between the 
company and its customers. Services can be made visible or remain invisible [79]. 
Examples of invisible services are how a company manages and handles invoicing, 
quality problems, complaints, offers documentation, handles queries and offers 
customers training on how to use machines [15]. To make invisible services visible 
means that the supplier can achieve payment for them. Hence, from a service point of 
view, the physical artefact is not the only price carrier [6]. But, in service literature, 
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financial outcomes “… are not something to be maximized but something to learn from as 
firms try to serve customers better and improve their performance” [81, p. 6].

The service concept, the service process and service system are vital to the outcome 
of the service development.

The service company must develop and offer a service concept which is appropriate 
to the customer’s needs and which contains attractive added-value and a “customer-
friendly” and generic service process [77, p. 16].

Customer-friendly services emerge from a dialogue with competent and demanding 
customers. To place the customer in the centre and to see services from the customer’s 
point of view does not mean that the service provider is governed in all respects by the 
customer. The aim in service development is to create prerequisites for long-term, 
profitable customer relations, to attract and keep customers who are satisfied and loyal. 
Accordingly, in service management, there is a strong focus on the customer i.e., the 
person or organisation receiving the outcome [77].  

In a service relationship, the conventional roles of customer and provider will be 
blurred as will the quality concept. The usability of the service provided and the ability 
to collaborate with customers become elements in the quality concept. Quality is 
related to the customer’s subjectively grounded judgement [6]. 

From a service perspective, business relationships are about “…what firms can do for 
customers in the form of a total service offering, rather than what it can do to customers with 
existing products…” [82, p. 6]. To find out what can be done for customers, information 
and communication are vital. 

4.3.1 Information and Communication in Business Relationships 
Trust is a fundamental building block of social life [70]. Social life as well as human 
beings and their activities are intertwined in business relationships. Social bonding is 
part of values in business relationships and part of collaboration in a business context 
[83]. Recognising trust as the psychological level of value perception, Bovik [84] 
highlights a double identity of trust. Trust acts both as an effect and as a filter. She 
concludes that all circumstances, actions and interactions in the relationships create the 
perception of trust. 

Without trust, the parties will not be committed to the mutual cause [85]. An 
assumption of equality i.e., all parties bringing something valuable to the relationship, is 
the beginning for respect that in turn builds trust [86]. Trust in people is defined as:  

The adoption of a belief by one party in a relationship that the other party will not 
act against his or her interests, where this belief is held without undue doubt or 
suspicion and in the absence of detailed information about the actions of that other 
party. [70, p. 165]  

All uncertainty about a future act can never be removed and there cannot be 
significant trust unless there is freedom to break it, even if such a breach is not expected 
[70].

Building on Luhmann’s concept ‘mastery of events’, Tomkins [70] stresses that the 
information needed to create trust is different from the information needed to monitor
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trust. Therefore, the information related to trust is divided into two types of 
information. It is emphasised that the two types are not totally separated, they influence 
each other. Information type 1 relates to the willingness to trust. Willingness to trust is 
needed to create trust and to check on the state of the relationship. The focus is on 
information to build trust in the actions of the partners, e.g., competence, integrity in 
action and communication. Type 2 relates to the information needed for mastery of 
events by that relationship. Trust is seen as an entity itself and focus is on information to 
plan and make decisions on collaborative futures. Technically reliable information can 
be provided in some cases, but when it is technically difficult to measure the 
information in focus, the management of type 1 information in relationships becomes 
more important [70].

Identifying the partner’s situation and understanding the partner’s worst-case scenario 
of the alliance, initial openness, never hiding information and never underestimating 
the power of face-to-face interaction are important for the formation of trust [87]. 
Tomkins [70] raises the question whether computer-based interactions in networks will 
take over from close personal relationships and, if so “…can trust be built up to the same 
extent when interactions are electronic-based rather than personal?” (p. 186).

Contracts can be seen as existing because trust is missing, but parties will not contract 
each other until a given level of trust is reached and they are prepared to commit 
themselves to each other [70]. Written contracts do not make trust redundant. 
Contracts that are too detailed rob the parties of the flexibility they need to be able to 
modify their actions as the environment changes. Excessively strict use of contracts 
makes it difficult to find new collaborators, since one acquires a reputation for 
inflexibility and always sticking to the letter of the law [70].   

4.3.2 Knowledge Aspects in Service Development 
Services are co-produced with customers [79], [80]. Thus, in a business-to-business 
situation, collaboration across organisations is an inherent part of the service 
development. Negotiation to determine the terms of collaboration is necessary [70]. 
Bovik [84] has made an analysis of different ‘flows’ in close business relationships. To 
reach a collaborative partnership, the provider has to “…work proactively, with a dedicated 
presence close to the customer. He has to let the involvement flow.” (p. 150), but avoid ‘over-
involvement’. She concludes that “All customers cannot and should not be treated in the same 
way” (p. 214). 

Customer satisfaction is fundamental to earning the customer’s loyalty; loyalty cannot 
be bought [78]. Knowledge aspects to consider in service development are related to 
customers’ needs, customers’ perceptions of qualities and customers’ expectations in 
relation to cost. Expectations are related to the interaction between the provider and 
the customer, not to the service or customer as such [78]. Developing products 
collaboratively might cause problems in understanding costs [70]. Aspects regarding 
costs and cost analyses will also have to take cross-firm effects into account [70]. Costs 
for attention, time and loyalty are measured by all parties. The view of service as a 
customised solution of a physical product [15] presupposes the need for knowledge 
about the customers needs, as well as knowledge related to the context for that product, 
e.g., the customers’ processes, the customers’ use of the product, understanding about 
the customers’ customers. 



32

The focus in product development literature is on the development of physical 
artefacts and the focus in service management literature is on service as an interactive 
process. Hence, a service perspective and a hardware perspective can be distinguished. 
Knowledge and information vital for product development and for service management 
respectively have been highlighted in this chapter. There are vital differences between a 
physical artefact and a service which cannot be neglected. Despite this, a transition view 
is argued for [13]. A crucial question for this transition is ‘Is it possible to see everything as 
services?’

The considerable changes in the knowledge area of engineering design and product 
development were discussed already in 1982 by Hubka [88], concluding that as change 
occurs in other areas, it will also occur in product development. In the concluding 
remarks Andreasen and Hein [63] write “… many things which were once considered as 
unchangeable, and which led to particular rules and patterns of behaviour, have now changed so 
much that we have to revise our methods and ways of going about things” (p. 201). The trend 
persists, since engineering design is now “…aiming to deal with the integrated design of 
products, systems and services” [89, p. 3].

In the next chapter the appended papers are rendered and the findings are discussed 
to serve as a contribution to the reasoning in functional product development.
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5 Integration of Hardware and Service Knowledge 
The latter part of the thesis, Chapters 5 and 6, involves an important aspect of doctoral studies: 
making a contribution to the academic and industrial context. Consequently, in this chapter the 
findings from the three appended papers are rendered and discussed in relation to the purpose of 
this thesis. This is done to contribute to the reasoning in functional product development and to 
support the industrial efforts to providing total offers.   

5.1 Rendering the Appended Papers 
The results from the studies accounted for in the three appended papers are related to 
the purpose and questions in this thesis. The concept of functional product has been 
operationally defined4 as a shift in view from hardware transactions to service provision 
and an integration of service and hardware. The shift in view originates from a strategic 
business level in manufacturing companies [13].

5.1.1 Paper A 
The starting position for Paper A, “A Service Perspective on Product Development – Towards 
Functional Products”, was the recognition of the integration of service and hardware. So, 
the aim in Paper A was to explore the differences between a service perspective and a 
core product perspective to illuminate which changes in the management of product 
development processes are motivated by the concept of functional products.

The perspectives were found in the service management literature. A service 
perspective focus on supporting the customer’s value-generating processes and the core 
solution5 is not enough to differentiate the offering [15]. The service perspective put 
forward hidden services i.e., activities that in the present are free of charge, since they 
are not recognised as bringing value to the customers. The service perspective was 
found to be similar to an outside perspective which views the business as originating 
with the customer [14]. An outside perspective could be discerned at the business level 
in the empirical material.

A core product perspective focuses on the development of the core solution5 as the 
main provider of value for the customer’s value-generating processes [15]. This 
perspective was found to be similar to an inside perspective which sees the core 
solution as something deriving from internal development processes [14]. An inside 
perspective could be discerned at the technical development level in the empirical 
material.

4 In the introduction.  
5 A physical artefact, service or a combination of thereof.

Take a risk, take a chance. Make a
change, and breakaway… 

Breakaway – Kelly Clarkson



34

The exploration of differences between a service/outside perspective and a core 
product/inside perspective resulted in the identification of a gap in the view of the term 
product between the business level and the technical development level in industrial 
product development companies. 

In the view on the outside and inside perspectives, the function component of the 
concept of functional products diverged. The function part in the term functional sales 
was viewed from a service/outside perspective. Here, the function part related to 
customer needs and functions needed by the customer [5]. The function part in the term 
functional products was viewed from a hardware/inside perspective. Here, the function 
part related to the physical artefact as functions related to functions provided by the 
hardware [10]. The idea of a service support system i.e., all services required in keeping 
the hardware operable [7], strengthens a view on hardware as the main provider of 
value. Despite the intentions to combine hardware and services, a supporting system 
highlights a view on services as add-ons to the core solution, in this case the hardware. 
The supporting view on services was interpreted as an inside perspective. 

Paper A has mainly contributed to my understanding of how the terms product, 
functions and, accordingly, the concept of functional products, are seen from a business 
level and from a technical development level, respectively, in an industrial context. The 
service management literature review made the intrinsic worth of customer point of 
view and customer needs in the term service visible.

The perspectives found in service management were useful in that they shed light on 
the terms, but they are a barrier to the knowledge view in this thesis. The core solution 
is, in the perspectives found in service management, defined as a physical artefact, 
service or a combination thereof. The clustering into a core solution makes the 
differences in knowledge aspects and reasoning fuzzy. Thus, the perspectives found in 
service management literature have been abandoned in this thesis. In the theoretical 
framework of this thesis a hardware perspective and a service perspective, according to 
knowledge aspects, have arisen and are used henceforth. The service perspective is used 
to highlight a focus on the final solution as a service, something intangible. The 
hardware perspective is used to highlight a focus on the final solution as a physical 
artefact, a thing, something tangible. 

5.1.2 Paper B 
The picture of the concept of functional products as challenging current ways of 
designing, developing and selling physical artefacts and the need for collaboration 
became clearer in the process of completing Paper A. The conclusion that business 
relationships change into close business partnerships [7] was the starting position for 
Paper B, “Knowledge Sharing Challenges within the Extended Enterprise”. With the 
perspective of knowledge aspects the purpose in Paper B was to explore knowledge 
sharing challenges between manufacturing companies, striving to create close 
collaborative partnerships, and hence understand aspects to the design of computer 
tools.

The computer tool in focus was Knowledge Based Engineering (KBE) systems, 
which can be described as systems having highly geometrical characteristics that are 
particularly useful for design of physical artefacts. Today, KBE systems are considered to 



35

be internal engineering-specific tools used for diagnostic and selection tasks. The close 
business partnerships imply the sharing of information and knowledge between partners 
as a part of the collaboration process. 

The formation and re-formation of partnership interactions in an extended enterprise 
was discussed and shed light on the call for KBE systems to be connected or coupled 
between partners to share resources. Supporting the sharing process with computer 
tools enables the process to be traceable and the level of knowledge sharing in the 
collaboration to be flexible. The interviews with people in industry exposed the 
information that collaboration at the personal level is more problematic than solving 
technical issues. The results from Paper B highlighted knowing who to trust in the 
interaction as a challenge for knowledge sharing in close business partnerships. This in 
turn gives implications for the design of the KBE system; trust is a key to how tight the 
connection between the systems could be.  

Paper B has mainly contributed to my understanding of which knowledge and 
information aspects are focused on in the development of physical artefacts. 
Furthermore, it has contributed to my understanding of knowledge management in the 
industrial context.

5.1.3 Paper C 
The use of computer tools to support activities in early phases of product development 
is vital in engineering design. The purpose in Paper C, “Functional Product Development 
– Discussing Knowledge Enabling Technologies”, was on the basis of changes foreseen for 
functional product development, to discuss new demands on computer tools to support 
decisions in collaborative distributed engineering projects. Firstly, a tentative picture of 
changes in product development motivated by the concept of functional products has 
to be outlined. The studies in Paper C have been performed to unify material in an 
overall research project called Functional Product Development in a Distributed Virtual 
Environment. Within the overall project, four subprojects focus on communication, 
computer tools and knowledge needed for functional product development. My 
subproject focuses particularly on communication and knowledge aspects involving 
human issues, whereas the other three are technical in focus. Material generated in all 
subprojects was brought together to provide a holistic view on the concept of 
functional product. The foreseen changes on product development motivated by the 
concept of functional products were highlighted as close cross-company collaboration 
within companies and between partners in the extended enterprise. The computer tools 
discussed were broadly defined and ranged from information and communication tools 
to engineering design specific tools.  

The discussions shed light on issues for the design of supportive computer tools. The 
review on the concept of functional products as insisting on closer collaboration 
between business partners to achieve additional knowledge has highlighted 
identification of core knowledge as one key aspect. This has affected the discussion 
about the design of computer tools.

From a technical view reliable, relevant, in-time, controllable and verified 
information can be provided in some cases. One dilemma in the design of computer 
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tools is that they support different sets of problem areas. These areas are treated as 
separate issues and the computer tools are seen as internal-specific tools.   

In general, the work with Paper C contributed to my understanding of how 
computer tools are used today in product development, but it contributed especially to 
my understanding of engineering design activities as challenging to the design of 
computer tools. 

5.2 Collaboration 
The tentative picture of the foreseen changes in product development, presented in 
paper C, included a changed view on the activities in the relationships between 
business partners.

An outsourced activity can be interpreted as cooperation i.e., the striving to coordinate 
the working tasks within a design project having different objectives for the efforts.  

Figure 2. Cooperation in product development 

In Figure 2, an outsourced activity from company A starts product development in 
company B. The objective of company B is to provide company A with a solution. The 
solution from company B, a physical artefact with supporting services for that solution, 
contributes to the product development in company A. The solution from company A, a 
physical artefact with services to support the final solution, is the transaction to 
customers. The use of a cooperative approach lags service development; this approach 
can be compared with the ‘over-the-wall’ design process [52]. The service activities are 
disconnected from product development. Hence, the cooperative partners do not use all 
of their competencies for the benefit of the customers. Company B is not involved in 
the interaction with the customer and cannot build a personal understanding of the 
customer’s point of view [54].  
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Figure 3. Collaboration in product development 

Changes motivated by the concept of functional products can be viewed as a move 
towards collaboration i.e., the united efforts to achieve a mutual goal. In Figure 3, the 
companies A and B collaborate in a service and hardware integrated process to achieve 
functional product development. Services and hardware knowledge from both 
companies are incorporated in the design of the physical artefact. Interaction with the 
customer and an understanding of the customer point of view can be achieved by all 
parties. 

The collaborative effort of all partners in the extended enterprise focuses on 
providing customers with added value in a total offer, the view of collaborating 
highlights the creation, integration and sharing of knowledge between partners. From a 
knowledge perspective, collaboration suggests mutual activities to boost knowledge 
within the extended enterprise. Furthermore, companies that have the mutual goal to 
provide customers with services in the form of customised physical artefacts or 
customised lifecycles [15] must all understand the customer needs to be able to use all
their competencies for the benefit of the customers. Thereby, entirely new products 
and offerings to satisfy the customer, but also other customers, in different ways can 
evolve for all parties within the extended enterprise collaboration [17], [18]. The 
integration of services into product development enables functional product 
development to be sensitive to customer needs. However, it is not straightforward which 
competencies or knowledge from the service field will be useful to integrate within the hardware 
field.

5.3 Knowledge Management Differences 
Knowledge management can be adapted to fit the service perspective or the hardware 
perspective. Knowledge management with the focus on gathering, collecting, storing 
and reuse fits into the hardware perspective. A focus on the final solution as physical 
artefacts makes it possible to handle knowledge about the solution as inert and static. 
The physical artefact can be touched upon, tested, evaluated and improved before it is 
sold to the customers.

Knowledge management that aims to bolster communication, learning and 
organisational knowledge fits into the service perspective. A service perspective 
highlights an interactive process between customers and providers. Thus, knowledge 
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about the process of transforming tacit knowledge into explicit knowledge and 
transforming individual knowledge into organisational knowledge is important. 
According to this view, knowledge is handled as active and flexible to improve 
organisational learning about customers. The focus on the interactive activities with 
customers makes the importance of understanding customer needs an inherent 
approach in services. The service process which is performed in collaboration with 
customers cannot be seen or improved before it is co-produced with customers. 
Accordingly, it is utterly important to understand customers’ needs as early as possible, 
since early decisions set the conditions for the subsequent process [56].  

5.4 Knowledge Differences 
The reading of service management and product development literature has made the 
strong focuses on hardware and services apparent. These divergent perspectives, the 
hardware and service perspectives can be distinguished in the previous chapter, the 
theoretical framework, of this thesis. The emphasis on different knowledge aspects 
highlights two fundamentally different grounds for thinking or reasoning about the 
solution. The solution is either a physical artefact or a service, depending on the 
reasoning that underpins and guides the development.  

Knowledge aspects related to the physical artefact, e.g., geometric and material 
characteristics, and conversion of energy [55], are complex, but can be measured and 
transformed into explicit knowledge. Knowledge aspects about services are related to 
interactive activities with customers and are experienced in terms of, for example, 
customer-perceived value and customers’ expectations on the collaboration [78]. These 
aspects are considered as tacit knowledge and can be expressed in advice and “know-
how” [30]. These aspects are also problematic to measure or articulate, if measurement 
or articulation is at all possible, and the transformation into explicit knowledge can thus 
be questioned. The prevalent reasoning in product development, as discerned in the 
hardware perspective, focuses on measurable and explicit knowledge. So, the design 
team’s capabilities to deal with indistinct design problems and the ability to act on 
‘good-enough’ information [19], [68] must be enhanced in functional product 
development.  

The hardware perspective includes knowledge related to a physical artefact, a thing, 
an object that can be talked about in terms of, for example, measurements and 
operation. The service perspective encompasses knowledge related to activities in a 
relationship where the quality of that relationship is subjectively experienced by the 
customer. Thus, the differences in the nature of knowledge related to services and in the nature of 
knowledge related to physical artefacts complicate an identification of what must be integrated into 
the concept of functional products.

5.5 An Integrative View 
An integrative view highlights an additional dimension of a combination, where at least 
two diverse aspects give rise to a new aspect. The integration of two similar aspects just 
gives more of the same. A simplified example can be given with help of the metaphor 
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of mixing colours. If you mix blue and yellow, you get green. If you have one perspective 
and add one you will not achieve more of the same; you will achieve a new perspective.

The extended enterprise applies to the trading zone [76] for integration of service 
and hardware knowledge inputs and the concept of functional product outputs. Within 
a trading zone the different knowledge areas meet and transform each other, but they 
keep their separate identities and practices. The trading zone and the extended 
enterprise have the same aim in that way. An integration view, as shown in Figure 4, 
visualises the need for knowledge about physical artefacts or hardware and knowledge 
about services to feed input into each other to transform into knowledge needed for the 
concept of functional products (FP). 

Figure 4. A knowledge integration view 

The collaboration is in manufacturing industry thought of as value-chain partners 
bringing in additional knowledge about a physical artefact. The shift in view from 
hardware providers to service providers and/or the integration of knowledge aspects has 
to take place within manufacturing companies having their roots in a long tradition of a 
hardware perspective. Services are treated in default terms, in terms of what service has 
always been to the company i.e., add-ons to the physical artefact. Thus, no new or 
hidden services are made visible. Frankly put, nothing changes and no increase in long-
term competitive strength is realised by the company. For the concept of functional 
products to meet the expectations in industry, the term product has to be allowed to be 
affected by service integration.

5.6  The Product 
Services are co-produced in interaction with customers [79], [80] at the time and place 
of the customer’s choosing [78]. All aspects in that interaction cannot be predicted or 
controlled beforehand. The integration of services into hardware in the concept of 
functional products adds unknown aspects to the physical artefact. An underpinning 
thought within the service perspective is that business relationships could be seen as a 
space for new solutions to emerge, not only to provide customers with existing 
solutions [82]. The shift in view and/or the integration of services into the concept of 
functional products gives consequences for the view and understanding of the term 



40

product. The solution changes from a hardware perspective of strictly being a physical 
artefact, a thing, to something new - the functional product.  

Although the manufacturing company designs, manufactures and transfers a physical 
artefact to the customer’s place, it also provides the customer with a total offer. The 
ownership of the physical artefact is not transferred to customers, nor is the responsibility 
for the usability of the physical artefact. This results in a situation where customers can 
touch and see a physical artefact, while the customer-perceived value of that physical 
artefact is not found in the thing itself, rather in the interaction with the functional 
providers. The ability to collaborate with customers in their processes and the ability to 
design the physical artefact to fit into the customer’s processes could be seen, from a 
customer point of view, as the product paid for. Hence, from the manufacturer point of 
view, the product sold to customers can be seen as the competence to design a physical 
artefact to encompass one element in a total offer and the capability to provide 
customers with appropriate or adaptive physical artefacts. So, on a business level the term 
product is no longer understood as a physical artefact. A transition or a shift from 
hardware perspective to a service perspective can take place and a functional product is 
sold and bought, respectively.

The definition of what more precisely constitutes a functional product must be done 
by the companies in interaction with their customers, since all companies have different 
customers with different needs and the companies meet those needs with different 
solutions.

5.7 Reasoning in Functional Product Development 
The input to the planning step, in product development is, among others, corporate 
strategy [54]. The product as such is seen as the link between the business level and the 
technical level [39]. The development is affected if the product in mind in the 
corporate strategy is comprehended as a service as such or as an integration of services 
and hardware. Even if the input to the product development is an open-minded 
approach to what constitute the products, the solution should be of high quality to be a 
success. However, in the concept of functional products, quality aspects are not related 
to the physical artefact and demands expressed by the customers [6]. Quality aspects are 
related to the customer’s subjectively grounded judgements [6] and to needs which 
customers are not aware of or cannot articulate. Accordingly, in functional product 
development the product specification seems to extend to encompass more aspects than 
at the present. The early stages of product development insist on a focus on knowledge 
aspects related to customers’ needs. These knowledge aspects are to a large extent based 
on experiences developed in interaction with customers. Interaction with customers 
helps the design team to understand the customer’s point of view [54]. Thereby, the 
design team’s interaction with customers provides a basis for understanding the 
customer’s subjectively grounded judgements about quality aspects. 



41

Figure 5. Knowledge integration in functional product development 

In Figure 5, the input to the functional product development, at left, is an open-
minded approach to products, and the output, at right, is a solution encompassing a 
physical artefact. The solution from the functional product development is one element 
provided in the total offer. As argued above, even though the ownership is not 
transferred, a physical artefact will be designed, manufactured and transferred to the 
customer’s place. The solution encompasses a physical artefact conveying added value; 
this added value is intangible in its nature and cannot be seen by looking at the physical 
artefact. However, the customer’s perceived value of that physical artefact is found in the 
interaction with the functional providers. Accordingly, interaction with customers or 
customer needs throughout the functional product development is necessary.  

The design team has to intentionally alternate between the service perspective and 
needs analysis; and the solutions and the hardware perspective, at left in Figure 5. This 
knowledge integration approach insists on down-stream knowledge to be moved up-
stream to the design process. The total offer take into account the integration of 
hardware and service into a more encompassing commitment including aftermarket 
activities, therefore knowledge related to down-stream activities has to be known in 
early phases.  

Since knowledge about needs and solutions is necessary, a transition from hardware 
perspective to a service perspective is not viable at the technical development level. 
Thus, an integrative view integrating service and hardware knowledge inputs to achieve 
functional products outputs is recognised. From the manufacturer’s point of view it is 
not useful to see everything as services. A physical artefact is a thing, a machine that can 
be enhanced or be designed in a totally new appearance by intentional alternation of 
service perspective and hardware perspective in the design process.
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6 Conclusions and Concluding Thoughts 
It is time to tie this thesis together. Firstly, I will briefly recapitulate the purpose of this thesis. 
Next, conclusions on the work are presented, as well as concluding thoughts on the contribution.

6.1  Summary  
The starting position for this thesis is found in the manufacturing companies’ shift in 
view from hardware providers to service providers. This shift in view is captured in the 
concept of functional products. A shift in view was defined in the introduction as 
abandoning one view in favour of another. Besides collaboration between the 
functional providers, integration of hardware and services has been recognised as 
another characteristic captured in the concept of functional products on a product 
development level.  Nevertheless, a shift in view and an integration of hardware and 
services seemed to be in opposition to each other. This pointed the way to an 
exploration of which new approaches in product development are motivated by the 
concept of functional products. The integration efforts drew attention to interesting and 
apparent differences. To explore the concept of functional products the differences 
between vital knowledge and information related to hardware and services, 
respectively, has to be understood.  

The differences, according to knowledge and information presented in the 
theoretical framework, made two perspectives evident: a hardware perspective and a 
service perspective. Each of the perspectives had strong focus and emphasis on 
development of physical artefacts and services, respectively. An integrative view was 
envisioned with the concept of a trading zone highlighting the need for knowledge 
about physical artefacts and knowledge about services to feed input into each other to 
integrate knowledge needed for functional product development.

6.2 Conclusions 
On a business level a transition or a shift in view from a hardware perspective to a 
service perspective can take place. The product as a whole can be interpreted in terms 
of intangibles; for example, the manufacturers’ ability to collaborate with each other as 
well as with customers, and the manufacturers’ ability to design a customised physical 
artefact. However, on a technical development level a transition is not viable. The 
solution resulting from manufacturing companies’ functional product development has 
the appearance of a physical artefact. The product as a whole cannot, in the design 
process, be interpreted in terms of intangibles, even though services are designed into 
its appearance or into its usability and performance in the customer’s processes. The 
ability to alternate between a service perspective including needs analysis and a 
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hardware perspective including solutions has been presented. Thus, an integrative 
approach integrating hardware and service knowledge is needed for reasoning in functional product 
development.

The difficulty of integrating hardware and service is recognised in the manufacturing 
industry. It seems as though there is a poor understanding as to the kind of knowledge 
from the service field that might be useful in such integration. It seems like services are 
not considered to bring anything new into the equation, but are treated rather in terms 
of what service has always been to the manufacturing company. A reflection on useful 
knowledge from the service field in early phases helps to prevent service development 
from lagging behind in product development. Additional knowledge from partners is 
recognised to achieve functional product development. So, a collaborative effort to achieve 
the mutual goal of functional product development is vital. Knowledge is intangible; as such, it 
is a service. Services are performed among the collaborative partners as well as between 
the extended enterprise and the customer.  Hence, a reflective approach to services is a key to 
making them visible.

The intrinsic worth of customer point of view and customer needs in the term 
service has become evident in the literature review of service management. The 
integration of services raises the potential for functional product development to be 
sensitive to customer needs. The integration of services opens the way for a view of 
what the collaborative partners, bringing all their competencies together, can do for the 
customers in terms of new products instead of what they can do for customers with 
existing products. Such new products can be interpreted as tangible, intangible or a 
combination thereof. Accordingly, entirely new products and offerings can emerge. 

New approaches in the early phases of product development, motivated by the 
concept of functional product, include: 

A knowledge integration approach 

A collaborative approach 

A reflective approach to services 

An open-minded approach where new products and offerings can emerge 

6.3 Concluding Thoughts on the Contribution 
The work performed in this thesis contributes generally to the ongoing discussion 
about the concept of functional products. Adding to a discussion may seem like a minor 
and obvious contribution. Nonetheless, it is through discussions within academia and 
industry, and between the two, that the concept of functional products can become 
expressly understood.

Another contribution of this work is the mapping of total offer, functional sales and 
especially functional product development in the academic field.

Within the delimitations given for this thesis, a contribution in particular is made in 
support of reasoning in functional product development. The integration approach aids 
the understanding of the integration of hardware and services into product 
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development as well as an understanding of a transition view. The exploration of 
differences on a knowledge and information abstraction level has shed light on 
challenges for integration of services into hardware.
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7 Finding Direction – The Road Ahead 

I have found the potential for customer needs to guide product development as utterly 
interesting. Moreover, I have in this work discerned a relationship between customer 
needs, collaboration, knowledge integration and innovation. I have decided to explore 
this relationship in my own further research studies. While bearing differences in mind, 
collaboration can be investigated, as it makes some difference to how the parties’ work 
is done. The different methods can enhance each other or give rise to a new method 
for customer involvement in product development.

One interesting aspect in relation to this is how to identify customer needs. What is 
a need? How can the design team distinguish needs from demands and wishes? How 
can needs be transferred into the design process? How are the product specifications 
affected by customer involvement? How does customer involvement affect product 
development today? Structured versus ad hoc, occasional versus day-to-day. A 
needfinding [17] process can be useful to identify needs and accordingly is interesting to 
apply in the concept phase of functional product development.  

The use of systems thinking methodologies to understand collaboration seems useful. 
The worldviews or perspectives held by the collaborative actors are important for the 
creation of a shared view. Soft Systems Methodology [32] seems particularly useful for 
the creation of a shared view. Furthermore, the concept of Ba [28], [31] seems to have 
the potential to enhance the understanding of knowledge integration.

7.1 Further research 
The work in this thesis is based on an interpretive approach; thus, the picture presented 
of the concept of functional products is one among several. The starting position for 
the studies is important. I have started in product development and brought in service 
management literature to that position. I have not considered how the knowledge area 
of product development can contribute to the knowledge area of service development. 
Therefore, a suggestion for further research is to explore the concept of functional 
product development from that viewpoint.

The idea of an extended enterprise as functional product provider raises several 
interesting questions. The notion of a win-win situation is particularly interesting in 
relation to values that are difficult or even impossible to measure, e.g., trust and 
collaboration. How are these values created? How can these values be negotiated upon?  

Furthermore, if the idea of an extended enterprise is viewed from a service 
perspective, all parties are customers to each other. In relation to an extended 

…The more I learn, the less I know about before.
The less I know the more I want to look around 
digging deep for clues on higher ground… 

Higher Ground – UB 40  
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enterprise, where is the final customer, inside or outside? In such a situation, is it 
possible to talk about a business-to-business relationship anymore? If the extended 
enterprise meets customers directly, the situation can be interpreted as business-to-
consumer. Exploration of how traditional structures of buyer, seller, customer, 
subcontractor and so forth are affected by the concept of functional product is another 
suggestion for further research. 

The concept of functional products insists on collaboration. The extended enterprise 
is used here because of it relations to a virtual enterprise [19] and because of the 
emphasis on sharing of risks, profits, responsibilities, knowledge, etc. [69]. There are 
several types of alliances that can shed light on the concept of functional products. Tidd 
et al. [67] suggest a typology to classify alliances. It is possible and interesting to 
consider alternative ways to organise the collaboration for functional product 
development.  

I have stated that it is not viable, merely by looking at it, to differentiate a physical 
artefact traditionally designed for transaction to customers from a physical artefact 
incorporating functional product development reasoning. This makes brands 
interesting. If differentiation is achieved by applying the concept of functional products, 
what role does a brand play? Does a widely known brand become important for 
business-to-business companies to survive in the sense that it is important for business-
to-consumer companies? If so, does the concept of functional products change the view 
on brands?  

It’s a nice day to start again… 
   White Wedding – Billy Idol 
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ABSTRACT 
Functional products are understood as a combination of hardware, software and 

services. Based on interviews with employees in manufacturing firms the notion of 
functional product development is described. The purpose has been to explore the 
differences between a service perspective and a core product perspective and highlight 
changes in the management of product development processes that are motivated by 
the notion of functional products. Exploring the differences between the two 
perspectives has identified a gap of how the product is viewed at the business level 
and technical development levels. The integration of services into the hardware 
development process in the form of a customised product or product life cycle has 
been highlighted. Internal and external communication about needs has been 
identified as useful. 

INTRODUCTION
Manufacturing companies have started to move from offering the core physical 

artefact to functions that the physical product provides. One objective for 
manufacturing companies is to develop physical artefacts that support activities in the 
customers’ processes. For example, ABB Robotics has focused on the design, 
manufacture, sale and delivery of industrial robots. Now the vision is to provide 
enhanced productivity and systems for rationalisation (Echeverri and Edvardsson, 
2002). Consequently, intangible aspects in the form of services increase in offerings 
from manufacturing companies, i.e. a total service offer (Ravald and Grönroos, 1996; 
Grönroos, 2000). 

Product development literature (Pugh, 1991; Ulrich and Eppinger, 1995; 
Roozenburg and Eekels, 1995) focuses traditionally on the development of physical 
artefacts whereas services are seen as add-ons. Hence, services as such are not a new 
to manufacturing companies though they are treated separately from hardware and are 
present in aftermarket activities. From the standpoint of service literature this can be 
described as a core product perspective (Grönroos, 2000). Another perspective is the 
service perspective, where the physical artefact is one of several elements in strategic 
relationships (Grönroos, 2000). According to Normann (2001), some manufacturing 
companies have gradually adapted their business foundation to a service perspective, 
while a majority have broadened the core product perspective to encompass services 
as aftermarket activities. The word ‘aftermarket’ indicates that physical artefacts are 
central for the company and that services are seen as complementary or add-ons to the 
core solution (Normann, 2001).  

However, service literature focuses on development of services, whose differences 
compared to physical goods are apparent (Edvardsson, Johnson, Gustafsson and 
Strandvik, 2000). One difference is, “Whereas goods are manufactured, services are 
performed” (Berry, 2002, p.65). Service performance is a process where the customer 
is present and contributes to the outcome. Accordingly, the physical artefact is “…just 
one element in the total, ongoing service offering. For a manufacturer, the physical 
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good is a core element of the service offering, of course, because it is a prerequisite 
for a successful offering”  (Grönroos, 1996, p. 9). 

In a business-to-business environment, Swedish manufacturing companies have 
identified increased service contents in their offerings as a means to increase their 
competitive strength (Fransson, 2004). In this context, the notion of functional 
products has gained interest among researchers and industry interested in the product 
development knowledge area. Functional products as a concept are not new in the 
academic world, and are also of interest for food and process industries.

Nevertheless, in the research area of product development, functional products have 
been defined as a combination of hardware, software and services (Brännström, 
Elfström and Thompson, 2001). In Alonso-Rasgado, Thompson and Elfström (2004) 
functional products are described as “… comprising hardware combined with a 
service support system” (p.515). The service support system is defined as all service 
support required in keeping the hardware operable. Service support systems are 
described as much more than the maintenance of the physical artefact, e.g. decision-
making, operations planning, remanufacture and education (Alonso-Rasgado et. al, 
2004).

Similarities between the creation and evolution of physical products and services 
have been identified by Bitran and Pedrosa (1998). Fransson (2004) has recognised 
that there are differences between the industry and technologist view versus the 
service research and service perspective, concluding that more research is needed. 
Krishnan and Ulrich (2001) compared competing paradigms of product development 
in academic communities, i.e. marketing, organisations, engineering design and 
operations management. How products are viewed differ between the perspectives. 
Marketing regards a product as “…a bundle of attributes”, while organisation 
considers it to be “… an artefact resulting from an organizational process”.
Engineering design sees the product as “… a complex assembly of interacting 
components”, and finally, operations management, defines a product as “…a 
sequence of development and/or production steps” (Krishnan and Ulrich, 2001, p.3). 
These divergent views also insist on different performance metrics, decision variables 
and success factors (Krishnan and Ulrich, 2001).

Still, the differences between a core product perspective and a service perspective 
have obtained limited attention from the product development area. To understand the 
changes needed for functional product development, distinguishing some 
characteristics between these two perspectives is necessary. Product development 
emphasises trade-offs, i.e. optimisation, and standardisation, while the service strand 
emphasise the customer point of view and interaction, implying that customers should 
be handled individually. Combining these two perspectives could be seen as a clash 
resulting in a confused situation, while understanding their differences makes it 
possible to manage a transformation from a focus on the core solution, i.e. physical 
artefacts, to a focus on functions. The challenge is that this transformation urges new 
methods and new ways of thinking. 

Thus, the purpose of this study is to explore the differences between a service 
perspective and a core product perspective and illuminate what changes in the 
management of product development processes are motivated by the notion of 
functional products.

The study presented in this paper focuses on the hardware and service parts in 
product development and, especially, the conceptual development phase, on an 
overview level of abstraction. The study is conducted in industrial manufacturing 
companies in a business-to-business environment and is limited to that area of 



application. In a traditional business-to-business situation, the roles customer and 
supplier exist. In this new collaborative situation all involved are best off as partners 
(Grönroos, 1996), not as competitors. Therefore, customer and supplier in this paper 
refer to the interacting partners in a business relationship and not a hierarchic order. A 
underpinning thought for the study is that the perspective and view on the concept 
product, held by those people who are engaged in the product development process, 
have an impact on the process as such as well as the outcome of the process.  

Disposition of the paper
The next section presents the methodology used in this study. After this, 

characteristics of services are presented, as well as the view on the concept products. 
The service perspective and the core product perspective are also outlined, followed 
by a presentation of the notion of functional products as presented in literature. Next 
is the studied case described, i.e. the notion of functional products as talked about by 
the interviewees. In the discussion section, the theoretical framework is applied to 
issues found in the empirical study. Finally, the paper ends with conclusions, 
managerial implications and suggestions for further research.

METHODOLOGY
The generated and gathered data composed of both primary and secondary sources. 

Primary sources were interviews conducted with employees of Swedish 
manufacturing companies, i.e. the empirical base yielding a description of the notion 
of functional products. Secondary sources were literature, such as books, articles and 
dissertations, i.e. the theoretical base used as a framework for the study. 

The choice of the theoretical framework for this study not only emerged from 
previous studies defining functional products as a combination of hardware, software 
and services, but also from empirical results highlighting both service and hardware 
issues. The empirical base consisted of three Swedish manufacturing companies 
engaged in industrial product development.

Due to the study’s explorative nature, qualitative data were of interest. Qualitative 
data is based on interpretations, understandings or experiences (Mason, 1996).
Qualities or a combination of qualities are searched for, the search for qualitative data 
is useful in studies of processes where the research phases take place concurrently 
(Gummesson, 2000). Interest in development processes of functional products is 
evolving in both academia and industry, where theory and practice take place 
concurrently. Qualitative data usually appears in the form of words rather than 
numbers (Miles and Huberman, 1994). Accordingly, talking with people makes sense. 

The interviews conducted in this study were a mix of group interviews and 
individual interviews, i.e. four group interviews and two individual interviews. A total 
of 19 persons from different departments at the companies were interviewed. The 
interviews lasted from 1.5 to 3 hours; the longer for one of the group interviews. The 
interviews were semi-structured (Mason, 1996), i.e. the informants could freely 
formulate their answers, but not freely choose the issues to talk about. Instead of 
following a predefined interview guide, a set of themes were in focus. The interviews 
focused on the themes products, ideas about functional products, and product 
development. The interviews attempted to uncover interpretations, experiences and 
understandings of the interviewees regarding these issues. The approach in the 
interviews has been to start a dialogue accordingly; the interviewees were encouraged 
to expound their views.



Qualitative data in fairly open-ended interviews is interpreted along the way. Data 
are summarised and reflected upon during the conversations with interviewees and the 
choice of relevant data and interpretations are integrated. The generated empirical 
data has been read in a non-cross sectional way, a practice guided by a search for the 
particular and the holistic (Mason, 1996). The non-cross sectional indexing starts by 
simply reading the material and looking for particular ideas, similarities and 
differences, in this study similarities and differences about the notion of functional 
products. This data processing method is also regarded as a cyclic process, where the 
material is read several times. The first analysis step yielded an overall description of 
the notion of functional product development that is presented in this paper.

THEORETICAL FRAMEWORK 
Services and the two perspectives based mainly on service literature will now be 

outlined. Products and product development based on literature from the traditional 
product development area are also presented. The theoretical section ends with a 
presentation of functional sales and functional products. 

Services
How to define services has been discussed from the 1960s to the 1980s, and though 

the debate has petered out though no clear definition has been agreed upon. 
Nevertheless, it is still argued that the logic of services is different from producing 
hardware (Edvardsson et.al, 2000) and that services are produced and consumed 
otherwise than hardware (Gummesson, 2002). A comparison of differences between 
the two concepts seems useful. Frequently mentioned differences between services 
and physical goods are summarised in Grönroos (2000), some of which are presented 
in Table 1. 

Physical goods Services 
Tangible Intangible 
Production and distribution 
separated from consumption 

Production, distribution and 
consumption simultaneous processes 

A thing An activity or process 
Core value produced in factory Core value produced in interactions 
Transfer of ownership No transfer of ownership 

“Service research has traditionally focused consumer markets” (Bovik, 2004, p.4). 
Accordingly, the term consumption is used, but not by manufacturing firms in a 
business-to-business environment. However, terms like production and delivery are 
derived from manufacturing and do not fit well in a service context (Grönroos, 2000). 
Physical artefacts are produced in a production process, while services are processes 
by themselves. Delivery implies physical good being moved from one place to 
another, but services can not be delivered this way (Grönroos, 2000). Services are 
produced and used just as needed and at a time and place of the customer’s choosing 
(Edvardsson et.al, 2000). Services are co-produced in relationships, networks and 
through interaction (Echeverri and Edvardsson, 2002; Gummesson, 2002). In service 
literature, business relationships are about “… what firms can do for customers in the 
form of a total service offering, rather than what it can do to customers with existing 
products…”  (Grönroos, 1996, p. 6]. 

Table 1. Differences between physical goods and services (Grönroos, 2000, p.47) 



Even though a service is not a thing, a customised solution of a machine, or almost 
any physical product, can be turned into a service (Grönroos, 2000). “A machine is 
still a physical good, of course, but the way of treating the customer with an 
appropriately designed machine is a service” (Grönroos, 2000, p.45).

Gummesson (2002) argues that core services do not exist, and that services can be 
stored in physical artefacts. Bitran and Pedrosa (1998) have recognised a mix of 
tangible and intangible aspects as essential for services, which they argue confuses the 
distinction between services and physical artefacts. Norman and Ramirez (1998) 
argue that clearly distinguishing physical artefacts and services is impossible, since all 
physical artefacts bring services important to the value of the artefact. 

Services can be made visible or remain invisible (Echeverri and Edvardsson, 2002). 
Examples of invisible services are how a company manages and handles invoicing, 
quality problems, complaints, offers documentation, handles queries and offers 
customer training on how to use machines (Grönroos, 2000). To make invisible 
services visible means that the supplier can achieve payment for them. Of course, 
revenue and customers are important for companies to be viable; focusing services is 
to consider more aspects to achieve payment for. Hence, from the service point of 
view, the physical artefact is not the only price carrier (Fransson, 2004). In service 
literature, financial outcomes “… are not something to be maximized but something to 
learn from as firms try to serve customers better and improve their performance” 
(Vargo and Lusch, 2004, p. 6).

Products and product development 
Traditionally, product development literature focuses on engineering areas, such as 

mechanical, electrical, software or construction areas (Ullman, 2003). Consequently, 
literature on product development views the concept product as a physical artefact 
(Pugh, 1991; Ulrich and Eppinger, 1995; Roozenburg and Eekels, 1995). Computer 
software, control systems and/or microprocessors have become a part of the physical 
artefact. The term product is interpreted as consisting of two inseparable parts, 
hardware and software. The view of the concept product as a physical thing is 
embodied in the product development literature. “It is an acknowledged fact that all 
products are manufactured…” (Pugh, 1991, p. 148).  Ulrich and Eppinger (1995) 
define products as “… something sold by an enterprise to its customers” (p.2), but 
narrows the focus on the concept product to stand for something that is “…
engineered, discrete, and physical” (Ulrich and Eppinger, 1995, p. 2). Consequently, 
the definition of product development will be affected. 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” (Ulrich and Eppinger, 1995, p. 2), 
with the narrowed focus this is - production, sale and delivery of a physical artefact. 
The view of design will also be affected. “Products are artefacts conceived, 
produced, transacted and used by people because of their properties and the functions 
they may perform. Product design is the process of devising and laying down the 
plans that are needed for the manufacturing of a product.”  (Roozenburg and Eekels, 
1995, p. 3).

The development of physical artefacts was previously known as the ‘over-the-wall’ 
design process (Ullman, 2003), i.e. the activities were disconnected. Information 
about the artefact was passed on from one activity to another. The perceived market 
need was passed on from marketing people to design engineers, who interpreted the 
information and transformed it into a manufacturing specification. This specification 
was thereafter passed on to the production units, who interpreted the information and 



built what they thought the design engineers wanted (Ullman, 2003). Today, an 
increasing complexity in modern technology makes it rarely possible for individuals 
to design and develop a major new product (Ullman, 2003).  A design team or 
development team is required, thereby introducing problems of organisation and 
communication (Andreasen and Hein, 1987). In an integrated product development 
process, these design teams are recommended to be multifunctional (Prasad, 1996) 
and cover a sufficient diversity of knowledge (Ulrich and Eppinger, 1995). The 
working tasks within the organisational functions of marketing, design and production 
should be carried out concurrently in a parallel interactive process (Roozenburg and 
Eekels, 1995; Andreasen and Hein, 1987; Prasad, 1996; Hartley, 1992).

Ulrich and Eppinger (1995) describe a generic development process divided into a 
sequence of five steps or activities. The steps are (1) concept development, (2) 
system-level design, (3) detail design, (4) testing and refinement and (5) production 
ramp-up. Identification of service issues is part of step two. Design issues are decides 
upon and experimental prototypes are built and tested before the second step.

The identification and investigation of user needs represents the initial activity of 
the development process. Ulrich and Eppinger (1995) hint at effective customer 
interaction, i.e. to go with the flow, and letting the customer provide you with 
interesting and important information about their needs. Needfinding, as presented by 
Patnaik and Becker (1999), also encourage this strategy, i.e. let customers guide the 
flow and collect data in a variety of different forms in iterative stages to fine-tune 
results. In short the Needfinding process can be described as a process to acquire 
qualitative information on customers, i.e. experiences, interpretations, understandings 
(Mason, 1996). It is important to look beyond the immediately solvable problem, 
practically uncover needs and not to impose solutions (Patnaik and Becker, 1999).  A 
focus on needs rather than on specific solutions renders all possible solutions open for 
consideration and the avoidance of limiting possibilities too early (Patnaik and 
Becker, 1999). “Because people’s needs endure longer than solutions, companies 
should focus on satisfying those needs rather than on producing a particular product. 
[…] focusing on needs encourages companies to continue innovating better ways to 
serve those needs, independent of current solutions” (Patnaik and Becker, 1999, p. 
38).  Furthermore, interaction with customers will help “…the development team 
develop a personal understanding of the user’s environment and point of view”
(Ulrich and Eppinger, 1995, p.36].

Roozenburg and Eekels (1995) describe the concurrent product development 
process not only as a whole, but also by dividing it into two development processes, 
the technical and the commercial. The goal of the technical development process is to 
produce a number of products according to a particular design. The goal of the 
commercial development process is profit; for profit to be calculated, the costs of 
development, production, distribution and sale of the product must be known. The 
product as such “… forms the link between the technical and commercial development 
process.” (Roozenburg and Eekels, 1995, p. 21).  

In general terms, the management of the development process of a new product can 
be seen as balancing efforts toward four key objectives, (1) development speed, (2) 
product cost, (3) product performance and (4) development program expense (Smith 
& Reinertsen, 1991). Good trade-offs between these four objectives are considered as 
the art of managing product development (Smith & Reinertsen, 1991).  



Service perspective vs. core product perspective 
Four different characteristics of strategic perspectives are outlined in Grönroos 

(2000) - (1) Service perspective, (2) Core product perspective, (3) Price perspective 
and (4) Image perspective. Using a price perspective implies that services are given 
low priority and differentiation is done by being the cheapest alternative or one of the 
cheapest alternative available. Through an image perspective differentiation is 
achieved by creating a brand image around the core product, and the brand is 
communicated to customers by advertising and marketing. These perspectives are not 
the focus in this study. However, the service perspective and the core product 
perspective are. 

Service perspective characteristics are: 
“The firm takes the view that an enhanced offering is required to support the 
customer’s value-generating processes, and that the core solution (a physical 
product, service or combination of goods and services) is not sufficient to 
differentiate the offering from those of competitors. Physical product 
components, service components, information, personal attention and other 
elements of customer relationships are combined into a total service offering.
The offering is labelled a service offering, although the core solution may be 
based on a physical product, because all elements of the offering are combined 
to provide a value-generating service for customer. Developing such a total 
service package is seen to be of strategic importance and therefore given highest 
priority by management.” (Grönroos, 2000, p. 7. Italics in original). 

Core product perspective characteristics are: 
“The firm concentrates on the development of the core solution, whether this is 
a physical product or a service, as the main provider of value for the customer’s 
value-generating processes (the customer’s use of solutions to create value for 
himself or for an organizational user). Additional services may be considered 
necessary but not of strategic importance, and therefore they have a low level of 
priority. Hidden services, especially non-billable ones, are not recognized as 
value-enhancing services. The firm differentiates its package from others 
through providing an excellent core solution.” (Grönroos, 2000, p. 7. Italics in 
original).

According to Grönroos (2000), the shift to a service perspective is partly customer-
driven, partly competition-driven, and partly technology-driven. Customers are 
looking for better value, the competition is becoming fiercer and increasingly global 
and information technology in particular enables the creation of new services. 

Identifying relationships to other companies as strategic service relationships insist 
on new organisations structures and business models. The traditional company 
structure and business model might be  “…replaced by clusters of companies or by 
strategic alliances between companies which form the basis for creative, customer 
and technology driven, effective and competitive value-creation systems” (Edvardsson 
and Modell, 1996, p. 8). Besides person-to-person relations service interactions occur 
between person-to-machine, person-to-object, and person-to-environment (Bitran and 
Pedrosa, 1998). Controlling individual actions in these interactions is impossible, but 
they can be encouraged to behave in a certain way by, e.g. technology (Bitran and 
Pedrosa, 1998).

  A service perspective and a core product perspective can be seen as complements 
to each other, though they are totally different intellectually (Normann, 2001). A 
service perspective is an ‘outside in’ perspective where the business begins at the 
customers, whereas a core product perspective is an ‘inside out’ where the business 



begins inside the company with a core solution (Normann, 2001). Grönroos (2000) 
advocates a shift in perspectives, i.e. to abandon one in favour for another. Yet, 
Normann (2001) argues that companies seldom abandon old models because they are 
not completely irrelevant.  

Vargo and Lusch (2004) use a resource-based view to distinguish the traditional 
goods-centered logic from the emerging service-centered logic. In the former, the 
primary unit of exchange is goods, whereas in the latter the exchange is based on 
acquiring the benefits of knowledge and skills or services. What is exchanged in total 
service offerings is not straightforward when “… products are replaced by 
management of resources such as personnel, technology, knowledge and time so that 
the firm can take care of needs, wants, desires and expectations of its customers and 
other partners” (Grönroos, 1996, p. 8). These new tasks are not completely 
predictable and could encompass a variety of different situations that need to be 
managed individually (Normann, 2001).  

Functional sales and functional products 
In the context of manufacturing physical artefacts in a business-to-business 

environment, literature about Functional Products (FP) handles the concepts in 
different ways and from different views.

In Ölundh (2003), the word product refers exclusively to physical products or 
goods, but not services. Functional sales are presented as identical to leasing (Ölundh, 
2003), i.e. the ownership of the product is not transferred in a sale, the product is 
rented. The ideas about remanufacture play an important role in Ölundhs (2003) 
environmental perspective. However, there is inconsistency in drawing a parallel 
between FP and leasing since it does not imply that the company providing the 
physical product also develops it; thus, remanufacture is not doable.  

Ölundh (2003) defines functional sales as “…business concepts that effects what 
object is sold, the seller liability, payment and price setting as well as the property 
rights of the product used. Important is that both the property rights and liability of 
the product used remains with the provider” (p.9). The use of the word object is 
confusing in relation to functional, since functions do not seem to be an object, a 
thing. Ölundh (2003) writes that the phrase “Sales of Functions” better captures the 
basic thoughts. This phrase refers to “…what is actually being sold to the consumer 
rather than implying that the sale is functional” (p. 5). What is sold appears to be 
functions. To specify what function is, was not considered relevant in her thesis, 
“…as it is the consumer who defines the desired function or need that the provider is 
attempting to fulfil” (p. 5). Although not considered relevant, a function seems to be 
customer needs, but the inconsistency is that a provider can not sell customer’s needs.  

Ölundh (2003) discusses functional thinking, defining it as a part of a mindset that 
should replace solution thinking and be valuable when selling products. Hence, 
function and functional can be related to both conceptual design and business 
development. Ölundh (2003) concludes; “Functional thinking should also be applied 
when developing the total solution for the customer, including products and services, 
and thereby opening the way for innovative solutions” (p.86).

Persson (2004) and Chakrabarti and Bligh (2001), however, describes functional 
reasoning used to clarify what task, effect or functions a component or system should 
perform. Functional reasoning is usually applied to engineering problems and is 
helpful in dividing and structuring problems into less complex sub problems. In this 
context, function and functional are related to hardware development.  



Brännström (2004) proposes a lifecycle model for functional products. The model 
comprises of three parallel development processes are present as well as the 
interaction between them. Each of these development processes - service, software 
and hardware process - passes through four stages and contributes in a combined 
effort to optimise the outcome, i.e. the functional product. However, the model has 
been criticised by service researchers.  

In Fransson (2004), points out that the lifecycle model shows the production of 
services as preceding the delivery of the functional product, though services is said to 
be a part of the functional product. Fransson (2004) points out that a shift in focus, 
from the properties of physical artefacts and goods as a carrier of all values to co-
production of immaterial values such as accessibility, usefulness and reliability, has 
started. Functional offerings are in this context a possibility for suppliers to care for 
specific activities in the customer’s processes. Fransson (2004) has arranged 
functional offerings on an ascending scale where traditional transactions of physical 
artefacts are the base and traditional service offerings the second step. Steps three and 
four distinguish incomplete and complete functional offerings. The final step is total 
service offerings, where the provider uses the physical artefact in the customers’ 
processes. Fransson (2004) concludes that it is worth striving for total service 
offerings. Persson (2004) highlights the total offer level as where “… services are 
integrated with hardware and software…” (p. 4) and concludes that the supplier has 
to inform the customer of possible new solutions.  Nytomt (2004) concludes that 
modelling and simulation are an important part of the reliability of hardware 
supporting services. 

Remanufacture can play an important part in FP provision (Alonso-Rasgad et. al, 
2004). If FP is based on hardware of high total capital expenditure with a long 
lifecycle it is possible that the remanufactured hardware - which is more about being 
upgraded than dismantling of every component - can be re-used by another customer. 
The suppliers’ ownership of the physical artefact, remanufacture and focusing on 
providing availability to hardware functions places new requirements on the reliability 
of components in the physical artefact, thereby affecting design activities in the 
product development processes. It should be possible to replace components of 
limited life without affecting the core of the hardware, as well as consider the rate of 
technological advance (Alonso-Rasgado et. al, 2004).

EMPIRICAL FINDINGS - THE STUDIED CASE 
When talking with people from industry, FP as a name or as a brand seems to not be 

important, even though the idea is. The idea of FP occurs under different names or 
brands. For the sake of simplicity, FP will be used in the text below to highlight when 
the interviewees are talking about this new business concept. The issue of recognising 
and defining FP for the company has been talked about. Due to FP as an evolving 
situation, it is not obvious how FP affects the company. The change from the 
development and selling of tangible physical artefacts to the development and offering 
of intangible services is understood as a huge leap. For this transformation some 
challenges have been mentioned; new methods for engineering design, new 
supporting organisational structures, new business models and new ways of thinking.

However, some characteristics for the notion of FP are recognised. One key 
characteristic is that the FP remains in the ownership of the supplier. The structure of 
the ownership of FP is also thought of as a consortium. In line with not selling the 
physical artefact, remanufacture becomes interesting for those companies that have a 
physical artefact with a long lifecycle. For those who do not have, the function 



provided of their physical artefact in the customers’ development processes are in 
focus. Since the physical artefact is not sold, the recognition of FP as selling added 
value of some kind is mentioned. Thus, another characteristic of FP is the value-added 
content. To be able to add value to the development process of FP, close business-to-
business relationships have been recognised as a prerequisite. A close business 
relationship and value-adding aspects make the interest in being involved in all 
parties’ product development processes apparent. To be involved as early as possible 
means that it is possible to influence the final solution, this is to interact with the party 
when decisions are made. 

The interest for offering FP is recognised as an additional business opportunity. The 
need for managing several business models has been talked about; (1) traditional 
transactions, i.e. selling physical artefacts and adding services, (2) partnerships, i.e. 
hierarchical customer-supplier relationships and (3) FP, where a business model with 
an inside perspective has been presented, that is the companies are partners co-
producing added-value to an ultimate customer as well as to each other. It has been 
said that it is necessary for the companies to act in all these business situations at the 
same time. The importance of knowing which of them suits which customer or the 
maturity of the customer needs to be understood. When to leave one stage in the 
business model and to take a step closer to FP business has been mentioned as an 
issue to gain more understanding of.  

Product development is described as occurring both inside and outside the company. 
The inside concept is used to describe that the core solution derives its origins from 
internal development processes. The outside development is an outsourced activity. 
The inside and outside metaphor are also used to describe sales or offerings. An inside 
perspective has been described as focusing the business from the company’s 
standpoint and looking no longer than the company borders. The outside perspective 
is said to be the customer point of view and to see the company with his or her eyes.

DISCUSSION 
The mix of intangible and tangible elements in products is recognised from a 

service point of view and a product development point of view. Products consist of 
hardware and services, but the focus deviate both views. In product development 
literature, the concept product is understood as consisting of physical artefacts and 
services, but the focus is on physical artefacts and vice versa in service literature. This 
focus on either services or hardware is problematic in FP development, which needs 
to focus on both.

The word product in FP is, perhaps due to evolving within product development 
area, understood as being a physical artefact (e.g. Ölundh, 2003). The characteristic of 
FP as remaining in the ownership of the supplier and the interest for remanufacture 
indicates the product part as being understood as a physical artefact. Only a thing can 
be remanufactured. In Fransson (2004) the offer of FP are differentiated from 
traditional sales by the idea that it is the provider who uses the physical artefact in the 
customers’ processes and thus the service content is high in FP. In a service process 
the customer is present and a co-producer (Echeverri and Edvardsson, 2002; 
Gummesson, 2002), but in this total offer as suggested by Fransson (2004), it can be 
argued that no customer is present in the use of the product, thus the service has to 
precede the total offer, i.e. in the development of the physical artefact.  

It seems like a good idea to discuss the functional part of FP. Functions and 
functional are not only related to customers’ needs (Ölundh, 2003), but also to 
hardware development (Persson, 2004; Chakrabarti and Bligh, 2001). Viewing 



functions as related to hardware development agrees with a core product perspective 
or an inside perspective. The focus is on functions describing the effects required for 
the physical artefact. Viewing functions as customers’ needs is in accordance with a 
service perspective where a customised design of the physical artefact or the life cycle 
of that artefact is a service (Grönroos, 2000). The services are integrated (Persson, 
2004) into the development of the physical artefact and the product becomes a 
specific customised solution. Hence, depending from which perspective the product 
developed is viewed, the functional part can diverge. These diverged views have an 
impact on the realisation of the development of FP.  

Interpreting functions as customers’ needs indicate an interaction with customers in 
a relationship; close business-to-business relationships are recognised as a prerequisite 
for FP development. The need for collaboration can make the knowledge created and 
used in FP development processes as being the product as such. In the studied case an 
interest in being involved in all the product development processes of the parties has 
been mentioned and interpreted as an interaction in the in phases where it is possible 
to influence the final solution. The functional product will not be decided upon 
beforehand by the provider; instead of handing over requirements describing a 
specific solution the parties will collaborate in the design phases and the outcome of 
that collaboration will be a FP. The content of needs that people can not readily 
articulate increases in a FP collaborative development process, i.e. qualitative 
information on customers. A Needfinding approach (Patnaik and Becker, 1999) can 
be particularly useful to uncover the needs of all parties and keep all possible 
solutions open for consideration to avoid early limitations of possibilities.  

The novelty of the concept FP seems limited when based on FP defined as a 
combination of the parts hardware, software and services. Adding more services to 
support the physical artefact is not new to manufacturing firms. It can be argued that 
manufacturing companies have started to transform into service companies and this is 
a new situation for those companies. After the transformation the manufacturing 
company has become a service company. Service companies as such are nothing new, 
neither is the transition (Echeverri and Edvardsson, 2002). Defining supporting 
services as services to keep the physical artefact operable (Alonso-Rasgado et.al, 
2004) indicates a broadening of a core product perspective to encompass more 
services, not a change into a service perspective. From a service perspective, it is the 
identification of what to support that is confusing. A service perspective begins at the 
customers (Normann, 2001), thus it is the customer’s value-generating processes that 
should be supported. A core product perspective begins with an excellent solution 
(Normann, 2001), thus it is the physical artefact that should be supported. FP 
understood as an integration of the parts hardware, software and services into a 
encompassing whole places the emphasis on the novelty in FP as a concept 
considering a service perspective as well as a core product perspective. Interesting 
questions are; Can this be achieved and if so, how?  

The manufacturing companies have described an outside and inside perspective 
from two different levels of the firm, (1) from a business level, i.e. offerings or sales, 
and (2) from the product development level, i.e. the design of the physical artefact. On 
the business level the service perspective is apparent and inherent to the 
understanding of how to do business and in the essence of the product offered. The 
customer’s point of view is recognised as important at this level. On the product 
development level, an outside perspective is an outsourced activity, whereas an inside 
perspective is a core solution whose origins derives from internal development 
processes. Thus, on the product development level the core product perspective is 



apparent and inherent in the understanding about the product. The product as such is 
the link between the technical development process and the commercial development 
process (Roozenburg and Eekels, 1995). However, if the business views the product 
as a total service offer and the development views the product as a physical artefact, a 
gap has been identified. The recognition of both a service perspective and a core 
product perspective in the studied case indicate the occurrence of both views in 
manufacturing companies, though on different levels, by different departments of the 
firm or by different people. It becomes possible to argue that FP as a concept 
understood as functional sales or total service offerings has started, while FP 
development is lacking behind.

CONCLUSIONS 
The purpose of this paper was to explore the differences between a service 

perspective and a core product perspective to shed light on what changes in the 
management of product development processes are motivated by the notion of 
functional products. A description of how employees at three Swedish manufacturing 
companies talks about FP has been presented. Some FP characteristics have been 
identified:

- FP remains in the ownership of the supplier 
- FP has value-added content 

Hardware, software and services can be seen as parts building up the notion of FP, 
to understand the whole FP concept through deduction of the parts and investiging 
them in isolation make the novelty of the ideas difficult to understand. The function 
part in FP is understood as the customers’ needs (Ölundh, 2003), while the product 
part can be understood as the result of the processes to meet those needs. Therefore, 
the FP development process might be understood as customers’ needs transformed 
into a product, where the product is the result of the transformation process as such. A 
Needfinding process (Patnaik and Becker, 1999) has been recognised as useful for 
uncovering needs and to keep all possible solutions open for consideration to avoid 
early limitations of possibilities. The integration of services into the hardware 
development in the form of a customised product or product life cycle has been 
argued here. Thus, it can be concluded that customisation urges communication with 
customers or all parties involved.  
Exploring the service perspective and a core product perspective has identified a gap 
in how the product is understood. On a business level a product is understood as a 
total service offering, whereas on a technical development level the product is a 
physical artefact. According to Roozenburg and Eekels (1995) the product constitutes 
the link between these two levels; it can thus be concluded that the identified gap 
hinders FP development and motivates the management of product development 
processes for FP to encompass efforts that support communication about the product 
in and between companies.  

MANAGERIAL IMPLICATIONS 
Managers in manufacturing companies, with backgrounds in a core product 

perspective, concentrate on the physical artefact as the product to offer and to 
develop. The notion of FP is understood as a transition from a focusing on the core 
solution, i.e. physical artefacts, to a focusing on needs. Today, the product in 
manufacturing companies is understood as a tangible thing supported by intangible 
services. In FP development the product as such becomes initially intangible, and 
perhaps also finally intangible, since it is not determined beforehand. This situation 



requires managers to develop the capability to enable communication of the product. 
The use of Needfinding processes to uncover needs indicates that managers have to 
trust the design team to go with the flow and let the customers provide the team with 
useful information. It is important to not manage the design team in details on a micro 
level towards a specific solution. Needfinding is likely to consume resources during 
the early phases of the product development process and managers must be able to 
have an overview of the whole process to understand how resources can be saved.  
Due to FP development as a co-development process between companies where all 
involved are partners, managers have to understand all the partners’ points of view 
and feasible decisions must be communicated via both internal and external 
communication.

FURTHER RESEARCH 
To sum up, FP as a concept is described differently from different perspectives. The 

academic world is, from the view of different research areas, striving to gain a deeper 
understanding of the concept and its implications. Studies have shown how to package 
all service elements into a more encompassing offer (Brännström, 2004; Fransson, 
2004)) and how it should be sold (Ölundh, 2003). Since limited research is done about 
how to design and develop physical artefacts to compose a service element in an 
enhanced offer, this issue is suggested for further research.

Views not considered in this study are price perspective and image perspective 
(Grönroos, 2000). A suggestion for further research is to examine these perspectives 
in relation to the development of FP.  

In this study, the integration of services into hardware development has been 
recognised as an interesting approach requiring collaboration between companies. A 
suggestion for further research is to study cases involving multifunctional 
collaborating design teams to find out how partners interact in such processes. In this 
context several levels of interest can be seen. Firstly, the collaboration as such has 
been recognised as interesting. Secondly, the changes on product development 
processes that are motivated by multifunctional views are also interesting. Thirdly, a 
study to understand how information and communication technology can support FP 
development in distributed teams has started and could give valuable input to the 
above.
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Abstract
The notion of functional products changes the existing relationship between manufacturing 
companies. The integration of hardware, software and services in functional products calls for 
close collaboration with companies having complementary skills. When employees from 
different companies are involved, strategic resources such as knowledge are shared. From an 
engineering design perspective, knowledge sharing supported by software systems are useful, 
though it seems like functional product development insists on integrating multifunctional 
skills and this is likely to affect the design of software systems. The objective in this paper is 
to explore knowledge sharing challenges between manufacturing companies, striving to create 
close functional product collaboration, and hence understand aspects in the design of software 
systems.  In this paper the focus is on Knowledge Based Engineering (KBE) systems, these 
are considered to be internal engineering specific tools, while collaboration and need for 
knowledge sharing calls for coupled KBE systems between partners. In this context, 
knowledge sharing challenges within the extended enterprise are recognised to issues about 
who to trust and what and how to share. This affects how tightly coupled KBE systems can 
be.
In general, this paper contributes to the ongoing discussion concerning collaboration issues in 
concurrent engineering design, but especially to the overall understanding of what new 
demands on KBE systems that are motivated by functional product collaboration.

Keywords: Knowledge Sharing, Collaboration, Knowledge Based Engineering, Functional 
Products

1 Introduction 
“Companies today strive to unify things that we have learnt to be 
contradictions. They try to be both local and global, both small and big, both 
centralized and decentralized both stable and dynamic. They want to become 
bigger without growing. They want to offer standardized mass manufacturing, 
customized mass manufacturing, and individually designed goods and 
services simultaneously” [1], ( p. 265).  

This situation is familiar to contemporary industrial product development organisations. 
Different efforts to manage the contradictions in the situation exist. One aspect recognised as 
a prerequisite in handling this type of situation is business relationships in form of 
partnerships, alliances, or joint ventures, or a combination thereof, to develop new products or 
enter new markets [2]. In business-to-business relationships all parties involved are best off as 
partners [3], not as competitors. Interaction in business-to-business relationships is not only 
about being influenced, but influencing [4]. Business relationships that all partners consider 
successful involve collaboration, i.e. to create new value together, rather than mere exchange, 
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which is to get something back for what you put in [5]. Value-chain partnerships are 
considered to be the strongest and closest collaboration where companies “… in different 
industries with different but complementary skills link their capabilities to create value for 
ultimate users” [5] (p. 98). A relationship is about what companies can do for customers with 
an enhanced offering, rather than providing customers with existing products [3].
Relationships and enhanced offerings increase the dependency on intangible assets, such as 
know-how and collaborative problem solving. Suppliers and customers become partners who 
develop physical artefacts and provide enhanced offerings for the ultimate customer who is 
also a partner.

To establish, develop and maintain successful collaborative relationships between parties, 
trust is a key ingredient. Without trust the parties will not be committed to the mutual cause 
[6]. Mistrust starts a vicious cycle and makes success harder to attain: when success fails, 
someone has to be blamed. Who is different? The outsider, of course! [5]. Tomkins [7] argues 
that trust, defined as - “…areas of life which one can take as given…” (p.185), enables people 
to act as if the uncertainty they face is reduced, though it does not reduce the actual 
uncertainty. An assumption of equality, i.e. all parties bringing something valuable to the 
relationship, is the beginning for respect that in turn builds trust [5]. The formation of 
alliances and partnerships “… rest largely on hopes and dreams – what might be possible if 
certain opportunities are pursued” [5] (p. 99).  In interactions between firms, there is an 
implicit impression of sharing knowledge, decision-making and mutual rewards [7].

In the context of business-to-business relationships, the notion of functional products and 
specifically product development knowledge has gained interest among researchers and 
industry. Functional products have been defined as a combination or integration of hardware, 
software and services [8], [9], [10]. Alonso-Rasgado et. al [10] conclude that functional 
products, if the contracted functional performance is achieved, create close business-to-
business relationships and give stability and a constant revenue stream. Furthermore, the “… 
stable relationship should remove much uncertainty and provide an attractive competitive 
business scenario.” (p. 537).

Negotiation to determine the terms of collaboration is necessary when moving towards 
collaboration across organisations [7]. Information needed for partnerships is not given on a 
take it or leave it basis. Relevant information is part of the interactive process [7]. Tomkins 
[7] distinguishes two types of information, one that is needed to create trust, the other relates 
to expectations about a collaborative future. On a daily basis, engineers need yet another type 
of information, which relates to product development processes. Since close collaboration and 
product development are vital for functional products, it is necessary to mutually consider 
what relevant information is needed and what information could be shared for an interactive 
development process of such a product.  

Today, engineer designers are used to computer support in the form of for example 
Computer-Aided Design tools and simulation tools. These tools focus on the technical 
development process, while functional products, being a total commitment involve service 
aspects beside hardware aspects. 

Thus, the objective in this paper is to explore knowledge sharing challenges between 
manufacturing companies, striving to create close collaborative functional product 
partnerships, and hence understand aspects to the design of software systems.  

The study presented in this paper is conducted from an engineering design perspective and is 
limited to KBE software systems deployed in Engineering Design activities. Information 
about, for example, materials and machining process can be relevant to other parts of the 
manufacturing firm. To be able to lower costs for development work, the purchasing 
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department is interested in information about new materials as early as possible, though, 
based on the same information, the user interfaces diverge between computer support aimed 
for technical development use and business development use. An underpinning thought for 
the study is that computerised systems will have a positive impact on the possibilities for the 
knowledge sharing process. 

Studying knowledge or information sharing challenges are in itself a challenge. What is 
knowledge? What is information? Some equalise information and knowledge.  Langefors [11]
does so in his infological equation, while others do not, for example, Nonaka, Toyama and 
Konno [12] in the Ba concept. Erickson and Kellogg [13] argue that knowledge management 
is not just an information problem, but also a social problem. Accordingly, knowledge is 
contextually dependent. In this paper the focus is on sharing and collaboration supported by 
computer software, not on defining what is shared. We agree to each other that the sharing 
process can be computer supported, though each one of us holds a different position as to 
what is represented in the computer software.  

2 Disposition of the paper 
The following section starts with a brief presentation of MOKA, a methodology developed for 
design of knowledge based engineering systems. Although not used in this study MOKA has 
inspired and given valuable input to the structure of this study. An overall view of the steps in 
MOKA will be presented. After this, product development is outlined in general terms 
followed by a presentation of concept design activities based on engineering design literature. 
Business strategy literature is the basis for the described extended enterprise section. A 
presentation of KBE systems, and a description of the studied case follow this. The discussion 
section begins from the theoretical framework applied on issues found in the studied case. 
Finally, the paper ends with conclusions and suggestions for further research.

3 Methodology
Methodology and software tools Oriented to Knowledge based engineering Applications, or 
MOKA [14], have evolved from a project to a two level framework to represent and store 
knowledge with the aim to reduce cost and time of building KBE applications [14]. The study 
presented in this paper does not consider the designing or evaluating of any KBE application, 
though one of us will do this as further work. Reading about MOKA has given us an overall 
understanding about the iterative nature of knowledge and, accordingly, the iterative nature of 
understanding knowledge processes. In Figure 1, below, the lifecycle steps in MOKA are 
shown, i.e. Identify, Justify, Capture, Formalize, Package and Activate. According to MOKA 
[14], the activities of Identify and Justify “…are not in focus of MOKA and are not supported 
by the MOKA tool” (p. 47), though identified as “…crucial for the success of a KBE project”
(p. 44). The identify step has some similarities to our approach in this study, and involves six 
sub-steps, i.e. (1) identification of stakeholders, (2) define role and scope, (3) identify possible 
knowledge sources, (4) identify means of knowledge capture, (5) identify target KBE 
platforms and (6) assess technical feasibility. The sub-steps 1 and 2 in the identify step have 
been partly performed in this study.  

To generate and gather data, people holding expertise in industrial product development were 
identified, the data to be focused upon were defined and how to get access to these people and 
their experiences was detailed.  This has been done in an iterative way.
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Identify

Activate Justify

Package Capture

Formalize

Figure 1. The MOKA lifecycle steps  

3.1 Generated data 
The generated and gathered data composed of both primary and secondary sources. Primary 
sources were interviews conducted with employees of Swedish manufacturing companies and 
meetings with a project group consisting of both academia and industry. Secondary sources 
were literature, such as books, articles and dissertations.

The choice of theoretical framework for this study not only emerged from previous studies 
identifying functional products insisting on close collaboration, but also from empirical 
results highlighting computer technology and thoughts about a virtual space for knowledge 
sharing. The empirical base consisted of two Swedish manufacturing companies engaged in 
industrial product development. Both have a long-term relationship based on traditional 
customer-provider roles, but a contractual preferred supplier relationship has recently been 
established. The studied case is the evolving collaboration for functional products between 
these companies. Both companies are involved in a research project with the aim to realise 
functional product development in a distributed environment. 

Due to the study’s explorative nature, qualitative data were in focus. Qualitative data is well 
suited for locating the meanings people place on events, processes and structures and for 
connecting these meanings to the social world around them [15]. Qualitative data is based on 
interpretations, understandings or experiences [16], and usually appears in the form of words 
rather than numbers [15]. Accordingly, talking with people makes sense.  

3.2 Interviews
The interviews conducted in this research study were a mix of group and individual 
interviews. Three group interviews and two individual interviews were performed. A total of 
12 persons were interviewed and the interviews lasted from one to two and a half hours; the 
longer time for two of the group interviews. The interviews were semi-structured [16], where 
the informants could freely formulate their answers, but not freely choose the issues to talk 
about. Instead of following a predefined interview guide, a set of themes were focused on. 
These themes were ideas about functional products, product development, conceptual 
development, collaboration, information and knowledge issues. The approach in the 
interviews was to start a dialogue accordingly; the interviewees were encouraged to expound 
their views. The interviews were tape-recorded. The description of the empirical base was 
returned to industry for comments.  

In addition to the interviews, meetings with a project group consisting of both academia and 
industry have contributed to the study. Participants in the project group are involved in the 
research project aiming for realisation of functional products and the interview themes are of 
utmost concern. During these meetings notes were taken and follow-up questions were asked.
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3.3 Data processing 
When focusing on qualitative data in fairly open-ended interviews, interpretation occurs along 
the way. Data are summarised and reflected upon during the conversations with respondents, 
and the choice of relevant data and interpretation are integrated. The gathered and generated 
data has been read in a non-cross-sectional way, a practice guided by a search for both the 
particular and the holistic [16]. The non-cross-sectional indexing starts by simply reading the 
material and looking for particular ideas, similarities and differences. This method is also 
regarded as a cyclic process, where the material is read several times. The first step of 
analysis yields an overall description of the empirical base, as is presented in this paper. 

4 Theoretical framework 
Product development and engineering design are presented in the following section. The 
extended enterprise based on literature studies will be outlined. The theoretical section ends 
with a description of KBE systems.  

4.1 Product development – concurrent engineering design 
Time is perceived as a main challenge in product development [17]. Shifting markets and 
increased competition force companies to develop products fast enough to keep pace. Two 
issues have to be addressed when getting new products to the market quickly, i.e. the amount 
of work to develop a product has to be minimized and a way to do this effectively has to be 
found [17].

A product development process “… is the set of activities beginning with the perception of a 
market opportunity and ending in the production, sale and delivery of a product” [18], (p. 2). 
Ulrich and Eppinger [18] describe a generic development process that is divided into a 
sequence of five steps or activities, i.e. (1) concept development, (2) system-level design, (3) 
detail design, (4) testing and refinement and (5) production ramp-up. Some organisations 
might define and follow an exact and detailed development process, while others might not 
even be able to describe their process [18]. No distinct divisions between the sequences can 
be drawn, since they are carried out iteratively and thus achieve a step-by-step optimisation 
[19]. In each phase alternative solutions can be thought up; the design team is therefore urged 
to diverge and converge in each phase [19]. Understanding that a phase model does not show 
the problem-solving process is useful [19].

From an information point of view, the product development process can also be described as 
“… a process of gradually building up a body of information until it eventually provides a 
complete formula for manufacturing a new product” [17] (p. 158). Traditionally, the design 
of physical artefacts was known as the ‘over-the-wall’ process [20], where information about 
the artefact was ‘thrown over the wall’, meaning that activities where disconnected. The 
perceived market need was initially passed on from marketing to design engineers. Design 
engineers interpreted the information and transformed it into a manufacturing specification 
that was then passed on to production units, who interpreted the information and built what 
they thought the design engineers wanted [20]. Information flows describe a phase-based 
process where information is transferred from one activity to the next [17]. The issue is to 
provide complete information; hence, the following activity cannot start until the first has 
been completed [17]. To go from phases to a continuous flow of information requires working 
in overlapping activities, i.e. the information is incomplete and requires good communication 
to find out how well the product meets current needs [17]. An integrated product development 
process integrates the working tasks within the organisational functions marketing, design and 
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production into a concurrent parallel interactive process [19], [21], [22], [23]. An integrated 
approach to product development is “…essentially a pro-active one in which the design is 
redefined and developed on the basis of ‘real-time’ interaction so that it is constantly evolving 
and improving” [24] (p.252). A design team or development team is required in integrated 
product development and therefore introduces problems of organisation and communication 
[21]. In an integrated product development process, these design teams are recommended to 
be multifunctional [22] and have a sufficient diversity of knowledge [18].

Even though the whole integrated development process insists on continuous communication 
due to incomplete information, an engineering design perspective focuses on concept 
development activities in particular. The concept development activities within the 
organisational function design involve the investigation of feasibility of product concepts, the 
development of industrial design concepts and the building and testing of experimental 
prototypes [18]. Concept development is described as early design stages; a dilemma here is 
that knowledge of the product and the processes involved is low or vague, while decisions 
made at this stage can determine almost 80% of the product costs [25].

4.2 Extended enterprise
Product development organisations can be considered as having two main development areas, 
for example interpreted as a technical development process and a commercial development 
process [19]. In a globally connected world, characteristics like collaboration, knowledge 
sharing, change and learning become important [26]. Thus, development skills in addition to 
the technical and commercial development must to be considered and might be regarded as 
intangible information-centred skills. Computer technologies are useful for information issues 
and allow information to be known simultaneously anywhere in the world. Furthermore, they 
are inherently border-crossing and enable companies to create alliances and networks with 
numerous companies around the world [26]. The ability to play with virtually limitless 
possibilities, interchangeability of product parts and the capacity to continually try out new 
combinations of resources are enabled by a shapeless organisation that allows for the 
recombining of resources [27]. Within this interconnectivity an extended enterprise can 
evolve. The company will create relationships inside and outside its boundaries, and 
accordingly “…the extended enterprise blurs the boundary between external and internal 
collaboration…” [26] (p. 16) “… and encourage people to reach further, faster to gain or 
spread knowledge” [26] (p.17). This promising and unclear situation calls for an 
understanding of what are the favours and what might be the pitfalls in an extended 
enterprise. Kanter [26] has pointed out some aspirations and some challenges of the entire 
extended enterprise. 

Aspirations are to: 
create value for end users 
collaborate, neither commanding from the centre nor letting each partner act on their 
own
learn from local customisation and innovation 
use of collaborative methods, for example cross-boundary teams  
derive strength from diversity and shape a share culture of unity

And, challenges are the: 
“out of sight, out of mind”-problem, immediate work is driving out collaboration with 
distant people 
few incentives for working across boundaries 
communication overload on small matters and too little communication on big matters 
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lack of collaborations skills 
too few tools that truly work everywhere 

How the extended enterprise is seen and interpreted varies depending on the viewer’s 
perspective.  From a knowledge perspective, the extended enterprise can be interpreted as a 
shared context for knowledge creation [12] and knowledge sharing. These are considered as 
interdependent activities. The shared context does not necessarily mean a physical place, it 
can, for example, be a virtual space such as e-mails, a mental space such as shared ideals or it 
can unify physical, virtual and mental spaces [12].

Knowledge management area focuses on how organisations effectively can manage, store, 
retrieve and augment their intellectual properties [28]. Ackerman et. al. [28] recognised two 
views of supporting knowledge management through software. One view focuses on 
gathering, providing and filtering available knowledge into shared repositories or information 
databases to easily reuse the information. Expertise sharing involving human components is 
considered as the other view, and the second wave of knowledge management. The aim is to 
bolster communication, learning and organisational knowledge.

4.3 KBE systems 
Knowledge based engineering or knowledge based engineering systems both occur under the 
acronym KBE; its understanding is not straightforward. Chapman and Pinfold [25] suggest 
that KBE vendors should not concentrate on their particular KBE software, but also treat KBE 
as a methodology to provide an understanding of the philosophy of object oriented 
techniques. In the same article, KBE is described as an engineering method representing a 
merging of object-oriented programming, artificial intelligence techniques and computer-
aided design technologies. KBE is thus a software tool, a method and a methodology. A 
difference between method and methodology is partly seen in the above description, hence it 
is possible to interpret method simply as how to do something and methodology as not only 
encompassing several methods, but also the underlying philosophy to understand to what and 
why these methods are used. The emphasis in KBE is on providing informational complete 
product representations captured in a product model [29]. “The product model represents the 
engineering intent behind the product design, storing the how, why and what of a design”
[29] (p. 906, underline added). KBE can be defined as “…The use of advanced software 
techniques to capture and re-use product and process knowledge in an integrated way” [14]
(p. 11, underline added). 

Based on these definitions KBE can be regarded in two ways. KBE can be considered as the 
use of a methodology to capture and re-use product and process knowledge. As well, KBE 
can be considered as a software system consisting of several advanced software techniques 
used in product design. Contributing to the difficulties in capturing the core of KBE can be 
that the KBE approach is described as taking a holistic view on design [25]. Nevertheless, the 
KBE approach aim to capture both “…product and process information in such a way as to 
allow businesses to model engineering design processes, and then use the model to automate 
all or part of the process” [25] (p.259).

Computer systems that apply reasoning methodologies to knowledge in a specific domain to 
provide advice or recommendations belong under the umbrella term expert systems [30]. A 
variety of systems are related to expert systems, knowledge based systems (KBS) being one 
of them. KBS is described as a typical rule-based system providing expertise or specified 
intellectual tasks [30]. Hence, a variant of KBS is KBE systems. These systems are often like 
narrowly focused expert systems [31]. “But knowledge-based systems need not be so narrow 
as expert systems, and certainly need not be limited to diagnostic and selection tasks. 
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Knowledge-based systems can also deal with at least some of the more complex kinds of 
intellectual tasks involved in engineering design (e.g., evaluation and decision making). The 
knowledge required to perform such higher level design tasks is not readily coded into small 
unitized rules, but still may be represented in various other ways” [31] (p. 11).  The shape of 
something, i.e. geometry, is a vital aspect from a manufacturing viewpoint. Thus, the 
appearance of geometrical features is characteristic for KBE systems, as well as what 
distinguishes it from KBS [14].

Computerised engineering design tools can be roughly described in three clusters. A first 
group is used to visualise and provide possibilities for making design changes quickly, e.g. 
Computer-Aided Design (CAD). Compared to CAD, KBE systems can integrate a variety of 
geometric and non-geometric knowledge [14]. As routine tasks are captured in the KBE 
systems, time is released, thereby allowing engineers to concentrate on the creative aspects of 
design [14] and instead work with the synthesis and analysis of result generated from captured 
tasks. KBE systems are especially useful when dealing with routine design processes for 
which the knowledge is well understood [14]. A second group of computerised engineering 
design tools are used to reduce technical risk and uncertainty along with the number of 
prototyping cycles needed, e.g. modelling and simulation tools. A third group of tools 
enhances communication and facilitates the flow of partial information, e.g. tools based on 
shared databases [17]. “The ultimate goal of the KBE system should be to capture the best 
design practices and engineering expertise into a corporate knowledge base” [25] (p. 260). 
The corporate knowledge base is built on available computer software, regulations, design 
guides, handbooks, existing design, analysis results and human expertise [25]. KBE systems 
can thus be seen as a fourth group of computerised engineering design tools bringing all the 
other groups together [32].

5 Empirical findings – the studied case 
To differentiate the roles, the words provider and customer are used, while in a future 
collaboration all parties will be partners. Functional products are recognised as encouraging 
new ways of collaboration for the traditional provider-customer business-to-business relation 
between the companies. The structure for functional product collaboration is regarded as an 
extended enterprise enabled by computerised technology. Collaboration, close partnership, 
win-win situation and shared information and knowledge are key words when discussing 
functional products and product development, while responsibilities, roles, confidentiality, 
payment and profit have been predicted as risks to deal with. Seeing computerised technology 
as a driver for change gives a plethora of possibilities to share information and knowledge, 
though the issue of what can be shared is not evident. Companies regard information and 
knowledge as strategic resources and some information is considered as not shareable, e.g. the 
revenue for a product developed in cooperation with another company. Knowledge is seen as 
a part of products that are sold or bought. Intellectual property rights, how to communicate 
and what to communicate are all of interest for the functional product scenario. Furthermore, 
juridical issues like contracts are vital. Today, business partners usually have a contractual 
relationship, with the contract being set before the cooperation, though one dilemma 
mentioned is that contracts may prevent cooperation. Cooperation actually occurs daily 
without contracts, when an agreement is sometimes signed after a finished business deal. 
Functional product collaboration is recognised as a long-term business relationship involving 
the whole company, all parties and all stakeholders. Establishing contracts that consider all 
aspects during that time span has been recognised as problematic. 
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Functional products have been recognised as selling added value of some kind to an ultimate 
customer. To do this, collaboration is seen as a prerequisite for functional product 
development. The interest in being involved in product development processes of all parties at 
an early stage become important. The ideal stage to be engaged in is before concept 
development, but being involved in concept development seems realistic. To be involved as 
early as possible means having the possibility to influence the final solution, and to interact 
with the party when decisions are made. A dilemma mentioned is that knowledge of how to 
communicate and how to collaborate to realise this is lacking. Today, providers are operating 
in later phases, but what type of information is needed if the collaboration moves to the 
conceptual stage or even before that stage? How will this new scenario affect the product 
development process? 

For information and knowledge sharing, an identification of personal contacts and social 
bonds has been recognised. It is important to have a competent contact person at the other 
organisation, with a social network within his or her own organisation. This is said to ensure 
that the right person with the proper competence will handle the matter, who can also gather 
competence or knowledge from within the entire company, e.g. the customer has to trust the 
provider to get in contact with persons who have the relevant competences. Today, the flow 
of information about technical issues is described as depending on people, while a perceived 
future supported by computerised technology is thought of as occurring between companies. 
The possibilities for information and knowledge sharing in close collaboration have been 
recognised, as well as the risk for loosing competences in certain areas, but the advantages to 
gain complementary competences is perceived as valuable. But, how can this value be 
understood and evaluated? 

Still, telephones, faxes and e-mail are used for information sharing between companies. Each 
company uses computerised support systems for information storage, retrieval and reuse, e.g. 
software support for project information and product knowledge. Expert systems are used for 
the actual product development process to generate concepts for design and construction. The 
challenge of understanding the different types of knowledge has been talked about. For 
example, knowledge based on rules is possible to express, but knowledge based on 
experiences requires a different approach. Judging whether the information found in 
computerised technology is relevant or not is said to be a human process of interpretation. To 
interpret and judge the relevance of information, humans have to be trained and have some 
kind of experience. Formal meetings, courses and on the job training are parts in the 
companies’ human resource management strategies. To know where the expertise is situated 
within the company informal sharing of information has been mentioned as important, along 
with an understanding of the organisation’s formal structure. The formal and informal way to 
find expertise are said to be interacting. 

KBE systems are recognised as a possibility to speed up the responses between companies. 
Access to information from joint projects makes it possible to respond to queries faster. The 
possibility to use this information in collaboration with other firms was mentioned as an 
uncertainty. Trust is seen as a key to how knowledge could be used in a joint project with 
other organisations. The conversation shifts towards functional products when discussing 
KBE, since some sort of connection between ideas about KBE and ideas about functional 
products seems to be recognised. Further, when talking about functional products, the 
difficulties in understanding each other within the company were mentioned: They are on a 
strategic level and we are on a tactic. We have another language and another time horizon. 
We are implementing the ideas of today and they are somewhere in 2010 or so.

9



In a business-to-business situation experienced personnel having a widespread social network, 
willingness to collaborate, genuine knowledge about existing solutions and a future 
perspective focusing on innovations are perceived as value-adding characteristics. In our 
interviews one respondent recognised the future of close collaboration as particularly 
challenging: The technical part, that’s no problem, we can solve that, but all the people who 
should work together – how shall we do that?

6 Discussion
It is concluded that close business-to-business relationships are created by functional product 
collaboration [10], though an existing relationship has to be developed before functional 
product relationships. Close functional product collaboration is about investments in adapting 
to other companies in the form of, for example, organisation, methods and technology. From 
our point of view, it is critical to understand knowledge sharing activities in the existing 
relationship to adapt. Those chosen to be functional product partners are supposed to be long 
time partners, with some kind of value to add to each other as well as to an ultimate customer. 
The companies in our study have today a contractual relationship. Thus, an important aspect 
identified during meetings and interviews was the emphasis on the contractual agreement. 
The issues of a contractual agreement for a functional product are neither fully understood 
yet, nor are the notion of functional products.

The intangibility increases due to the involvement of services in a functional product 
development process, requiring a continuous communication process with all partners to 
understand the needs of the ultimate customers.  As the functional product commitment is 
recognised as a long-term relationship involving ultimate customers, their needs are likely 
going to change over time. Ultimate customers’ need can vary over time from needing 
transactions of standardised goods to needing total commitment as functional products are. 
The forms of collaboration between the providers are affected of the customers changed 
needs. A consequence of this is that the terms of collaboration between partners are also under 
continuous change and urge to be renegotiated and updated on a frequent basis. Hence, 
negotiations to determine the terms of collaboration are necessary [7] in such a flexible 
environment. 

The vision for functional product collaboration involves the idea of an extended enterprise, 
perceived as a virtual common ground for collaboration. The interaction of the companies in 
the extended enterprise blurs the boundary between external and internal processes, and a new 
versatile organisation is perceived to exist. The extended enterprise appears when an 
interaction in a joint project takes place. From our point of view, an extended enterprise can 
be described as consisting of relationships serving as channels for information and knowledge 
sharing. Today, KBE systems are used as an internal tool, while close collaboration to 
develop functional product call for these systems to be connected or coupled between 
partners, i.e. actual sharing of resources. The coupled KBE systems can thus be seen as a one 
of many relationships serving as channels for knowledge sharing, and thus a part of the 
extended enterprise. 

Introducing KBE systems where entire processes are captured thereby introduces new issues 
of how to design the systems to adapt to a shared development process with partners. 
Technically, the opportunity exists, but a vast challenge is to understand how the systems can 
be connected between the partners. We have identified trust between the partners as a key to, 
for example, the amount of integration between the coupled KBE systems. Trust is considered 
to be vital to the relationship. Without trust knowledge sharing is not possible. A paradox here 
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is that a joint project where knowledge is shared thereby nurtures trust, and when trust 
emerges knowledge sharing is made possible. It seem like companies have to deal with the 
risk of loosing some knowledge to gain some. The knowledge sharing process between 
companies has to be managed and monitored. What documents, blueprints and so forth are 
distributed between the companies? Supporting this by computer technology enables the 
sharing process to be traceable and the level of knowledge sharing in the collaboration to be 
flexible.   

The KBE approach is described as taking a holistic view on design [25], while having a 
background in domain specific knowledge. In an integrated development process the 
organisational functions marketing, design and production are involved concurrently [19],
[21], [22], [23]. The design of functional products integrates hardware, software and services; 
hence, competences for designing functional products are not limited to engineering skills. 
However, a perceived integrated situation can also occur in a specific domain such as 
engineering, since the area involves a vast range of engineering competences that also need to 
be shared. In the context of functional product development the integrated process crosses 
organisational borders. 

Seeing KBE systems as support systems for engineering design in product development 
processes implies the benefit of the systems being the ability to capture specific activities in a 
process and convey the captured information to where and when it is needed. An issue to 
consider is what activities in the entire collaboration process software systems could or should 
support. Two main development areas, the technical development process and the commercial 
development process, have been identified [19], and additional skills like collaboration, 
knowledge sharing and learning have been recognised as important [26]. What are the 
possibilities for KBE systems to support all these aspects in a development process? What 
capability do KBE systems have to support functional product development collaboration? 
For functional product development, divergent competencies from hardware, software and 
services are needed for cross-border collaboration in multifunctional integrated design teams. 
From an engineering design perspective an issue for functional products can be interpreted as 
integrating service aspects into the hardware design, thus how to solve the problem and also 
what hardware that is actually developed will be affected. Therefore, knowledge needs to be 
shared in the conceptual development phase.  

In a value-chain partnership, companies have different but complementary expertise [5]. This 
expertise is linked into a shared capability to create value for end users. One incitement for 
developing a functional product relationship is the interest in selling added value of some kind 
to ultimate customers. The identification of added value can be interpreted as the recognition 
of complementary skills which has to be to be linked together into a functional product 
development process. For a functional product development process, the parties have 
recognised the need to interact earlier in each other’s development processes. Providers are 
not involved in the concept phase, but are contacted when important decisions are already 
made. At this point providers initiate their product development process on the basis of 
requirements achieved from the customer. Being involved early on means that instead of 
interacting at different stages in the process, all parties initiate their processes concurrently. 
Furthermore, information and knowledge about what is going to be performed requires being 
communicated to all parties. Interacting with partners makes ultimate customers and their 
needs visible to all parties, and make collaboration possible, i.e. to create new value together 
[5]. This value-chain partnership or the closest and strongest relationship [5] calls for ultimate 
customers to also be involved in the functional product collaboration. Interacting early on 
gives all partners the possibility to understand the requirements of the customer, and then the 
product lifecycle can be customised.  Linking complementary skills gives the picture of an 
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integrated development process, where some parts or activities in the process are “lifted” out 
and performed and owned by a partner. In such a concurrent and border crossing process the 
need for knowledge about each other’s processes is a prerequisite to collaborate. For 
functional products, an increased openness and greater trust is recognised as contributing to 
the overall efficiency in the product development process. The question for software systems, 
is how tightly coupled the systems need to be to support a functional development process? 
And, how tightly coupled will the companies allow them to be?  

7 Conclusions
In this paper the aim has been to explore knowledge sharing challenges between 
manufacturing companies to understand aspects vital to the design of software systems, in 
particular KBE systems. Previous studies have concluded functional products as generating 
close business-to-business relationships, giving stability and a constant revenue stream [10].
Interviews with engineers and meetings with people involved in a functional product research 
project have provided a view of functional product collaboration in an extended enterprise 
supported by computerised technology. Computerised technology has been recognised as an 
enabler for an extended enterprise and for knowledge sharing. Our study has focused on KBE 
systems, which differ from other knowledge-based systems by their geometrical 
characteristics, and are particularly useful for engineering design activities. Knowledge 
sharing challenges between companies can be concluded as to what extent knowledge could 
be shared and who to trust is identified as a key to this. This gives implications about how
tightly coupled KBE systems between companies could be. Functional products integrate 
hardware, software and services, and as a result, the view on the product changes to 
encompass a total commitment towards customers. The prerequisite of collaboration in 
functional product development insists on software systems to be coupled between partners. 
Furthermore, the integration of hardware, software and services in functional products calls 
for knowledge sharing issues to encompass more aspects than technical. For coupled KBE 
systems, more aspects than technical, e.g. business aspects, service aspects, need to be 
considered to support an integrated development process crossing organisational borders.   

8 Further research 
Our study contributes to the understanding of what new demands on KBE systems are 
motivated by the notion of functional products. The vision of functional product development 
as collaboration in value-chain partnerships between companies with complementary skills 
also gives a view of a distributed situation. We have not considered what changes are 
motivated by functional product collaboration on computerised technology specially designed 
to support distributed work, but this is a part of the already initiated research project. 

Coupled KBE systems are likely to be a driver for new thoughts about the core of the KBE 
concept. Research about this is ongoing and some ideas are presented, e.g. [32] [33].

Functional products are recognised as a total commitment towards ultimate customers. This 
means that functional products, as an evolving area, can be viewed from several different 
perspectives. Juridical issues have in our study been recognised as important and needs to be 
further investigated. 
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1. Introduction 
The purpose in this paper is to discuss new demands on computer tools to support decisions in 
functional product development. To do that, a tentative picture of changes in product development 
motivated by the concept of functional products has to be outlined to serve as a basis for the 
discussions. The concept of functional products affects the business as a whole. The hardware will be 
offered to customers as one part incorporated in a total offer. The offer as a whole compromise 
services related to and/or designed into that hardware. Accordingly, the product development level 
will be affected. But, to meet the high expectations the concept of functional products has to affect the 
design phase of the hardware in particular. Global collaboration in product development puts new 
demands on knowledge enabling technologies. Computer tools to support decisions in engineering 
design are commonly used by design teams. These tools are considered to be internal and support 
engineering specific knowledge. However, the concept of functional products in global design teams 
insists on collaboration between companies to achieve additional knowledge. Engineering design 
activities in functional product development insist on collaboration on a day-to-day basis despite 
distance.

1.1 The Concept of Functional Products 
A shift in view, captured in the concept of functional products, can be found within the manufacturing 
industry in Sweden. Traditionally, manufacturing industry focus on provide excellent goods, i.e. 
hardware, compromising services as add-ons. Services occur on an aftermarket and a major part of the 
profits is made on activities such as maintenance and spare parts. Over time the competition has 
increased in the aftermarket activities for manufacturing industries. One trigger for the concept of 
functional products can be found in the interest to control the aftermarket activities for the hardware. 
One characteristic for the concept of functional products is that the ownership of the hardware is not 
transferred to customers, even though the hardware as such is. The responsibility and availability of 
the functions provided by hardware remains with the service provider as well as the responsibility for 
maintenance and spare parts. The aftermarket is in that way owned by the provider and competition is 
decreased. The efforts of companies to cope with the demanding climate include a necessity to 
collaborate business-to-business to gain economies of scale partnerships in the extended enterprise and 
to be able to develop competitive products. Hence, the shift in view is a move towards providing 
services taking a lifecycle commitment for the hardware as well as optimising the availability of its 
function in the customers’ system.  
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The hardware providers will offer a guaranteed level of availability to the functions provided by the 
hardware. The reliability and maintainability of the hardware in relation to the customers use of it has 
to be taken into account in the design process. Thus, a thorough understanding of the customers’ 
processes, the performance and the use of the hardware in that processes as well as the customers’ 
needs has to be understood in early phases of product development.  

Besides, not transferring ownership to customers, some other main characteristic for functional 
products from manufacturing industry are; a) the integration of service and hardware knowledge into 
the development process, b) design of hardware with respect to technological advances, c) 
remanufacture of hardware of high total capital expenditure.  

The expectations from industry on the concept of functional products are high. The concept of 
functional products is expected to contribute to [Alonso-Rasgado et al, 2004]: 

the ecological sustainable environment through remanufacture of hardware, 
to sharing of for example business risks and  responsibilities through a flexible organisation 
structure
to customers in form of added value through providing continuously competitive hardware at 
the forefront of technology  
increased knowledge through the collaborative efforts to develop functional products.

2. Methodology 
The background for this paper has emerged from the interaction with industry people engaged in a 
functional product research project. The overall project is called Functional product development in a 
distributed virtual environment. Four sub-projects focus on communication, computer tools and 
knowledge needed for the development of functional products. In this paper material generated in all 
subprojects were brought together to provide a more encompassing view on the concept of functional 
products and particular on the new demands on computer tools used in collaborative settings. 
Computer tools are here broadly defined and range from information and communication tools (ICT) 
to engineering design specific tools. Material has been generated in meetings, workshops and in 
interviews.

3. Knowledge Integration in Functional Product Development 
The integration of service and hardware knowledge into functional product development is 
challenging. Skills, interactivity and connectivity in relationships are in focus within the knowledge 
area of services [Vargo and Lusch, 2004]. Knowledge related to services is expressed in terms of 
advices and know-how, i.e. tacit knowledge [Shostack, 1982]. Due to the tangibility of hardware the 
knowledge area focus on for example geometric and material characteristics and conversion of energy. 
Such knowledge is complex, but can be measured and transformed into rules and procedures, i.e. 
explicit knowledge. From a technical view reliable, relevant, in time, controllable and verified 
information can be provided in some cases. One dilemma in the design of computer tools is that they 
support different sets of problem areas. These areas are treated as separate issues and the computer 
tools are seen as internal specific tools.

Accordingly, one challenge for computer tools to support functional product development is to 
integrate different knowledge areas. The functional product development design teams have to act on 
good-enough information. Hence, another challenge for computer tools to support functional product 
development is to minimize the tacit elements and to provide support for taking in a readiness level in 
good-enough information [Nytomt et. al, 2005].  

Decisions for the total offer insist on knowledge about the customer, the customers’ processes and 
customers’ use of the hardware, for example will the hardware be exposed to conditions in the 
environment which affects the functions? Will the hardware be exposed to conditions for how it is 
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operated or manoeuvred? Decisions for the total offer insist on knowledge about issues that will affect 
the long term commitment, for example ecological constraints in form of government regulations. 
Furthermore, decisions for the total offer insist on knowledge about hardware as well as service related 
issues, for example predicting future technological advances and their relation to customer perceived 
value and internal cost for development. 

In figure 1, the tip of the pyramid symbolises the total offer (TO). The basis, on which the total offer 
depends on, composes of service and hardware knowledge. The integration of hardware and service 
specific knowledge into the functional product development (FPD) can be done by knowledge 
enabling technology. The total offer is a long term commitment to provide the customer with specific 
functions needed. The provider has to take decisions on maintenance, upgrade of hardware and 
technological advances. To develop or remanufacture the hardware or not is decisions that depends on 
questions for example about costs, profits and the commitment as such. To increase the quality and 
reliability in the decisions as well as in the commitment the provider has to be able to simulate those 
scenarios in the design process. To provide total offers and to develop functional products the 
computer tools has to convey down stream knowledge to be enabled in early design phases to facilitate 
life-cycle commitment. Knowledge is described as contemporary organisations most important 
resource and enabling technologies, e.g. virtual manufacturing and ICT are critical for the performance 
of flexibility in development processes.  

The offering of functional products includes an extended risk and responsibility taking for the 
company. The ability to simulate the hardware and service knowledge integration early in the design 
process is needed to support decisions. Simulations have to take standard component simulations 
(mechanical properties, manufacturing etc.) as well as total lifecycle simulations into account. 
Knowledge Based Engineering tools (KBE) is used in industry to decrease lead time by automating 
routine work, thus the time saved can be spent for several iterations in the synthesis-analysis phase 
[Pinfold and Chapman, 2001; Bylund et al, 2004]. The use of several iterations in conceptual design 
increases the quality of design by gaining a wider solution space.  

A key to achieve and realise functional product development is collaboration between companies. 
These efforts insist on enabling technologies to support collaboration, this is today technically 
feasible. A place and/or space for collaboration can be expressed in terms of a virtual enterprise or an 
extended enterprise. The extended enterprise is in this discussion used to exemplify a network 
facilitating global connectivity; our focus is on technologies facilitating that connectedness.

4. Towards Functional Product Development 
Design engineers manage a broad range of knowledge and information. The engineering design 
process is knowledge intensive and incorporate relational complexity as well as complexity related to 
the hardware as such. The tentative picture, figure 2, of foreseen changes for functional product 
development is based on a discussion that simplifies engineering design activities as if the past is 
excluded. The total offer business model is one among several that the companies have to manage. It is 

Figure 1. Knowledge base for Total Offer 
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important to understand that the new situation that is outlined here is building up a tentative picture of 
a new future, thus the past is not obsolete. 

Figure 2. Towards Functional Product Development 

4.1 Traditional product development 
In figure 2, at the left side, a traditional view on product development is present. The goal is to 
develop excellent goods having a focus on high quality. To achieve this goal strategies used can be 
exemplified with sequential design approach and homogeneous design teams. Information flows in 
this scenario can be compared with the ‘over-the-wall’ process. The activities were disconnected and a 
body of information was built up to encompass complete information about the hardware at each 
stage. Objectives in a sequential design approach are to break down tasks, activities and goals into 
sub-tasks, sub-activities and sub-goals. The formulation of a clear task, structured procedures, 
constraints and boundaries has to be done. The use of enabling technologies were sparse, computer 
tools were expensive and not fully adapted to every day use. However, 2D Computer Aided Design 
(CAD) tools were used. At this point the development of CAD and simulation tools was focused on 
matching the computer performance which was very slow. Computer simulations were often used to 
verify the design in a late stage in product development, not to support the design.   

4.2 Integrated Product development 
In the middle section an integrated product development approach sets the scene. Multidisciplinary 
design teams works across functional borders within the company and suppliers are contracted to 
provide additional solutions in a cooperative business-to-business context. The goal is to provide the 
market with successful goods, faster than the competitors. Excellent goods are still important, but over 
time customers take this for granted and start to search for factors which differentiate the hardware 
from those of competitors. Thus, customer orientation to understand customer needs is introduced and 
customisation of products needs to be addressed. The product development process is described in a 
parallel way, where the activities starts concurrently and encompasses several iterations between the 
activities. Thereby, the information flows can be described as horizontal. That is knowledge and 
information is gradually built up into a complete method to manufacture the hardware. The goal is to 
establish the specification as soon as possible, by fighting changes and influences that might challenge 
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it. In each phase alternative solutions can be thought up; the design team is therefore urged to diverge 
and converge in each phase. The move from vertical information flows to horizontal and continuous 
flows of information in integrated product development means that the body of information is 
incomplete and requires good computational support. 

The availability of computers and its processing possibilities are increasing rapidly. Designers are 
introduced to CAD programs utilising 3D-technology used to design components and assemblies 
constituting advanced product models where users can share the virtual prototype using PDM systems. 
The same digital representation is used as a basis for simulation of performance, manufacturing, etc. 
2D CAD is still commonly used in some areas. Simulations software and mathematical algorithms are 
improved and better supported with simulation programs, both integrated with CAD software as well 
as standalone software. Now simulations of both product characteristics and manufacturing simulation 
are commonly used in the development process. Simulations of complete product models are rare but 
becoming more common due to the increase in computer power and digitalisation of more aspects of 
the product. User interfaces are simplified and made more intuitive, still a large part of the design 
processes are repeated for each new product. 

The outsourcing of activities and the initial impacts of globalisation calls for cooperative work despite 
distance. As an additional support introduced in the 80s was video conferencing services. This adds a 
new dimension to distributed design teams which can share sketches and talk “person to person” 
without loosing body language. Industrial practice on video conference was generally limited to 
videoconferencing between two or three dedicated conferencing rooms, combined with application 
sharing and shared document repositories. The audio and video quality was generally low due to 
bandwidth restrictions and poor interoperability between conferencing systems. 

4.3 Functional Product Development
For functional product development the term product changes due to the integration of service and 
hardware to be understood as more encompassing than merely a physical artefact. Traditionally, in the 
left part of figure 2, the product term is comprehended as strictly a physical artefact. In the middle 
section the focus is not on an integrated product, rather on the process. However, the product term is 
mainly understood as a physical artefact in integrated product development. In Functional Product 
Development a physical artefact is designed and manufactured, but the customer will not own that 
artefact. The customer buys the functions provided of the artefact and accordingly comprehends the 
product than more than a physical artefact. 

At the right in figure 2, the integrated development process is expanded cross companies to compose 
functional product development, and an extended enterprise can be discernable in the 
interconnectivity. The extended enterprise can be interpreted and understood by the actors within it as 
a shared context for knowledge creation, knowledge sharing and knowledge integration [Huang and 
Newell, 2003]. The concept of functional products calls for collaboration with companies holding 
additional knowledge. This motivates the relationships to move from cooperation, i.e. the strive to 
coordinate the working tasks within a design project having different objectives for the efforts, to 
collaboration, i.e. the united efforts to achieve a mutual goal. In a cooperative approach all 
competences hold by the actors in the extended enterprise is not used for the benefit of the customer. 
However, the collaborative approach use all competences for the benefit of the customer, thereby the 
knowledge related to customers is also achieved by all actors.  

The new demands on enabling technology for FPD are, according to right bottom box in Figure 2: 
Integration of hardware and service 
Computer collaborative tools 
Simulation of total offer 
Knowledge market place 

The above demands are discussed in the following sections. 
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Integration of hardware and service knowledge into the product development process is challenging 
due to the nature of knowledge focused. Some service related knowledge can be considered as tacit 
knowledge expressed in advices and know-how as well as it is related to aspects about who to trust. 
Some hardware related knowledge can be considered as explicit knowledge expressed in rules and 
procedures. Despite being difficult to identify, service knowledge insists on being formalised to be 
captured into computer support tools. Furthermore, it is not straightforward what service knowledge 
that is useful to integrate into product development. The integration and collaborative approach calls 
for adapted, communicating and/or coupled computer technologies. The potential for simulations to 
support decisions regarding integration seems high since several scenarios varying from worst case to 
best case can be performed.  

Computer collaborative tools include distributed engineering tools to support co-located design teams 
as well as engineering design specific tools such as KBE tools. KBE tools provide decision support 
internally in companies today. The move toward functional product development creates higher 
demands on collaboration between companies. KBE tools coupled into a system between companies 
increase the possibilities to provide solutions in the design process. For example, information about 
the machine park can be shared with other companies via coupled KBE tools. Companies can use KBE 
tools to automate pre-processing like meshing, run simplified Finite Element simulations or by adding 
machine cost into the KBE tool so the designer will know how much the manufacturing will cost in 
machining hours. Thus, cost in machining hours can be compared with the parties in the extended 
enterprise and decisions to collaborate or not concerning the specific task can be made [Sandberg et al, 
2005]. An alternative is to decide to manufacture in-house or to outsource the manufacturing to 
another company.  

Functional reasoning simulations in engineering design are suggested to support new structures and/or 
rules of combinations being incorporated into a knowledge base [Chakrabarti and Bligh, 2001]. By 
expanding the commitment related to the hardware, the company offering functional products must 
monitor and support the hardware during its entire life-cycle. Feedback from actual use must influence 
the service and the design of next hardware generation. 

It is important to understand that a total offer can trigger technology development processes at 
collaborating partners. The results from these processes, e.g. a new service, software, tool, material, 
can be offered as a total offer itself. If software is to be offered and used in the extended enterprise the 
functionality has to be general enough. Computer tools focusing the design processes are valuable in 
the extended enterprise.

Distributed engineering tools are used to support meetings as well as the actual design work. Members 
of a co-located design team are separated by many barriers including distance, time, organization, 
culture, language and different technical disciplines. Not only formal information such as documents, 
geometry models and other product data must be exchanged – it is also important to support the 
informal information sharing and creation of social capital (knowing who knows and knowing who to 
trust) [Larsson, 2005] considered natural in a co-located team. Distributed engineering work can be 
divided into two levels (1) integration (e.g. data management and infrastructure) and (2) interaction, 
i.e. ICT tools that create a shared workplace across locations and supports interaction between people. 

The integration level is focused on the integration of the low-level communication structure, involving 
the exchange and synchronization of data and information between different systems and partners 
within the extended enterprise. Here, one aim is to support the persistent storage of data, version 
control of design documents, and to show the current state of the design process. Information is 
closely connected to intellectual property within a company. So, information must be exchanged with 
partners within the extended enterprise, but not outside this partnership. 



7

On the interaction level, computer collaborative support is viewed from a people perspective.The 
diversity in cultures and competencies of the global team can be seen as a valuable asset that adds to 
the creative power of the distributed design team. One challenge for global product development is to 
support collaboration within global design teams, where diversity and competencies of the whole team 
can be utilized and where team members can think together and share information and opinions 
instead of merely dividing work [Törlind et al, 2005]. Accordingly, all competences hold by the actors 
in the extended enterprise is used to achieve the mutual goal to provide customers with the contractual 
functions.

The trend on internet based tools has also changed collaboration. Instead of utilizing dedicated 
conferencing rooms the engineer can today collaborate from their workplace using software based 
communication tools such as IP- telephony,  video conferencing systems and application sharing. The 
use of tools supporting informal communication such as instant messaging and blogs has increased in 
industry.   

Simulation of total offers has to take all vital aspects of the offer into account in the conceptual design 
of the hardware. Simulations in the concept phase are useful to raise risk awareness and increase 
knowledge about the total offer potential. Due to the implementation of a broader use of simulations, 
simplicity in use without renouncing the security and trust in the computational support is important. 
The integration of services into product development insist on fast and flexible simulations, since 
services are partly co-produced with customers just as needed and at a time and place of the 
customer’s choosing. Simulation of total offers insists on an understanding of how decisions affect the 
offer, the hardware and the service and to see the effects in real time. The result from the simulations 
has to provide useful information for people holding different expertise ranging from engineers to 
market and purchase people. To take into concern the design of all these aspects simultaneously 
governs for close collaboration between divergent knowledge areas. 

Knowledge market place represents a virtual place for achieving additional knowledge. Core 
competences from the parties in the extended enterprise can be shared within this interconnectivity. 
Core competences or knowledge and the conventional hardware are different things. Core knowledge 
is related to the design process as such, e.g. the capability to run simulations applicable to a range of 
features, the capability to model and simulate components and relationships. The total offer and/or 
product development may include some areas that are not supported in-house or areas that are 
recognised as missing, but can not be exactly described. Additional knowledge is needed from external 
sources and the knowledge market place offers such resources. It is crucial to know who to collaborate 
with. If every total offer incorporates customised hardware, the answer to that question has to be found 
in each business case. However, one dilemma is if the additional knowledge is not explicitly 
expressed; how can it be found? Techniques for data integration and exchange can be used to create 
the information exchange within the knowledge market place, it is however impossible to store all 
information in one place, so technologies must combine and integrate relevant data from many sources 
and present it in a form that is comprehensible for the users.  

It is technically feasible to create a knowledge market place which can provide additional knowledge 
to companies. Yet, core knowledge is used to design and develop the offer, hardware and services, 
core knowledge are intellectual assets crucial to the company to be viable and competitive. As part and 
parcel of the business, questions about gains and losses need to be addressed. What knowledge sharing 
gives the best pay-back. This issue has to be considered in monetary terms, but also in knowledge 
boosting terms. The collaboration and sharing of knowledge should increase the in-house 
competences, not drain it. Core knowledge must also be protected in such a way that partners can 
utilize the specific simulation knowledge without revealing the core knowledge of the simulation 
process.
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5. Conclusions and Further research 
Companies that wants to be involved in the extended enterprise must look at their internal organisation 
and determine what their core knowledge is. Perhaps it is just a small part of the company that enables 
the company to do business the rest is just routine work. When the core knowledge has been found it 
is this knowledge that should be captured, formalized and integrated into a support tool offered to 
other partners in the extended enterprise. This tool itself may help other partners to overcome barriers 
in their product development process which may trigger new technology needs and a technology pull 
within the extended enterprise. Also, if each company could make small parts of their knowledge 
available for others to use each individual company could choose which company that are suitable 
collaboration partners in the extended enterprise. Computer tools need to capture and transfer the 
needs of the customer to the provider of the service, e.g. in the form of statistical information about 
new materials etc.  

In this paper the purpose was to discuss new demands on computer tools to support decisions in 
functional product development. It has been found that knowledge enabling technologies can support 
decisions in the early concept design phase as well as through the functional product life-cycle. 
Further research in this area would typically consider development of tools and technologies for 
Functional Product Development. 
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