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Abstract 

Many manufacturing industries are undergoing a transition from manufacturing of 
products towards integrating more services into the traditional product concepts and 
provide product-service systems (PSS). Development of PSS changes the focus from the 
product to the functionality of the product; hence it can be referred to as functional 
product development. PSS also puts focus on the value of the knowledge-intensive 
solution. This change in focus challenges the way companies innovate. When 
developing PSS, the solutions are not limited to the product parameters; hence PSS 
broadens the solution space for innovations.  
 
Innovation capability can broadly be defined as the ability to routinely achieve 
innovative outcomes, which is crucial for industrial companies in order to grow and be 
competitive on the market over time. Therefore, there is an apparent need to increase 
the innovation capability in order to find strengths and weaknesses, especially in the 
change towards PSS. However there are many factors that affect a company’s capability 
to create innovative products and services.  
 
The research question that has guided the work presented in the thesis is: How can the 
innovation capability for product-service systems be increased in a systematic way? The research 
study has mainly been conducted at Volvo Aero, a company in the aerospace industry, 
which is characterized by high technical complexity, high development cost and long 
product lifecycles. The industrial position has allowed close studies in the organization; 
hence the research approach has been participatory action research. Mainly qualitative 
methods have been used for data collection, such as observations and interviews.  
 
Measuring the innovation capability is one way to find ways to systematically increase 
the innovation capability of a company or organization. Results from this research 
points to areas of importance when measuring a company’s innovation capability.  
These regards what kinds of projects the company selects, how the customer is involved 
with the development of innovations, how the different functions within the company 
interact, what kind of climate there is within the development projects, what 
methodology is used in the innovation process and how the innovative work is 
rewarded.  
 
The results also indicate that developing product-service systems involve close internal 
collaboration between individuals with different skills and competences and may also 
require external skills and competencies that may not reside within the product focused 
organization. Therefore, to increase the innovation capability of product service systems 
companies need to reassess how they collaborate both internally and externally, 
throughout the value-chain and throughout the product lifecycle. Finally, this thesis 
presents a model of networked competence innovation that combines the designerly 
approach with strategic, tactic and operational dimensions. The model builds on 
techniques to visualize strategic planning, facilitate shared understanding in focused 
workshops, and visualize innovations using prototyping in networked projects. 
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1 Introduction 
This first chapter of the thesis introduces the topic and background. It also presents the aim, 
purpose and research questions of the whole research project as well as for the thesis. The chapter is 
ended with limitations and a disposition of the thesis. 

1.1  Background 
Volvo Aero, a company in the aerospace industry that develops advanced mechanical 
products, has noted an increasingly need to differentiate and compete with more than 
properties and cost of products, and instead compete through the added value of 
services combined with the product. 
 
Manufacturing industries in general are undergoing a transition from the manufacturing 
of products towards integrating more services into the traditional product concepts and 
provide knowledge-intensive system solutions (Morelli, 2002a-b; Uchihira et al, 2007) 
or Product-Service systems (PSS) (Baines et al, 2007; Isaksson et al, 2009; Tukker and 
Tischner, 2006a). PSS puts more focus on the use and functionality of the product, 
rather than the actual product itself, and functionality is increasingly valued by 
consumers, and it delivers more customized solutions (Tukker and Tischner, 2006b). 
Services are also a stable source of revenue for the provider (Oliva and Kallenberg, 
2003). But there are a few differences between products and services regarding how 
they are produced, delivered and consumed (Edvardsson et al, 2000; Brezet et al, 2001). 
This means that the integration of services in a manufacturing industries challenges the 
way the companies work, and it changes the focus for innovation. 
 
Innovation plays an important role in a changing environment. Innovation is more than 
a great idea, it needs to be realized and add value for both customers and firms (Olsson 
et al, 2008; Schramm et al, 2008). Creating innovations is crucial for industrial 
companies today in order to grow and be competitive on the market over time 
(Schramm, 2008; Jacoby and Rodriguez, 2007). Innovation capability, broadly defined 
as the ability to create and realize innovative outcomes on a routinely basis (Olsson et 
al, 2008). Companies need to trust their capability to innovate again and again and 
there is an apparent need to increase the innovation capability in industries, companies 
and organizations. Measuring innovation capability is a way to find strengths and 
weaknesses in the ability to create innovative products and services. However there are 
factors on both individual and organizational level that affect a company’s innovation 
capability (Griffiths-Hermans and Grover, 2006). Past performance is often a poor 
indicator of future successes, thus it is crucial to know more about the processes and 
practices of innovation (Rosenzweig, 2007). 
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Volvo Group’s vision is “to become the world leader in sustainable transport solutions” (AB 
Volvo, 2011). To deliver solutions rather than products changes the perspective within 
product development since the product is delivered in a package together with software 
and services, which needs to be considered during the development of the product. It is 
the function of the product that is sold rather than the technical dimensions of it and.  
 
This research study has been of the aerospace industry, which is characterized by high 
technical complexity, high development cost and long product lifecycles. The 
increasing service integration in offers can be exemplified with TotalCare® by Rolls 
Royce, (Harrison, 2006) where airlines pay for services in a package together with the 
product. Commitment and availability, compared to the sale and purchase of a 
traditional product, offers an extended value to the customer. But the focus is still on 
the traditional product concepts with additional lifecycle services such as supply of spare 
parts, repairs and maintenance. 

1.2 Purpose, Aim and Research Questions 
The purpose of this research project has been to increase the knowledge regarding the 
innovation of PSS solutions in order to support this transition and to increase the 
innovation capability of product-service systems. This licentiate thesis is a halfway 
through delivery of the research project. The aim for this thesis is to understand the 
current problem situation and the challenges that arise for a company that is making this 
transition and to understand the challenges of increasing the innovation capability of 
product-service systems.  
 
The following research question has guided the research presented in the thesis: 
 

How can the innovation capability for product-service systems be increased in a 
systematic way?  

 
Early findings indicate the importance for collaboration in order to increase innovation 
capability of products-service systems. This thesis will therefore investigate the 
innovation capability of product-service systems from a network innovation 
perspective.  

1.3 Delimitations 
This research has taken the engineering design perspective, to see how services can be 
incorporated into the product development rather than looking at products in the 
service development.  This research is also limited to the scope of large manufacturing 
companies, with a focus on the component and engine development in the aerospace 
industry.  
 
This research has also taken the organizational perspective when researching the area of 
innovation capability, rather than only individual creativity aspects. It is the capability 
of the organization/company that is referred to, unless otherwise is pointed out.  
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1.4 Thesis Outline 
This thesis consists of six chapters. This first introductory chapter is followed by chapter 
2, which presents and discusses the research methodology for this research. Chapter 3 
describes the theoretical framework relevant for the thesis. The theoretical framework is 
summarized in the final section of chapter 3. Chapter 4 is an introduction to the 
aerospace industry in regards to the topic. In chapter 5 there is a summary of the 
appended papers, the last section in this chapter explains the connections between the 
papers. This is followed by chapter 6, which consists of research finding. Finally, 
chapter 7 consist conclusions and directions for future studies. 
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2 Research Approach 
This chapter presents the research approach. It begins with a description of the research 
methodology that has been used to guide my research, Participatory Action Research. It continues 
with a description of the environment where the research has been conducted, which is followed by 
a section where I describe the role as an industrial PhD student. The chapter then presents the 
research design, which describes how the research methodology has been used in relation to the 
environment and the role as an industrial PhD student and also describes the studies that have 
been made. The chapter is ended with a section that describes the data collection and analysis. 

2.1 Participatory Action Research  
In Participatory Action Research (PAR), or Action Research, action and change are 
critical elements (Walter, 2009). It sets out to explicitly study something in order to 
change and improve it (Wadsworth, 1998). The participatory process requires equal and 
collaborative involvement of the ‘community of research interest’ and it is the 
community that has identified the problem and has the desire for change. The 
commitment of the community enables the research project to access to the knowledge 
within. The researcher can be viewed as the tool for facilitating the change, rather than 
being the owner or director of the research project (Walter, 2009). Gummesson claim 
that action science is more demanding on the personality of the researcher than any 
other approach “Action scientist must be able to balance a schizophrenic personality and get the 
best out of Dr. Jekyll as well as Mr. Hyde. It means that they must handle both the client’s 
interests and the interests of science” (Gummesson, 2000, pp.119). 
 
The participatory action research is cyclic including reflection, question, fieldwork, 
analysis and new action (Figure 1). The countless cycles of participatory reflection are 
in turn the subject of further reflection (Wadsworth, 1998).  

 
Figure 1: Participatory Action Research (Wadsworth, 1998). 
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The new cycle does not repeat the old one, rather the previous cycle informs and 
shapes the next cycle. The process is therefore self-evaluative, and modifications are 
made to adjust the research problem (Walter, 2009). 

2.2 Research Environment 
The research has been conducted in joint project with Volvo Aero Corporation (VAC) 
and Luleå University of Technology (LTU) with the base at VAC where I have the 
position of an industrial PhD student. The research studies have been conducted at 
VAC and additional research activities has been performed at LTU at the division of 
Innovation and Design in the research subject of Functional Product Development. 
 
VAC is a Swedish engine component manufacturer in the aerospace industry. The 
company develops products to three markets, components to the commercial aircraft 
engines, engines to the military aircrafts and subsystems for rocket engines. The 
company has a history of technology development and has recently integrated more 
services to the product concepts and moved into a position as a provider of solutions. 
The customer for the commercial product is the Original Equipment Manufacturer 
(OEM) of the engine, making it a business-to-business (B2B) company. The aerospace 
industry is known for its high technical complexity, high development cost long 
product lifecycles and strong focus on safety concerns. 

2.3 The Role of an Industrial PhD Student 
As an industrial PhD student I am studying an organization that I am also a member of. 
Objectivity could be a matter to consider in such situation. I have worked by the 
principles of Eisner (1992, pp. 9) who states: “No one, I will be told, believes that complete 
objectivity is possible, but that we ought to be as objective as we can”. In order to apply an 
outside perspective the matter has been discussed and reflected upon with other PhD 
students in the research school PIEp (Product Innovation Engineering program). 
 
My daily place of work has been situated inside the company, which has given me close 
access to the industrial environment and rich empirical data. This role has provided 
important knowledge about the organization, the current situation and the culture.  

2.4 Research Design 
This research was initiated by VAC and it has required an in depth understanding of 
the conditions at the company regarding organization, culture, tools and processes. 
PAR allows this in depth iteration. VAC has been what Walter (2009) refers to as “the 
community of research interest” and VAC obviously has an interest in the outcome of the 
research and a desire to improve. It has been the commitment from the company that 
has enabled me to collect the data through for example interviews, questionnaires and 
observations. The research study has lead me through a cyclic process like in figure 1 
(page 4), starting with reflexions, the stating of research questions, to fieldwork, analysis 
and new actions, which have been the start of a new cycle. The actions have so far 
perhaps been subtle, but as an industrial PhD student you interact with your 
environment, take part in the work within the company, you influence your 
surroundings as you proceed and spread/discuss the research findings with colleagues. 
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In interviews I ask questions not only to receive answers but also to make people think 
about the issues of the study.  
 
Part of the result from the first study led to an immersed second study, where results 
from the first study could be validated. Part of the result from the second case study led 
to an immersed third study. Each study has resulted in an article, the first two were 
conference papers and the third is conditionally accepted to International Journal of 
Innovation and Technology Management’s special issue on exploring a designerly 
approach to networked innovation (Table 1). 
 
Table 1: Overview of the Research Studies 
Study Scope Guiding Questions Data 

Collection 
Article 

1 Innovation 
Capability 

How can innovation 
capability be increased? 
How do we know how 
innovative we are?  
What are the factors that 
affect innovation capability? 
How can innovation 
capability be measured?  

Interviews 
Questionnaire 
Observations 

Paper A: Measuring 
Innovation Capability 
in Technology-
Focused Development 
(IPDMC) 

2 Innovation 
Capability and 
Collaboration 

How effective are current 
collaborative practices?  
How can these collaborative 
practices be improved?  
How can the collaboration 
capability be measured? 

Interviews 
Observations 

Paper B: Measuring 
Innovation Capability 
– Assessing 
Collaborative 
Performance in 
Product-Service 
System Innovation 
(CIRP IPS2) 

3 University-
Industry 
Collaboration 

How can a company 
overcome the contextual 
barriers and get a mutual 
understanding between 
people who are not working 
in the same organization?  
What are the factors that 
contribute to a working 
collaboration between 
university and industry? 

Interviews 
Observations 
Workshops 

Paper C: Networked 
Competence 
Innovation: A 
Designerly Approach 
to University-Industry 
Collaboration 
(Conditionally 
accepted to IJITM 
special issue) 

2.5 Data Collection and Analysis 
Mainly qualitative research methods have been used for data collection. Qualitative 
research methods are characterized by the attempt to reach an understanding of the 
“lifeworld” of an individual or a group (Hartman, 2004), which in my case has been the 
company and the individuals/roles within. The qualitative data have been 
complemented by additional quantitative data from a questionnaire. A literature review 
was carried out in the beginning of each study in order to address previous work, 
refining the research problem and positioning the study in the context. Theoretical 
models that have been found in literature have been used and discussed. 
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2.5.1 Observations 
“The best way to enter a person’s lifeworld is to participate in it” (van Manen, 1990). A 
thorough understanding of the contextual situation is also necessary to identify the 
challenges. My role as an industrial PhD student includes participation of the company’s 
world, and as van Manen states, this is the best way to understand the “lifeworld” of the 
employees at the company. Therefore has observation been a general methodology 
throughout the study in order to get a sense for the collaborative innovative work at 
the company. Van Manen also states that in order to do close observation one need to 
be a participant and an observer at the same time.  
 
The observations in this research have been unstructured, meaning no specific 
behaviour was studied (Hartman 2004) and included participation at meetings and 
observation of other collaborative work.  The observations have been a mix between 
participatory and non-participatory observations, having both the Volvo-employee-hat 
on, participating in the activity and the researcher-hat on, and not participating in the 
activity. Notes were taken during and after the observations.  
 
Daily presence in the industry has enabled observations on a daily, informal basis. This 
information has been used to understand the context, the current situation, guided the 
research questions and provided results in the studies. 

2.5.2 Interviews and Questionnaire 
The qualitative research interview has sometimes been dismissed as a scientific 
methodology even though it can give interesting results and serve as a preparation for 
scientific studies (Kvale, 2009). Kvale (2009) also claims that interviews are particularly 
appropriate when one wants to study people's views about the meaning of their lives, 
describing their experiences and self-perception, and clarify and develop their own 
perspectives.  
 
Interviews has for my research been appropriate to understand the individual point of 
views in the innovative and collaborative work at the company. Some interviews have 
also been complemented by a questionnaire in order to reach a larger sample size. The 
individuals selected for this research can be divided into four groups, representing 
potentially different aspects of the same situation: 
 
Group 1: Project managers 
In order to study the innovation capability of the development project teams at the 
company a group of six project managers of product and technology development 
teams were chosen as a group to investigate current practices related to innovation 
capability within the teams at the company. The rationale for selecting this particular 
group is that the culture and work methods represented by these individuals, and their 
teams, should provide a representative example of the current practices of the 
development project teams, and thus provide insight into this group’s perceptions of 
what affects the innovation capability at the company.  
 
Group 2: Team members 
This group consisted of 16 team members of the different projects where group 1 were 
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project managers, but they were also second level project leaders and responsible for a 
certain area within the project such as design or aero thermo. The rational for selecting 
this group was to get a wider perspective of the development project teams. 
 
Group 3: Distributed functions 
Seven individuals involved in various fields at the company were chosen from service, 
business development and human resources. The rationale for selecting these 
individuals is that they are organizationally distributed across the company so that they 
could serve as, and provide, representative examples of the established company culture, 
work methods, and collaboration across the company. Thus they provide insight into 
what factors they believe affect the innovation capability at the company, and they took 
part in a discussion around how this capability could be improved. 
 
Group 4: Industry-University collaboration stakeholders 
Ten stakeholders with strong connections to both industry and university were selected 
to provide a wider insight to the university-industry collaboration. These individuals 
had a research/specialist positions at either the company or the university and could 
therefore provide their point of view on how this collaboration is working. 
 
The study can also be divided into five phases: (1) Interviews with group 1, with the 
purpose of getting insight into the perception of the overall effects innovation 
capability. (2) Questionnaire to group 1 and 2, with the purpose of getting a wider 
perspective on the perception of innovation capability. (3) Re-interviewing group 1, with 
the purpose of validating the results from the previous interviews and questionnaire and 
to get insight into the collaboration activities at the company. (4) Interviews with group 3, 
with the purpose of getting a wider perspective of the perception of innovation 
capability and collaborative activities at the company. (5) Interviews with group 4, with 
the purpose of getting a perspective of the different stakeholders of the company 
collaboration with universities. Phase 1 and 2 resulted in paper A, phase 3 and 4 
resulted in paper B and phase 5 contributed to paper C.  

2.5.3 Workshops 
I spent four months at Stanford University at the Center for Design Research (Stanford, 
2011) and learned about their Foresight & Innovation methodologies (Foresight and 
Innovation, 2011). Such methods have been of use when I facilitated two creative 
workshops with a topic of product-service systems, one at the company and one at a 
company automobile industry. I have facilitated the workshop together with one or 
two other facilitators. The workshops have included methods/tools to get a view of the 
background of the topic, understand the customer, ideation and prototype building. 
The two workshops were similar in design but a little adjusted to the characteristics of 
the different companies, one being business-to-business and the other business-to-
consumer. The workshops have both ended with an evaluation by the participants and 
facilitators regarding the process, methods, results and overall experience of the 
workshops. Workshop results have been used in paper C. The workshop as a method 
for increasing innovation, communication and collaboration is discussed in chapter 
6.3.4 (Methods and Tools for Communication and Collaboration). 
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2.5.4 Data Analysis  
All participations from the informants were voluntary.  The semi-formal interviews 
were approximately 30-70 minutes long. Large amount of the interviews were taped 
and transcribed to text, but notes were also taken during all interviews. To analyse the 
interviews a Pattern Matching technique was used to find coincide (or non-coincide) 
patterns (Yin, 2009). The data was also compared with the findings from the literature 
reviews. 
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3 Theoretical Framework 
This chapter present the theoretical framework on which this research is based. It covers the main 
areas of Product-Service System, Innovation and Collaborative Networks for Innovation. The 
chapter is ended with a Summary of Theoretical Framework, which include an analysis of the 
theoretical framework.   
 
Since the research question regard how innovation capability of product-service systems 
can be increased, the areas of PSS and innovation, have been natural as theoretical 
framework, which regards the definition, classification and the challenges of these areas.
Furthermore, since the development of product-service systems involves collaboration 
between individuals with different skills and competences, the areas of 
collaboration/networks for innovation have also been included in the theoretical 
framework as well as measuring as means to increase innovation capability. Figure 2 
illustrates the context and the emphasis of this research and the theoretical framework. 
 

 
Figure 2: Context Map of Theoretical Framework. 

3.1 Product-Service System  
Products are physical, tangible, concrete, material artefacts (Maussang et al, 2009, 
Morelli, 2002b). Services on the other hand are intangible (Vargo and Lusch, 2008; 
Morelli, 2002b). Edvardsson (et al, 2000) sees services as activities that are produced 
where the customer plays an active role for the outcomes, and the processes where the 
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services are produced, delivered and consumed are overlapping. Vargo and Lusch 
(2008) refer to services as either a restricted type of intangible good or an add-on that 
enhances the value of the good. According to Sakao and Shimomura (2007) a service is 
an activity with a service content that a service provider causes a receiver to change to a 
new, desired state through a service channel.  
 
A Product-Service System (PSS) is an integrated solution, a mix of products and 
services (Tukker and Tischner, 2006a). By incorporating additional services to the 
product, the traditional functionality of the product is extended. The customer needs 
are fulfilled by providing functionality or satisfaction rather than selling a product 
(Tukker and Tischner, 2006b, Manzini and Vezzoli, 2003). 
 
Brezet (et al, 2001) noted other difference between products and services such as the 
fact that products have hard technical variables (material, dimensions etc.) services have 
soft variables (time, place etc.), product generally have long lead times and services have 
short lead times, products are hard to adjust in a changing environment, services are 
easy, products are conducted by product developers and technicians and services are 
conducted by marketers, business administrators and service providers (Brezet et al, 
2001). According to Morelli (2002b) there are a few differences between products and 
services: The ownership of a product is transferred when the product is sold, whereas 
the ownership of a service is not generally transferred. The product is produced and 
used at different times, services are produced at the time they are used and the user is 
therefore participating in the production, there is a connection between producer and 
user which is not the case with products (Morelli, 2002b).  
 
The integration of hardware products and support system services has in literature also 
been known as Functional Products (Alonso-Rasgado et al, 2004) or Total Care 
Products (Alonso-Rasgado and Thompson, 2006). Functional Products and Total Care 
Products refer to the substance of long-term business-to-business relationships whereas 
PSS has a broader view and refers to the business-to-customer relationship as well. 
 
The sustainability potential of PSS is often stated in literature (Mont 2001, Manzini and 
Vezzoli 2003, Tukker and Tischner 2006a, Baines et al 2007) since services can 
intensify the use of the product, sustainability services can be added, are need-oriented 
(Tukker and Tischner 2006b). However Tukker and Tischner (2006b) also states that 
PSS is not equal to sustainability, PSS can just be “an envelope around a system filled with 
products and services” and Mont (2002) and Manzini and Vezzoli (2003) also state that 
PSS can have the opposite effect on the environment, “Leasing, for example, can promote 
use of products which otherwise would not be affordable for customers” (Mont, 2002, pp. 243). 
 
The difference between products and services implies barriers for the PSS development. 
Brezet (et al, 2001) point out barriers regarding idea generation due to the complexity 
in the development of a system, innovation of a system is also at a higher level of 
abstraction than innovation of a product.  
 
There are many reasons why a company should integrate services into their product 
concepts. According to Tukker and Tischner (2006b) PSS delivering more customized 
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solutions, it lowers system costs by more efficient use of product and it improves the 
position in the value chain. Oliva and Kallenberg (2003) highlight that services in 
general have higher margins than products, that services are a more stable source of 
revenue, and that services are more difficult to imitate which gives the company a 
competitive advantage. According to Mont (2002) PSS attach additional value, base a 
growth strategy on innovation and improves the relationship with customer. The 
additional value for the customer is also highlighted by Baines et al (2007). However 
Tukker and Tischner (2006b) also state that PSS do not deliver such bonuses by 
definition, for some company might lose if they switch to PSS. 
 
The transition from product manufacturing to service provision can be a challenge and 
involves the need for a new organisational structures, with new capabilities, skills and 
competences (Oliva and Kallenberg 2003, Mont 2002, Uchihira et al 2008), new 
network of other stakeholders that are involved in designing both the product and the 
service system which involves a shift in corporate culture and market engagement 
(Mont 2002). The transition would also involve new metrics and incentives when the 
business model changes (Oliva and Kallenberg, 2003).
 
Two models that describe the transition from product manufacturing to service 
provision, is ‘The expansions of service offers’ by Oliva and Kallenberg (2003) and ‘The 
Customer Contact Expansion Model’ by Uchihira (et al 2008). Oliva and Kallenberg 
suggest that expansion of the service offering through two diverse transitions, the first 
transition changes the focus from transactions based services to relationship based 
services, the second transition changes the focus of product oriented services to 
customer process oriented services (Figure 3). 

 
Figure 3: Expansion of service offerings (Oliva and Kallenberg, 2003). 

 
Uchihira et al (2008) suggest three types of expansions of services in their “The 
Customer Contact Expansion Model” (Figure 4) which includes Adjustment Expansion 
(for better quality, products are modified to meet specific customer needs), 
Commitment Expansion (for customer reassurance, the level of commitment is raised 
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by managing customer risks) and Territory Expansion (for product convenience, 
additional product functions are offered and services to solve customer problems).  

 
Figure 4: The Customer Contact Expansion Model (Uchihira et al 2008). 

 
The PSS research field has gotten critic for its lack in academic rigor, Tukker and 
Tischner (2006b) claim that that is the reason there has been limited success in creating 
a science field in its own right. 
 
Lockett et al (2011) points out that there is extensive research on the benefits of PSS 
and the relationship between manufacturer and the customer, but that there is limited 
research on the effect of PSS upstream the supply chain when delivering PSS. Their 
case study research show that while the relationship with the consumer may be 
improved by PSS, relationships and information flow are not necessarily improved with 
the upstream supply chain, but this information sharing across the PSS supply network 
is essential for profitable PSS. 

3.2 Innovation 
The separation of invention and innovation is common in literature that tries to define 
innovation. Hansén and Wakonen (1997, pp. 346) describe the differences between 
invention and innovation: “The former intends to solve a technological or scientific problem 
while the latter is, by definition, dependent on solving a commercial problem”.  In other words, 
an invention is not necessarily an innovation and vice versa. Van de Ven (1986) states 
that an innovation is a new idea, a combination of old ideas that at least is perceived as 
new to the people involved, but could be an imitation of something that exists 
elsewhere. Van de Ven (1986, pp. 592) also points out that innovations are a good 
things “New ideas that are not perceived as useful are not normally called innovations; they are 
usually called mistakes”. Schramm (et al 2008) as well as Olsson (et al 2008) describes 
innovation as more than a great idea, it needs to be realized and add value for both 
customers and firms to be an innovation. According to the OECD (2005, pp.46) an 
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innovation is the “implementation of a new or significantly improved product (good or service), 
or process, a new marketing method, or a new organizational method in business practices, 
workplace organization or external relations”. Hansén and Wakonen (1997, pp.350) 
question the wide term of innovation as doing things differently and mean: “it is 
practically impossible to do things identically”. Crossan and Apaydin (2010, pp.1155) 
composed a comprehensive definition of innovation: “Innovation is: production or 
adoption, assimilation, and exploitation of a value-added novelty in economic and social spheres; 
renewal and enlargement of products, services, and markets; development of new methods of 
production; and establishment of new management systems. It is both a process and an outcome”. 
Comprehensive it is, however, perhaps not so practical.  
 
Schumpeter (2009, pp.65) wrote about innovation: “It is a feat not of intellect, but of will”. 
Schramm (2008) describes innovations as the only opportunity for a company to grow 
without increasing inputs – innovations enable output growth to exceed the growth of 
inputs. Jacoby and Rodriguez (2007) claim that innovation must have an economic 
benefit to justify the time, effort and cost.  
 
Dewar and Dutton (1986) discuss the difference between incremental and radical 
innovations. They state that incremental innovations contain low degree of new 
knowledge, i.e. minor improvements or adjustments in current technology, whereas 
radical innovations are revolutionary changes in technology with a high degree of new 
knowledge. Radical innovations create fundamental changes in human behaviour or 
usage, whereas incremental innovation creates small changes, or improvements to 
existing products or services. 

 
Figure 5: A framework for defining innovation (Henderson and Clark, 1990). 

 
Henderson and Clark (1990) claim that the categorization of innovations as either 
incremental or radical is incomplete and makes a distinction between Component and 
Architectural knowledge, where architectural innovations are those that change the way 
that the components are linked together but leaves the core concept and basic design of 
the components untouched. Innovations where the core concept is overturned, but the 
linkages between the components are unchanged Henderson and Clark (1990) call 
Modular innovations (Figure 5). 
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Another classification of innovation is whether they address the existing customer of an 
emergent market (Christensen and Bower 1996). Christensen and Bower (1996) found 
that established companies developed both incremental and radical innovations address 
to existing customer needs but were unable to commercialize their technological 
competence when impetus from the customers were lacking.   
 
In literature on innovation one reoccurring topic is the one of exploit/explore. The 
essence of exploitation is the refinement and extension of existing technologies and the 
essence of exploration is the experimentation with new alternatives (March, 1991). 
Managers need to be careful in their selection between incremental, architectural and 
discontinuous innovation projects to enable the company to explore new markets and 
opportunities for growth, while continuing the exploitation of existing markets and 
capabilities for profit (March 1991; Tushman and O’Reilly 1996; Benner and Tushman 
2003; O'Reilly and Tushman, 2004; O'Reilly and Tushman, 2008). However, 
Annique (2007) argues that companies can achieve a balance between exploit and 
explore by managing the employees to undertake both using practices to provide both 
the psychological safety needed for exploration and the perspective-taking capability 
needed for exploitation. 

3.2.1 Measuring Innovation Capability 
The importance of metrics for organizations to successfully capitalize on innovation is 
frequently stated (Chan et al 2008, Schramm et al 2008). Chiesa (et al 1996) note that 
understanding innovation performance must include looking more closely at innovation 
capability and the processes involved in developing and exploiting innovations. 
Measuring of innovative capability is a way for companies to better understand if their 
so-called high-risk projects are worth pursuing, it is important from both a change 
management perspective and to ensure that high-impact ideas can be identified and 
selected for product development. 
 
There are several views on innovation measurements. Schramm (2008) signifies the 
importance of measuring the input to innovation as well as the output. But Cordero 
(1990) highlights that many organizations focuses mainly on resources and outputs, such 
as R&D expenditure, speed to market, market share and the number of new products, 
thus tending to ignore the processes in-between. Andrew et al (2007) bring up three 
innovation metrics categories: Inputs, Processes and Outputs. Loch et al (1996) point to 
the importance of measuring the quality of the processes used at project level, the 
involvement of suppliers in design, the use of team rewards, and listening to customers 
and to marketing. 
 
Adams et al (2006) also note that financial measures of portfolio optimization are often 
used with a reliance on codified knowledge such as patents and exclude more intangible 
measures, such as tacit knowledge. Szakonyi (1994) states that measuring patents, 
publications and citations cannot be thought of as legitimate indicators of R&D output, 
because output and effectiveness are not the same thing and argues that more emphasis 
should be put on managing R&D effectively, which is not the same as focusing on 
R&D efficiency.  
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Dodgson & Hinze (2000) highlighting that combining and integrating various 
indicators, and assessing which indicators to use in what circumstances, are relevant 
issues for future research in the field. Szakonyi (1994) notes that an effective R&D 
department measures its output in order to learn where they stand and how to improve, 
rather than to get a certain score.  However poor innovation practices can still lead to 
good outcomes and good innovation practices can lead to poor outcomes. Therefore 
there is a problem with focusing too heavily on financial metrics; past performance is 
often a poor indicator of future successes Rosenzweig (2007). Thus, it is crucial to 
know more about the processes and practices of innovation and not just the inputs and 
outputs. 

3.3 Collaborative Networks for Innovation 
According to Ahuja (2000) there are two kinds of benefits in technological 
collaboration network, first, they can provide resource sharing which allows the 
company to combine knowledge, skills and assets, second, collaborative linkages can 
provide access to knowledge spillovers that can travel from one firm to the other. 
 
Innovation raises the question of how organizations create and process knowledge 
(Nonaka, 1994). Nonaka (1994) claims that knowledge is created through the 
conversion between tacit and explicit knowledge, and an organization cannot create 
knowledge without the individuals, it needs to support the creative individuals to create 
the collective knowledge of the organization. Our society has made a shift shifted from 
an industrial society to an information society and is now in the transition towards a 
knowledge society, where knowledge economy is replacing production economy, 
making knowledge the new economic resource (Gill, 2002). Brown (2008) notes that 
as the economies shift from industrial manufacturing to knowledge work and service 
delivery, the terrain of innovation is expanding: ”Its objectives are no longer just physical 
products; they are new sorts of processes, services, IT-powered interactions, entertainments, and 
ways of communicating and collaborating” (Brown, 2008, pp. 86). According to Nahapiet 
and Ghoshal (1998) innovation generally occurs through combining different 
knowledge and experiences and knowledge expands through diversity of opinion and 
meaningful communication, which requires sharing of context between the parties.  

3.3.1 Internal Collaboration 
The importance of collaboration in product development and innovation is often stated 
in literature (Brown, 2008; Björklund, 2010; Amabile, 1998). And transdisciplinarity is 
also seen as an essential component of innovation (Borrell-Damian, 2009). “Innovative 
breakthroughs frequently come at the estuary region where different fields, not necessarily related, 
intersect.” (Schramm et al, 2008, pp. xii). In a manufacturing company there are many 
processes and functions, the better these functions are synchronized the better for the 
innovation process (Olsson et al 2008). Sosa et al (2007) point out the importance that 
all functions involved are talking to each other to anticipate unexpected problems in 
order to save time and cost. 

3.3.2 External Collaboration 
The traditional view of innovation is that it is as taking place entirely within one firm; 
Chesbrough (2003) refers to it as ‘closed innovation’ in contrast to ‘open innovation’ 
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(figure 6 and 7) where the boundary between a firm and its surroundings is more 
porous which enables innovations to move between them. Chesbrough (2003) further 
explains how many companies can benefit from exploring ways in which external 
technologies can fill gaps in their businesses. The strategy of open innovation uses the 
benefits of openness as a means of expanding value creation and introduces new 
business models within a community of innovators (Chesbrough and Appleyard, 2007).

  
Figure 6: The Closed Innovation Model  Figure 7: The Open Innovation Model 

Chesbrough (2003).    Chesbrough (2003). 
 
Huston and Sakkab (2006) claims that the company’s attitude to innovations “not 
invented here” should be exchanged to “proudly found elsewhere”. They further claim that 
the innovative network itself does not provide competitive advantages, “It’s how you 
build and use them that matters” (Huston and Sakkab 2006, pp. 62-63). 
 
However, the pushing for openness conflicts with firms’ need to protect its intellectual 
property. But Henkel (2006) claims that firms should instead of focusing on the 
protection of innovations they should focus the appropriation of profits from 
innovation. Henkel (2006) further claims that the key is to understand what to reveal 
and what to protect and find a balance between sharing and protection. 
 
A great idea cannot be realized nor create value without a customer and in order to 
fully understand the needs and expectations of the customer, literature often points to 
the importance of customer involvement in the product development process (Olsson 
et al 2008, Sivathanu Pillai et al 2002). Olsson et al (2008) describes it as a key success 
criterion that everyone involved has a clear picture of the reality of the customer in 
order to contribute to innovations. 
 
Cao and Zhang (2010) identified five advantages of supply chain collaboration, process 
efficiency, offering flexibility, business synergy, quality and innovation, and claims that 
if each member views its actions locally, without seeing the impact of its actions on the 
other parts of the chain, the whole chain suffers because the total benefit is reduced.   

3.3.3 University-Industry Collaboration 
University-industry relations create channels for innovation and economic growth 
(Adams, 1990; Jaffe, 1989). Over the past decades the efforts to promote university-
industry cooperation have been widely supported (Behrens and Gray, 2001; Lee, 2000; 
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Meyer-Krahmer and Schmoch, 1998). The knowledge transfer from the partnership 
between universities and industry are important for innovation (Borrell-Damian, 2009). 
But in order to understand how it contributes to the innovation system there is a need 
of a good knowledge base of what the universities and industries are getting out of the 
collaboration (Lee, 2000). The industrial relations with universities have traditionally 
primarily been for source of future employees and secondarily as a source of knowledge 
(Etzkowitz, 1998).  
 
The university-industry partnership for doctoral education has existed for quite some 
time in Europe now and this collaboration establishes a partnership that broadens and 
develops their research missions (Borrell-Damian, 2009). According to Borrell-Damian 
(2009) the PhD candidate can be seen both as one of three parties in the collaboration 
between university and industry and as the link between the two.  
 
Barriers and enablers of university-industry collaboration 
The degree to which a company is capable of effectively utilizing the research at 
universities varies systematically with the degree to which the company is connected to 
the university (Agrawal, 2001). There are two reasons why long-term collaborations 
between university and industry have a better chance to succeed than short-term 
initiatives according to Borrell-Damian (2009), first, universities deliver better in long 
term, second, long-term collaboration reflect on a mature relationship that is well-
managed on both sides. Lee (2000, pp. 127) also supports the hypothesis that the longer 
the duration of a project the grater the benefits and also writes: “Frequent interactions spell 
greater benefits”.  
 
Stephan (2001) describes both the positive and negative effects of technology transfer 
between industry and university. The positive effects are for example updating the 
curriculum, linking students to jobs, provide research funds and leading to applied 
research, and the negative effects are for example delaying publication of findings, 
willingness to talk openly about research and delay of developing new programs.  But 
Siegel et al. (2003) show that university and industry have a hard time understanding or 
appreciating the goals, cultures or constraints of the other part. Siegel et al. (2003) also 
raises the concerns regarding that the collaboration may shift attention away from 
fundamental research questions that do not appear likely to generate commercial payoff.  
 
Even though the desire for knowledge transfer between universities and industry has 
increased, many attempts have been unsuccessful (Santoro and Bierly, 2006). According 
to Siegel et al (2003) the boundaries between university and industry need to be 
reduced. But in order to narrow the gap, the most important thing is to set up 
interactive session where they can work together on important problems (Rynes, 
2007).  

3.4 Summary of Theoretical Framework 
PSS is a broad term, from products with additional services to services that include a 
product. PSS include both tangible product and intangible services. The models by 
Uchihira et al (2008) and Oliva and Kallenberg (2003) show that there are different 
directions that can be taken for a company in the transition towards PSS. These kinds 
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of frameworks can help managers to identify the firm’s current location. However there 
is limited research on how a manufacturing company can plan for the transition towards 
PSS and support the organization through the transition. The shift to a knowledge 
society from a production economy (Gill, 2002) follows the transition from product 
focus to service focus, and expands the terrain of innovation (Brown, 2008), which 
occurs in the combination of different knowledge and experiences (Nahapiet and 
Ghoshal, 1998). 
 
The differences between products and services have been pointed out by many 
(Morelli, 2006; Maussang et al, 2009; Vargo and Lusch, 2008; Brezet et al, 2001). 
Brezet (et al, 2001) also point to some barriers when developing PSS because of the 
differences between products and services, as for example barriers regarding idea 
generation, since the innovation of a system is more complex and at a higher level of 
abstraction than innovation of a product. However the research on PSS has focused on 
the customer-supplier relationship, there has been limited research on the affects of PSS 
on the whole supply chain. Lockett (et al, 2011) single case research on this area does 
not fill this gap. Furthermore, the barriers regarding the development of PSS pointed 
out by Brezet et al (2001) for example, would be put in a new perspective when 
considering the whole supply chain of development.  
 
Innovation is both an output/product/service and an activity/process of creating the 
output. Innovation is something new that creates value for the customer. Where something 
could either be a product, service, technology, business model, process or a 
combination, New could either be something new, or significantly improved, perceived 
as new or put in a new context. Unless the innovation creates Value for a customer it is 
not an innovation, it is an invention. If innovation is the process of creating and 
realizing new products and services, then innovation capability is consequently the 
ability to create and realize, to generate ideas and to put these into practice (Olsson et 
al, 2008). Innovation has wide definitions and a few different classifications; radical, 
incremental, architectural, modular, as well as the classifications of open/closed 
innovation processes and exploit/explore terminology. 
 
The literature that has been found agrees on the importance of metrics in order to 
increase innovation capability and R&D performance (Chan et al 2008, Schramm et al 
2008); however there are different versions of the metrics that should be used. 
Rosenzweig (2007) for example points to the problem of focusing too heavily on 
financial metrics, since past performance is often a poor indicator of future success. 
Thus, it is crucial to know more about the processes and practices of innovation. 
However, measuring innovation capability of product-service systems specifically have 
not been found in literature. 
 
Collaboration for innovation involves the transfer/sharing/combination of 
knowledge/ideas/skills/assets/resources of both the internal network and the external. 
Especially the collaboration with customer is pointed out in literature, but there is also 
literature regarding collaboration involving the whole supply chain. Literature regarding 
PSS has pointed out how PSS improves the relationship with the customer (Mont, 
2002), but also that it challenges the organizational structure and the different 
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stakeholders within the PSS network (Oliva and Kallenberg, 2003; Mont 2002; 
Uchihira et al 2008). But there are few examples on how this transition challenges the 
organization and the collaboration between the stakeholders. Oliva and Kallenberg 
(2003) pointed out that the transition would involve new metrics. But there is limited 
research on such metrics; there is also limited research on the measuring of 
collaboration for innovation. 
 
A significant amount of research has been found on the collaboration and knowledge 
transfer between university and industry, and many point out the connection with 
innovation. Barriers are also found in this collaboration such as the differences motives, 
goals and cultures. But there is limited research on how to collaborate in order to cross 
these boundaries. 
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4 Innovation and Product-Service System in 
Aerospace 

This chapter provides an introduction to the view on innovation and product-service systems in the 
aerospace industry, which is discussed in relation to the theory on innovation and product-service 
systems. 

4.1 Innovation in Aerospace 
It is within the cross-functional development teams that develop new technologies, 
products and services that many great ideas are born and the development of the 
innovations is started. Since the aerospace industry has very long lifecycles of their 
products; the products can be found on the market for several decades, and it takes 
decades before the idea in the development projects is known as an innovation on the 
market, innovations at the company are not about what is on the market today, but 
about what will be on the market in the future. What is on the market today is “old 
news”; it was developed long time ago.  

 
Figure 8: The Supply Chain of the Aerospace Industry. 

 
On the commercial market the company develops aircraft engines components in a 
Risk and Revenue Sharing Partnership (RRSP) with the OEM. Contracts are signed 
before development starts, which mean that when the product development starts there 
is a customer waiting for it to hit the market. Therefore the separation of invention and 
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innovation found in literature (Hansén and Wakonen, 1997) is not as relevant in this 
type of industry. The development teams are working on invention but with the 
knowledge that it eventually will reach the market, hence become and innovation. The 
company enters the engine program developing a certain percentage of the engine and 
shares the risks and revenues. The company has specialized in certain components of 
the engine and their customers/partners have specialized in others. Together they 
develop the whole engine that is customized to the aircraft and meets the needs of 
airlines that sells flight tickets to the passengers (Figure 8).  
 
Dewar and Dutton (1986) claimed that incremental innovations contain low degree of 
new knowledge, namely minor improvements or adjustments in current technology. 
According to this definition most development work of the conventional products or 
services would fall into this category, with a few exceptions of what could be 
categorized as radical innovations. But the development teams consider ‘innovations’ to 
be more than the everyday developments that is continuous work for the engineers and 
point to more radical innovations as ‘innovations’. Dewar and Dutton (1986) also 
described radical innovations as innovations that create fundamental changes in human 
behaviour or usage. Although the categorization of radical innovations to the industry is 
both a matter of what is radical for the customer/user and what is radical for the 
developer. 
 
Henderson and Clarks model from 1990 (figure 5 on page 15) categorizes architectural 
and modular innovation, but the complexity of the jet engine made it difficult to 
determine when the core concepts and the linkage between the components were 
changed/over turned. In figure 9 is instead a model that includes examples of 
incremental and radical innovation for each level in the aerospace industry.  The 
innovations create value for the level above and/or the level(s) over that. The 
innovations on airline level create value for the passenger. 

 
Figure 9: Innovations of the Aerospace Industry. 
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When the self-service check-in machines came it radically changed the routines of the 
check-in system for the passenger. The winglet radically changed the outlook of the 
wing and performance of the aircraft, hence gave extra value for the airlines. However 
might not even be noticed by the passengers.  
 
The focus for this research has been on the component and engine level. The 
development of components is of course restricted by the fact that it needs to be fitted 
into the engine and has several interfaces to other components. Therefore there is little 
room for radical innovations on this level. One example of what is considered to be 
radical is the introduction of completely new material never previously used before on 
that particular component, such as composites (Figure 10). This has radical effects on 
weight, which is a very important factor and adds value to the engine and aircraft levels. 
However the radical innovation of a certain component made out of composites does 
not have radical impact on the engine level. The engine is not considered to be a 
radical innovation just because of a few composite components. One example of a 
radical innovation on the engine level is the Open Rotor (Figure 11), which is an 
engine with the fan outside the engine casing. However, some components in this 
engine is very similar to components in the conventional engine, which means that just 
because the engine is considered to be a radical innovation, does not mean that the 
components within are. Therefore, there needs to be a separation of innovation 
definitions depending on the level.   

 
Figure 10: Component in composite  Figure 11: Open Rotor engine concept 

                          (Volvo Aero Gallery).        (Volvo Aero Gallery). 
 
Another example of radical innovations in the aerospace industry is the integration of 
services, more about this in a later section. But innovations are not only radical, and to 
increase innovation capability is not a matter of increasing the amount of radical 
innovation compared to the amount of incremental innovations. Rather increasing 
innovation capability is about finding a balance between incremental and radical 
innovations, dependent of the goals of the company, without confusing innovation for 
success. A company can be successful without being innovative, and it can also be 
innovative without being successful. At the company of this study the development of 
the products and the manufacturing processer are in focus, which would fall into the 
incremental innovation category and the projects where a large amount of new 
knowledge need to be captured is considered to be radical.  
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4.2 Product-Service Systems in Aerospace  
According to Tukker and Tischner (2006a) product-service systems is an integrated 
solution, a mix of products and services. But instead of product-service system, the 
company uses the term Soft Products to describe “products and services that enhance the 
customer experience and satisfaction beyond the core product”. So the term soft product includes 
either products or services, whereas PSS includes both. Some considered the biggest Soft 
Product to be the product development organization, since the customer, the OEM of 
the engine, not only gets a hardware product, but a partner who develops it, puts it in 
production and then supports it. This could also be defined as a PSS since the service of 
the product development by definition is connected to a product. 
 
Technology development is another form of service that adds value to the customer.  
On the space market the company sometimes works as a consultant for technology 
development. Consultancy could also be performed in other business areas; however, 
the organization is not built for these kinds of services, given that the company is used 
to large, multi-year projects rather than a certain amount of consultancy hours. 
 
The Soft Product strategy mandates that the ’soft‘ products or services that are 
developed should be connected to the core business of the company, and things that are 
not included in the core business should be outsourced to other companies within the 
group or to external companies. The developer of the ‘hard’ product has the advantage 
of knowing the product design and function, but may have less knowledge about how 
their products are used which is necessary for service development.  
 
The company also provide traditional services such as maintenance and overhaul of 
aircraft engines. Especially on the military market has the company come far in 
providing total product offers and the services shifted from hardware focus to service 
focus and involve collaboration with customer (Figure 12).  
 

 
Figure 12: Levels of Commitment on the Military Market. 
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An aircraft on the ground is of little value to the operators who needs it to be flying. 
Customers therefore increasingly value availability of the engines and fleet management 
for example includes a close collaboration with customer.  
 
But on the commercial market, the maintenance services are separate from the 
development of the components. This separation of products and services can also be 
found in the organizational structure, (Figure 13). 

 
Figure 13: The Company Organizational Structure. 

 
The company is developing LTS, Life Tracking System, a service that measures the part 
life consumption of the components based on data from actual flight missions instead of 
standard operating cycles, which means that the customer can utilize their engines more 
effectively and reduce spare parts replacement. The development of LTS is 
organizational located under Marketing (Figure 13). LTS is a service that first was 
developed for the military engines, but is now hoping to extend to the commercial 
market as well. The development of LTS expands the market opportunities and, as 
Brown (2008) noted, the terrain of innovation is expanding as the economies shift from 
industrial manufacturing to knowledge work and service delivery.  
 
Integrating services into the product concept could also be considered as a radical 
innovation step in an organization that separates the two. It could also be what 
O’Reilly and Tushman (2004) call ‘exploration’ since product-service systems expand 
the innovation space and opportunities of new markets appear. 

4.2.1 Increasing Innovation Capability of Product-Service Systems 
Using the Customer Contact Expansion Model (Uchihira et al 2008), the company has 
made expansions in all three directions (Figure 14). Entering the partnership in the 
engine programs is an overall adjustment expansion, customizing each product with the 
demands from each customer/partner. This partnership has also meant a commitment 
expansion since it involves sharing customer risks; however the company is sharing the 
risks, not taking over them. The partnership also involves a Territory expansion since 
the partnership itself could be compared to a service platform. Although the company 
has made expansions in all three directions, there is still a focus on the products, and 
looking at different projects individually within the company, they have expanded 
differently in the three directions. On the military market, where the company is the 
OEM of the engine to Swedish military aircraft, the expansion of integrating services to 
the product concepts have come further. 
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Figure 14: The Customer Contact Expansion Model (Uchihira et al 2008). 

 
Using the model by Oliva and Kallenberg (2003) the company also seems to have come 
far in expansions of service offerings (Figure 15), both transaction-based/product 
oriented services (such as repair, spare parts, product updates etc.), relationship-
based/product oriented (such as preventive maintenance and condition monitoring), 
transaction-based/process-oriented services (such as business-oriented consulting and 
process oriented training) and relationship-based/process-oriented services (such as 
managing operations). 

 
Figure 15: Expansion of service offerings (Oliva and Kallenberg2003). 

 
When VAC joins the engine program with the OEM on the commercial market, it 
involves taking on a certain percentage of the engine, the company also takes on the 
customer operations by developing the component(s) in own design systems, which is a 
relationship-based/process-oriented service that is offered to the OEM. 
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When using the models by Uchihira et al (2008) and by Oliva and Kallenberg (2003) 
the company seems to have gotten far in the transition towards integrating services to 
the product offerings. But in the development projects the focus is still on products 
(even in technology development projects) rather than services. Services are not taken 
into consideration during the development, except possibly reparations of the product. 
According to one informant this is due to the educational background of the 
employees: “We are mechanical and electrical engineers all of us. It is that simple.”  
 
When providing services the company does not only have to look to the usual 
customers, the OEM of the engine, but also to the customers of the customer, e.g. the 
airlines. It is also important to note that this essentially means that the company could 
become competitors with the customers/partners, who provide similar services. The 
key for the company is to provide services that are close to the own core business but 
in the periphery of the customers’ business. The integration of services and the 
provision of product-service system expand the innovation space and opportunities of 
‘exploration’ of new markets appear (March, 1991; O'Reilly and Tushman, 2004). 
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5 Summary of Appended Papers 
This chapter presents the appended papers that are included in the thesis. The content of each 
paper is summarized included purpose and results. Each summary is followed by the author’s 
contribution to the paper. The chapter is ended with a description how the three papers are related. 

5.1 Paper A 
Wallin, J., Isaksson, O., Larsson, A. and Larsson, T. (2010). Measuring Innovation 
Capability in Technology-Focused Development, Proceedings of the 17th International 
Product Development Management Conference, Murcia, Spain, June 13-15. 
 
Summary 
This paper investigates the factors that influence the company’s innovation capability, 
with the aim to establish an empirical reference basis for a framework to measure 
innovation performance in the organization. The paper proposes a set of preliminary 
indicators and metrics that seem to be particularly appropriate for improving the 
innovative capability of technology-focused firms. 
 
Based on interviews with project managers of advanced engineering projects, six areas 
were found to be of importance in order to more effectively measure the innovation 
capability: Project selection, Customer involvement, Interaction between functions, Team climate, 
Innovation methodology and Innovation rewards (Figure 16). Within these areas a selection 
of preliminary metrics was established. 

 
Figure 16: Factors affecting the innovation capability. 
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Measurements proposed within this research project are preliminary examples of 
metrics for measuring innovation capability. These are divided into ‘Activity’ and 
‘Effect’ categories, this combination enables the organization to deepen the 
understanding of both the real-time performance indicators related to ongoing 
activities, and the after-the-fact performance measures, allowing a more careful analysis 
of how particular activities relate to particular outcomes. 
 
Author’s contribution 
The idea for this paper was initiated from the PIEp project MINT, which Ola Isaksson 
and I were involved in. I made all the interviews and the questionnaire as well as the 
analysis of the empirical data. I was the head writer of the article, Andreas Larsson 
wrote most of the literature review, and I provided draft of the paper and received 
contributions from the co-authors.   

5.2 Paper B 
Wallin, J., Larsson, A., Isaksson, O. and Larsson, T. (2011). Measuring Innovation 
Capability – Assessing Collaborative Performance in Product-Service System 
Innovation, Proceedings of the 3rd CIRP International Conference on Industrial 
Product Service Systems, Braunschweig, Germany 
 
Summary 
This study was initiated to explore key indicators related to innovation capability in a 
PSS context. Previous work (from Paper A) identified six areas of importance when 
measuring innovation capability. Two of these were found to be of particular 
importance when developing PSS as opposed to developing ‘only’ products or 
technologies. These areas were Customer involvement and Interaction between functions, 
both describe collaboration and networking, the first focused on external collaboration, 
and the second focused on internal collaboration. Developing PSS changes the 
dynamics of collaboration, since the offering of such systems usually involves a network 
of partners sharing the responsibility for a delivered function over a full lifecycle.  
 
In particular, this paper focuses on describing aspects related to external and internal 
collaboration.  Seven types of innovative collaborations have been identified from the 
point of view of the cross-functional project team: Collaboration within the department, 
with other departments within the business function, with other business functions within the 
company, with other companies within the group, with universities and research institutes, with 
suppliers, with customers and with customer’s customer (Figure 17).  
 
The article further discusses how to measure the company’s collaborative performance, 
taking into account both activity and effect measures. 
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Figure 17: Different types of collaboration for innovation. 

 
Author’s contribution 
The initial idea to this paper came from Tobias Larsson. I made all the interviews and 
the analysis of the empirical data. Andreas Larsson and I wrote the literature framework. 
I was the head writer of the article, provided the draft of the paper and received 
contributions from the co-authors.

5.3 Paper C 
Wallin, J., Isaksson, O., Larsson, A. and Elfström, B-O. (2011). Networked 
Competence Innovation: A Designerly Approach to University-Industry Collaboration. 
Conditionally accepted to International Journal of Innovation and Technology 
Management’s special issue on Exploring a designerly approach to networked 
innovation. 
 
Summary 
One of the key challenges to make use of competence not residing internally in the 
organization is the difficulty of contextual understanding between people not working 
within the same organization. Despite close collaboration, full insight into a company’s 
inner workings is difficult, although desirable, for university partners to achieve. Vice 
versa, it is difficult for company employees to gain full insight into the way things work 
at universities.  
 
The case study described in this paper is of a company with long-term experience of 
university-industry collaboration. Drawing from a range of example cases, this paper 
reports on a designerly approach to overcome the contextual barriers and describes a set 
of success factors for close university-industry collaboration. The model of collaboration 
combines the designerly approach with strategic, tactic and operational dimensions of 
networked competence innovation. The model builds on techniques to visualize 
strategic planning, facilitating shared understanding in focused workshops, and 
visualizing of innovations using prototyping in networked projects (Figure 18).  
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Figure 18: Networked Competence Innovation Model. 

 
Author’s contribution 
The idea for this paper came from Ola Isaksson and Bengt-Olof Elfström. The three of 
us developed the framework to the article. I made the complementary interviews; I did 
the literature framework and acted as the lead author of the paper, which currently is in 
conditional acceptance process. 

5.4 Relation between the papers
Paper A gives an overall view on factors effecting innovation capability. Paper B focuses 
on two of these factors and investigates different types of innovative collaboration. 
Paper C focuses on one of these innovative collaboration aspects, the one with 
academia (Figure 19). 
 

 
Figure 19: The relation between the papers. 
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6 Increasing Innovation Capability of Product-
Service Systems through Collaborative Networks 

This chapter has the same title as the thesis and it presents and discusses the findings from the 
research. The first and second section presents findings from study 1 and 2, also found in paper A 
and B and regards factors that affects the innovation capability and how this can be measured. The 
third section describes the importance of collaborative networks for the innovation capability of 
product-service systems. 

6.1 Factors Affecting Innovation Capability 
Innovations are new products/services/technologies that create value for the customer. 
Hence, Innovation capability is the ability to create and realize such outcomes on a 
routinely basis (Olsson et al, 2008). The first study in this research regarded 
investigation of the factors that influence the company’s innovation capability, where 
six areas where found to be of importance: (1) Project selection, (2) Team climate, (3) 
Innovation methodology, (4) Innovation rewards, (5) Customer involvement and (6) 
Interaction between functions (Figure 20). The last two, (5) and (6), regard 
collaboration, the first external collaboration and the second internal collaboration, they 
are discussed in a later section 6.3 (Increasing Innovation Capability through 
Collaboration). Griffiths-Hermans and Grover (2006) claim that it is both individual 
and organizational-level factors that influence the informal generation and harnessing of 
new product ideas. These six factors presented here regard both individual, team and 
organization level.   

 
Figure 20: Factors affecting the innovation capability. 
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Project Selection 
To meet the competition on the market requires a balance between risk taking and 
safety measures and between radical innovative projects and incremental innovation 
projects. In order to meet this balance requires a good understanding of where the 
emerging technologies and products aim and continuous work for improvement. 
O’Reilly and Tushman’s (2004) perspective of exploit/explore can be used to balance 
the project portfolio and spreading the risks when initiating projects. A balanced project 
portfolio ensures that future innovation opportunities are not missed and ensures both 
the short-term and the long-term innovation profits opportunities. It can therefore also 
be used as a metric of the innovation capability. However, risk taking at the company is 
complicated; a project can take large risks even though it is making small changes to a 
known product for a known customer.  
 
Balancing the project portfolio regards the degree of radicalism, and also the balance 
between existing customers and new customers. But business development at the 
company concerns the establishment of contracts and ensures meaningful business 
rather than finding new customers. The company is finding it hard to find new 
customers within the core business of the aerospace industry. However, new 
opportunities might be found in the arising market in Asia.  
 
The question that needs to be asked is: How innovative do we need to be? For this 
company the focus is rather on incremental innovations than radical and improving the 
relations with the customers rather than finding new. However, as already pointed out, 
there needs to be a balance.  
 
Team Climate 
The team climate has a great influence on the teams’ innovation capability, hence the 
company’s innovation capability. The development teams are cross functional and 
consist of people with different competencies, experiences, ages, backgrounds and 
genders; this creates a foundation for a positive team climate since it can allow a 
mixture of ideas to arise. Positive influences are the openness, committed debates and 
collaborative problem solving. The development projects involve a lot of risk taking 
which need to be supported, allowing mistakes. Negative influences are the work 
overload and lack of time that affects many people in the projects. Other influences are 
the methodology used within the team and the leadership. 
 
Innovation Methodology 
Since innovation involves many stages in the development cycle, innovation 
methodology involve many areas, such as time, collecting of ideas, generating of ideas, 
taking care of ideas, visualizing ideas, reflecting on previous projects, creativity, 
communication and collaboration. Some of these areas will be reflected upon in this 
section, other in section 6.3 (Increasing Innovation Capability through Collaboration).  
 
Innovation requires creativity and creativity requires time. In order to create 
innovation, time is essential. In order to efficiently use the time appropriate methods 
are necessary. The focus in product development is the delivery of a product that meets 
technical specifications. Time is in short supply. The majority of the co-workers have 
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no, or very limited time (less than one hour per week) to explore new ideas that is not 
directly connected to the project. However there are established methods for 
generating and visualizing ideas and reflecting on previous projects. But there are few, if 
any, established methods for collecting ideas outside the team (neither within the 
company nor outside of it). Some project managers have described a resistance of even 
going outside the own department to find ideas, others see a big opportunity to go 
outside the company, for example to universities to solve problems, and are currently 
doing so. Although many informants were positive to the idea of going outside the 
company to collect or generate ideas, many found it difficult for reasons such as secrecy, 
time, economy and business structure. 
 
Innovation rewards 
There are many ways of rewarding innovations and innovative work at the company 
such as team celebrations, the opportunities to participate in conferences and there is a 
technology prize giving out each year. However it is very important that it is managed 
properly so it does not lead to ‘not invented here’-attitudes.  
 
Patent is another way that can be considered as an innovation reward. Patent is very 
much associated with innovations at the company. It is a way to validate that the 
product or technology, that has not yet reached the market, is in fact an innovation. 
However, in some cases patents are avoided in order to keep the innovation secret and 
the number of patent applications corresponds to the amount of effort that is made 
collecting the applications.  

6.2 Measuring Innovation Capability 
Measuring is one way to find ways to increase innovation capability. The aerospace 
industry is characterized by its long lead times and long product lifecycles. It takes years 
and even decades for an idea to fully realize its potential on the market and become an 
innovation. Therefore it is very difficult for the company to know in the early stages of 
development that they are on the path to innovation. To know how innovative they 
are before the product or service has reached the market implies that the innovation 
capability is measured related to the work in progress.  
 
Therefore, in Table 2, the metrics are divided into ‘Activity’ and ‘Effect’ categories, 
where the former provide the means to manage progression and development, whereas 
the latter measurement gives the possibility to measure the effect of performed 
activities. This combination of activity and effect measurements enables the 
organization to deepen the understanding of both the real-time performance of 
ongoing activities, and a careful analysis of how particular activities relate to particular 
outcomes, with the drawback that the response may take years.  Effect measures could, 
although not always, have a significant time delay.  
 
The majority of informants were positive to the idea of measuring the innovation 
capability at the company. Although one person considered the involvement in the 
engine programs and the technology development to be ‘proof’ enough that they are 
innovative; otherwise the OEM would not choose them as partners. There were also 
expressed needs for ‘simple’ metrics, so that it could be measured often and changes 
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could be observed in a fairly short period of time and one would see the immediate 
effect of one’s own work.  
 
The metrics that are used today at the company that are related innovation capability 
are (1) customer satisfaction, (2) brand platform, (3) return on investment, (4) number 
of patents, and (5) number of patent applications. However, these are only effect 
metrics. In Table 2 are proposed metrics, including already existing, divided into 
Activity and Effect. 
 
Table 2: Metrics on Innovation Capability 
Activity Effect 
Project Selection: 
• Number of customer meetings regarding 

future needs 
• Subjective assessment of the effort when 

dividing resources (team members, money) 
per project 

 
Team Climate: 
• Number of activities for teambuilding 
• Number of activities to solve team conflicts 
 
Innovation Methodology: 
• Subjective assessment of the methodology 

used for collaboration 
• Number of activities for systematic idea 

generating  
• The distribution of time in each co-workers 

calendar (time to work on own ideas)  
 
Interaction between functions: 
• Number of innovative collaboration meetings 

(cross-functional and cross-project meetings) 
• Number of activities for networking 
• Subjective assessment of the communication 

activities 
 
Customer Involvement: 
• Number of innovative collaboration meetings 

(with customer, customers’ customer, 
suppliers, academia, or other companies 
within the group) 

 
Innovation Rewards: 
• Number of activities for patent proposals 
• Number of activities for rewarding 

innovations 

Project Selection: 
• Number of projects based on radical future 

scenarios 
• Number of projects challenging the current 

business model 
• Number of projects focusing on 

improvements on existing products 
 
Team Climate: 
• Subjective assessment of the team climate 
 
Innovation Methodology: 
• Customer satisfaction (existing) 
• Number of ideas (within each project, from 

different sources, that lead to concluded 
business) 

 
Interaction between functions: 
• Subjective assessment of project handovers 

(What word would summarize the handover: 
stressful, smooth)  

• Assessment of the project finishing on time 
 
Customer Involvement: 
• Brand platform (existing) 
• Product quality 
• Requirement fulfilling 
 
Innovation Rewards: 
• Number of patent applications (existing) 
• Number of granted patents (existing) 
 
Other: 
• Return on Investment (or estimated return on 

investment) (existing) 
 

 
However, even though all areas should be represented in the metric, the activities of 
one area can have effects in others. There are for example many factors that effects the 
return on investment, there for is that metric not placed within one certain area. Many 
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factors could also influence on product quality, however in Table 2 this is placed under 
customer involvement, since it is the customer who determines the quality of the 
product.  

6.3 Increasing Innovation Capability through Collaboration  
Both the internal collaboration, which involves the interactions between functions, and 
the external collaboration, which for example regards the customer involvement, has a 
large impact on the company’s innovation capability of new products.  Product-service 
system development challenges this collaboration further since product development 
and service development involve different parts of the organization and different areas 
of expertise.  
 
From the interviews were eight types of collaboration identified in the point of view of 
the cross-functional project team when developing innovative product-service systems 
(Figure 21):  
 

1. Collaboration within the department: individuals within a team collaborate with 
colleagues who are found within their department, but who are not part of 
the team. 

2. Collaboration within the business function: individuals within a team collaborate 
with colleagues who are found within their business function, but who are 
not part of the team. 

3. Collaboration within the company: individuals within a team collaborate with 
colleagues from different business functions. 

4. Collaboration within the Group: individuals within the company collaborate 
with individuals in other companies within the Group. 

5. Collaboration with 3rd parties such as universities: the team collaborates externally 
with e.g. universities. 

6. Collaboration with suppliers: the team collaborates externally with suppliers and 
potential future suppliers. 

7. Collaboration with customers/partners: the team collaborates with 
customers/partners or potential future customer/partners. 

8. Collaboration with customers of the customer: the team collaborates with the 
customers’ customer, e.g. aircraft manufacturers and airlines. 

 
As Schramm (et al, 2008) points out, it is in the region where the different fields 
intersect that innovation breakthroughs come. This collaboration is essential for all 
projects. The company sees the importance of this collaboration for the success of the 
projects and the creation of innovations as often also stated in literature (Brown, 2008; 
Björklund, 2010; Amabile, 1998). 
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Figure 21: Different types of collaboration for innovation. 

 

6.3.1 Internal Collaboration 
The company organization consists of different Business Functions, such as marketing, 
purchasing, production and product development, and each business function consists 
of several departments. The development teams consist of people from different 
departments and from different business functions, combining different knowledge and 
experiences within the team. This collaboration is essential for all projects. The 
collaborations within a department or between departments within a business functions, 
the individuals “speak the same language” and have similar competences. The 
collaboration within a business function is always described as easier than the 
collaboration between them. The collaboration between business functions, where the 
competences regard different areas, involves many compromises and there can be 
disagreements regarding what is most important. Informants have described the 
importance of having a common interest when collaborating with other departments. 
When many people are involved it can slow down the pace because of the large 
amount of input, but this collaboration is still described as very important since ideas 
appear from many sources. The fact that service development and product development 
are organizational distributed puts an organizational distance between them, which 
challenges the collaboration between them.  
 
Job rotation gives the organization a greater knowledge about internal functions; it 
creates connections between departments and is important for the collaborative 
performance of the internal network. It is very common with job rotation within a 
business function; that is a typical career path. It is less common between business 
functions.  
 
Compared to product development projects, which have an external customer, 
technology development projects usually have an internal customer.  With only an 
internal customer the technology development projects can develop in the direction 
that is most profitable for the company alone.  
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Collaboration within the Group 
Collaboration within the Group is in the gray zone between what is considered internal 
and external for the company. However, it is rare that the company collaborates with 
another group company. The main reason for this, according to informants, is that the 
aerospace industry is unlike other transport businesses within the group. Other group 
companies are more truck-oriented and not used to the airworthiness requirements of 
the aerospace industry. 
 
But other group companies have great experience, knowledge and resources regarding 
diagnostics, handling large amounts of computer data, making service interfaces and 
customizations, which are important for service development. So the development of 
product-services systems involves greater collaborations within the group than the 
development of products only. The company has taken a collaborative leap when for 
the first time developing LTS, a product-service system for primarily military aircrafts 
involved several companies within the group working together.  

6.3.2 External Collaboration  
The term ‘Open Innovation’ as defined by Chesbrough (2003) can be wide in industry. 
The degree of openness in open innovation varies; from open source competitions, 
when anyone anywhere can come up with an idea to a company, to innovation 
networks that are close to those outside of the network. With the high technological 
complexity of the aerospace industry, the company is hesitant towards open source 
competitions; the openness is somewhat limited to the company network, which is 
however quite wide, where the partners are selected. It is critical with a proven 
capability to undertake the responsibility (over time) of contribution in the engine 
programs. Trust is an important factor and the company work to protect their 
intellectual property (IP).  
 
Collaboration with the customer 
The company develops components with several interfaces to other component, 
dealing with these interfaces put increasing demands on the collaboration in the 
partnership, and the roles of customer or supplier are blurry. The offering of product-
service systems put increasing demands on the relationships with the customer.  
 
For all business relations there is potential innovation collaboration, but the innovation 
collaboration is not restricted to the business relations. For example, although quite 
rare, certain critical areas, such as engine mounts and acoustics, involve collaboration 
with the airframe developer. The company also has innovation collaboration within the 
Volvo Group and with academia (Figure 22). 
 
Several departments communicate directly with the customer and this communication 
is not only on a management level, team members communicate directly with the 
customer too, which is important for the collaboration.  
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Figure 22: The Supply Chain and Innovation Collaborations in the Aerospace Industry.

 
The partnership means that the customer has higher requirements on the way of 
working than the average customer of a consumer product would have, since the 
partnership involves shared responsibility of the product. The way of working also 
directly affects the trustworthiness within the partnership, which is especially important 
the more radical the project is. The customer creates a strong driving force for expected 
results, but it can also be negative for the innovation capability since the project does 
not have the freedom to develop in the direction that is most profitable for the 
company alone.  
 
Collaboration with academia 
The company cooperates with schools and universities, including student projects, 
master thesis students, PhD students and professors. There are also a few examples 
where the company is involved in different kinds of research networks together with 
universities and other companies, such as clustered research areas (e.g. the Faste 
Laboratory, a VINNOVA VINN Excellence Center at Luleå University of 
Technology), national research areas (e.g. Science & Technology Parks) and networks 
of international research projects involving customers and suppliers (e.g. EC 
Framework Programmes). This is very much in line with the EU’s innovation strategy 
to transfer knowledge between public research institutions and industry (European 
Commission, 2007). 
 
On the military market, the company has a long history developing the engine to 
Swedish military aircrafts. This collaboration with the Swedish air force has made the 
company used to long-term collaboration with universities and research institutes in the 
country with R&D funding provided by the state. 
 
The stakeholders within this collaborative network with academia are at the company 
spread over various departments and business functions. And the company collaborates 
with different universities and research institutes depending on research area.  
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All informants have expressed that the company’s large network of industry-university 
collaboration is successful and they have also agreed that the collaboration is a source of 
innovation. One informant described what the company gains from the collaboration as 
“The future”. Another one said: “The sky is the only limit”. But even if both company 
and academia are very positive to the collaboration, it does not come without 
difficulties. The academia has a more long-term view of their work, and the industry 
more short-term. They also have different drivers; the industry has a drive to earn 
money and implement research findings but has no need to publish their findings. It is 
the opposite for academia; they need to publish their findings but they do not need to 
earn money nor implement their findings. But since the company has a long tradition 
of collaborating with universities there is an understanding of these challenges and an 
acceptance of the differences.  

6.3.3 Assessing the Value of Innovation in the Supply Chain  
Since the offering of PSS not only involves the customer, the OEM of the engine, but 
also customers’ customer, e.g. the airlines, it is important to consider the value chain. In 
the end it is the airplane passenger, who decides on the value, but the value chain does 
not have to follow the supply chain of the business relations. Even though all business 
relations involve an exchange of value, it can also take short cuts (Figure 23). The 
engine contributes to the comfort for the passenger in the sense that it runs the air-
conditioning for example. 

 
Figure 23: The Supply Chain, Innovation Collaborations and Value Chain in the Aerospace Industry. 

 
The business relations that are based on partnership rely on the technical specifications 
that are handed down. The airlines interpret the needs of the passenger in the search for 
an aircraft. The engine developer interprets the needs of the airlines when developing 
the engine and creating a technical specification for the different components. And the 
engine component developer interprets the technical specification when developing the 
components. However, valuable information of how the requirements create value for 
the passenger can be lost in the translation. For example, adding a service that meets the 
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needs of the customer can be an option instead on meeting the technical requirements 
of the product.  
 
The airline needs an engine that is easy and/or inexpensive to operate and maintain, 
this involves many aspects when designing and manufacturing the engine. The fact that 
even visual aspects are involved in engine overhauls is easy to forget if the maintenance 
is not considered when delivering a component that fulfills all the technical 
requirements but has discolorations.  

6.3.4 Methods and Tools for Communication and Collaboration 
There are various software tools for communication and collaboration, such as 
Microsoft Office Live Meeting and conference calls, which are widely used externally. 
Internally within the group there are online tools, such as chat, intranet and blogs also 
commonly used. Internal blogs are often used by the development projects to 
communicate the status of the projects to the rest of the company. However informants 
have expressed a need for tools for indirect communication, like a company online 
social network, in order to overhear communication between other individuals and 
observing traces of information.
 
TRL 
Technology Readiness Level (TRL) is a tool that traditionally is used for 
communication and visualization of technology maturity. The TRL tool was first 
developed by NASA (Mankins, 1995), when they required a means of relating the 
development status of a prospective system’s technology to the desired level of ‘flight 
readiness’. The scale has nine criterion levels from research state to ‘flight proven’ 
implementation state. The TRL scale is well known and used in the aerospace industry, 
but not so well known in other industries nor academia. 

 
Figure 24: Illustration of the development projects position on the TRL scale over time. 

The company uses the TRL tool to not only communicate the maturity of 
technologies that are under development but also to communicate the maturity of 
methodologies, tools and development projects. It visualizing the innovation strategies, 
works for quality assurance and gives awareness of the time perspectives. Figure 24 
shows for example how the research projects and basic technology development 

���� �� ��

�������
���	


�	����
���	


�	����
���	


�	����
���	

����	�	��
���	

����	�	��
���	

����	�	��
���	

����	�	��
���	

������
����	�	��

������
����	�	��

������
����	�	��

������
����	�	��

���	
��

��
�

��

���	
��

��
�

��

����	
��

��
�

�

�
��


�

�

!

�

�����

�������� ���� �������� ���! ���� ����



Johanna Wallin, Increasing Innovation Capability  

 45 

projects climbs the TRL lather and the new knowledge that is gained is transferred to 
the product development projects. 
 
The tool is used both internally as well as externally, to management and external 
stakeholders (such as academia), in structured reconciliations and audits but also in 
general discussions regarding the situation of projects. The TRL scale is based on 
engineering assessments and is therefore not completely objective; it is rather a tool for 
engineers to communicate their assessments and categorization of the development. 
Externally, the tool can illustrate the long-term partnership and research initiatives with 
the company and provides a common language for the stakeholders of the 
collaboration. 
 
Workshops 
One way to build on this network and create new meeting places and situations to 
enable sharing is by having innovative workshops. Multi-disciplinary workshops are 
used to identify areas of innovation opportunities, facilitate the sharing of knowledge 
and make it visible and traceable for all parties. It is a source of new ideas, ways of 
thinking, methods and knowledge. 
 
Workshops are very effective when aiming to allow individuals and teams to experience 
new ways for innovative teamwork, and promoting new collaborations in cross-
functional and highly diverse teams, which is the case when developing product-service 
systems and there is a need to bridge gaps between the different disciplines and get 
perspectives from the various viewpoints, without letting one perspective dominate.  
 
For effective collaboration during the workshops, the methods need to encourage the 
participants to build on each other’s contributions. If the workshops include people 
who have not been working with the issue, this encourages new perspectives to arise. 
This has been shown at the workshops included in the research. Participants have 
considered workshops to be a good way “to stay focused”, “for knowledge sharing” and to 
“get new perspectives” of for example challenges and opportunities.  
 
Prototypes 
At the company different types of prototypes are used, from simple paper mockups for 
early idea generating and complex demonstrators for validation. Prototypes are not only 
of products but also of technologies, services or even business models. The main 
purpose for building prototypes in the projects is to visualize what is otherwise just seen 
on the computer and to “get a feel for the product”, to get a sense of the millimeters that is 
hard to see on the computer image and get a 3D view instead of the 2D vision on the 
computer.  
 
But the prototype is built for several other purposes as well. A prototype helps in the 
ideation of new ideas or adjustments. A prototype is seen as a tool for validation, that 
the pieces actually fit together the way it was anticipated and test the hypotheses.  
Prototypes are used in the preparation and planning of manufacturing, for example to 
see if there is tool access for welding, which can save time. Prototypes are also used for 
communicating and marketing purposes, can be displayed in the hallways of the 
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company to inform about what is going in the project or used after the projects have 
ended, for inspiration in future projects. 
 
Even though some believe there should be more prototype building at the company, 
the progress seems to go the other direction. The projects are increasingly dependent 
on computers and rely on the CAD models, mainly because of time and money but 
also because there is not enough knowledge about what the prototypes contribute with. 
 
Collaborative tools for different dimensions 
In order to capture both the long term and the short-term perspective of collaboration 
different dimensions need to be regarded: strategic, tactic and operational, to facilitate 
understanding, sharing and ideation (figure 25). The TRL tool visualizes the long term 
strategies for the development within the company, arranging workshop is tactic way of 
working that facilitate sharing of knowledge and experience and the prototype puts 
focus on the visible result of the collaborative work of the operational phase.  
 

 
Figure 25: Networked Competence Innovation Model. 
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7 Conclusions and future research 
For this last chapter of the thesis the research question (How can the innovation capability for 
product-service systems be increased in a systematic way?) is revisited and the conclusions are 
made. The chapter ends with suggestions for future research. 

7.1 Conclusions 
The company in this research has different positions depending on market segment; 
VAC is OEM on the military market, but component developer on the commercial 
market. The company has come further towards PSS solutions on the military market 
compared to the commercial market. Because the company has different positions in 
the supply chain on the two markets, there are also different challenges to overcome. 
Since the company develops components and subsystem, there is not direct contact to 
the user of engine. This distance to the user and the dependency to the OEM impacts 
on the understanding of the services expected within the PSS. From the literature 
study, this has not previously been extensively studied.    
 
This research has three main contributions: 
 

1) Measuring innovation capability: Factors that affect the innovation capability 
of the company have been identified, including a set of metrics that have been 
identified and proposed (Table 2, page 35). 

2) Collaboration for increasing innovation capability: Different types of 
collaboration have been identified in the innovation network of product-service 
systems, including the challenges of these collaborations. 

3) Methods and tools to increase innovation capability: Methods and tools 
to overcome barriers in collaborations have been proposed. 

7.1.1 Measuring Innovation Capability 
Measuring the innovation capability is one way to find ways to systematically increase 
the innovation capability. This work has investigated factors that affect the innovation 
capability of a company. There were six areas that were found to be of importance to 
measure innovation capability. These regards what kinds of projects the company 
selects, how the customer is involved with the development of innovations, how the 
different functions within the company interact, what kind of climate there is within 
the development projects, what methodology is used in the innovation process and 
how the innovative work is rewarded. It is important that all aspects of the areas that 
affect the innovation capability in included in the metrics. A set of metrics has been 
proposed in this thesis that include all areas of importance. And because of the long 
development times and long product life cycles, it is important to measure not only the 
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effect of the development work, but also the activities that are performed, hence the 
metrics are divided into Activity and Effect. However, the need for a comprehensive 
set of metrics also needs to be balanced with the expressed need for “simple” metrics. 
Measuring the innovation capability specifically of product-service systems puts an 
increasing weight of collaboration metrics. 

7.1.2 Collaboration for Increasing Innovation Capability 
There are different types of collaborations that are involved in the development of 
products, services and technologies. And each collaboration has its different challenges. 
Internal challenges regard compromises and agree on what is most important. Within 
the group there are challenges regarding the knowledge of the business. Externally 
there are challenges regarding intellectual property (IP) that needs to be considered. 
With the customer trust is an important factor and with academia the collaboration is 
challenged by the different time perspectives and drivers.  
 
Both literature and industry agrees on the importance of collaboration and networking 
for innovation. However, literature tends to point to the value of openness, whereas 
industry tends to focus on the challenges and the barriers. The company in this study 
selects their partners and works to protect their IP. This innovative network is 
established, and it is this network and the relations within that set the boundaries for the 
innovation; it is not the innovation that sets the boundaries for the network.  
 
In order to incorporate PSS more effectively in the product planning and bring 
innovative product-service systems to the market the understanding of how they 
contribute to value chain is important throughout the organization. Looking only at the 
technical requirements and the direct business relationships limits both the innovation 
capability and the opportunities to create value for the user. This research has shown 
that even though there is no direct business relation there can still be direct value 
contribution. By understanding the value contribution of PSS not only for customer, 
but also customers’ customer will contribute to the assessment of the value contribution 
of PSS. This requires a development of the collaboration between the stakeholders of 
PSS. 
 
This thesis has presented representative examples of the challenges of developing 
innovative product-service systems, of the complexity of the collaborative network and 
how important it is for the success of the company. The research provides an increasing 
understanding of the development of complex product-service systems in a supply 
chain and the importance of the collaborative network. While it is difficult to 
generalize from a single case, the characteristics of the aerospace industry (high technical 
complexity, long life cycles and business-to-business) are found in other industries as 
well, therefore should the research be relevant in other industries with similar 
characteristics and could be generalized in this context. 

7.1.3 Methods and Tools to Increase Innovation Capability 
Even though a lot of research was found on the connection between innovation and 
university-industry collaboration, there was limited research on how to overcome the 
barriers in this type of collaboration. This thesis has presented a model for Networked 
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Competence Innovation including methods and tools for collaboration. The TRL tool 
visualizes the long-term strategies of the company and how the work within the 
different development projects is related to each other. Workshops create an innovative 
meeting place for collaboration and prototypes communicate innovative ideas through 
visualization. Since collaboration, internally and externally, are of particular importance 
when developing PSS, methods and tools for this collaboration is essential for increasing 
the innovation capability for PSS. 

7.2 Future Research 
The thesis has presented factors that affect a company’s innovation capability, including 
examples of metrics. Further research regarding the validation of this result and the 
testing of the metrics for innovation capability is needed, as well as a comparison to 
other industries.  
 
Since there are differences between the developments of product-service systems on the 
military market compared to the commercial, further investigation on these underlying 
factors is needed in order to plan for innovation of product-service systems. Limited 
research has been found on how a manufacturing company can plan for the transition 
towards PSS and support the organization through the transition. Therefore, further 
research would also regards how product-service systems can be incorporated more 
effectively in a product planning perspective. 
 
The research found in literature on PSS has focused on the consumer-provider 
relationship; there has been limited research on how this affects the development PSS 
on the whole supply chain. This research has started looking into this area. However, 
the value chain needs further research in order to find new innovation opportunities in 
the collaborative network and increase the innovation capability of the company. How 
can the value contribution of product-service systems be assessed with more certainty in 
early stages of development? is a research question that needs further attention. 
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ABSTRACT 

  Product development in the aerospace industry is associated with relatively long lead 

times and product lifecycles, which means that it takes years and even decades to find 

out if a novel product or technology concept fully realizes its potential and becomes 

an innovation on the market. How can a company in such an industry context know, 

preferably already in the conceptual stages, that they are on the path to innovation? 

How do they know how innovative they are? How can they increase their innovation 

capability? A project together with Volvo Aero, an aero engine manufacturer, was 

initiated to explore potential answers to these questions. The paper reports on an 

ongoing study of the company’s current state-of-practice with regard to measuring 

innovation capability, starting from a range of innovation indicators provided within a 

previous research project, which Volvo Aero contributed to. Based on interviews with 

project managers of advanced engineering projects within the company, six areas 

were found to be of importance in order to more effectively measure the innovation 

capability at Volvo Aero: Project selection, Customer involvement, Interaction 

between functions, Team climate, Innovation methodology and Innovation rewards. 

Within these areas a selection of preliminary metrics was established, which will be 

presented in this article along with a discussion on the advantages and drawbacks of 

combining activity and effect measures to better relate particular activities to 

particular outcomes. 

 

INTRODUCTION 

  There is an apparent need in industrial companies today to increase the innovation 

capability in order to be competitive on the market, and a crucial question is how such 

an increase in innovation capability can be brought about? First, how can the current 

state of innovation capability be known, and, secondly, what need to be undertaken to 

increase innovative performance? These were the guiding questions behind this 

research project being conducted at Volvo Aero, a Swedish engine component 

manufacturer in the aerospace industry. The rationale behind the company’s 

heightened interest in assessing and promoting innovation capability is that the 

concept of innovation has recently been put into a new light. 

  The company has a strong history of technology development, manufacturing and in-

service support, but has recently positioned themselves as a provider of solutions, 

including products (of sub systems and components), technology and services. The 

new situation of increasingly providing solutions rather than products based on 

specifications requires technology and product ownership for the full lifecycle of a 

solution. Such move implies that companies need to improve their capability to 

develop and offer product-service system solutions (Baines et al, 2007). Many, if not 

all, of the solutions imply close business collaboration with other companies and 



organizations throughout the value-chain and throughout the product lifecycle. 

Innovation is essential – but the changing conditions for innovation need to be better 

understood in light of the emerging business logic. 

  The primary purpose of the research activities described in this paper is to 

investigate the factors that influence the company’s innovation capability, in order to 

establish an empirical reference basis for a framework to measure innovation 

performance in the organization. This includes the design of a set of preliminary 

indicators and metrics that seem to be particularly appropriate for improving the 

innovative capability of technology-focused firms facing similar challenges due to the 

changing industry context.  

  PIEp (Product Innovation Engineering program), a Swedish national research 

initiative aiming to increase innovation capability in people and organizations, has 

identified four major areas (Olsson et al 2008, p.17) that need to be explored to better 

understand what innovation capability is about: organizational and leadership-related 

factors, customer involvement, interaction between sub-processes in the overall 

innovation process, and innovation capability metrics. This work focuses on the 

fourth aspect, the metrics, and is based on a range of innovation indicators provided 

within a PIEp sub-project (Olsson et al 2008, pp.78-105) where five companies were 

studied, including Volvo Aero. 

 

Literature Review 

  According to the OECD (OECD Oslo Manual, 2005, p.46) an innovation is the 

“implementation of a new or significantly improved product (good or service), or 

process, a new marketing method, or a new organizational method in business 

practices, workplace organization or external relations.” Thus, innovation is more 

than a great idea, it needs to be realized and add value for both customers and firms to 

be an innovation (Schramm et al 2008, Olsson et al 2008). Further, innovation can be 

seen as the determinant of productivity growth (Schramm et al 2008, Chan et al 

2008). Schramm (2008) describes innovations as the only opportunity to grow without 

increasing inputs – innovations enable output growth to exceed the growth of inputs. 

  How the concept of innovation is used also affects the way to measure it, and Olsson 

et al (2008) note that the companies in their study focuses primarily on minimizing 

risk, thus making high-risk/high-return projects rare. The importance of metrics for 

organizations to successfully capitalize on innovation is frequently stated (Chan et al 

2008, Schramm et al 2008), and could be seen as a way for companies to measure and 

thus better understand if their so-called high-risk projects are worth pursuing. 

Measurement of innovative capability is important both from a change management 

perspective and to ensure that high-impact ideas can be identified and selected for 

product development. 

  There are several views on innovation measurements. Schramm (2008) signifies the 

importance of measuring not only the input to innovation but also the output. Andrew 

et al (2007) group the innovation metrics in three categories: Inputs (or resources such 

as people and money), Processes (which act on and transform the inputs) and Outputs 

(or results such as cash returns, benefits, stronger brand and knowledge). Muller et al 

(2005) use the same three categories, but also suggest that metrics are tailored from 

three views – Capability view, Resource view and Leadership view. Olsson et al 

(2008) divide the innovation capability metrics into four areas: Project selection, 

Innovation identification, Innovation projects & methodology and Effects & 

influences, with different factors for each area. However, they also highlight the 

importance and need of every organization to figure out what is important to measure 



in view of their specific circumstances.  

  Chiesa et al (1996, p.106) note that focusing on indicators of input and output, 

whether on a macro or micro level, indicate rather than explain performance, and that 

understanding innovation performance must include looking more closely at 

innovation capability and the processes involved in developing and exploiting 

innovations. One of the problems with focusing too heavily on financial metrics, for 

instance, is that past performance is often a poor indicator of future successes. 

Rosenzweig (2007, p.18) notes, for instance, that just because “…a given choice 

didn’t turn out well doesn’t mean it had been a mistake. It is therefore necessary to 

examine the decision process itself and not just the outcome.” Poor innovation 

practices can lead to good outcomes, and good innovation practices can lead to poor 

outcomes – thus knowing more about the processes and practices of innovation, not 

just the inputs and outputs, is crucial. 

  A summary of measures of innovation performance in firms provided by Cordero 

(1990) highlights that performance evaluation in many organizations focuses mainly 

on resources and outputs, such as R&D expenditure, speed to market, market share, 

and the number of new products, thus tending to ignore the processes in-between. 

  Adams et al (2006) propose a framework for innovation management measurement 

that consists of seven categories: inputs, knowledge management, strategy, 

organization and culture, portfolio management, project management and 

commercialization. In their conclusions, they point out several omission gaps, where 

measures are currently lacking, noting that financial measures of portfolio 

optimization are often used, but that portfolio capability measures are lacking, and 

that there is a reliance on codified knowledge such as patents, excluding more 

intangible measures, such as tacit knowledge. Cooper et al (1999) highlight the 

importance of portfolio management practices that can, among other things, help 

companies create a better balance of projects in consideration of long-term versus 

short-term, and high-risk versus low-risk perspectives. 

  Szakonyi (1994, p.30) states that measuring patents, publications and citations, for 

instance, cannot be thought of as legitimate indicators of R&D output, because output 

and effectiveness are not the same thing. The author argues that more emphasis 

should be put on managing R&D effectively, which is not the same as focusing on 

R&D efficiency (e.g. errors generated or assignments completed on time). Szakonyi 

notes that an effective R&D department “…measures its output not to get a certain 

score but to learn where it stands and how it might improve.” (Szakonyi, 1994, p.31), 

and proposes to focus on 10 activities involving R&D effectiveness, including the 

selection of R&D projects, establishing cross-disciplinary teams, and coordinating 

R&D and marketing.  

  Loch et al (1996, p.17) also point to the importance of measuring the quality of the 

processes used at project level, and their process performance aspects include, but are 

not limited to, the involvement of suppliers in design, the use of team rewards, and 

listening to customers and to marketing. 

  Haffey & Duffy (2001) note that a substantial lack of support exists for bringing 

organizational objectives down to a process level, aiding the identification of 

measures to support the focus of effort toward their satisfaction. 

  Dodgson & Hinze (2000) provide an overview of a wide set of indicators used to 

measure the innovation process, highlighting that combining and integrating various 

indicators, and assessing which indicators to use in what circumstances are relevant 

issues for future research in the field. 

 



The Case Situation 

  A clear understanding of the contextual situation is a pre-requisite for understanding 

how relevant metrics can be established. (Chiesa et al, 2009). The aerospace industry 

is characterized by a high degree of technical complexity, high development costs, 

and long product life-cycles. Today’s solutions on system level (jet engines) are 

typically a combination of the physical product and accompanying service offers (e.g. 

TotalCare® by Rolls-Royce, 2010). It is a highly regulated industry, primarily with 

respect to safety and airworthiness criteria. Product development in the aerospace 

domain is largely contract-driven, which means that binding contracts are normally 

signed before development work starts and risk minimization is thus given higher 

priority than finding innovative new solutions during product development. Reduction 

of risks is an absolute requirement for a new product in the aerospace industry, which 

is rather counter-intuitive in the search for innovations and new thinking. As a 

consequence the innovative capability within pre-development activities is crucial. 

The central research question is how a suite of metrics can be designed to improve 

innovative capability within a manufacturing company with these organizational 

prerequisites? In a previous study at Volvo Aero, Larsson et al (2007) note that the 

aerospace business provides an industry context where creativity is risky, yet a 

precondition for success, and where there is a need for creativity inside-the-box. In 

that study, one of the Volvo Aero engineers commented that “innovation disappears 

when the contract is written. After that, it’s only about bringing the stuff out”, 

whereas one of his colleagues noted that “we have very little time for innovation…we 

have to go for safe solutions. We have to know that what we’re doing works to ninety-

five percent. You glance a lot at how earlier generations look…we go for the things 

that give us a competitive advantage…and with low risk. No customer wants us to 

take big risks.”(Larsson et al, 2007) 

  Due to the highly technical nature of Volvo Aero’s current product portfolio, the 

company has a tradition of focusing closely on technology development, which 

implies a set of different objectives and approaches compared to an organization with 

a broader perspective on innovation. To more carefully understand these differences, 

the present study uses the measurement of capabilities related to technology 

development as a reference. 

  The development projects within the company, i.e. product development as well as 

technology development, are performed by cross-functional teams. The teams can 

change in the different phases of the project since the development process has the 

duration of several years. The company uses a Technology Readiness Level (TRL) 

scale (Mankins, 1995) in order to specify the maturity of evolving technologies. 

  The customer of the product development project is the Original Equipment 

Manufacturer (OEM) of the engine (i.e. General Electric, Rolls-Royce or Pratt & 

Whitney, ESA). The problems to be solved are usually related to keeping product cost 

and product weight down while making the product easy to produce. The technology 

development projects often have an internal customer. The problems consist of 

keeping costs down and timing the technology to the product development.  

 

DATA COLLECTION 

  The paper reports on an ongoing study of the company’s current state-of-practice in 

terms of performance measurement related to innovation capability, in general, and 

technology development, in particular. First, a literature study was performed to 

explore, from a research perspective, what areas have been found to affect innovation 

capability. Second, six project managers from advanced engineering at the company, 



all responsible for various next generation products and technologies, were chosen as 

a focus group to investigate current practices related to innovation capability 

measurement within the company. The rationale for selecting this particular group is 

that the culture and work methods represented by these individuals, and their teams, 

should provide a representative example of the current practices, and thus provide 

insight into this group’s perceptions of what affects the innovation capability at the 

company, and how it can be more effectively measured and increased.  

  The methodology used to capture empirical data is based on semi-formal interviews 

with each member of the focus group and three other key individuals (responsible for 

patent application, idea proposals and technology innovation research) followed by a 

questionnaire study with the focus group and second level project leaders within their 

respective project teams, in total 22 respondents. The interview and questionnaire 

study were focusing on the factors identified by Olsson et al (2008), which are 

perceived to impact the organization’s innovative capability, including cooperation 

between product/technology/business development, customer involvement, 

interactions between functions, team climate, open innovation and innovation 

rewards. The findings from the interviews are discussed in reference to the findings 

from the literature review. 

 

MEASURING INNOVATION CAPABILITY 

  The project has initially highlighted the strengths and weaknesses of the company’s 

innovation capability, from the perspective of the leaders and members of advanced 

engineering project teams. Preliminary findings show that the company has a strong 

base in technology development and also uses a relatively stable framework for 

assessing maturity of technologies, whereas innovative capability has shown to be a 

contested concept that is interpreted differently between individuals and their position 

in the organization.  

  The factors identified by Olsson et al (2008) were initially used as a foundation to 

set the direction for the interviews and the questionnaire, but were in the course of 

analysis modified to suit the current innovation process at Volvo Aero. Since 

Innovation identification is part of the Innovation methodology at the company, these 

two factors have instead been divided into: Innovation methodology, Team climate, 

Interaction between functions, Customer involvement and Innovation rewards, 

because these factors were considered important in order to measure innovation 

capability at the company. Another addition, in relation to Olsson et al’s factors, is the 

division of metrics into ‘Activity’ and ‘Effect’ categories, instead of an ‘Effect and 

Influences’ factor. The activity measure is fulfillment of the activities and actions 

identified and planned for improving innovation capability and the effect measure is 

about assessing whether or not the activities actually contribute to innovation 

performance. 

  As a result, the areas found to affect the innovation capability at Volvo Aero are the 

following:  

- Project selection 

- Customer involvement  

- Interaction between functions 

- Team climate 

- Innovation methodology 

- Innovation rewards 

 

 



Project Selection 

  One area of measures includes balancing the degree of radicalism of the targeted 

innovations. Dewar and Dutton (1986) states that incremental innovation could be 

seen as containing a low degree of new knowledge, i.e. minor improvements or 

adjustments in current technology, whereas radical innovation could be seen as 

revolutionary changes in technology, with clear departures from existing practice and 

a high degree of new knowledge. Radical innovations create fundamental changes in 

human behavior or usage, whereas incremental innovation creates small changes, or 

improvements to existing products/services.  

  The other area of measure includes the balancing between existing customers and 

new customers. “Exploitation occurs when firms rely on existing competencies or 

operational capabilities to sell to existing customers” (O’Reilly et al, 2008, p.195) By 

addressing new customer segments or through innovations that enable companies to 

charge customers a higher price or reap higher margins, the companies can move into 

adjacent markets (O’Reilly et al, 2007). 

  There needs to be a careful selection between incremental, architectural and 

discontinuous innovation projects to enable the company to explore new markets and 

opportunities for growth, while continuing the exploitation of existing markets and 

capabilities for profit (March 1991; O'Reilly et al, 2004; O'Reilly et al, 2008). 

 

 

 
Figure 1: Exploit/ Explore 

 

  The company’s aero-component business is characterized by being a “supplier” and 

the company is finding it hard to develop in the vertical axis (Figure 1). Vertical 

climbing requires an interaction in business development in a way that a horizontal 

move does not. With business development at the company concerns the 

establishment of contracts and ensures meaningful business rather than finding new 

customers. The current customers help the company to move horizontally, since the 

customer gets part of the innovation profit.  

  To meet the competition on today's market requires a long-term balance between 

risk taking and safety measures, a good understanding of where the emerging 

technologies and products aim and continuous work for improvement.  

  In the study at Volvo Aero, the project managers were asked what the main purpose 

with their project was. Based on their answers an attempt to map the project portfolio 

to the exploit/explore dimensions was made. It was found that the most common 

purpose with a project at was to ‘meet the requirements defined by customer’ and to 

‘develop a new product with in a known product specialization’. Few projects had the 

purpose of ‘developing a new product outside specialization’ or to ‘reach a new 

market’. Therefore the projects were mapped closer to the exploit rather than the 

explore dimension.  

  This exploit/explore perspective can be used to balance the project portfolio and 

spreading the risks when initiating projects. It can also be used as a metric of the 



innovation capability, since a balanced project portfolio ensures that future innovation 

opportunities are not missed and ensures that neither short-term profits nor long-term 

innovation opportunities are missed. 

  However, risk taking at Volvo Aero is more complicated than the exploit/explore 

perspective conveys, because a project can take large risks even though it is making 

small changes to a known product for a known customer. One project manager 

describes the difficulties in keeping the creative spirit alive in a big company such as 

Volvo Aero, given the aerospace industrial context: “We have constraints because of 

the industry [the character of the Aerospace industry], but are innovative in other 

ways. We are innovative when it comes to lightweight, composites and fabrication”. 

In general, the scale of exploit/explore is still perceived to be a useful tool to map the 

project portfolio, even though other criteria need to be taken into consideration, too. 

  To explore new markets for existing products and services in order to create 

innovations, a close cooperation between the Product development and Business 

development domains is found to be preferable and the projects need strong support 

from both organizations. At the company the support usually comes from the 

promoter of the projects, which more often is the product development department 

rather than the business development department. Therefore, the company could 

benefit from a closer cooperation between Product development and Business 

development in order to explore new markets and new customers. 

 

Customer Involvement 

  Since a great idea cannot be realized nor create value without a customer, the 

customer involvement in the product development teams contributes to innovations. 

Olsson et al (2008) describes it as a key success criterion that everyone involved has a 

clear picture of the reality of the customer. 

  Volvo Aero’s partnership in the engine programs implies a close contact with the 

customer, where the customer is the Original Equipment Manufacturer (OEM) of the 

engine. All projects have a continuous contact with the customers throughout the 

process, although this can be described as both positive and negative. One manager 

describes the customer both as a hindrance and an influence to innovations. Some of 

the project managers describe the customer as “part of the team”; the customer 

involvement makes the project “sharper”, “balances the demands”, “clarifies the 

requirements” and “supports the idea generating”. But it was also expressed in 

interviews and in the questionnaire that the customer involvement can create conflicts 

between project directives from the company and the external customer goals. It is a 

fact that the system level product (the jet engine) is jointly co-developed by the 

company together with the customer from a technical point of view, whereas the 

means of collaboration may be different between different product development 

projects. 

  However, when it comes to customer involvement there is a significant difference 

between technology development and product development at the company. Product 

development always has an apparent external customer, which technology 

development rarely has. The external customer creates, within the product 

development team, a stronger driving force for an expected result. But consequently it 

creates boundaries for the innovation capability for the product development teams, 

whereas technology development projects can develop in the direction that is most 

profitable for the company alone. 

  This points to the importance of keeping customers, internal or external, close and to 

the importance of paying attention to expectations on results. It also points out the 



importance of a methodology and a process, which makes the most out of the 

relationship between the team and the customer, making it as profitable as possible for 

both company and customer. Further, there is a need for a methodology that can 

handle ideas that do not fit within the boundaries of the customer needs and 

expectations, but which possibly could be of interest to the company, for future 

considerations or as embryos for new development projects.  

 

Interactions between functions 

  “Innovative breakthroughs frequently come at the estuary region where different 

fields, not necessarily related, intersect.” (Schramm et al, 2008, p. xii). In a 

manufacturing company there are many processes and functions. Innovation 

integrates several of them, if not all. The better these functions are synchronized the 

better for the innovation process (Olsson et al 2008). The interaction and 

communication with other departments in the organization is important for several 

reasons:  

- Knowledge transfer. It increases the success of transferring the team's results, for 

example from design to production, resulting in the realization of the good ideas 

leading to innovations. This is particularly important in a company where the team 

changes during the development process. Standards and best practices can also be 

of importance for this integration between functions. 

- Solution exploration. Creativity arises in the cross-section between different areas, 

which can lead them to explore a larger solution space and ultimately end up with 

better solutions, which take into account many different perspectives inside and 

outside of the firm.  

- Streamlining work processes. A close collaboration between functions can 

improve the flow of the development process, avoiding long decision loops, and 

helping to keep deliverable deadlines.   

- Supporting exploration. As mentioned in the previous section on project selection, 

a closer collaboration between Business development and Product development 

would support the exploration of new markets, by avoiding a too narrow focus on 

either existing customers or existing technologies.  

  At the company, the teams consist of people from different organizations and this is 

mainly viewed as something positive. It gives the team a wider network with further 

qualifications and experience, but is sometimes negative due to vague target with 

respect to the specific product needs. Many team members also highlight the 

importance of working geographically close to each other. However, there seems to be 

a general belief that the placement of the physical workspace should neither have an 

impact on the communication within the company, nor on the communication outside 

the company. 

 

Team Climate   

  It is within the teams of the development projects that many great ideas are born and 

the development of the innovations is started. According to many informants within 

the advanced engineering teams at Volvo Aero, the climate of the team has a great 

influence of the innovation capability, but in both positive and negative ways. A good 

team climate with openness, committed debates and collaborative problem solving 

approach affects the innovation capability in a positive way, whereas a team plagued 

by work overload and lack of time can feel that their innovation capability is affected 

in a negative way. 

  The methodology used within the team and the way of working affects the team 



climate as well as the leadership. The team leader is usually not the same person as 

the boss of the team participants, which ensures that the two roles are not confused. 

One of the most important team leader qualities is to make sure there is a good, 

creative environment within the team to support the emergence of innovative ideas.  

  According to Olsson et al (2008) the risk-taking environment within the team needs 

to be supported and mistakes accepted in order to increase the innovation capability of 

an organization. One project manager expressed in an interview the need for courage 

in order to admit to mistakes. The teams consist of people with different backgrounds, 

competencies, experiences, ages and genders, which is a foundation for a positive 

team climate since it can allow a mixture of ideas to arise. 

 

Innovation Methodology 

  Innovation requires creativity and creativity requires time. In order to create 

innovations, time to work on the ideas is needed. In product development, the focus is 

on delivering products that meet a technical specification. Under these conditions, the 

majority of co-workers have no, or quite limited time (less than one hour per week) to 

explore new ideas not directly connected to the project. One of the project managers 

also said in an interview that there was not time to take care of all the ideas that erupt 

in the project. This could affect the innovation capability of the company in the long 

run, when it is missing out on ideas getting realized.  

  Innovation needs a balance between creativity and structure (Olsson et al, 2008). Too 

much structure restrains the creativity. A project manager thought that “the will to 

control hinders innovation”. However, with too little structure the good ideas will 

most likely not be realized in time. As noted by an aero engine project leader in a 

previous study by Larsson et al (2007), the immense time pressures could actually 

prove to be a driver of creativity and innovation: “He who suffers conquers”. 

However, to better balance the pressures and to use the available time more 

effectively a good innovation methodology that suits the team is essential.  

  Part of the innovation process is the generation of ideas (which can be performed 

internally and/or externally) as well as the search for and recollection of existing ideas 

that might be found in, for example, ongoing or finished projects that current team 

members have little or no knowledge about. Methods for reflecting on previous 

projects are important to make sure the learning is not lost. At the company there are 

established methods for making sure the learning from the project is not lost. There is 

also an established method for collecting various improvement ideas within the 

company. Mainly the ideas come from and regard the production domain. The 

engineers at the product development departments rarely use it; they see the 

improvement work as part of their everyday work.  

  The concept of Open Innovation (Chesbrough, 2003) suggests that companies should 

make better use of external, in addition to internal, ideas in order to grow on the 

market. Within Volvo Aero there are established methods within most teams on how 

to generate ideas within the team and making sure the customer needs are taken into 

account, which is important in the innovation process. However, there are few, if any, 

established methods for collecting ideas outside the team (neither within the company 

nor outside of it). Some project managers describe a resistance to even go outside the 

own department, others see a big opportunity to go outside the company, for example 

to universities to solve problems, and are currently doing so. Although many 

informants were positive to the idea of going outside the company to gather or 

generate ideas, many found it difficult for reasons such as secrecy, time, economy and 

business structure. 



Innovation rewards 

  Because of the high technology content in the products, innovations at Volvo Aero 

are, according to the informants, considered to be something that is ‘unique’. 

Therefore patents play an important part for the innovation capability; it is one of the 

first things that are associated with innovations at the company.  

  The aerospace industry has very long lifecycles of their products; it takes decades 

before the idea in the development projects is known as an innovation on the market. 

Since many of the products and technologies that are under development at Volvo 

Aero do not reach the market until up to ten years, innovations at the company are not 

about what is on the market today, but about what will be on the market in the future.  

  One part per thousand of the company’s sales is used for patents, and patent 

applications are part of the systematic work at the company. Compensation for the 

patent application is a way to reward innovation; compensations are also given to idea 

proposals. Patenting is also a way to validate that the product or technology, that has 

not yet reached the market, is in fact an innovation.  

  The number of patents and patents applications are counted every year, but this 

measurement alone does not give the overall picture of the innovation capability of 

the company. In some cases patents are avoided in order to keep the innovation secret 

and the number of applications corresponds to the amount of effort that is made 

collecting the applications. There are other ways than patents to reward innovations at 

Volvo Aero, such as a technology prize, and giving team members the opportunity to 

participate in conferences and team celebrations.  

  If not managed properly, rewarding innovation can lead to “not-invented-here” 

attitudes, making people overly interested in the success of their own project at the 

expense of other innovation projects elsewhere in the company (Muller et al 2005).  

 

INNOVATION METRICS 

  Measurements proposed within this research project are preliminary examples of 

metrics for measuring innovation capability. These are divided into ‘Activity’ and 

‘Effect’ categories, where the former measurement provide the means to manage 

progression and development following the scheduled plan, whereas the latter 

measurement gives the possibility to measure the effect of performed activities. One 

of the perceived drawbacks is that effects are given ‘downstream’ in the innovation 

process, so the response is obtained in retrospect. The combination of activity and 

effect measurements enables the organization to deepen the understanding of both the 

real-time performance indicators related to ongoing activities, and the after-the-fact 

performance measures, allowing a more careful analysis of how particular activities 

relate to particular outcomes.  

  Measuring activities related metrics gives more or less "instant" feedback and allows 

management and control, but does not reveal if the activities did their job. Effect 

measures should be designed to measure the effect of innovation performance. 

Typically - these measures measure if the activities do their job, with the drawback 

that the response may take years. Effect measures may, although not always, have a 

significant time delay omitting these to be used directly for management of 

improvement programs. 

  Following the analysis of the interview and questionnaire material, taking its basis in 

the indicators provided by Olsson et al (2008), a first proposal of innovation metrics 

particularly targeted to the Volvo Aero context was designed (Table 1). Activity and 

effect measures were proposed for each of the six areas that were found to impact the 

innovation capability at Volvo Aero, and they are both qualitative and quantitative in 



nature. 

 
Table 1: Innovation capability measurements 

 Activity Effect 

Balancing the project portfolio Number of customer meetings 

regarding future needs 

 

Subjective assessment of the effort 

when dividing resources (team 

members, money) per project 

Number of projects based on radical 

future scenarios 

 

Number of projects challenging the 

current business model 

 

Number of projects focusing on 

improvements on existing products 

Customer involvement Number of customer meetings Customer satisfaction 

Team climate Number of activities for teambuilding 

 

Number of activities to solve team 

conflicts 

Subjective assessment of the team 

climate 

Interactions between functions Number of cross-project meetings 

 

Number of activities for networking 

 

Number of proposals received from 

various sources 

 

Subjective assessment of project 

handovers or the knowledge of other 

function in the organization 

 

Assessment of the project finishing on 

time 

Innovation Methodology Number of activities for systematic 

idea generating  

 

The distribution of time in each co-

workers calendar (time to work on 

own ideas)  

Estimated Return on Investment 

Innovation Rewards Number of activities for patent 

proposals, applications  

Number of patent applications 

 

Number of granted patents 

 

 

CONCLUSIONS AND MANAGERIAL IMPLICATIONS 

  This paper reports intermediate results from an ongoing study, and the final analysis 

of the results is not completed. The main difference between measuring innovation 

and measuring innovation capability is that the former measures the effect and the 

latter measures both activity and effect. Dividing the metrics into activity and effect 

categories implies that managers must take into account the measures of innovation 

capability, not only inputs and outputs, when they assess the performance of their 

teams.  

  Though the aim is to achieve an improved innovative capability, the effect of 

innovation in a business such as the aero engine business comes several years after the 

actual “start” of the innovation activities. Effect measures consequently are of little 

value for monitoring and steering the work related to improving innovation 

performance. The value of effect measures is that they are visual goals for the 

organization, whereas the activity metrics measure the progress and likeliness to reach 

the goals. 

  There were six areas that were found to be of importance at Volvo Aero, which were 

proposed in this article: Project selection, Customer involvement, Interaction between 

functions, Team climate, Innovation methodology and Innovation rewards. These 

areas would be suitable in similar business as Volvo Aero with high technology 



content and long product lifecycles.  

  Measurements proposed within this research project are preliminary examples of 

metrics for measuring innovation capability and further research on integrating these 

into the company needs to be conducted. Measuring innovation capability can also be 

used to give feedback to the innovative teams, especially in companies such as Volvo 

Aero where the innovation result might take several years; a quicker feedback to the 

teams might be of importance.  

  Measurements for innovation capability need to be customized for each company, 

since each company is different, and the areas of importance might differ. Improving 

innovation capability must take its start from a current state – raising the company's 

awareness of which areas to leverage further (i.e. strengths) and which areas to 

improve upon (i.e. weaknesses). The study results reveal several areas that must be 

used as the basis for gaining acceptance and trust amongst the employees and leaders. 

Based on the interviews the informants perceive that the company has several strong 

areas that impact innovation, namely:  

 - Continuous customer involvement 

 - Cross functional teams  

 - Established methods for generating ideas within the team 

 - Established methods for making sure the customer needs are taken into account 

 - Established methods for making sure the learning from the project is not lost 

 - Established method for collecting idea proposals 

 - Systematic work with patents 

 - The Technology Price 

  The informants’ perceptions of strengths are crucial from a change management 

point of view, whereas identifying the true strengths requires a careful analysis. One 

observation that can be raised based on the findings is the view of the customer. The 

company has a supplier dependency to the jet engine OEM, and how this influences 

the innovation work and capabilities needed, will be retained for further work.  

  The areas identified that require special attention for successful improvement of 

innovation capability, i.e. implications for managers, were: 

 - Increased integration and co-creation between Business- and Product development  

 - Facilitation of cross functional disciplines 

 - Enable space, time and priority to work on ideas – outside formal projects 

 - Establish methods for identifying and bringing in outside ideas into the teams 

 - Facilitate the generation of ideas for individuals and in small teams 

  When informants refer to customer involvement, this most often refers to the 

involvement of the jet engine OEM. From an innovation perspective this is a limited 

view, in particular from a product service system perspective, as new customer and 

markets may need to be addressed. 
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Abstract 
This paper reports on a qualitative study, carried out at a Swedish aero engine manufacturer. The study was initiated to 
explore key indicators related to innovation capability in a Product-Service System (PSS) context. Developing PSS 
changes the dynamics of collaboration, since the offering of such systems usually involves a network of partners sharing 
the responsibility for a delivered function over a full lifecycle. In particular, this paper focuses on describing aspects 
related to external and internal collaboration, and it further discusses how to measure the company’s collaborative 
performance, taking into account both activity and effect measures. 
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1 INTRODUCTION 

Innovation capability, broadly defined as the ability to routinely 
achieve innovative outcomes, is crucial for industrial companies 
today in order to be competitive on the market over time. They need 
to trust their capability to innovate again and again, and by 
deploying appropriate metrics of innovation capability, they could 
(1) establish the current baseline when it comes to innovation 
capability, (2) establish useful indicators related to potential future 
outcomes, and (3) establish intervention mechanisms to increase 
the innovation capability when and where needed.  

Manufacturing industries are undergoing a transition towards 
integrating more services into the traditional product concepts. On 
the one hand, this creates new opportunities for the companies. On 
the other hand, vanishing boarders between services and hardware 
changes the way companies plan, develop and produce such 
Product-Service Systems (PSS) [1]. Innovations where services are 
a key ingredient of the solution typically require skills and 
competencies that may not reside fully within a manufacturing-
focused organization. 

To achieve innovation in the comprehensive PSS domain, 
companies need to reassess how they collaborate both internally 
and externally, considering the roles, responsibilities, competencies 
and skills of an increasingly diverse and distributed set of 
stakeholders. Key questions when assessing the innovation 
capability within the context of collaboration are, first, how effective 
are current collaborative practices? Second, how can these 
collaborative practices be improved? Answering these two 
questions introduces a third one – how can the collaboration 
capability be measured? These were the guiding questions behind 
this research project being conducted at a Swedish engine 
component manufacturer in the aerospace industry, and part of a 
large group in the transport business. The company has a history of 
technology development, product development, manufacturing and 
in-service support, but has recently positioned itself as a provider of 
solutions, including products, technologies and services. Such a 
move implies that the companies need to improve their capability to 
develop and offer product-service system solutions [1]. 

 

On a product development level, innovation capabilities are 
relatively well known for hardware issues, but service integration 
implies development of new business models, new competences 
and collaborative partnerships – both internally and externally. 
Careful strategic leadership is needed since this is a transition 
challenging tradition and mindset. To reach the desired future state 
of a high innovation capability and successful development of 
product-service systems, several steps need to be taken. One of 
these steps relates to measuring the innovation capability, and 
establishing metrics with regard to external and internal 
collaboration is the topic of this paper. Developing and offering PSS 
solutions require close business collaboration with other companies 
and organizations throughout the lifecycle and along the value-
chain of the solution. The changing conditions related to offering 
solutions rather than products require a better understanding of the 
company innovation capability. 

Previous work [2] at the company has identified six areas of 
importance when measuring innovation capability at the company: 
Project selection, Customer involvement, Interaction between 
functions, Innovation methodology, Team climate and Innovation 
rewards. Furthermore, it was found that dividing the metrics into 
‘Activity’ and ‘Effect’ enabled the organization to deepen the 
understanding of both real-time performance indicators, which can 
give a more or less ’instant‘ feedback to ongoing activities, and the 
after-the-fact performance measures, allowing a more careful 
analysis of how particular activities relate to particular outcomes.  

Two of the identified areas were found to be of particular 
importance when developing PSS as opposed to developing ‘only’ 
products or technologies. These areas are Customer involvement 
and Interaction between functions, where both describe 
collaboration and networking, the first focused on external 
collaboration, and the second focused on internal collaboration. A 
PSS commitment requires an exceptionally close contact with the 
customer throughout the whole lifecycle, and it also increases the 
demands on close collaboration between product development 
functions and service development function. 



2 MEASURING INNOVATION 

According to Olsson et al [3], how you define innovation affects the 
ways to measure it. An innovation is often described in literature as 
something more than a great idea, since ideas essentially need to 
be realized and add value for both customers and firms to be an 
innovation [3][4]. Schramm [4] signifies the importance of 
measuring both input and output to innovation. Andrew et al [5] 
include, apart from input and output, processes (which act on and 
transform the inputs). Chiesa et al [6] note that focusing on input 
and output indicates rather than explains performance and in order 
to understand the innovation performance one must include 
investigate innovation capability and the processes involved in 
developing and exploiting innovations. Cordero [7] summarizes 
measures of innovation performance in firms and highlights that 
performance evaluation in many organizations focuses mainly on 
resources and outputs, such as R&D expenditure, speed to market, 
market share, and the number of new products, thus tending to 
ignore the processes in-between. 

Thus, there is a fundamental problem with focusing on, for example, 
financial metrics since past performance is often a poor indicator of 
future success. A successful business does not necessarily imply 
that a company has a high innovation capability. Poor innovation 
practices can lead to good outcomes and good innovation practices 
can lead to poor outcomes. Rosenzweig [8] notes, for instance, that 
just because “…a given choice didn’t turn out well doesn’t mean it 
had been a mistake. It is therefore necessary to examine the 
decision process itself and not just the outcome.” Muller et al [9] 
also use the same three categories: input, output and processes, 
and further suggests that metrics are tailored in three views – 
Capability, Resources and Leadership. Olsson et al [3] highlight the 
importance and need of every organization to figure out what is 
important to measure in view of their specific circumstances. 
Werner et al [10] discuss the use of objective/subjective as well as 
quantitative/qualitative metrics and claim that a combination of 
multiple methods would reduce biases, take advantage of multiple 
dimensions of excellence and provide built-in checks and balances 
to capture the full range of the R&D process. It is frequently stated 
that metrics can lead organizations to successfully capitalize on 
innovations [4][11] and it can also be seen as a way for companies 
to better understand if it is worth pursuing potential high-risk 
projects. Measuring innovative capability is important from a change 
management perspective and is crucial to the successful 
identification and selection of high impact ideas for product 
development. 

 

3 DATA COLLECTION 

This paper reports on an ongoing study of the company’s current 
state-of-practice in terms of performance measurements for 
innovation capability in general and for product-service systems in 
particular. Five project managers, responsible for advanced product 
and technology development projects at the early stages of the 
innovation process were interviewed together with five other 
individuals involved in service, business development and/or 
technology development. The rationale for selecting these 
individuals is that they are organizationally distributed across the 
company so that they could serve as, and provide, representative 
examples of the established culture and work methods, and thus 
provide insight into what factors they believe affect the innovation 
capability in product-service system innovation at the company, and 
take part in a discussion around how this capability could be more 
effectively measured and improved. 

The methodology used to capture empirical data focuses on semi-
formal interviews, one with each of the selected individuals which 

also included open discussion on the topics, and close observations 
of meetings regarding the development of product-service system 
solutions. The findings from interviews and observations are 
discussed in reference to the findings from the literature review. 

 

4 PRODUCT-SERVICE SYSTEM DEVELOPMENT IN 
AEROSPACE 

It is a pre-requisite to develop a deep understanding of the 
contextual situation in order to establish relevant metrics [6]. The 
aerospace industry is characterized by high technical complexity, 
high development cost, long product lifecycles, and increasing 
service integration in offers such as TotalCare® by Rolls-Royce, 
[12] where airlines pay for service in a package with the product. 
Since the product development is mainly contract driven, binding 
contracts are normally signed before development work starts and 
risks are shared.  

Many industries are focusing on traditional lifecycle services (e.g. 
supply of spare parts, repairs and maintenance) to generate higher 
profits [13], and extending the PSS components in such business 
models can offer significant growth potential. Service offers provide 
an opportunity to differentiate against competitors, build customer 
loyalty, distribute the revenue profile during the lifecycle and 
increase the demand for the core product.  Integrating services and 
physical products into a single ‘package’ comes with a more 
complex character of the offer. Managing such complexity may 
cause an extra burden on the information systems required to 
support the sales and maintenance of such ‘packages’. Since 
addressing these challenges might not be the core expertise of the 
company [14], important questions relate to whether the company 
should look towards external partners to realize the idea on the 
market, or start growing the knowledge internally. 

The company’s history of technology development and 
manufacturing has given it a strong product focus even though 
service and maintenance also have been important parts of the 
business for a long time. The customer for commercial product 
development projects is the Original Equipment Manufacturer 
(OEM) of the engine (i.e. General Electric, Rolls-Royce, Pratt & 
Whitney), whereas the company is the OEM of the engine on the 
military market, with the Swedish Air Force as the customer. 
Recently the company has positioned itself as a provider of 
solutions and the increase in solution offers requires ownership of 
the product/technology for the full lifecycle of the solution. Such 
solutions require a close collaboration with customers, and could be 
described as a risk and reward sharing partnership rather than as a 
customer-supplier relationship. The company offers an extensive 
range of services, including sales of spare parts for aircraft engines 
and aircraft, as well as maintenance, repair and overhaul of aircraft 
engines and gas turbines. The military business side has come far 
in integrating services into the product offers and it is a sector 
where there already exist complete product-service system offers. 
Most of the service development is also on the military side, the 
cradle of the core business, which makes service development in 
this area easier. However, on the commercial market where aircraft 
engines components are developed in partnership with the OEM, 
the services provided have been separate from the total product 
offers. 

Product-service system development also requires a close 
interaction between the different functions and departments within 
the company, since product development and service development 
involve different parts of the organization. Further, it can also 
involve collaboration outside company borders, such as cooperation 
within the group or other collaboration partners.  



The company uses the term Soft Products to describe products and 
services that enhance the customer experience and satisfaction 
beyond the core product, and the biggest Soft Product is for some 
considered to be their product development organization, since the 
customer, the OEM of the engine, not only gets a hardware product, 
but a partner who develops it, puts it in production and then 
supports it. Also, the technology development is for some 
considered to be a form of service, since it adds value to the 
customer and on the space market the company sometimes works 
as a consultant. Consultancy could also be performed in other 
business areas, although the organization is not built for these kinds 
of services, given that the company is used to large, multi-year 
projects rather than a certain amount of consultancy hours. The 
Soft Product strategy designed by the company mandates that the 
’soft‘ products or services that are developed should be connected 
to the core business of the company. Things that are not included in 
the core business should be outsourced to other companies within 
the group or to external companies. However, it is rare that the 
company collaborates with another group company and the main 
reasons for this, according to informants, is that the aerospace 
industry is unlike other transport businesses within the group, and 
that other group companies are more truck-oriented, and not used 
to the airworthiness requirements of the aerospace industry. 
However, when it comes to product-service systems, other group 
companies have great experience, knowledge and resources 
regarding diagnostics, handling large amounts of computer data, 
making service interfaces and customizations, which are important 
for service development. On this issue the company has taken a 
collaborative leap, and for the first time several companies within 
the group are working together to develop a product-service system 
for military aircrafts.  

 

5 CUSTOMER INVOLVEMENT – EXTERNAL 
COLLABORATION  

Literature often points to the importance of customer involvement in 
the product development process in order to fully understand the 
needs and expectations of the customer [3][15]. Cao et al [16, 
p.364] identified five dimensions that make up supply chain 
collaborative advantages: process efficiency, offering flexibility, 
business synergy, quality and innovation. Cao notes: “The definition 
and measures of collaborative advantages can help managers to 
define specific actions to be taken collaboratively to improve shared 
supply chain processes that benefit all members”. Eppinger et al 
[17, p.22] states: “Best practice in product development (PD) is now 
rapidly migrating from local, cross-functional collaboration to a 
mode of global collaboration”.  

On the commercial market, the company has specialized in certain 
components of the aircraft engine and their customers/partners 
have specialized in others. Dealing with the interfaces between the 
different components put increasing demands on collaboration, but 
the roles of customers or suppliers are blurry. The customer can be 
described as “part of the team” or, as one of the informants put it: “If 
we are wrong, they are wrong, if we are right, they are right. We are 
not always right, sometimes we fail together”. Several departments 
communicate directly with the customer and this communication is 
not only on a management level, team members communicate 
directly with the customer and this is important for the collaboration. 
The partnership also means that the customer has higher 
requirements on the way of working than the average customer of a 
consumer product would have. Since the way of working directly 
affects the trustworthiness within the partnership and this is 
especially important the more radical the project is. Certain critical 
areas, such as engine mounts and acoustics, also involve 
collaboration with the aircraft manufacturer. 

Product development always has an apparent external customer, 
but this is not always the case for technology development. The 
external customer creates a stronger driving force for expected 
results, but it can also create boundaries for the innovation 
capability. Technology development teams that only have an 
internal customer can develop in the direction that is most profitable 
for the company alone. The external customers are considered to 
be more pushing and active than the internal customers. This points 
out the importance of keeping both internal and external customers 
close. The customer involvement is as important, if not more 
important, when developing product-service systems. However, 
when providing services the company does not only have to look to 
their usual customers, but also to the customers of the customer, 
e.g. the airlines. Here, it is also important to note that this 
essentially means that they may become competitors with their 
customers/partners, which provide similar services. The key is to 
provide services that are close to their own core business but in the 
periphery of their customers’ business. If services and maintenance 
are to be provided on an engine, a contract is needed with the OEM 
of the engine. 

One informant described the importance of infusing confidence to 
the customer by coming up with ideas, being proactive, showing the 
customer their way of working and developing their methods. The 
company needs good ideas in order to ‘push‘ the customer. This 
points to the importance of a methodology and a process, which 
makes the most out of the relationship between the team and the 
customer, making it as profitable as possible for both company and 
customer. There is much to gain by going outside the company 
borders for collaboration. This is how one project manager 
described it: “As long as we are just small teams, we cannot afford 
to be more than six, seven people in the small projects; we are so 
smoked, if we cannot use the outside world. Usually other people 
have great ideas, better knowledge, we know our application, but 
we need to go out and find those other pieces that are needed. /…/ 
As long as we just sit in our small teams internally, sure we can 
come up with the world’s best solution but the probability is quite 
low. If we constantly work with the world around us the likelihood is 
much greater”. This points to the importance of not only 
collaborating externally with customers but also with suppliers and 
university researchers. 

 

6 INTERACTION BETWEEN FUNCTIONS – INTERNAL 
COLLABORATION 

The importance of collaboration in product development and 
innovation is often stated in literature [18][19][20]. For instance, 
Björklund [19] identifies collaboration as one of the key factors 
when improving project performance. Sosa et al [21] point out the 
importance of functions involved talking to each other to anticipate 
the unexpected problems to save time and cost. The company 
organization consists of different business functions, such as 
marketing, purchasing, production and product development, and 
each business function consists of several departments. The 
development teams consist of people from different departments 
and different parts of the organizations and this collaboration is 
essential for all projects. 

There are differences in opinion whether or not the collaboration 
and communication at the company is satisfactory. The informants 
who considered the communication to be satisfactory also 
described the company as ‘small’. There are advantages with this, 
according to one informant: “I think it works. We are such a small 
company. The advantage is that things go pretty fast and it's quite 
informal. The ceiling is quite high when it comes to bouncing ideas.” 



The collaboration within one business function is always described 
as easier than the collaboration between them. The informants who 
considered the communication to be unsatisfactory usually had a 
hard time describing why this is the case. Several of them 
described the importance of having a common interest when 
collaborating with other departments even though there often were 
disagreements on what was important. The collaboration between 
departments and functions involves many compromises and if many 
people are involved it can slow down the pace because of the large 
amount of input, but this collaboration is still described as very 
important since ideas appear from many sources. Although the 
projects consist of people from different functions, the focus is on 
developing products (even in technology development projects). 
Services are not taken into consideration, except possibly 
reparations of the product. The reason for this, according to one 
informant, is considered to be the educational background of the 
employees: “We are mechanical and electrical engineers all of us. It 
is that simple.” 

One important collaboration activity for the development projects 
are the gate reviews; this is where many important decisions are 
made. The product and technology development processes are 
stage-gate processes with decision gates to pass through based on 
thorough reviews of the project status. Each gate has its checklist 
and control questions, but these are normally very product focused, 
and no checklist items in any gates involve services, or poses 
questions such as: is it possible to refine this product to include a 
service? Opportunities for service development can be lost when 
there is no demand in exploring them. If a project is not fulfilling the 
gate criteria, it is not allowed to pass through the gate. However, 
when the project has a deadline towards a customer and risk 
receiving late fees if not delivered, it is sometimes not feasible to 
make the decision to stop the project at the gate. These gate 
reviews in early stages are arranged by the engineering 
organisation and the focus is on technical performance rather than, 
for instance, the ease of manufacturing. One project manager 
thought that the collaboration and the handover of projects would 
perhaps be easier if the responsibilities at these gates would 
alternate between persons from different functions. Further, if the 
person responsible for manufacturing aspects would have a 
stronger vote, the project might not pass through the gate so easily. 

Lack of time within the teams can hinder innovation and 
collaboration. Sharing a good idea can sometimes backfire on the 
person who created the idea, in the form of an expectation to also 
follow-through with the implementation of the idea. This can hinder 
a person from sharing an idea unless this person has time to 
develop it him/herself. This points to the importance of collaborating 
within the team when ideas erupt, implying that ideas should not 
necessarily be owned by the individual but by the whole team, 
which is also collectively responsible for its development. 

There are various tools for external communication and 
collaboration, such as Microsoft Office Live Meeting and conference 
calls, which are widely used within the company. Also, video 
conference software and equipment is available, but is not so 
commonly used. Internally within the group there are also 
commonly used online tools, such as chat, intranet and blogs. 
Internal blogs are often used by the development projects to let the 
rest of the company know the status of the projects. It is one way 
for the project teams to communicate to the rest of the company. 
However, these blogs can be hard to get started: “There is a 
resistance to writing; you don’t see the point in it. On the other hand 
you see the point in it when others are writing so I can read it”. One 
project manager expressed the need to improve this way of 
communicating and suggested an internal version of Facebook as a 
way for individual employees to report status updates: “It is the little 

things that doesn’t mean anything by themselves but together gives 
the whole picture. /…/If we had Facebook here and I would know 
what everyone in [PROJECT X] were doing, it would lead to 
discussions and in the end I would understand what’s going on in 
the project and perhaps I would know when I could help or we could 
help or they could help us”. This highlights the importance of not 
only having tools for direct communication between people, but also 
deploying tools that allow people to communicate indirectly, for 
instance by overhearing communication between other individuals 
and groups, and observing traces of information left by other 
people. In these days of online social networking, many people are 
used to this way of communicating and screening information. 

Job rotation is another important aspect related to the collaborative 
performance of the internal network, and in particular the job-
rotation between business functions. It gives the organization a 
greater knowledge about internal functions and creates connections 
between departments. Even though many of the informants have 
had jobs in other business functions, they still considered it to be a 
rare thing to change jobs between business functions at the 
company; a more typical career path is within a business function.  

 

7 MEASURING INNOVATION CAPABILITY 

As noted earlier, the aerospace industry is characterized by long 
lead times and product lifecycles in, and considering that it takes 
years, even decades, for an idea to fully realize its potential and 
become an innovation on the market, it is very difficult for a 
company in such an industry context to know already in the early 
stages that they are on the path to innovation. Knowing how 
innovative they are long before the product has reached the market 
implies a need to measure the innovation capability related to ‘work 
in progress’.  

The majority of informants were positive to the idea of measuring 
the innovation capability at the company. One person was a bit 
hesitant regarding the use of the outcome of the measure and 
considered the involvement in the engine programs and the 
technology development for example to be ‘proof’ enough that they 
are innovative; otherwise the OEM would not choose them as 
partners. There were also expressed needs for ‘simple’ metrics, that 
changes could be observed in a fairly short period of time and that 
one would see the immediate effect of one’s own work. There was 
also an expressed need to highlight the good examples of company 
innovations, those products that were developed twenty years ago 
and are still on the market.  

The metrics that are used today in order to measure innovation 
capability at the company are (1) customer satisfaction, (2) brand 
platform, (3) return on investment, (4) number of patents, and (5) 
number of patent applications. The area of patents is not discussed 
in this paper since it is not directly linked to collaboration and 
network innovation. The collaboration with the customer will of 
course affect both the customer satisfaction and the brand platform, 
but these metrics do not give the complete picture of the 
collaborative innovation capability. 

All different types of collaboration need to be measured to give a 
justified result of the company. In previous sections of this paper, 
seven types of collaboration have been identified from the point of 
view of the cross-functional project team (See Figure 1, below): 

1. Collaboration within the department: individuals within a team 
collaborate with colleagues who are found within their 
department, but who are not part of the team. 

2. Collaboration within the business function: individuals within a 
team collaborate with colleagues who are found within their 
business function, but who are not part of the team. 



3. Collaboration within the company: individuals within a team 
collaborate with colleagues from different business functions.  

4. Collaboration within the Group: individuals within the 
company collaborate with individuals in other companies 
within the Group. 

5. Collaboration with 3rd parties such as universities: the team 
collaborates externally with e.g. universities. 

6. Collaboration with suppliers: the team collaborates externally 
with suppliers and potential future suppliers.  

7. Collaboration with customers/partners: the team collaborates 
with customers/partners or potential future customer/partners.  

8. Collaboration with customers of the customer: the team 
collaborates with the customers’ customer, e.g. aircraft 
manufacturers and airlines. 

The suggested metrics in this paper are divided into ‘Activity’ and 
‘Effect’ so that the focus is not only the outcome, but also on the 
ways of working in the organization and the activities that are 
performed (see Table 1, below). 

 
Figure 1: Different types of internal and external collaboration 

Both quantitative and qualitative metrics are used in order to 
capture the full range of the innovative process. Each activity metric 
needs to be measured for each of the eight types of collaboration 
that were identified at the company. 

ACTIVITY Description / Examples EFFECT Description / Examples 

Quantity of collaboration 
activities/connections 

External: number of customers’ 
customer meetings, number of 
customer/partner meetings, number 
of supplier meetings, number of 3rd 
party meetings 

Internal: number of cross-boundary 
(team, department, function, 
company) meetings 

Customer satisfaction A Customer Satisfaction 
Index establishes whether or 
not customers are satisfied 
with the PSS solution. 

Quality of collaboration 
activities/connections 

Did the meeting involve collaborative 
ideation or only exchange of 
information? 

Return on Investment 
(ROI) on innovation 
projects 

Is the company earning 
money on their PSS 
solutions? 

Subjective assessment of 
project handovers 

What word would summarize the 
handover? (e.g. stressful, smooth,)  

Project/products 
delivering on time  

Number of delayed delivery 
days 

Subjective assessment of the 
communication activities  

Availability of tools for 
communication activities, for  both 
direct and indirect communication 

Product quality Requirement fulfillment 

Satisfaction of methodology 
for collaboration activities 

Subjective assessment of the 
methodology used for collaboration 

Large amount of ideas  Number of ideas from 
different sources, number of 
ideas in total, number of 
ideas lead to concluded 
business 

Table 1: Metric divided into Activity and Effect. 

8 CONCLUSIONS 

In this paper eight different types of collaborations (both internal 
and external) are identified and a set of metrics, divided into 
‘Activity’ and ‘Effect’, are proposed. The set of metrics was based 
on the findings through interviews and literature, collectively 
supporting that innovation for product service systems is linked to 
collaborative performance.  

Since the company has a strong division through in service 
business, and another in hardware focused business on the 
commercial engines side, collaboration within the company as well 
as with new types of external partners needs development to 
become product service providers. Also, within already established 
collaborations, the role and type of collaboration need to be 
improved. It is evident from the military side that the unique and 
tight connection to the customer is one success factor to that 
service integration in product offers is more mature. It is recognized 
that the aerospace business has long product lifecycles, which is 
likely to impact the rate of change in new innovation schemes.  

Regarding activity metrics, the pure number of collaborative 
activities aims to measure the degree of collaboration, where more 
activities would indicate a more active collaborative work. It is 
important to recognize that not only established partner 
collaboration is measured, but also collaboration with partners 
contributing to future PSS solutions, such as universities, new type 
or suppliers and customers. A qualitative measure to explore the 
degree of ideation in the collaboration activities is proposed in 
combination. Activity measures to evolve the internal collaborative 
performance include measuring the quality of responsibility 
handover through the lifecycle, the use of available tools for 
collaboration and the perceived satisfaction during internal 
collaboration. 

It is expected that effect measures will show change over longer 
time. Most important is to include the PSS aspect into the customer 
satisfaction measures already conducted. Quantitative effect 
measures include pure counting of ideas, business proposals and 
concluded new businesses. 



Some conditions found that need to be considered in developing 
new type of innovative capabilities are:  

• Customer relation with manufacturing OEM’s need to 
evolve, since services are consumed by airlines 

• Aerospace regulation and long life-cycle of products and 
business contracts may act as conservation mechanism 
when introducing new innovation models.  

• Long term customer relation is significant for building trust 
and reducing risk in new innovations with service content. 

• The company in the study has opportunities to use 
capabilities within the Group, where complementary skills 
exist  

• True exploitation of internal and external capabilities to 
combine service expertise and hardware expertise 
require senior level ambitions and directives since the 
established way of working not naturally has this focus.  

• Common business focus within different functions 
supports internal collaboration 

• Innovations including services for product development 
should be included in advance of contractual 
development.  

Changing to a service-focused mindset in the organization could 
mean a need for shorter decision processes. It would also include 
increased internal collaboration. However, a systematic decision 
process is already in place at the company, serving to evaluate the 
decisions whether or not to join the large engine programs.  

The internal collaboration is easier when the individuals have the 
same business perspective, i.e. belong to the same business 
function within the organization. Job rotation can provide a new 
perspective; it gives the organization a greater knowledge about 
internal functions and creates connections between departments.  

Measuring innovation may be one of the useful useful tools in this 
process as it would provide useful insights and facts on how 
innovative the company is long before the product or service has 
reached the market.  
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A key challenge for competence networking is the difficulty of contextual understanding between 
people from different organizations. Despite close collaboration, full insight into a company is 
difficult, although desirable, for university partners to achieve, and vice versa. The case study 
described in this paper is of a company with long experience of university-industry collaboration. 
The paper reports on a designerly approach to overcome the contextual barriers for close university-
industry collaboration. The model combines the designerly approach with strategic, tactic and 
operational dimensions, and builds on techniques to visualize strategic planning, facilitating shared 
understanding in workshops, and visualizing of innovations using prototyping.  

 

1. Introduction 

The individual employees carry the competence of the company, which continuously 
strives to achieve a state of sustainable competiveness. Therefore the company needs to 
develop the individuals who contribute to the organization in order to build the capability 
of the organizational competence. Organizations also need to rapidly adapt to new 
circumstances and develop new competences to be innovative and competitive on a 
market in constant transition. With the aim to increase innovative capability, it is thus 
attractive to improve access to resources, competences and skills not currently present 
internally in the organization.  

The fundamental challenge addressed in a networked university and company 
collaborative approach is to enable each organization to make use of knowledge, skills 
and techniques that are currently limited in one organization. Companies need simply to 
understand how to make best use of knowledge residing in another organization, and 
universities need to gain a deep understanding about the conditions apparent in the 
industrial environment. As we shall see, there are several more or less well known 
challenges to overcome in establishing a well founded way of collaborative networking. 

Businesses challenges and expects successful companies to act proactively, and have 
the capability to offer solutions that are beyond the established product offer. At the same 
time the companies need to understand their risks and opportunities. This requires 
competence and skills. Actively working together with suppliers – competence suppliers 
– has proven to be a successful strategy (European Commission, 2007).  
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A competence network with universities will complement the in-house competence of 
the company and enrich the internal environment. It is well known that innovation and 
insights benefit from interaction between stakeholders with different knowledge, 
experience and understanding. Any learning organization must therefore be open to new 
ideas and explore different ways to both identify opportunities and solve problems. 

There are several reasons for a company is collaborating with universities, first can  
supporting the recruiting process at the company, students are seen as potential future 
employees, second it is a source for innovation, and third it creates a stable partner for 
research initiatives.  

However there are challenges concerning the contextual understanding between 
people not working within the same organization. Despite close collaboration, full insight 
into a company’s inner workings is difficult, although desirable, for university partners to 
achieve. Vice versa, it is difficult for company employees to gain full insight into the way 
things work at universities. 

The key questions that are in focuses for this article are, first, how a company can 
overcome the contextual barriers and get a mutual understanding between people who are 
not working in the same organization? Second, what are the factors that contribute to a 
working collaboration between university and industry? 

Unlike most studies on university-industry relations this article takes on a designerly 
approach and explains both the methodology used to develop a shared understanding 
between university and industry, and the success factors found in a case study of an 
industry company known for its successful relations with various universities and 
research institutes. Designers are by definition experienced in creating and defining 
solutions, based on needs and requirements where the solution is un-known. Techniques 
supporting the synthesis phase in creation may be applicable to competence development 
as the underlying challenges are of similar character – solutions not visible, although a 
need and desired effect is outspoken.  

We present some key strategies for networked competence development that have 
been used by the company together with their university partners over the last decade(s).  
The company is tightly working together with a network of universities in order to 
develop new knowledge, competences and innovations. Their competence network model 
crosses the border between academia and company.  

The paper is organized as follows. Section 2 presents the theoretical framework based 
on a literature review. Section 3 describes the case study at a company in the aerospace 
industry. In section 4 the three dimensions of networked competence innovation are 
described: strategic, tactic and operational. Section 5 consists of a description of the 
designerly approach that has been taken for this article. This designerly approach has then 
been added to the dimensions of networked competence innovation to create a model 
which is described in section 6. The model is then discussed and conclusions described in 
section 7, followed by acknowledgements in section 8.  
 

2. Literature review  

Our society has shifted from an industrial society, to an information society and is now in 
the transition towards a knowledge society, where the knowledge economy is replacing 
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the production economy and knowledge becomes the new economic resource (Gill, 
2002). Knowledge flows are necessary in order to commercialize it to its full extent and 
transmission channels are needed in order to create the knowledge flows (Mueller, 2006). 
The knowledge can be transferred to industry through a variety of channels (Agrawal, 
2001). University-industry relations create such channels and therefore serve as a channel 
for innovation and economic growth (Adams, 1990; Jaffe, 1989). Transdisciplinarity is 
also seen as an essential component of innovation (Borell-Damian, 2009). Chesbrough 
(2003) discusses the principles of open innovation and how many companies can benefit 
from exploring ways in which external technologies can fill gaps in their businesses.  

University-industry collaboration has been traced back to the 1800s (Borrell-Damian, 
2009). Over the past decades the efforts to promote cooperation between industry and 
university have been widely supported (Behrens et al, 2001; Lee, 2000; Meyer-Krahmer 
et al, 1998). And there is an increasing awareness of the added value of such 
collaboration (Borell-Damian, 2009). The European Commission identified the 
importance of improving knowledge transfer between public research institutions and 
industry as one of ten key areas of action in the innovation strategy for the EU (European 
Commission, 2007). The university-industry partnership for doctoral education has 
existed for some time now in Europe and this collaboration establishes a partnership that 
broadens and develops their research missions (Borrell-Damian, 2009).  

Clark’s triangular model from 1983 of higher education system includes State 
authority, Market and Academic Obligarchy. This triangle of coordinations now known 
as the Triple Helix of university-industry-government interaction and it provides an 
increasing basis for innovation (Etzkowitz, 2003, Jacob, 2006). 

Poyago-Theotoky (2002) describes three ways of university-industry partnerships, 
first the university can perform consultancy research on behalf of the industry, second the 
industry can provide commercialization services for ideas developed by universities and 
third, an intermediate situation, when the university has conducted basic research which 
is developed by the industry. 

Knowledge transfer is by Gill (2002) described as the cornerstone of innovation. The 
external knowledge and R&D from the partnership between universities and industry are 
important for innovation (Borrell-Damian, 2009). Successful research collaborations in 
Europe and the USA show that sustainable “win-win” arrangements can be obtained that 
supports innovation by industrial partners (European Commission, 2007). But there is a 
need of a good knowledge base of what the universities and industries are getting out of 
the collaboration in order to understand how it contributes to the innovation system (Lee, 
2000). Traditionally the industrial relations with universities have primarily been for 
source of future employees and secondarily as a source of knowledge (Etzkowitz, 1998). 

Even though the desire for knowledge transfer between universities and industry has 
increased, many attempts have been unsuccessful (Santoro and Bierly, 2006). The degree 
to which firms are capable of effectively utilizing university research vary systematically 
with the degree to which the firm is connected to the university (Agrawal, 2001). 
According to Borrell-Damian (2009) there are two reasons why long-term collaborations 
between university and industry have a better chance to succeed than short-term 
initiatives, first, universities deliver better in long term, second, long-term collaboration 
reflect a mature relationship that is well-managed on both sides. Lee (2000) also supports 
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the hypothesis that the longer the duration of a project the grater the benefits and writes: 
“Frequent interactions spell greater benefits”. 

The boundaries between university and industry need to be reduced (Siegel et al. 
2003). But in order to narrow the gap, the most important thing according to Rynes 
(2007) is to set up interactive session where they can work together on important 
problems. Research done by Siegel et al. (2003) shows that the university and the 
industry have a hard time understanding or appreciating the goals, cultures or constraints 
of the other part. Furthermore, Lee’s (2000) data show that the motivation plays a 
significant role in the outcome of the collaboration. If universities and industries value 
their ongoing relationships more than any single interaction the collaboration will have a 
dynamic that makes it possible for mutual success (Burnside and Witkin, 2008).  

According to an evaluation done by Meyer-Krahmer et al. (1998) collaborative 
research and informal contacts were more important for academic researchers than 
contract research because of the bi-directional exchange of knowledge between university 
and industry. The acquisition of additional funds can be a major motive for universities to 
collaborate with industry, but also the exchange of knowledge can explain the 
considerable growth of university-industry interaction (Meyer-Krahmer et al. 1998).  

Stephan (2001) describes both the positive effects of technology transfer (such as 
updating the curriculum, linking students to jobs, provide research funds, leading to 
applied research etc) and negative effects (such as delaying publication of findings, 
willingness to talk openly about research, delay of developing new programs etc). Siegel 
et al. (2003) raises the concerns regarding that the collaboration may shift attention away 
from fundamental research questions that do not appear likely to generate commercial 
payoff. However, Poyago-Theotoky (2002) studies show that these collaborations have at 
least not had a deleterious effect on the quantity and quality of basic research.  

Kieser and Leiner (2009) claim that practitioners need training in theory and 
methodology in order to collaboratively produce scientific knowledge with researchers. 
Hodgekinson and Rousseau (2009) counterpoint Kieser and Leiner (2009) and claims that 
Kieser and Leiner (2009) are denying the ongoing developments in management research 
and education, furthermore Hodgekinson and Rousseau (2009) illustrate how developing 
deep partnership between academics and practitioners can yield outcomes without 
compromising the needs of either party if supported by appropriate training in theory and 
research methods. 

Behrens and Gray (2001) believe that to be able to continuously meet the challenges 
of balancing the demands of science and relevancy, it will require us to examine the 
potential costs and benefits of cooperative research. However, to calculate on return of 
investments of the collaboration between industry and university is not generally possible 
because the costs and the benefits can neither be reduced to commonly agreeable 
economic measures, nor are they closely related in time and space, except for perhaps 
cost like dollar support and benefits such as patents (Lee, 2000). 

Grimpe and Hussinger (2008) define two types of industry-university collaborations, 
the informal, that does not involve any contractual relationship, and the formal which is 
based on such a contract. They found that the two types are complementary; the full 
potential of technology transfer can only be realized if both types are used, the formal for 
codified knowledge (e.g. patents) and the informal for tacit knowledge. 
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The PhD candidate is seen both as one of the three parties in the collaboration 
between university and industry and as the link between the two (Borell-Damian, 2009).  
This creates a broad multi tier relationship at several levels which are invariably more 
successful than single-point relationships because of interactions among counterparts at 
several levels opens up different ways of resolving impasses (Burnside and Witkin, 
2008).  

2.1. Summary of literature findings 

Based on the literature studies it is evident that the university-industry collaboration is 
important for the development of competence within both university and industry and for 
the development of innovations. But there are barriers to overcome for a successful 
collaboration; the two parties have different motivations, goals, cultures and constraints 
which need to be understood. However, few papers brought up ways to overcome these 
barriers. It was found that it is important to have interactive sessions where both can 
work together on important problems and that long-term relationship between university 
and industry had a better chance for success than short-term relationship. The link 
between university and industry can be strengthened by individuals in a position such as 
the Ph D candidate. 
 

3. Selected observations from twenty years of university-industry collaboration 

This paper is based on a retrospective case study of how a Swedish manufacturing 
company in the aerospace domain works together with a network of universities in order 
to develop new knowledge, competences and innovations. Their competence network 
model crosses the border between academia and company.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1.  The different levels of competence collaboration between the company and academia. 
 

The company cooperates with schools (from primary school to high schools) and 
universities, including student projects, master thesis students, Ph D students and 
professors (based at the company as well as at the universities). These different levels of 
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collaboration working mechanisms between the company and academia was first 
described in 1997 by Elfström et al,  and later version of a figure of these different levels 
is shown in figure 1.  

The differences between the expectations of the company and that of university 
researchers were described by Elfström et al (1997) in general terms that researchers 
wants a more narrow scope as opposed to the industry’s need of a wider scope. However 
Elfström points out that the scientific study defined within the industrial problem can 
both give a wider result on an industrial level and produce relevant results that are 
scientifically interesting (figure 2). 
 
 
 
 
 
 
 
 
 

Fig. 2.  Scientific contribution to industrial problem (Elfström et al, 1997). 

    
There are a few examples where the company is involved in clustered research areas 

together with universities and other companies (such as the Faste Laboratory, a 
VINNOVA VINN Excellence Center at Luleå University of Technology), national 
research areas that involves universities and suppliers (such as Science & Technology 
Parks) and networks of international research projects involving customers and suppliers 
(such as the EC Framework Programmes). 

The company has almost three thousand employees which could, according to the 
European Commission (2007), affect their collaboration with research institutions. The 
commission claim that the interactions are more common involving large firms because 
the collaborations is then considered to be more durable and regular than with SMEs. 
Results from Grimpe and Hussinger (2008) show that the opportunities for firms to 
collaborate with universities increases with firm size and Laursen and Salter (2004) found 
that large firms with high R&D intensity in an industrial environment were more likely to 
use universities as a source of innovation.  

The company has a long history on the military market, developing the engine to 
Swedish military aircrafts. This has made the company used to long term R&D funding 
provided by the state and involving collaboration with universities and research institutes 
in the country.  

The stakeholders within this competence network are at the company spread over 
various departments and collaborate with different universities and research institutes 
depending on research area. In some collaboration projects with universities the company 
is the sole representative from industry, others are in collaboration with other industries 
as well. Since the company has a long tradition of collaborating with universities there is 
an understanding of the technical challenges concerning research and there are not any 
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issues regarding “wishful” expectations of early returns on the investments which can be 
the case with companies with little tradition of such collaboration (Borell-Damian, 2009). 

3.1. Complementary interviews 

For this study ten interviews were held with stakeholders that had performed research on 
behalf of both industry and university, they were connected to the company but also to 
different universities or research institutes.  

All informants have expressed that the company’s large network of industry-
university collaboration is successful, one informant said: “the integrated way of 
working, it creates a dynamic”. The informants also agreed that the collaboration is a 
source of innovation. When it comes to the collaborations between industry and 
university one informant said: “The sky is the only limit”. Or as one informant shortly 
described what the company gain from the collaboration: “The future”. 

But even if they are very positive to this way of working, the collaboration does not 
come without difficulties. The industry and academia have different drivers, where the 
industry has a drive to earn money and implement research findings but no need to 
publish their findings, it is the opposite for academia; they need to publish their findings 
but they do not need to earn money nor implement their findings. The academia has a 
more long-term view of their work, and the company more short-term, the company 
“vacuums the surroundings for possible ideas” as one informant expressed it. Another 
issue is related to funding; a lot of the funding comes from the state but is often 
channeled through the company with the consequence that it is steered by the needs of 
the industry. 

The model presented in this article evoked from the authors 20+ years of experience 
at this company.  We have investigated the network stakeholders and analyzed the 
portfolio of networked activities over time in order to view the long term effect and 
identify key success factors. The networked mechanisms have shown to be successful. 
 

4. Dimensions of networked competence innovation 

Slevin and Pinto (1987) describes the balancing between strategy and tactics as a 
manager’s most important job, “he or she must know how to plan effectively and act 
efficiently”. The approach presented in this paper for networked competence innovation is 
divided into strategic, tactic and operational level. Any competence development 
initiative need to have a sound and deliberately designed strategic approach, as well as an 
tactical and operational approach. This emphasizes the significance of the long term 
relationship between the company and their academic partners, but also the different time 
perspectives: the long term view of academia and the short term view of industry.  

4.1. Strategic 

Strategic planning concerns the long term direction and allocation of resources within the 
organization. The industry has a strategic goal of making money whereas the academia 
has a strategic goal of publications. 
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The company creates a common ground for innovation with the use of the 
Technology Readiness Level (TRL) tool. Traditionally the tool is used for 
communicating and visualizing the technology maturity with external stakeholders 
without detailed knowledge about the original context. Strategically the tool visualizes 
the current and future state of the innovative project at the company. 

The concept of ‘technology readiness’ was first conceived by NASA (Mankins, 1995) 
when they required a means of relating the development status of a prospective system’s 
technology to the desired level of ‘flight readiness’. The scale has nine criterion levels 
from research state to ‘flight proven’ implementation state. The importance of a graphical 
TRL scale is decisive for communicating generically what the maturity of a technology 
is, in between different skills and organizations. The TRL scale is well known and used 
in the aerospace industry but not in academia. 

4.2. Tactic 

Tactics are sequenced steps towards a strategic goal, but consisting of operative activities. 
The tactics are related to the way of working and methodologies that are used within the 
organizations. 

   Traditionally industries have made use of the research results from universities by 
specifying their problem situation, order the research from the university and wait for the 
result. However, this has not been satisfactory. The company sees the importance of the 
collaborative projects with universities and research institutes for more successful and 
innovative research results.  

The industrial Ph D candidate is one example of a joint research project with 
university-industry in collaboration, the individuals serves as a link between the two 
organizations. These collaborative projects also build up a network of competence. 

4.3. Operational 

Operational are the short term activities that are performed within the organization, for 
example the problem solving activities or fire extinguish techniques. 

The company’s collaboration with universities exists on several levels, as previously 
mentioned, for example student projects and master thesis students. The company sees 
the value of this both in terms of potential future employees and also as an opportunity to 
explore non-conventional ideas and gain unbiased input.  

One example of such student assignments is the SIRIUS project course at Luleå 
University of Technology, which is a final-year course in product development for 
engineering graduate students. It involves teams of students carrying out a product 
development project in close collaboration with an industry partner. The varying 
background of the students provides a wide knowledge base in the project groups and an 
opportunity to gain understanding of the complementary relationship between different 
engineering disciplines. The product development process in SIRIUS is based on a 
systematic approach to engineering design and Computer Aided Engineering (CAE) tools 
are key to the process. Projects with universities, such as student group projects and 
thesis students, allow the students to apply their newfound knowledge within a live 
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company context, and they allow the company to undertake low-risk exploration studies 
of new concepts. 

The result from these projects is three-fold. First, there is a development of 
competence for the students, second, the work is well documented, and third – perhaps 
most importantly – the project always produces a prototype of some kind.  
 

5. Adding a designerly approach 

Cross (1982) defined a third area of education, to the two established education in science 
and arts, which is that of design (or technology). The designerly form of activity is 
separate from the typical scientific or scholarly activities. Where the scientist adopts a 
problem-focused strategy and sets out specifically to study the problem, the designer 
adopts a solution-focused strategy and learns about the nature of the problem by trying 
out solutions. A designerly approach makes the change from the logical space of problem 
definition to the solution space and directly or indirectly engaged to provide suggestions 
and contributions (Morelli, 2006). Designerly ways uses non-verbal codes and are 
effective when tackling the characteristically ill-defined problems of planning, designing 
and innovating (Cross, 1982). The designerly way is to work on many alternatives in 
parallel and iteratively (Stolterman, 2008) and to cite Stappers, (2006), “typical of 
designing is the iterative spiral of generating and evaluation, sketching and reviewing, 
modeling and testing, brainstorming and discussing”. 

The barriers for a close collaborative network with both university and industry 
partners are the different ways of working and the different focus. The strategic 
differences are essentially the sense of time, the academia has the long term perspective 
of the research depth and the industry is more focused on the short term and 
implementation stages. Also, universities conducting research are primarily focused on 
developing scientific results, whereas companies need to use the effect of scientific 
results.  To cross this barrier there is a need for a common understanding of how the long 
term goals are linked with the short term goals. The tactic barriers concerns collaborating 
with people from different organizations, where there is no common meeting 
environment. There is therefore a need for meeting places and collaborative activities for 
ideation. The operative barriers concerns having different context and coming from 
different organizations, having a different corporate language. There is therefore a need 
of making sure things are not ‘lost in translation’, but that ideas are clarified and 
extracting the positives regarding having these different point of views which could be 
the starting point for innovation. 

In conclusion there is a need for communication tools, common platforms, meeting 
places and creative work methods, in order to cross these barriers. The approach 
presented in this paper is a designerly approach with the purpose of giving an illustrative, 
contextual and interactive perspective to networked competence innovation.  
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6. A model for networked competence innovation 

In this section of the paper the dimensions of networked competence innovation 
(strategic, tactic and operational) from section 4 are combined with the designerly 
approach principles of section 5, creating an iterative model for networked competence 
innovation, (figure 3). The outer layer of the model describes the overall dimensions, 
which are iterative. The next layer describes the objectives related to the contextual 
barriers, facilitating understanding, sharing and ideation. The inner level is essentially a 
set of techniques to consistently cross this context barrier for networked competence 
innovation, including the TRL scale, workshops and prototyping. In the center of the 
model is the topic, which is changeable, for example the development of innovation 
capability. Further description of the tools and how they are used in university-industry 
collaboration is described in the remainder of this section.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Fig. 3. Networked Competence Innovation Model. 

6.1. A designerly approach to the strategic dimension 

Since universities and industries have different context and drivers, there are needs for 
tools that communicate these different interests. Facilitation of bi-lateral understanding is 
decisive to align the different views and pre-conditions.  

The company uses the TRL tool to not only communicate the maturity of 
technologies but also to communicate the maturity of methodologies, tools and 
development projects internally as well as externally. It visualizing the innovation 
strategies, works for quality assurance and gives awareness of the time perspectives. The 
tool is used both in structured reconciliations and audits but also in general discussions 
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regarding the situation of projects; how far have we gotten and what do we need to 
accomplish to reach the goals? 

However the TRL scale is based on engineering assessments and is therefore not 
completely objective. It is rather a tool for engineers to communicate their assessments 
and categorization of the development, to management and external stakeholders such as 
academia. One informant in industry described how useful it had been in his 
communication with academia regarding development processes and its different stages, 
“It has clearly been a helpful tool”.  

The tool can illustrate to external partners the long term stable partnership and 
research initiatives with the company. Figure 4 shows an example of how the company 
has used the TRL tool to illustrate how their national and European projects has climbed 
the latter of the TRL scale from basic technology project to product development projects 
with their partners in the aerospace industry.  

The competences developed in low-technology-readiness-levels provide an input to 
further development project. The TRL tool provides a common language for the 
stakeholder affected by the basic technology, the technology demo, product demo or 
product development projects (Figure 4). 

Fig. 4. Illustration of the development projects position on the TRL scale over time. 

6.2. A designerly approach to the tactic dimension 

In the tactical dimension it is essential to facilitate sharing of knowledge and experience 
into the relevant situation. Close collaboration with universities and research institutions 
have proven successful and is tactic way of working for the company and the means of 
how to interact is decisive in this respect.  

A designerly approach to this collaboration is creating means to act and build on this 
network, facilitate environments and situations to enable sharing. One way of doing this 
is to create new meeting places by having innovative workshops in collaboration with 
universities. Multi-disciplinary workshops are used to identify areas of innovation 
opportunities, facilitate the sharing of knowledge and make it visible and traceable for 
both parties. It is a source of new ideas, ways of thinking, methods and knowledge. 

One example of such workshop is the Foresight & Innovation workshop which 
identifies radical innovation opportunities (figure 5). Development of competence 
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requires both backcasting and foresighting. Innovation is about creating alternative 
futures, and since the future does not easily lend itself to a high level of certainty, 
innovation teams have a tendency to gravitate towards ”feasible”, and arguably less 
desirable, outcomes. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Photograph from Foresight & Innovation workshop. 

 
Immersive workshops are very effective transformation mechanisms when aiming to 

allow individuals and teams to experience new modes for innovative teamwork, and 
workshops of this kind seem to be particularly well-suited for promoting new 
collaborative behaviors in cross-functional and highly diverse teams, where there is a 
strong need to bridge gaps between disciplines and draw from multiple viewpoints, 
without letting one perspective dominate.  

There are three key characteristics, which we believe are crucial to achieve successful 
workshop outcomes: Make it relevant. Make it visual. Make it tangible. Also – achieving 
instant contribution from participants not previously active in the work was a key to 
success. People want to contribute and the workshop methods encourage and build on 
instant contribution.    

One informant said that when people meet from different levels and areas “it creates 
a terrific dynamic”. Participants of workshops have also considered the workshops to be 
a good way “to stay focused”, “for knowledge sharing” and to “get new perspectives” of 
for example challenges and opportunities. One participant also expressed the enjoyment 
of “the positive and creative environment that was created in a short amount of time”. 

6.3. A designerly approach to the operational dimension 

In the operational dimension, successful collaboration can be related to how well the 
ideation can be facilitated. In the operational phase the focus is on bringing forward the 
visible result of the collaborative work – similar to the situation of a designer creating 
and generating design concepts.   



 Johanna Wallin, Ola Isaksson, Andreas Larsson, Bengt-Olof Elfström 
 

13

Operationally the company undertakes network activities, initiatives and projects of 
university-industry collaboration, for example student projects and master thesis students. 
Often these projects involve the use of a prototype to express and communicate design 
ideas, as well as to ensure a focus in the design team. According to literature physical 
prototyping helps the teams to make ideas tangible, iterate them quickly and get a shared 
language (Carleton and Cockayne, 2009).  Prototyping can be used for new products, 
services, business models etc and it helps to resolve complex problems (Kelly, 2001), 
Kelley further states that “good prototypes don’t just communicate – they persuade”.  

At the company different types of prototypes are used in the university-industry 
collaboration, from simple paper mockups for early idea generating and complex 
demonstrators for validation and prototypes are not only of products but also 
technologies, services or even business models which is the case with the lego prototype 
in figure 6. 
 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6. Lego prototype of business model. 

 
One informant said regarding prototypes that “It’s a fun thing, but it’s also more than 

that”, the main purpose for building prototypes in the projects is to visualize what you 
otherwise just see in the computer and to “get a feel for the product”. You get a sense of 
the millimeters that is hard to see on the computer image and it gives you a 3D view of 
the 2D vision in the computer. The prototype also helps in the ideation of new ideas or 
adjustments. 

A prototype can also be seen as a tool for validation, that the pieces actually fit 
together the way it was anticipated and it can be used for testing hypotheses. The 
prototype is also used to in the preparation and planning of manufacturing, for example to 
see if there is tool access for welding. Since time is critical during manufacturing, the 
prototype can help to save time. The prototype is also used for communicating and 
marketing purposes. It is used at the presentations and displayed in the hallways of the 
company to inform about what is going in the project. The prototypes are also be used 
after the projects have ended, for inspiration in future projects.  
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Even though some consider there to be too little prototype building, the progress 
seems to go the other direction, the projects are more and more dependent on the 
computer, “We rely on the CAD models”, mainly because of time and money but also 
because there is not enough knowledge about what the prototypes contribute with. 
  

7. Conclusion  

In general, the main benefit of involving external competence is the access to new 
knowledge and experience. The drawback is the time and effort involved with 
overcoming the barrier to a shared contextual understanding in order for both parts to get 
as much value possible out of the collaboration. 

It was found that even though the different stakeholders within the collaboration of 
this case study are very positive to this way of working, the collaboration does not come 
without difficulties. The academia has a more long-term view of their work, and the 
company more short-term, they also have different goals, focuses and ways of working. 

This paper regard three dimensions: strategic, tactic and operational in order to 
capture both the long term and the short term perspective. In combination is the 
designerly approach that is focusing on iterative and non-verbal tools and on solutions 
rather than problems in order to overcome barriers for a shared understanding. This 
combination is captured in a model presented in this article, which also includes 
techniques develop competence through raised awareness, problem solving and solution 
seeking. The model shows by examples, designerly inspired tools for facilitation of 
understanding, sharing and ideation has been developed and used in the company, and are 
considered to be important mechanisms for a successful networked collaborative 
environment between academia and industry. These tools include visual scale explaining 
abstract maturity relations, workshops that are instant contribution and communication 
with participants and prototyping that visualizes ideation. 
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