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Abstract 

  I 

Abstract 
Today firms must maintain high levels of efficiency, quality control, customer responsiveness 
and speed, but even the full set of these attributes is not sufficient for sustainable competitive 
advantage. A further challenging requirement is to innovate successfully, not only in product 
development but also in production. Traditionally, innovation is regarded as successful 
product development, and delivering innovative products of sufficient quality at a reasonable 
price is seen as the primary means of acquiring and maintaining competitiveness. In this 
context, the role of production development is simply to provide production solutions 
required for the realization of new products. However, production development (sometimes 
called ‘production improvement’ or ‘process innovation in production’) may also involve 
continuous incremental or radical improvement of current production processes or systems in 
terms of productivity, cost, speed, quality, and/or flexibility.  
 
Previous research provides a rather narrow view of production development, largely ignoring 
value creation, which obscures its importance for organizations. Due to the lack of attention 
to innovativeness in production development, limited effort is also made to understand how 
to manage production development projects as innovation processes, where the emphasis is 
on obtaining value. This retards progress and restrains organizations’ competitiveness, and to 
some extent the potential social benefits (such as increases in sustainability) of new 
production technologies. Thus, the primary objective of the research this thesis is based upon 
was to increase understanding of distinguishing features and valuable outcomes of production 
innovation, together with challenges in managing production innovation processes. Data 
underlying this research were collected through case studies of development projects in firms 
operating in several industries. 
 
The research findings show that the pursued outcomes of production innovation are mainly 
cost reductions and increases in quality. Nevertheless, production innovation also contributes 
with expansion of product design space, and strengthening innovation capabilities, which in 
themselves provide sustainable competitive advantage. Further, production innovation is 
highly dependent on successful implementation – a complex endeavour involving internal 
organization, external customers and other actors contributing to the production system. 
Organizations lack support for capturing, prioritization, decision making and resource 
allocation in production innovation processes, a topic that warrants further research. 
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1 Introduction 
 
This chapter introduces the research presented in this thesis on innovation in production. It 
begins with a description of the innovation context in manufacturing industries today, then 
briefly addresses some of the current approaches to develop and improve production, and 
their limitations. The research objective and research questions formulated from the 
contextual information are then presented.  
 
1.1 Production innovation – essential for manufacturing industries in transition  
It is widely accepted that we are at the beginning of a “fourth industrial revolution”, in which 
rapid developments and fusions of technologies are blurring divisions between physical, 
digital, and biological domains (Schwab, 2017). Within the EU, this industrial revolution is 
seen as a means to bring industry back to Europe, and various initiatives (e.g. Industrie 4.0 in 
Germany and Produktion2030 in Sweden) have been established to exploit the opportunities 
and strengthen the competitiveness of domestic manufacturing industries (Teknikföretagen, 
2015). Due to increases in competition, controlling costs is the highest priority in many 
manufacturing firms. Established manufacturing firms in developed economies have 
difficulties finding profitability in their existing production assets, mainly due to high labour 
costs. However, seeking more cost-efficient options through relocation of production may 
compromise quality (Kinkel, 2012) and damage domestic innovation capability (Pisano and 
Shih, 2012). Hence, cost-efficiency must be balanced with efforts to maintain high 
performance in other terms, notably quality and innovativeness. 
 
Nearly 30 years ago, Bolwijn and Kumpe (1990) noted an emerging transition of the 
archetypal manufacturing firm (in terms of prioritized attributes) from the “efficient firm” via 
the “quality firm” and “flexible firm” to the “innovative firm”, thereby adding innovativeness 
to previously recognized performance criteria. Firms must maintain high levels of efficiency, 
quality control, customer responsiveness and speed, but even the full set of these attributes is 
not sufficient for sustainable competitive advantage (Lawson and Samson, 2001). Today, it 
is widely recognized that a further challenging requirement is to innovate successfully. Hence, 
increasing innovativeness is needed to obtain and retain competitiveness in the modern 
business climate (Cheng et al., 2012) – not only in product development, but also in 
production development. 
	
Production development is a multi-faceted phenomenon, encompassing both improvement of 
existing production processes or systems, and parts of the product development process (PDP) 
and. In product development, production development is often viewed as a sub-process of 
product development and innovation process, and is not usually considered until later phases 
of the PDP (Ulrich and Eppinger, 2012). Integrated product development (IPD), i.e. 
integration of production and product development processes, has been advocated (Andreasen 
and Hein, 1987), but it is more difficult in practice than it sounds.  Within a PDP, the 
preliminary design of a new product is decided quite early. Although production may be 
considered in early phases of the PDP, it is mainly to assess constraints on product design 
imposed by available production capabilities, often using Design for Manufacturability 
techniques (Wheelwright and Clark, 1992). Relying on the parallel development and 
introduction of radically new production technologies and/or processes increases risks in the 
PDP. Therefore, the preliminary design tends to be based on existing production capability 
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with room for only minor developments of production later in the PDP. In large, established 
manufacturing firms, the more innovative technology developments are usually handled in 
research and development projects, where (for example) potential innovation ideas arising 
from PDPs can be cultivated. 
 
Other facets of production development are the improvements, continuous and/or radical, of 
current production processes or systems, sometimes called ‘production improvement’ or 
‘process innovation in production’. Improvements in production have been scrutinized since 
the first analyses of production, and various approaches to deliver them have been categorized 
and described (e.g., lean production, kaizen, and six sigma). Although the ultimate purpose 
of these approaches is the same (to increase value to the customer, mainly through reductions 
in cost and/or increases in quality), there are differences in the characteristics, magnitude of 
change, ambition etc. Radical innovations may be difficult to achieve because they may entail 
too much discontinuity and change (Heidenreich and Handrich, 2015), as production systems 
are tied to current products and usually based on heavy investment. 
 
Although ways to enhance early integration of production have been considered in product 
development research for some time now, it remains difficult to introduce radical production 
developments in the PDP. Previous research in the innovation domain has also primarily 
focused on product development, while process-related innovation has received relatively 
little attention, in either production or other business processes. In the 1990’s, research on 
process innovation increased, the main objective being to optimize various business processes 
to reduce costs. Nevertheless, only about 1% of innovation research focuses exclusively on 
process innovation, according to Becheikh et al. (2006), a term encompassing all types of 
business processes, not specifically production processes. A production system also 
encompasses more than the production process; it consists of several sub-systems all of which 
can be developed to achieve innovative solutions - an area relatively unexplored from an 
innovation perspective. Hence, there is very little research on innovation in production, 
despite its potential to contribute to both competitive production of current products and 
robust foundations for the development of new products. 
 
1.2 Research objective 
The overall objective of the research underlying this thesis was to increase understanding of 
distinguishing features and valuable outcomes of production innovation, together with 
challenges in managing production innovation processes. 
 
The following research questions were formulated with the intention of using them to guide 
the empirical data collection, review of relevant literature and analysis in accordance with the 
research objective.  
 
RQ1: How can production innovation in current practice be described? 
 
RQ2: In what ways are outcomes from production innovation valuable to an organization?  
 
RQ3: What challenges may be encountered in managing production innovation processes? 
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2 Frame of reference 
 
The purpose of this chapter is to describe the theoretical background of the research 
presented in this thesis, including explanations of terms used in the thesis and theories the 
research is based upon. This overview of previous research consists of a contextual section 
called Production systems, followed by two sections more directly related to the research 
questions, entitled Improving production, and Managing innovation processes. 
 
2.1 Production systems 
Production can be described as “the processes and methods used to transform tangible inputs 
(raw materials, semi-finished goods, subassemblies) and intangible inputs (ideas, 
information, knowledge) into goods or services” (BusinessDictionary, n.d. ). In practice, 
production is often used synonymously with the term manufacturing. The international 
academy for production engineering, CIRP, created in 1951 to bring together research 
workers studying applications of scientific methods to production technology, describes 
manufacturing as “all functions and activities directly contributing to the making of goods” 
(CIRP, 2004), giving it a broader scope than production, including activities such as product 
development. In this thesis, the term production is used throughout and viewed as a subset of 
manufacturing systems, in accordance with the mentioned definitions.  
 
Production is considered a complex activity involving various elements, such as machines, 
materials, humans, methods, and information, organized to generate desired outcomes. A 
system view is often applied in production research, since a holistic view is needed to 
understand and organize these elements and their interrelations. A system (in this context) is 
a collection of elements that are interrelated in an organized way and collectively work 
towards the fulfilment of a specific logical and purposeful outcome (Wu, 1994). Yamamoto 
(2013) defines a production system as “a collection of facilities, humans, and information that 
are interrelated in an organized way and work together to make products from their material 
constituents”. This definition includes not only the act of producing, but also other activities 
supporting production (but not activities before or after production, such as product 
development or logistics included in the term manufacturing). 
 
A production system is a socio-technical system (Bellgran and Säfsten, 2010), one part of 
which is a society, consisting of humans or groups of humans with common occupations and 
purposes, and organizations within which these humans act. The other part is a system of 
artifacts created technologically. Based on the model of a technical system by Hubka and 
Eder (1988), illustrated in Figure 1, a production system can also be viewed as containing 
four sub-systems (technical, human, information, and management) involved in the 
transformation of raw materials into products. These sub-systems are also interrelated, 
although this is not shown in the figure. This provides a more detailed view of the constituent 
parts of a production system.  
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Figure 1. Production system viewed as a technical system (Hubka and Eder, 1988, p. 35)  
 
The performance of a production system is frequently assessed in terms of parameters like 
productivity, efficiency, cost, quality, and time (Bellgran and Säfsten, 2010).  
 
2.2 Improving production 
 
2.2.1 Production development 
As already mentioned, production development is a multi-faceted phenomenon, 
encompassing both parts of the product development process (PDP) and improvement of 
existing production processes or systems. 
  
In product development, production development is traditionally viewed as a means of 
providing production solutions for the intended product(s). In this view, production 
development is a sub-process of the product development and innovation process. Product 
and production process development can be integrated in varying degrees. In traditional PDP 
models, production is considered in the early phases of the process, but mainly to assess 
constraints on the product design imposed by existing production capabilities. One approach 
for closing the gap between product development and production is Design for 
Manufacturability (DfM). Wheelwright and Clark (1992, p. 319) describe DfM as 
methodologies that “intend to minimize the cost of production and time-to-market without 
compromising on the quality of the product, supporting in this way industrial design engineers 
with various requirements related to manufacturability”. While DfM focuses on designing 
products to be producible, new production solutions can also be developed in response to the 
manufacturing demands of a new product. This development of new production solutions is 
usually not considered until later phases of the PDP (Ulrich and Eppinger, 2012). In integrated 
product development (IPD), the PDP is viewed as several linked processes, one of which is 
production development (Andreasen and Hein, 1987).   
 
In the field of development and improvement of existing production, lean production 
approaches have long played a central role, providing various tools and methods for obtaining 
efficient and value-creating production. Key lean production concepts include Kaizen and 
Kaikaku; Japanese terms referring to two kinds of focused improvement efforts. Kaizen is the 
practice of continuous improvement, involving everyone and aiming to obtain major results 
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from many changes accumulated over time (Brunet and New, 2003). Kaikaku, in contrast is 
described by Yamamoto (2013, p. 16) as “a large-scale improvement that involves 
fundamental rethinking and radical design of systems and processes related to production, 
with the primary purpose of achieving dramatic improvements in the performance of the 
production system which is frequently measured in terms of cost, quality, speed, and 
flexibility”. Womack, Jones and Roos (1990) and Liker (2004) refer to Kaikaku as radical 
improvement. A Kaikaku initiative often consists of many smaller projects, with ambitious 
overall targets, for example substantial reductions in lead times or increases in productivity. 
 
2.2.2 Process innovation 
Innovation is distinct from development in that it emphasizes novelty and implementation 
leading to value creation: “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.” 
(OECD, 2005, p.46). This definition implicitly recognizes four types of innovation – product, 
process, business (model) and organizational.  
 
A production process can be described by a more general definition of a business process, by 
Davenport (1993), as a structured set of activities organized to produce a specified output. 
Process innovation (or business process reengineering) is an activity that may focus on 
improving various processes in an organization, e.g. product development, production, 
logistics, and/or planning (Yamamoto, 2013). Typically, large processes involving more than 
one function are addressed, with the intention to fundamentally rethink and dramatically 
improve existing processes (e.g. Davenport, 1993; Hammer and Champy, 1993). This 
definition embraces a radical approach to process innovation, but usually process innovation 
efforts lean towards exploitation rather than exploration, focusing on refinement, efficiency 
and execution rather than experimentation and discovery (March, 1991). Utterback and 
Abernathy (1975) propose a model of the innovation process in organizations, describing 
postulated shifts in the relationship between product and process innovations over time. It 
describes how organizations first focus mostly on product innovation, exploring and allowing 
uncertainty, then transition to a higher degree of process innovation, standardizing and 
optimizing to deliver products at lower cost but with better quality.  
 
2.2.3 Improvement success 
The success of an innovation project is difficult to define and measure since it is multi-faceted 
and strongly depends on the expected output (Cooper and Kleinschmidt, 1987; Griffin and 
Page, 1996). However, the success of process improvement efforts can be gauged by various 
process performance indicators – common categories are cost, time, quality, or flexibility 
(Reijers and Limam Mansar, 2005). These indicators are consistent with parameters used for 
assessing production system performance, suggesting that production is usually treated 
mainly as a process where the aim is to transform inputs to outputs efficiently and effectively, 
and that measurement of the success of improvement efforts is based on the outcome of the 
development. Outcome is considered in this thesis as the change in the production system 
before and after developments in terms of parameters such as productivity, efficiency, cost, 
quality, and time. These outcomes, in turn, can contribute to value, regarded as the positive 
impact they have for a certain stakeholder (e.g. increases in knowledge may enhance the 
organization’s reputation, and thus its competitiveness). Value is created only when a 
solution, providing certain outcomes, is implemented.  



Characteristics of Production Innovation 

 6 

 
Success measures commonly identified and applied in innovation literature can be divided 
into two dimensions, according to various authors, for example Atuahene-Gima (1995). These 
are market performance (e.g. sales, profitability, market share) and project performance (e.g. 
time, cost, process quality), which are equally important for the overall success of an 
innovation effort. 
 
2.3 Managing innovation processes 
Managing innovation processes involves not only managing a development project to obtain 
an innovative solution, but also managing implementation of this solution, since without 
implementation no value is created – hence, it is not an innovation per definition. 
 
2.3.1 Innovation process 
The innovation process has been described in diverse ways, ranging from very detailed 
descriptions of steps and interactions adapted for a certain purpose or context, to more generic 
process overviews. Generally, three categories of activities can be distinguished in an 
innovation process: problem solving, internal diffusion, and organizational adaptation (Boer 
and During, 2001). In this thesis, a very basic model of the innovation process is used, 
consisting of three steps, linked to three categories of activities: development, adoption and 
implementation (Figure 2). The innovation process is triggered by a primary initiating factor 
– typically a need or an opportunity to innovate. The output from the process is usually a new 
solution to meet the need, providing outcome(s)/effect(s) on certain parameters. This process 
description is considered sufficiently detailed to distinguish the types of activities in each 
phase, as there is no intention to explore in detail the activities and methods applied in the 
process.  
 

 
Figure 2. Innovation process phases linked to categories of activities from Boer and During 
(2001). 
 
Although the problem-solving activities include ‘application’ (described as testing and 
implementation) according to Boer and During (2001), it can be argued that for process-
oriented innovations, implementation occurs when the organization is adapting to the 
innovation and using it. The implementation phase is therefore linked to the organizational 
adaptation activities. Process-oriented innovations involve diverse functions whose 
competence is needed during the process, or whose functioning will be affected by the new 
solution – making the internal implementation of such innovations a complex endeavour, 
which is often paid insufficient attention (Boer and During, 2001).  
 

Trigger Development Adoption Implementation Outcome

Problem solving:

Problem definition

Idea generation

Selection 

Design

Application

Internal diffusion:

Knowledge 

awareness

Attitude formation

Organizational adaption:

Implementation of 

new processes

Adaptation for effective use

Initiating factor:

Need or opportunity 

to innovate

Outcome:

Effects of an 

implemented solution

on parameters
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In the literature covering implementation of innovation, some scholars regard the transition 
from the development stage to operations as implementation (e.g. Smulders et. al., 2003), 
whereas others regard implementation as early usage activities by the consumer (Meyers et 
al., 1999). Regardless of which perspective is applied, implementation can be said to involve 
all activities that occur between making an adoption commitment and the time when the 
innovation is routine, ceases to be new, or is abandoned (Linton, 2002).  
 
There is a major, but often unrecognized, gap between adoption (i.e. the decision to 
implement or use an innovation) and actual implementation (Crossan and Apaydin, 2010). 
This raises concerns since benefits expected by an organization will not be achieved if 
implementation of the innovation is delayed, badly managed, or aborted (Linton, 2002). One 
underlying reason for this gap, particularly for industrial innovations, is that the person who 
takes the adoption decision is seldom involved in the subsequent implementation (ibid.).  
 
The adoption and implementation process is affected by the characteristics of the 
supplier/seller as well as characteristics of the recipient/buyer and the interface between them 
(Meyers et al., 1999). Characteristics of the recipient that affect the implementation of an 
innovation have been thoroughly researched and include (for example): education and 
motivation of receivers, flexibility and communication intensity in the buying organization, 
the level of involvement of the workforce, and support from top management (ibid). The 
suppliers’ characteristics have not been researched as extensively, although they will also 
influence the introduction of an innovation. One essential capability of the supplier is the 
ability to tune implementation interventions towards the receiver’s needs (Smulders et al., 
2003). The supplier’s technical capabilities, communication skills and project management 
expertise will also influence the implementation process of an innovation. Not least, the 
technological fit in terms of familiarity and critical importance of the innovation will have a 
major influence (Meyers et al., 1999).  
 
Furthermore, adoption behaviour is dynamic (Heidenreich and Spieth, 2013) and thus also 
depends on how the introduction process is managed. In a review of the scholarly literature 
on implementation, Meyers et al. (1999) found that joint development efforts, cooperation 
and knowledge transfer during implementation, as well as phased implementation, facilitate 
implementation of industrial process innovations. Informal learning and training of recipients 
have also been found to favour implementation, by reducing the newness and associated 
threats of an innovation (Linton, 2002).  
 
To summarize, to improve the introduction of innovations it is important to consider factors 
that influence not only their adoption but also their implementation. Furthermore, when 
considering adoption and implementation aspects in the introduction of an innovation it is not 
sufficient to focus solely on characteristics of the supplier and recipient. Characteristics of the 
innovation per se, and the processes involved in adoption and implementation, must also be 
considered. 
 
2.3.2 Innovation inertia in production 
According to Day and Herbig (1990), industrial innovations diffuse more slowly than 
consumer innovations, but have more staying power. From a supplier perspective, this can be 
an equivocal situation. On one hand, the staying power of company resources previously 
achieving desirable results can fortify organizational inertia, thereby hampering adoption of 
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new innovations (Shibata, 2012). On the other hand, when a new innovation is adopted the 
staying power is likely to secure the business for a substantial time. At the same time, 
companies cannot be choosy about the adoption and implementation of production 
innovations, as this can result in competitive disadvantage (Day and Herbig, 1990). Moreover, 
there is an increasing need for production-related innovations since companies profoundly 
need to improve their operations to cope with recent financial turmoil (Chen et. al., 2012). 
For the reasons stated above, a finding by Shipton et al. (2005) – that innovations in 
production processes were more frequent in a sample of 35 UK manufacturing firms than 
other forms of innovations – is somewhat surprising. Possible reasons considered by the cited 
authors are that the companies regarded this type of innovations as less difficult, or were 
particularly interested in instigating changes in this area (ibid). Another possible explanatory 
factor is that the way innovation is measured often focuses most attention on efficiency-
related innovations, which show results in shorter time-frames than (for example) 
performance-improving or market-creating innovations (Christensen and van Bever, 2014). 
Regardless of the validity of these hypotheses, and relative importance of potential factors, 
decisions made during the development of an innovation are clearly important for the 
subsequent diffusion process (Frambach, 1993). 
 
2.3.3 Innovation capability 
An innovation capability is defined by Lawson and Samson (2001) as “the ability to 
continuously transform knowledge and ideas into new products, processes and systems for 
the benefit of the firm and its stakeholders”. The current literature on innovation capabilities 
often distinguishes between first-order (operational) capabilities and second- or higher-order 
capabilities (e.g. Helfat and Peteraf, 2003; Ellonen, Jantunen, and Kuivalainen, 2011). 
Operational capabilities, such as market and technological capabilities (Danneels, 2002), are 
essential for the daily operations of the firm, whereas higher-order (dynamic) capabilities 
come into play in processes of organizational renewal. In other words, dynamic capabilities 
define an organization’s ability to develop its resource base and build new operational 
capabilities. Essentially, dynamic capabilities refer to a firm’s capabilities to renew its 
resources and competence in response to environmental change (Teece, Pisano and Shuen, 
1997). Collis (1994) argues that the role of organizational/operational capabilities in 
sustainable competitiveness is context-dependent and that they are vulnerable to threats of 
erosion, substitution, and above all to being superseded by a higher-order capability of the 
‘learning to learn’ variety. 
 
Another often mentioned capability – strongly related to dynamic capabilities – is absorptive 
capacity, a term incorporating the “ability to recognize the value of new information, 
assimilate it, and apply it to commercial ends” (Cohen and Levinthal, 1990, p. 128). For 
companies lacking higher-order capabilities, such as absorptive capacity and dynamic 
capabilities, there is a continuous risk that the core (operational) capabilities may turn into 
core rigidities, thereby inhibiting innovation (Leonard-Barton, 1992). However, a firm’s 
dynamic capabilities do not directly affect the firm’s output, they indirectly contribute through 
their impact on operational capabilities (Helfat and Peteraf, 2003). Hence, operational 
capabilities can also be related to innovation. In fact, dynamic capabilities have recently been 
shown to be critical for initiating two capability mechanisms connected to operational 
capabilities – transformation and substitution – that go beyond incremental development 
(Ellonen, Jantunen, and Kuivalainen, 2011). In contrast to capability evolution, which is an 
ongoing process, capability transformation and substitution are mechanisms characterized by 
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reconfiguration processes that modify or replace existing capabilities (Lavie, 2006). Thus, the 
founding stage in the capability life-cycle, rather than the development and maturity stages 
(Helfat and Peteraf, 2003), is essential for innovation-related operational capabilities, which 
are also strongly linked to the firm’s absorptive capacity (Cohen and Levinthal, 1990). 
 
2.4 Conceptual model 
Parts of the frame of reference related to the research questions are summarized in the 
conceptual model presented in figure 3.  
 
 

 
 
Figure 3. Conceptual model of innovation process phases and influencing factors inspired by 
Boer and During (2001); Linton (2002); Helfat and Peteraf (2003); Ellonen, Jantunen, and 
Kuivalainen (2011).  
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3 Research method 
 
This chapter discusses the scientific approach of the research this thesis is based upon, then 
presents the research design and studies. Finally, the quality of the studies, in terms of validity 
and reliability, is discussed.  
 
3.1 Scientific approach 
The research this thesis is based upon is rooted (ontologically) in a constructivist model, 
where the relationship to reality is examined by dealing with constructive processes (Flick, 
2014). Thus, it is implicitly assumed that properties of studied phenomena are dependent on 
(constructed by) the relations and interpretations that people establish in practice. 
 
Overall, the studied phenomenon is production innovation, which encompasses both the act 
of innovating and outcome of this process (Crossan & Apaydin, 2010). The overall aim 
(encapsulating both the research objective and research questions) is to deepen understanding 
of the relationship between production innovation and firms’ competitiveness, and the 
relationships between behaviours, activities and the innovation process. A qualitative 
approach seems appropriate for such purposes, as production innovation has not been 
intensively researched, and thus requires (at this stage) exploration rather than detailed 
explanation.   
 
Qualitative research is generally considered to be an inductive process, since the acquired 
data are used to build concepts, hypotheses, or theories, rather than to test them (Merriam, 
2009). However, a more abductive approach has been used in this research as it is based on 
empirical data, although theoretical assumptions have been considered in interactions 
between empirics and theory.   

 
3.2 Research design 
The backbone of this thesis is provided by three empirical case studies (hereafter Studies I-
III) at different organizations (Figure 4), performed over the course of two years. 
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Figure 4. The research underlying this thesis consisted of three case studies (I-III), focusing on 
development projects in illustrated combinations of cases (A-D). 
 
Production development projects — encompassing the development, adoption and (to some 
extent) implementation of production solutions — were the unit of analysis in all three studies. 
Moreover, all three studies addressed the innovation process (described in section 2.3.1) 
embedded in the development projects. However, the aspects addressed varied. Study I 
explored the innovation process as a whole, and formed the basis for further studies, while 
Studies II and III focused more specifically on later and earlier phases, respectively. These 
studies have been reported in four papers, designated Papers A-D (summarized in Chapter 4), 
as illustrated in Figure 5. 
  

 

 
 
Figure 5. Aspects of the innovation process specifically addressed in Studies I-III, and the 
papers that have reported these studies. 
 
To get an initial understanding of extant theoretical knowledge regarding the phenomenon of 
production innovation, literature was scanned early in the research, using databases such as 
Scopus and Google Scholar, with the keywords ‘production’ and ‘manufacturing’ in 
combination with ‘innovation’. Literature particularly relevant to each study has also been 
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reviewed in parallel to the empirical work. The literature was compiled and organized into 
mind maps and spreadsheets highlighting main points.  
 
Table 1 provides an overview of the empirical studies, which are presented in detail in the 
following subsections, and their coverage by appended publications. Summaries of interview 
guides and list of respondents are presented in Appendices A and B. 
 
Table 1. Overview of the empirical studies underlying this thesis, and their coverage by 
appended papers.  
Study RQ* Data collection Scope Unit of analysis Presentation 

of results 

I 1,2,3 12 semi-structured 
interviews, 
document analysis, 
observations 

3 projects in 3 
organizations 

Development 
project 

Paper A 
Paper D 

II 1,2,3 12 semi-structured 
interviews, 
document analysis 

4 projects in 1 
organization 

Development 
project 

Paper B 

III  1,3 20 semi-structured 
interviews 

1 project in 1 
organization 

Development 
project 

Paper C 

* RQ refers to research questions the studies specifically addressed. 
 
3.2.1 Study I 
The purpose of Study I was to explore the phenomenon production innovation, in response to 
perceived needs (of both businesses and wider society) to improve understanding of 
innovation processes in production development. Innovative production development 
projects at three organizations, operating in different industries, were studied to explore the 
intricacies of production innovation.  
 
Study I was conducted as a multiple case study according to guidelines by Yin (2009). 
Innovation projects at three firms were studied, to explore the process of production 
development innovations and its outcomes. Innovation projects that have resulted in 
substantial changes in firms’ production processes were selected for analysis, since they are 
likely to be more uncertain and complex than incremental projects. Hence, criteria for 
selecting firms and cases were based on purposive sampling, that is possibilities for acquiring 
in-depth data rather than representativeness and breadth (Flick, 2014). All three focal firms 
are active in industries where customized products are offered to customers, but operate in 
different industries: aerospace, house building, and bridge construction. Despite the 
differences in industries, all of them heavily rely on innovative production for competitive 
advantage and their core R&D departments and operations are based in Sweden, although 
they sell their products in transnational markets.  
 
Data for the case study were gathered through interviews, observations and scrutiny of 
secondary data sources. However, most data were collected through semi-structured 
interviews with respondents playing key roles in each project, to obtain rich insights regarding 
perceptions of the innovation process from a wide range of practitioners’ perspectives (Flick, 
2014). The interview guide was used largely as a checklist to ensure that all phases and key 
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aspects of the development projects were covered, while allowing the interviewees to tell their 
stories freely. A summary of the interview guide is provided in Appendix A. All interviews 
were recorded to enable investigator triangulation (Patton, 2002), although some of the 
interviews were conducted by only one of the researchers. The interviews were summarized 
and transferred into a database. 
 
Complementary information about the firms and their industrial environments were obtained 
from observations at their sites, which provided valuable opportunities to collect data and 
analyse interactive effects of identified factors. Secondary data were also collected from 
publicly available sources, and in some cases internal documentation. Any clarification of 
secondary data required was covered during interviews and observations.  
 
3.2.2 Study II 
The purpose of Study II was to investigate the process of introducing production innovations 
(from the developing organization’s perspective) due to its importance in obtaining value. 
The study also contributed to increased understanding of the phenomenon production 
innovation by providing information about more examples from another industry and 
organization. The focal company supplies cutting tools and production services to the 
metalworking industry; hence it has its own production facilities and delivers both tools and 
solutions for customers’ production needs. Because of this close relation to production – both 
internal and external – this firm was considered particularly suitable for studying innovation 
inertia in production processes.  
 
Two types of projects were chosen for this study: product development projects intended to 
develop new tools to be used in customers’ production processes, and application 
development projects, where the main purpose is to help customers use supplied products 
more effectively. Projects were selected that: were considered to have created value or 
substantially affected a production-related area, were interesting to study from the case 
company’s perspective, and provided an even distribution of application and product 
development cases. 
 
Data were primarily collected through semi-structured interviews with key individuals in each 
project. Respondents for the interviews were carefully selected using purposive sampling 
and/or chain-of-referral sampling (Flick, 2014). That is, several company members – with a 
long history with the case company – were consulted to identify respondents and each 
interviewed respondent was asked to direct us to additional respondents. The interviews were 
semi-structured because this format enables coverage of broader topics and acquisition of 
richer data than, for example, focused or problem-centred interviews (Flick, 2014). 
Consequently, interviews were conducted with the help of a standard list of open questions 
and departure from the original questions was encouraged to pursue interesting or particularly 
relevant insights that emerged during the interviews (Eisenhardt, 1989). The interview guide 
(summarized in Appendix A) covered the following topics: general description of the project, 
innovativeness and competitive advantage of the solution, its introduction and 
implementation in internal and customers’ production processes/systems, resistance to change 
and factors that promoted or hindered success.  
 
Moreover, all interviews were recorded, and transcribed, to enable investigator triangulation 
(Patton, 2002). The two authors of Paper B conducted the interviews in tandem, and divided 
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the task of transcribing the interviews between them. Background information was obtained 
from internal documents, marketing materials and patents.  
 
3.2.3 Study III 
The purpose of this study was to investigate capabilities needed for product service system 
(PSS) innovation in a production context, especially focusing on early development phases. 
Thus, this study also covered another (service) aspect of the phenomenon of production 
innovation. The focal company was the supplier of metal cutting tools and services considered 
in Study II. The empirical data were collected shortly after the PDP core team was officially 
formed. Before the interviews, the PSS concept had been anchored within the company, but 
the solution had not yet been developed. 
 
A case study approach was chosen for this investigation, for two reasons. First, although the 
literature review revealed few studies focusing on the “fuzzy front end” (FFE) of PSS 
innovation (Wagner, Baurelis, & Warschat, 2012), case studies have been extensively used 
in recent studies of integrated product-service offerings in production and management 
research (Durugbo, 2013). Second, case studies provide opportunities to capture how PSS 
innovation capabilities evolve, and the development of operational linkages over time, rather 
than mere frequencies of associated phenomena. Third, case study methodology enables 
further understanding of phenomena that can be difficult to study in other ways, e.g. through 
a survey (Yin, 2009), as it is more suitable for exploring phenomena that are deeply embedded 
in rich empirical data (Eisenhardt & Graebner, 2007).  
 
Empirical data were primarily collected through semi-structured interviews with 19 
respondents, all connected to the development of the product-service solution. The 
respondents were from the following functions in the organisation: R&D, product 
management, intellectual property rights (IPR), sales, pricing and marketing (Appendix B. In 
order to sample people with insights into the FFE, a snowballing technique was utilized 
(Myers & Newman, 2007). Initially, the originator of the idea for the project was asked to 
supply the names of relevant people to interview, and after each conducted interview, each 
respondent was asked to supply additional names. The sampling was deemed saturated when 
names started to recur. The interview questions (summarized in Appendix A) covered the 
respondent’s background and involvement in the project, the evolution of the original idea, 
the potential for innovation, and major challenges so far (during the FFE) as well as 
anticipated future challenges (both internal and external to the company). All respondents 
were also asked whether something had been missed, and if they would like to add any 
additional information at the end of the interviews to ensure validity since, according to Kirk 
and Miller (1986), the source of most validity errors is asking the wrong questions. The 
interviews were recorded and transcribed in order to facilitate later analysis.  
 
3.3 Quality of research 
A common approach to evaluate the quality of research is to examine its reliability and 
validity. These concepts, and strategies used in attempts to maintain acceptable research 
quality in Studies I-III are presented and discussed in this section. 
 
3.3.1 Reliability 
Reliability refers to the degree that research results are consistent, stable and replicable (Flick, 
2014). Human behaviour and activities are not static, so these criteria are problematic to fulfil 



Characteristics of Production Innovation 

 16 

in qualitative research. Thus, reliability in qualitative research is generally regarded as the 
dependability of the acquired data and applied procedures. Key criteria are: the clarity of 
distinctions between subjects’ statements and researchers’ interpretations, subjects’ freedom 
to express their own thoughts, the similarity of different researchers’ data collection and 
interpretation processes, and detail of documentation of the research process (Flick, 2014). 
 
In Studies I-III, data and investigator triangulation have been used, partly to strengthen the 
quality of research, and partly to further enrich the acquired knowledge with complementary 
information (Flick, 2014). In addition, pilot interviews were performed before the main 
rounds to test the interview guide, and the researchers discussed coding themes to increase 
the reliability of the data interpretation (Flick, 2014). 
 
3.3.2 Validity  
Validity refers to the degree that researchers have actually observed reported phenomena. 
One way of evaluating validity is to assess how much researchers’ constructions are grounded 
in subjects’ constructions and how much this grounding is transparent to others. The protocols 
used to produce, present and draw inferences from data all influence validity (Flick, 2014).  
 
A qualitative researcher can use several strategies to efforts to maintain adequate validity, 
including triangulation, respondent validation, adequate engagement in data collection and 
peer examination (Merriam, 2009). Each of these strategies has been used to some extent in 
Studies I-III, as described in the presentations of the studies. All respondents were asked 
whether something had been missed, and if they would like to add any additional information 
at the end of the interviews to maintain validity since, according to Kirk and Miller (1986), 
the source of most validity errors is asking the wrong questions. In addition, the interview 
data were triangulated, to some extent, by observations and secondary data. This allowed 
complementation, interpretation and to some degree validation of the interview data. 
Moreover, follow-up sessions with respondents have been conducted to increase the validity 
of the analysis and confirm the case study interpretations drawn from the data collection (Yin, 
2013). 
 
Attempts have been made to maintain transparency through detailed descriptive presentation 
of both the settings and findings. This provides a form of user or reader generalizability, as 
any reader can assess the findings’ applicability to his/her context (Merriam, 2009). 
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4 Summary of appended papers 
 
This chapter provides a summary of appended papers and highlights their relation to this 
thesis. The author’s contribution to the papers and the division of work between authors is 
also described. 
 
4.1 Paper A 
Larsson, J. & Larsson, L. Success factors for managing innovation projects in production. 
Submitted for publication in International Journal of Manufacturing and Technology 
Management.  
 
Summary 
This paper seeks to increase understanding of success factors for managing production 
innovation projects, through case studies of three such projects at firms operating in Swedish 
project-based industries with substantially differing environments. The results indicate that 
the importance of previously identified success factors – a structured innovation development 
process, senior management commitment, key individuals, cooperation (internal and 
external), and customer involvement – varies substantially. Indeed, sometimes they may 
hinder rather than promote innovation, depending on the specific constellation of internal 
factors present, and the market environment. Thus, complex interactions are involved, and 
sometimes either a serendipitous combination of factors or sufficiently flexible approach is 
required to ensure that appropriate individuals or groups, with appropriate complementary 
expertise are engaged at appropriate stages, and excluded at inappropriate stages. It was also 
discovered that implementation of production innovations may be cumbersome as there are 
many recipients of the solution, both internally and externally.  
 
Relation to the thesis 
This paper provides an overview of factors influencing the innovation process identified in 
three production innovation projects with various characteristics. The paper mainly addresses 
the third research question, by exploring success factors for managing production innovation 
projects.   
 
4.2 Paper B 
Karlsson, A. & Larsson, L. (2016) Overcoming innovation inertia in production processes: 
Managing the innovation process. Presented at the 23rd Innovation and Product Development 
Management Conference (IPDMC), Glasgow, UK.  
 
Summary 
Adoption-related behaviour has recently received increasing attention from innovation 
researchers, but few previous studies have focused on resistance to adoption. This is 
unfortunate as understanding resistance is important for effective innovation management. 
The underlying cause of resistance is that innovations perceived as new or different threaten 
the status quo and impose change on individuals, thereby inducing initial resistance. This 
paper aims to contribute to understanding of resistance, innovation inertia, in production 
processes and (particularly) how the introduction process is managed by R&D teams. To 
explore these phenomena empirically, an in-depth interview study was conducted to elucidate 
the development and implementation of innovations in an organization that is a world-leading 
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supplier of tools to the metalworking industry. Findings show that process measures were 
particularly targeted towards trialability and observability characteristics of the innovations. 
Moreover, past experiences of the recipients and other actors in the ecosystem surrounding 
the customer’s production system – besides the supplier and recipient – were considered and 
utilized in the introduction process. 
 
Relation to the thesis 
As shown in paper A, implementation of production innovations can be difficult. This paper 
provides insights about the introduction (adoption and implementation) of production 
innovations and how this phase is managed by an R&D team. The paper mainly addresses 
phenomena related to the third research question, particularly measures taken by R&D teams 
to overcome inertia in the introduction of innovations.  
 
4.3 Paper C 
Karlsson, A., Larsson, L., & Öhrwall Rönnbäck, A. Product-Service System innovation 
capabilities: linkages between the Fuzzy Front End and subsequent development phases. 
Submitted for publication in International Journal of Production Research.  
 
Summary 
In attempts to remain competitive, manufacturers increasingly offer integrated product-
service systems (PSS). The transition from a focus on physical products to PSS calls for new 
ways of working, for example in the product development process. However, so far little 
attention has been paid to the capabilities needed for successful PSS innovation in the very 
early development phases – often referred to as the Fuzzy Front End (FFE). This article aims 
to improve understanding of capabilities for PSS innovation in the FFE, and their links to PSS 
innovation capabilities needed in subsequent development phases. Empirical data were 
collected from an ongoing industrial project, developing an innovative PSS offering, in a large 
manufacturing company. Individuals connected to the project reported major challenges, both 
experienced in the FFE and anticipated in later phases, which provided valuable information 
regarding capabilities needed for the endeavour to succeed. Findings reveal four linkages of 
PSS innovation capabilities: 1) vocabulary and mental adaptation, 2) handling the ‘intangible 
aspect’, 3) bridging organizational structures, and 4) managing new business models. PSS 
innovation capabilities needed in the FFE were also found to be more dynamic than 
capabilities in later development phases. 
 
Relation to the thesis 
In contrast to paper B, this paper focuses on the very early phases of an innovation process, 
specifically PSS innovation in production, an increasing trend in manufacturing firms. This 
paper also mainly addresses the third research question, providing insights about capabilities 
for PSS innovation in the fuzzy front end of an innovation process.     
 
4.4 Paper D 
Larsson, L. & Romero, D., Expanding the industrial design space through production 
innovation(s), Accepted for presentation at the 23rd ICE/IEEE International Technology 
Management Conference (ITMC), Madeira, Portugal. 
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Summary 
Over the decades, manufacturing firms have tried to improve design for manufacturability 
merely by exhorting industrial design engineers to create more producible designs. This is 
usually done by considering the available manufacturing system’s capability for product 
development, and problems often arise due to barriers hindering integration of product 
definition and manufacturing operations. In this paper, we explore how production 
innovations (e.g. innovations providing new manufacturing capabilities) can contribute to 
increases in design space for product design engineers, enabling more design freedom while 
still obtaining producibility through removing and/or loosening product design constraints. 
Findings from a series of industrial case studies presented in this paper provide promising 
indications that production innovations can promote the creation or expansion of solution 
spaces for industrial design engineers. Moreover, they can prompt manufacturing engineers 
to explore the utility of new materials, manufacturing processes and/or working methods to 
support product innovation. 
 
Relation to the thesis 
This paper provides insights about the value creation of production innovation, more 
specifically how production innovations can contribute to increases in design space for 
product design engineers. Hence, this paper mainly addresses the second research question.  
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5 Empirical findings  
 
This chapter presents findings from the three empirical studies, complementing the appended 
papers. The appended papers mainly address the third research question, but this chapter 
also addresses findings from the empirical studies related to research questions 1 and 2 in 
more detail.    
 
5.1 Findings from Study I 
The purpose of Study I was to explore the phenomenon of production innovation. It 
encompassed all phases of development projects and covered the process (Paper A), as well 
as outcomes and value creation (Paper D).  
 
5.1.1 The innovation projects  
The development projects examined in Study I were driven internally by the organization, 
with the objective to improve internal production, although collaboration with external parties 
was involved in all cases. Changes were made in the production system, which affected parts 
of the system as well as other parts of the organisation and suppliers. The solutions developed 
in the three projects considered in this study are presented in Table 2, together with the type 
of changes the solutions represent and whether the changes occurred internally or externally.  
 
Table 2. Developed solutions considered in Study I. 
Case Developed solution Type of change 

(internal/external) 
A A new production process for space rocket nozzles, 

involving creation of a sandwich structure with channels 
for cooling agent by welding metal sheets together. The 
production method incorporates various technologies that 
have been developed in sub-projects over time as new 
needs have emerged.   

Technology 
Process 
(internal) 
 

B An innovative method for producing bathroom floors in 
industrialized house production - assembly of a 
prefabricated polyester basin with integrated drain. 

Material 
Process 
(internal) 

C  A new way of constructing bridges, involving use of 
prefabricated components and stainless steel structures 
rather than traditional on-site construction methods. The 
solution involves both advanced technology and 
innovative construction methods. 

Technology 
Method 
(internal) 

 
 
5.1.2 Outcomes 
The main objectives of the studied development projects were to improve productivity, 
quality, flexibility, cost and reliability. Hence, the expected outcomes are cost or time 
reductions, quality improvements and improved flexibility. Improving sustainability 
(especially in environmental terms) was not a primary objective, but it was considered as a 
contributory factor in the development projects. Other possible outcomes, including 
strengthening of the internal knowledge base and growth of new business opportunities 
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around the organization, were viewed as side-effects that were not pursued actively, but 
recognized as being valuable for the organization if they emerged. Technologies and 
knowledge derived from the projects have been transferred to other projects or parts of the 
respective organisations. Notably, some of the sub-technologies developed in Case A have 
been transferred to other products, and some have been absorbed and adapted from other 
products. 
 
The improvements in production system performance obtained through the production 
innovations have also contributed to increases in product design spaces (paper D). This 
demonstrates that improving production performance enables product design engineers to 
stretch product designs without compromising products’ producibility.  
 
5.1.3 The innovation processes 
The development projects examined in Study I have not followed a structured development 
process, because either no such process was available or one was available, but adapted for 
product development rather than production development. Since the projects did not follow a 
structured process, progress was made mainly through efforts of engaged key individuals with 
appropriate knowledge, position and capability.  
 
The implementation of the developed solutions was not deeply considered in two of the three 
cases. Although the objective in the studied cases was to improve and develop internal 
production systems, the external customers were also affected. Acceptance by both internal 
receivers and external customers was needed to successfully implement the solution. This 
raised problems (particularly in Cases A, C and D) because the required internal acceptance 
was not obtained and/or the external customer was not prepared for the “leap in technology”. 
In case B, where the implementation was planned, and both customers and receivers of the 
new solution were consulted, less problems were experienced.  
 
The organizations included in Study I operate in industries that are strictly controlled by 
regulations, and are considered conservative (careful), which hinders and retards the diffusion 
of innovations. The studied innovations all to some extent “bent the rules”, by: requiring new 
standards (case B), requiring new procurement strategies (case C) or being so radical that they 
had not been tested in use before and thus were not trusted (as customers dislike being the 
first to test innovations due to risks involved with failure) (case A). This leads to difficulties 
in external implementation, as acceptance from external customers is difficult to achieve 
when solutions do not conform with an existing “frame of reference”. 
 
5.2 Findings from Study II 
Study II focused on the process of introducing production innovations (from the developing 
organization’s perspective), due to its importance in obtaining value. Findings related to this 
topic are presented in Paper B. However, the study also contributed to increased 
understanding of the phenomenon production innovation by presenting more examples from 
another industry and organization.  
 
5.2.1 The innovation projects 
Two types of projects were chosen for this study: (1) product development projects intended 
to develop new production tools for use in customers’ production systems, and (2) application 
development projects where the main purpose was to help customers use supplied products 
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more effectively in their production. The two types of developments are further explained in 
Paper B, and the solutions developed in the studied projects are presented in Table 3.  
 
Table 3. Developed solutions considered in Study II. 
Case Developed solution Type of change 

(internal/external) 

A A method and tool for seal ring grooves that utilizes a 
Spirograph-like tool path to create close-tolerance seal 
ring grooves in a very secure and efficient way.  
(Application development) 

Method  
Tool 
(external) 

B Software enabling a tool to cut paths gradually, using 
more of the surface, thereby extending tool life and 
allowing increases in cutting speed.  
(Application development) 

Method (external) 

C  A modular quick-change tool clamping device that can be 
used throughout the workshop. The solution has become 
an ISO standard in the industry. 
(Product development) 

Process (internal) 
Tool (external) 

D A new method for making twisted holes using a drill with 
optimized chip channels and twisted coolant holes, 
enabling much wider applications. The solution was new 
to the industry when it was launched. 
(Product development)  

Method (internal) 
Tool (external) 

 
In the product development projects addressed in this study (cases C and D), both the product 
and manufacturing production process are considered innovative. The products provide 
innovative means for customers to improve their production systems, and the methods used 
to manufacture them in the internal production system are also innovative. For the application 
developments (cases A and B), the internal production system needed little change as the 
innovative aspect was the method for using the tools in the customers’ production systems. 
 
5.2.2 Outcomes 
The objectives of the development projects examined in Study II were to improve customers’ 
production systems by providing production solutions. These improvements (e.g. cost and 
time reductions or quality improvements) are accredited to the customer, but the providing 
organizations benefit from other outcomes of the production innovations. The developed 
production method in case D enabled development of a product with superior features, while 
in case C the production method was so difficult to develop and implement that the 
organization, once they released the product, had a good head start on competitors. However, 
in case C, the product developed was a little ahead of its time as the benefits of using it were 
limited by the available machinery it supplemented. 
 
“The possibilities were utilized when the world/the machines caught up and one could reap 
the benefits of the system. It was so new and demanded so much interaction that the world 
needed to catch up”  
(Designer – Respondent 20) 
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By developing these innovative production solutions, the organization is perceived by 
customers, partners and competitors as being knowledgeable and innovative - a position 
helping to create more long-term relationships with customers.  
 
“We become a production partner instead of a tool supplier”  
(Technical responsible turning, Sales – Respondent 17) 
 
The application developments also introduced a new way of working in development projects, 
demanding cross-functionality between application and product departments to succeed. 
These first attempts at this type of collaboration set the tone for future projects.  
 
5.2.3 The innovation processes 
As this study focused on the introduction of production innovations, less attention was paid 
to the development stage. The implementation of production solutions provided by this 
organization affects both internal and external (customers) production systems to various 
degrees (Figure 6).  
 
 

 
Figure 6. Introduction of product developments and application developments in production 
internally and externally.  
 
The product development projects in which new production tools were developed required 
changes in the internal production system as (sometimes radically) new production methods 
needed to be implemented, requiring new ways of working. A “not invented here” attitude 
was detected in case C, where production staff were not involved early in the project, 
hindering the implementation. Application developments have less effect on the internal 
production as the focus is on developing methods for using tools effectively. However, this 
new type of solutions (application vs traditional product development) was not perceived 
entirely positively in other parts of the organization, as it required new ways of working, for 
instance in sales and support. Due to a lack of internal competence in support applications, 
collaboration with suppliers was needed. 
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Findings from this study show that measures to facilitate introduction were particularly 
targeted towards trialability and observability characteristics of the innovations, as discussed 
in more detail in Paper B. Also, a close relationship with external customers was perceived 
as important. Representing an organization known for its knowledge and ability to find 
solutions to production problems opens doors and creates trust. This enables demonstration 
of a solution, increasing levels of trialability and observability.   
 
Industrial innovations, and the companies developing them, operate in ecosystems consisting 
not only of suppliers and recipients, but also other key actors. This empirical study clearly 
shows that the machine tool builders (who are outside the supplier-customer relation) strongly 
influence the implementation of innovations in the tooling business. One of the respondents 
exemplifies this as follows:  
 
“Machine tool builders are always important to us, and so are our customers. We have the 
concept of the triangle – customer, machine tool builder and us – that is very valid here” 
(Application Centre Manager – Respondent 16) 
 
Difficulties in implementation can stem from strategies of actors in the eco-system, inhibiting 
change initiated by others when protecting one’s competitive position.  
 
“The customer was often punished with 6-month delay because he wanted this solution and 
not the machine builder’s own solution […] and machine builders used this as an argument 
for the customer to choose their system instead, then you get a shorter delivery time”  
(Product developer – Respondent 21) 
 
However, the machine tool builders can also contribute in a positive way to the 
implementation of new solutions.  
 
“[The machine tool builders] have acted like ambassadors for us. There are several examples 
where they have used this [solution] at their exhibitions or customer days”  
(Global Industry Segment Manager – Respondent 15) 
 
Customers also have an aversion to company-specific parts as they have lock-in effects in 
customers’ production systems. 
 
5.3 Findings from Study III  
This study focuses on very early phases of an innovation process, specifically PSS innovation 
in production, an increasing trend in manufacturing firms.  
 
5.3.1 The innovation project 
The solution being developed by the focal organization consists not only of the tangible 
product (turning tool) but also software for generating numeric code (NC) (Table 4). The 
offering provided to external customers can be considered new to the world and, in that 
respect, new to the company. It initially increases complexity for the customer, as the solution 
requires a new NC code for each component manufactured.  
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Table 4. The solution considered in Study III. 
Case Solution Type of change 

(internal/external) 
A The solution (under development) consists of a turning 

tool and a programming strategy, so customers adopting it 
must re-program numerically controlled machines in their 
production process.  

Tool 
Method 
(external) 

 
 
5.3.2 Outcomes  
As this project was ongoing and in its early phases at the time of the study, the outcomes were 
not known, but there were expectations. Within the company, references were made to 
historical solutions that were considered revolutionary in the industry, such as the 
introduction of indexable and coated cutting tool inserts, as the productivity improvements in 
the customer’s production process were believed to be of the same magnitude. Hence, the 
reason for developing the offering was to increase the competitiveness of the company and 
be considered as a lead innovator.  
 
5.3.3 The innovation process 
The studied PSS innovation was perceived as difficult to assess as it did not match “normal” 
development projects. The radical nature of the idea contributed to an initial aversion towards 
it in parts of the organization.  
 
In a transition to PSS, developing solutions of this type will be disruptive, calling for 
capabilities of a more dynamic nature, especially in early phases. Also, PSS innovation 
capabilities in the early phases are likely to be more important when a company is involved 
in service transformation, i.e. when new capabilities are founded and developed. If an 
organization fails to develop these dynamic PSS innovation capabilities, there are risks of 
bias against emerging PSS concepts, relative to more traditional concepts, in early phases. 
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6 Discussion 
 
This chapter discusses results from the studies underlying the thesis in relation to the frame 
of reference. The discussion is divided into five parts. The first three focus on topics related 
to the posed research questions, the fourth part presents a refined version of the conceptual 
model introduced in Chapter 2 and the final part reflects upon the quality of the studies.   
 
6.1 Production innovation in current practice  
This chapter attempts to describe the phenomenon of production innovation based on 
empirical evidence. A working definition of production innovation is formulated starting from 
the OECD´s definition of innovation including implementation, novelty and improvement 
(OECD, 2005, p. 46), and taking into consideration the context of a production system. This 
working definition contains five key elements, which are discussed using empirical findings 
and existing literature.   

Production innovation is a process of change, where ideas are transformed 
into new processes, technologies, tools and/or work methods within a 

production system to create value for the organization and its stakeholders. 

Production developments of diverse types were observed in the empirical studies: 
technologies, processes, methods, and tools. They range from a completely new production 
process for space rocket nozzles involving development of diverse sub-technologies, to 
software for customers to create new tool paths in turning machinery. Implementation of the 
developed solutions has required (or will require) changes in various sub-systems of the 
production systems: human, technology, information and/or management (Hubka and Eder, 
1988; Bellgran and Säfsten, 2010). While the studies indicate that changes in technology are 
often the primary objective of production developments, the links between the elements in 
production systems also require adaptions of other elements. This is especially evident in the 
implementation phase, which is essential to complete the process of change and obtain value. 
Study II addresses an example where the implementation and use of the solution were delayed 
as other parts of the production system were not ready for it and could not use it to its full 
potential until the linked technology had caught up. This solution is now ISO-standard and 
can be considered an influential (and valuable) innovation, but it had much less value until it 
was fully implemented. 
 
The completion of the process of change, i.e. implementation of an innovation until it has 
become routine, is one aspect that distinguishes production innovation from production 
development. Production development is the improvement of existing production system 
performance or development of new production solutions as part of the product realization 
process, according to Bellgran and Säfsten (2010). This description partly embraces 
phenomena observed in the empirical studies. However, production development does not 
necessarily include implementation and novelty, which are characteristics of the studied 
innovation projects. The studied production solutions are novel, either to the world or to an 
industry or organization, and this novelty is one factor contributing to the success of these 
production innovations. By being first to market with a new solution, an organization can gain 
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competitive advantage. However, such novelty can also have a downside sometimes. In the 
quite cautious industries of the firms included in Study I, the use of completely new solutions 
involves taking undesirable risks (even if the solutions are apparently ideal), so customers 
prefer other companies to test them and take the risks first. Moreover, conceptual models of 
radical production developments/improvements, such as Kaikaku — large scale improvement 
of a production process or system to improve production system performance (Yamamoto, 
2013) —may include the incorporation of solutions developed elsewhere and thus do not 
necessarily include the novelty element.  
 
Moreover, production innovations are not necessarily either improvements of an existing 
production system or downstream parts of a product realization process. In some of the 
studied cases the production solutions were developed separately before development of a 
product started, and provided the ability to produce upcoming products (Paper D). The 
analysis of case C in Study II showed that the occurrence of production development before 
product development was associated with (and enabled) two separate innovations. The 
method developed for making the spiral coolant holes can be viewed as a production 
innovation in the internal production system. This was not an improvement of an existing 
production process, but a new production process was created through an addition to the 
technological element of the organization’s production system. This addition added new 
production capability that enabled the following product development. On the other hand, 
implementation of the improved drill (the result of the product development) in customers’ 
production systems can be seen as a production process innovation as it improved customers’ 
existing production processes, by increasing drilling speed, flexibility of material choices and 
quality of drill holes. Process innovation focuses on redesigning various existing business 
processes, e.g. product development, planning and logistics as well as production, to improve 
the performance of the process (Hammer and Champy, 1993). This implies that production 
innovation can sometimes be viewed as a subset of process innovation. However, although 
production innovation has a narrower scope (being restricted to production), it incorporates a 
wider perspective, not only focusing on innovating the production process but including 
innovations in all parts of production systems (Bellgran and Säfsten, 2010). 
 
The dual nature of case C described above exemplifies how labels applied to innovations 
depend on the observers’ viewpoint. This was also evident in case B (Study I), as the 
development of the bathroom floor was perceived as a production innovation at the studied 
organization, but can also be viewed as a product innovation from the supplier’s viewpoint.  
 
The position of production innovation at the intersection of production and innovation is 
illustrated in Figure 7, which also shows how production development and process innovation 
overlap (but do not fully coincide) with production innovation. 
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Figure 7. Production innovation in relation to production, innovation and related fields of 
research.  
 
6.2 Valuable outcomes of production innovation  
The empirical studies show that there actively pursued outcomes of production innovations 
(such as time and cost reductions and increases in quality), and less anticipated outcomes, 
such as effects on the design space in product development and increases in capabilities 
conferred by the associated learning. These outcomes also have different impacts in the 
organization.  
 
The outcomes that are generally pursued actively can be collectively described as 
enhancements of production system performance that lead to enhancement of competitiveness 
(mainly by enabling price reductions and improvements in product quality). Such 
improvement of short-term performance parameters is the usual objective of production 
development (Reijers and Limam Mansar, 2005). However, the improvement of production 
system performance also contributes to increases in design space in product development. 
Restrictions of product design space due to manufacturing capability constraints are usually 
handled through Design for Manufacturability techniques (Wheelwright and Clark, 1992). By 
increasing manufacturing capabilities, these constraints can be loosened, allowing product 
designers to design attributes in products more freely, thereby making it easier to Design for 
Manufacturability (Paper D).  
 
Besides the outcomes directly linked to production system performance, empirical findings 
show that production innovations can increase ‘dynamic capabilities’ (Teece, Pisano and 
Shuen, 1997), by increasing knowledge and strengthening innovation culture. This was 
particularly evident in case A (Study II), where a new type of production solution (application 
methods) was being developed, and demanding new ways of working, notably collaboration 
between traditionally separate organizational units. The organization developed its 
capabilities for this type of development as the project progressed, and emerged better 
equipped for similar projects.  
 
These less anticipated outcomes are valuable for an organization as they contribute to 
competitive advantage. They also create ‘pull’ due to their potential (what they enable), rather 
than what they have done already. Many respondents in the studied organizations mention 

Production development

Process innovationProduction innovation

Production Innovation
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that what brings customers to them is the perception that their organizations are 
knowledgeable and innovative, which helps them to create long-term relationships with 
customers. Dynamic capabilities, such as those previously mentioned, are considered 
contributors to sustainable competitiveness as they are hard to copy and constantly evolve 
(Collis, 1994). This is especially evident in project-based industries, such as those of the firms 
considered in Study I, where customers enter the development process early and rely on this 
process being executed well.  
 
Figure 8 illustrates how the different outcomes of production innovation discussed above 
contribute to an organization on different ends of the spectrum of pursued outcomes vs side 
effects, and their contributions to the organization along the short-term/sustainable 
competitiveness spectrum. Developments across these spectra may be essential for an 
organization to become and remain competitive. 
 

 
 
Figure 8. Positions of outcomes of production innovations along the pursued outcomes/side 
effect spectrum, and their contributions to the organization along the short-term/sustainable 
competitiveness spectrum. 
   
The developing organization might not always be the same as the organization hosting the 
production system, for example the organization considered in Study II provides solutions to 
improve customers’ production systems.  
 
Since changes in one or more sub-systems of a production system (technology, human, 
management, information) are what create valuable outcomes of production innovation, the 
organization hosting the production system will primarily reap the benefits. However, when 
an organization providing production solutions successfully creates a strong relationship 
through having a reputation for knowledge and innovativeness, the providing organization 
becomes more of a production partner. In this setting the production system can be viewed as 
encompassing the providing organization too.  
 
6.3 Challenges in managing production innovation  
An innovation process includes both development and implementation of a novel solution. 
Empirical findings of Studies I-III indicate that development phases of a production 
innovation are similar to those of other types of innovations (product, process). Effects of 
various capabilities and success factors on the development phases (Paper A) also appear to 

Production 
system 

performance
Increased 

design space

Pursued outcomes Positive “side effects”

Short-term performance Sustainable competitiveness

Increased
capability
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be similar to those identified for other kinds of innovations in previous literature. For 
example, Collis (1994) describes how dynamic or higher-order capabilities (strong culture, 
engagement, etc.) can override, compensate for lack of, or strengthen operational capabilities 
(resources, management support, etc.), as seen in the empirical studies of production 
innovations presented in this thesis. However, observations in Studies I-III also show that 
lack of support from higher management and structure for production innovation projects can 
be overcome through efforts of engaged and driven individuals.  
 
Most of the organizations included in the empirical studies had processes and (decision) 
support in place to execute a product development process or an improvement activity in a 
production process. However, these structured development processes were often not adapted 
for development of production innovations, and a substantial share of the studied 
developments were performed “under the radar” until they were sufficiently mature to be 
assessed and, thus, accepted in the organization. Assessing business cases for prioritization 
of projects is difficult for production innovations, especially radical ones, as they do not fit 
standard patterns and their outcomes can rarely (if ever) be estimated easily. In the early 
phases, these potential innovations tended to be prioritized much less than other assessed 
project ideas due to their uncertainty and complexity. Radical innovations, such as the PSS-
solution considered in Study III, meet resistance due to their dissimilarity to “normal” 
development projects and are unlikely to be favoured in competitions for resources. 
 
While expected outcomes of an innovation collectively form one dimension of success, 
another dimension is project performance, in terms (for instance) of time, cost, and process 
quality (Atuahene-Gima, 1995). Clearly, an efficient project producing good outcomes is 
better than another project resulting in similar outcomes with more resources. There is also a 
tendency to seek certainty and control, by favouring relatively straightforward (preferably 
cheap) projects with familiar foci rather than more uncertain and complex projects. For 
example, there were difficulties in acquiring resources for the project in case C (Study I), 
where the solution was not developed in the typical way for the organization, i.e. within a 
construction project. Instead it was developed as a separate project with the sole objective of 
providing a new production method that could be implemented in future construction projects 
(Blindenbach-Driessen and Van den Ende, 2006). This was uncommon in this organization, 
and at least partly for this reason resources that could have been used for the project were 
channelled to more traditional projects. 
 
Obtaining both successful outcomes and success in project performance terms in an 
innovation attempt is highly dependent on completing the process, that is fully accomplishing 
implementation. In implementation of production innovations, there may be more than one 
“customer” or receiver to consider. As improvement of the production system is the objective 
of the innovation, the production system is also the primary receiver of the developed 
production solution. Although the developed production solution is usually intended to 
improve one element in the production system, all four sub-systems (i.e. technology, human, 
information, management) (Hubka and Eder, 1988) might need to change to complete the 
implementation. Underestimating this effect, as it often is in process-related innovations 
according to Boer and During (2001), can have severe consequences for the success of the 
innovation. Implementation may be retarded or not fully achieved – hindering the creation of 
value.  
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In some cases, external customers are also affected by a production innovation, although the 
primary objective is to create value internally. This was especially evident in the cases 
considered in Study I, where the organizations operate in project-based settings, so the 
customer enters the value chain before production starts. The customer does not buy merely 
a product off the shelf, but the development and production of a customized product. In such 
settings, it is also very evident that high capability for production innovation provides a strong 
competitive advantage, and dynamic capabilities – the organization’s ability to learn and 
develop – are crucial. Hence, the dynamic capabilities directly influence not only the process 
of developing new solutions, but also the competitiveness of the organization.  
 
Besides the internal organization and external customers, other actors linked to the production 
system may influence an innovation, in either positive or negative ways. The organization 
considered in Study II develops tools for customers’ production systems, but machines the 
tools are used in are supplied by another actor. Although these two actors are not part of the 
same supply chain (as the customer buys the parts separately), they are highly dependent on 
each other in the implementation of innovations that affect each other’s products (Paper B). 
The tool clamping device developed in the tool supplier organization is used in the interface 
between the machine and the tool. This solution was not welcomed by the machine builders 
as it caused a lock-in effect, forcing customers to buy tools from the same supplier, and they 
actively opposed the solution. However, in sharp contrast, the same machine builders 
subsequently championed the Spirograph-like tool during its implementation. The actors 
surrounding the organization and an innovation can be seen as parts of the market 
environment, where conditions are beyond the organization’s control, but still influence the 
innovation process (Paper A). Other aspects of the market environment are tied to the industry 
that the organization operates in, such as culture and regulations.  
 
6.4 Refined conceptual model 
Figure 9 presents a refined version of the conceptual model introduced in Chapter 2. This 
model illuminates how the implementation of production innovations is a complex endeavour, 
involving both internal implementation in the organization’s own production system and 
external implementation in customers’ systems. The market environment, including other 
actors contributing to the production system, also influences the external implementation. The 
refined model also illustrates how dynamic capabilities can be strengthened by a development 
project and directly contribute to value by enhancing the competitiveness of the organization.  
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Figure 9. Refined conceptual model of production innovation 
 
6.5 Reflections on the relevance of the conducted research 
The research this thesis is based upon focused on innovative production developments in 
manufacturing industries. Two of the organizations chosen for the studies operate in heavy 
manufacturing industries, aerospace and metalworking, while the other two operate in 
construction industries, a type of production that has a very long tradition. Focusing on a few 
organizations operating in two sectors strongly limited the generalizability of results, but 
provided various helpful insights for understanding production innovation from different 
viewpoints. A shared attribute of these organizations is that they strive to improve their 
production efficiency, as production is a core element of their business. They also have a 
strategic aim to be viewed as innovative and market leaders within their respective industries. 
The studied organizations are all located in Sweden, a choice made mainly due to ease of 
author access. However, Swedish manufacturing industries (with large existing production 
assets) are also facing severe challenges of production relocation and associated monetization 
problems. Thus, there is a clear need to examine phenomena that could improve their 
competitiveness, and the studied organizations, varying from construction and building to 
metalworking and space engineering firms, cover a wide range of cases within this context. 
 
The theoretical domains of ‘production’ and ‘innovation’ were chosen as key elements of the 
framework for this research, with the wide ambition to link them together, through 
understanding and combining the knowledge, terminology, and traditions of the two domains. 
Applying an innovation perspective to the production domain has been somewhat easier than 
vice versa. This may be partly because the research presented in this thesis has been carried 
out as part of Produktion2030, a strategic innovation program, in which highlighting the 
importance of production is a key objective. 
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Within the innovation domain, the need for production innovation (in addition to process and 
product innovation) has not been as clearly stated as the need for innovation in the production 
domain. However, this does not mean that knowledge of innovation in the production context 
is not valued in the innovation domain. Some of the production innovations studied in this 
research may have been equally well labelled process or product innovation, if studied from 
another viewpoint. However, the viewpoint chosen in this research is that of production, and 
viewing the developments as something other than production innovation would not help the 
organizations shed light on production as a vital asset and means of enhancing 
competitiveness.  
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7 Conclusions 
 
This final chapter presents conclusions from the research this thesis is based upon, and 
suggestions for further research. 
 
The objective of this research was to increase understanding of distinguishing features and 
valuable outcomes of production innovation, and challenges in managing production 
innovation processes. This has been accomplished by studying production development in 
various manufacturing industries from an innovation perspective. 
 
The main conclusions are as follows: 

• Production innovation is a process of change in a production system – not only in the 
production process, but in any of the sub-systems (technology, human, information, 
management).    

• The pursued outcomes of production innovation (such as time and cost reductions and 
increases in quality) can be collectively regarded as enhancement of production 
systems’ performance. There are also less anticipated outcomes, such as increases in 
product design space, increases in knowledge and strengthening of innovation culture 
(dynamic capabilities).  

• Dynamic capabilities do not only influence the production innovation process, but also 
directly contribute to an organization’s sustainable competitiveness. 

• Production innovation is highly dependent on successful implementation to obtain the 
desired outcomes. It requires consideration of not only internal receivers and external 
customers, but also other actors contributing to the production system.  

• Organizations often lack a structured process that supports the capture, prioritization, 
decision-making, and resource allocation, required for effective management of 
production innovations. Instead, execution of production innovation is often based on 
efforts of engaged key individuals. Support for decision-making is biased towards 
projects conforming to the existing product development process model, which hinders 
attention to and prioritization of more radical or nonconforming ideas.   

 
The results of this research contribute to the body of knowledge of production development 
by adding an innovation perspective, and to innovation management literature by increasing 
the previously limited understanding of innovation in production contexts. By emphasizing 
the innovation part of production development, the research contributes to further 
understanding of the innovation potential of the whole product realization chain.  
 
In organizations operating in manufacturing industries, increased understanding of production 
innovation can help efforts to increase competitiveness, by raising awareness of the needs to 
prioritize it together with product innovation, incorporate it in their strategy, and strengthen 
their production innovation capabilities. To some extent, production innovation can also 
contribute to benefits for society, such as increased sustainability. The fourth (ongoing) 
industrial revolution is dramatically changing how things are made, a transition that requires 
development of new technologies, processes, tools and methods, and production innovation 
can play a central role in this. 
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7.1 Further research 
The exploration of production innovation in the research underlying this licentiate thesis has 
both increased understanding of the phenomenon and revealed interesting areas for further 
research, mainly related to the challenges observed in the management of production 
innovation processes. 
 
Due to the key role that engaged individuals play in production innovation, it would be 
interesting to further investigate their role in both the innovation process and the sustainable 
competitiveness of an organization. However, an organization cannot merely rely on 
individuals for successful innovation without providing the required support. The lack of 
support in the management of production innovation warrants further research, as previous 
innovation management literature clearly advocates support for product innovation processes, 
but has largely neglected its need in production innovation. There is a clear need for 
assessments of production innovations that highlight its potential, prioritize them relative to 
other innovations in an unbiased fashion, and (hence) make room for untraditional and radical 
ideas as well as more orthodox projects. In product innovation, creativity is considered an 
essential part of the process and (for instance) skunk works are accepted. However, securing 
creativity in production innovation processes is currently problematic, as the more 
untraditional ideas struggle for acceptance in this context.   
 
Other aspects of the production innovation process worth further study include the complex 
implementation phase and how it can be managed. The implementation phase of a production 
innovation process differs significantly from implementation of a product innovation, as both 
the characteristics of the solution and receivers of the solutions are different. Hence, previous 
research on implementation needs to be supplemented to enhance understanding of the 
intricate interactions involved in the implementation of production innovation. 
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Appendix A – Summarized interview guides 
 
Empirical study I 
 
Background and general information 

• Context – the organization and its history 
• Personal information – name, background? 
• Role in development project? 
• Tell us about the production and the product being produced. 
• What reasons for collaboration during development have existed? 
• Tell us about the development process. 
• How was the development documented? 

 
Initiation 

• What was the trigger for the development? 
• Where and when was the initiating factor recognized? 
• Who made the decision to start the project? 
• What partners was collaborated with during the initiation of the project?  

 
Development 

• When did the development of the production solution start? 
• What was the input to production development? 
• What hinders have you met during development? 
• What partners was collaborated with during the development?  
• Where there any tests of the production solution? 

 
Implementation 

• How was the implementation executed? 
• Who took part of the implementation? 
• What hinders have you met during implementation?  
• What partners was collaborated with during the implementation?  
• How is the transition of responsibility for the production solution handled between the 

project and production operations? 
 
Outcome/Value 

• Who was affected by the solution and how? 
• What value did the solution bring? 
• How is outcome and value followed up? 

 
General questions 

• What is innovation to you? 
• What does production innovation mean to you? 
• What do you consider most valuable outcomes of innovative production solutions? 
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Empirical study II  
 
Background information 

• Tell us a little bit about yourself  
• Tell us about the project you took part in  
• Describe the solution  
• How new would you say the solution is?  
• What value would you say that the solution brings and for whom? 
• What competitive advantages would you say the solution have resulted in?  

 
Implementation in internal production  

• Describe the implementation of the solution in internal production?  
• How successful would you say that the implementation have been?  
• How did you handle the implementation in own production?  
• What facilitated or hindered the implementation?  
• When/how have you met resistance to change?  

 
Implementation in customer’s production 

• Describe the implementation of the solution in customers production?  
• How successful would you say that the implementation have been?  
• How did you handle the implementation in customers production?  
• What facilitated or hindered the implementation?  
• When/how have you met resistance to change?  

 
General 

• What would you say differentiates this development from ”ordinary” projects?  
• What cooperation have been important? 
• Is there anything you would like to add as complement to the questions? 
• Is there anyone from the receiver part, internal production and customer, we could talk 

to? 
• Can we get back to you if we have any further questions?  

 
 
 
Empirical study III  
 
Background information 

• Tell us a little bit about yourself  
• Tell us about when you first heard about the idea behind XXX. 
• What would you say your role has been? 
• During what time period have you been involved? 
• How would you say that the idea behind XXX have evolved over this time? 

 
Potential for innovation 

• What would you say that XXX have the potential to result in? 
• What would you say have been the greatest challenges so far? 
• What do you think will be the greatest challenges in the future? 
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Idea maturity 

• How mature would you say that the idea was on a scale 1-10, when you first heard of 
it? 

• How mature would you say that the idea is now on a scale 1-10? 
• What would you say have influenced the maturity of the idea? 

 
Attention 

• How much attention would you say that XXX have received? 
• What has this attention resulted in? 
• How would you say that the faith in XXX have changed over time? 

 
Network 

• Besides NNNN and NNNN, who else have you talked about this idea with? 
• What did you discuss? 
• Have their inputs been important to you? 

 
Other 

• Is there anything you think I have missed? 
• Can I get back to you if I have further questions? 
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Appendix B – Interview and respondent information 
 

No Study Case Role of interviewee in project 
Length 

(recorded) Data handling   
1 I A Project manager (R&D) 01:14 Summary 
2 I A Business development & marketing 

manager 
02:00 Summary 

3 I A Production developer 01:47 Summary 
4 I A Process Engineer 01:10 Summary 
5 I A Chief Engineer (Nozzles) 01:55 Summary 
6 I B Factory manager 00:56 Summary 
7 I B Academic representative 00:33 Summary 
8 I B Academic representative 01:06 Summary 
9 I B Production manager 00:16 Summary 

10 I C Department manager R&D 01:37 Summary 
11 I C Department manager (Bridge) 00:46 Summary 
12 I C Bridge engineer 00:46 Summary 
13 II A Application Developer 01:25 Transcription 
14 II A Global Product Manager 00:46 Transcription 
15 II A Global Industry Segment Manager 01:16 Transcription 
16 II B Application Centre Manager 01:25 Transcription 
17 II B Technical responsible turning, Sales 01:11 Transcription 
18 II B Technician, Sales 01:12 Transcription 
19 II C Product developer, rotating 01:54 Transcription 
20 II C Designer 01:29 Transcription 
21 II C Product developer, turning 01:52 Transcription 
22 II C Product engineer/product manager 01:06 Transcription 
23 II D R&D line manager 01:18 Transcription 
24 II D Production engineer 01:41 Transcription 
25 III A R&D 01:30 Transcription 
26 III A R&D 01:09 Transcription 
27 III A R&D 01:12 Transcription 
28 III A Product Management 00:56 Transcription 
29 III A Product Management 00:23 Transcription 
30 III A Product Management 00:42 Transcription 
31 III A Product Management 01:43 Transcription 
32 III A PM/Manager 01:09 Transcription 
33 III A Manager 01:00 Transcription 
34 III A Previous manager 00:53 Transcription 
35 III A Line manager 00:53 Transcription 
36 III A Sales 00:33 Transcription 
37 III A Sales 00:42 Transcription 
38 III A Workshop 00:38 Transcription 
39 III A IP 01:03 Transcription 
40 III A Sales 00:41 Transcription 
41 III A Ref. group 01:13 Transcription 
42 III A Ref. group 00:47 Transcription 
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43 III A Ref. group 00:56 Transcription 
44 III A Ref. group 01:08 Transcription 
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Success factors for managing innovation projects in 
production 

 
Abstract: This paper seeks to increase understanding of success factors 
for managing production innovation projects, through case studies of three 
such projects at firms operating in Swedish project-based industries with 
substantially differing environments. The results indicate that the 
importance of previously identified success factors – a structured 
innovation development process, senior management commitment, key 
individuals, cooperation (internal and external), and customer involvement 
– varies substantially. Indeed, sometimes they may hinder rather than 
promote innovation, depending on the specific constellation of internal 
factors present, and the market environment. Thus, complex interactions 
are involved, and sometimes either a serendipitous combination of factors 
or sufficiently flexible approach is required to ensure that appropriate 
individuals or groups, with appropriate complementary expertise are 
engaged at appropriate stages, and excluded at inappropriate stages. 
 
Key words: Innovation management, Production innovation, Project-
based industry (PBI)  
 

Introduction 
The increasing competitiveness in today’s markets, and increasing 
demands from both consumers and society, are affecting not only product 
development but also production processes. Technological developments 
and innovations are seen as key requirements for firms to meet the 
increasing global pressure and demand for more customized products. It is 
widely recognized that managing innovation projects successfully is vital 
for firms’ ability to compete and improve financial results. Various factors 
that influence firms’ capability to manage innovation projects have been 
identified, e.g. by Cooper and Kleinschmidt (1987) and Rothwell (1992). 
Some of these factors are internal, acting at the project execution or firm 
level, and others external, i.e. embedded in the market setting, which sets 
the conditions for successful innovation management. The factors 
involved in successful product innovation have received most attention, 
but some studies indicate that their importance may be both type (product, 
process or production) and context-dependent (Blindenbach-Driessen and 
van den Ende, 2006; Balachandra and Friar, 1997). 
One type of innovation that has received relatively little attention, despite 
its importance in product realization, is production innovation. This is 
viewed as a process of change, where ideas are transformed into new 
processes, technologies, tools and/or work methods within a production 



   

 

   

   
 

   

 

    
 
 

   

   
 

   

   

 

   

       
 

system to bring value for the organization and its stakeholders. It is 
sometimes viewed as a sub-type of process innovation. However, process 
innovation focuses on redesigning various existing business processes, e.g. 
product development, planning and logistics as well as production, to 
improve firms’ performance (Hammer and Champy, 1993). Production 
innovation is more narrowly focused on elements associated with 
production, but this also requires a wider perspective, embracing not only 
production processes per se, but also the socio-technical systems they are 
embedded in (Bellgran and Säfsten, 2010). 
Clearly, therefore, complex interactions are involved, and the relative 
importance of success factors may not only be type- and context-
dependent but also vary in more complex manners. To assess this 
possibility, we have examined the management and development 
processes involved in three production innovation projects at firms 
operating in Swedish project-based industries (PBIs) with substantially 
differing market environments. The case studies confirm that the 
importance of previously identified success factors varies substantially, 
and in some cases they may even hinder rather than promote success. 
Thus, the results confirm the complexities of the interactions involved in 
successful innovation generally, and production innovation projects 
specifically.   

Successful innovation management 
Innovation projects supposedly require careful management for success, 
because their characteristic features include uncertainty, complexity, 
diversity and interdependence (Boer and During, 2001). However, there is 
a paradoxical element here, because if there are high levels of uncertainty 
and complexity, levels of predictability and (hence) capacities to define 
requirements for success may be low. Moreover, the success of an 
innovation project is difficult to define and measure since it is multi-
faceted and strongly depends on the expected output (Cooper and 
Kleinschmidt, 1987; Griffin and Page, 1996). Success measures 
commonly identified and applied in product innovation literature can be 
divided into two dimensions (e.g. Atuahene-Gima 1995): market 
performance (e.g. sales, profitability, market share) and project 
performance (e.g. time, cost, process quality). Since the innovation 
projects considered here focused on production, where the objective often 
is to decrease lead-times and increase productivity, some of these success 
measures (e.g. sales and market share) do not apply. Therefore, success is 
simply regarded in this paper as efficient and effective execution of the 
innovation project, leading to implementation and use of the innovation. 
Implementation is vital since that is where value is created - a prerequisite 
for innovation. 



   

 

   

   
 

   

   

 

   

 

    
 
 

   

   
 

   

   

 

   

       
 

Research on the success and failure of innovations (however defined) has 
identified numerous putative success factors that act at levels ranging from 
single-project to global market level (e.g. Roberts and Fusfeld, 1981; 
Cooper and Kleinschmidt, 1987; Rothwell, 1992; Rodríguez et al., 2008). 
Despite extensive research, no definitive set of factors for successful 
innovation management has been developed (Han and Lorenz, 2015). 
However, the most important and frequently mentioned factors include: a 
structured innovation process, senior management commitment, 
engagement of key individuals, internal cooperation, external 
collaboration, customer orientation and the market environment (e.g. 
Cooper and Kleinschmidt, 1987; Rothwell, 1992; Balachandra and Friar, 
1997). Therefore, the rather exploratory case studies reported here focused 
on interactions of these factors. Numerous other types of success factors - 
such as product characteristics and technology, corporate structure and 
business strategy - that have also been discussed by the previously cited 
authors and others (e.g. Johne and Snelson, 1988) could have been 
considered. Moreover, they may have been included if pressing reasons 
for doing so had emerged in examination of the empirical material. 
However, the case studies were not intended to identify all influential 
factors (indeed, that would probably be impossible in a small number of 
case studies), and consideration of the seven mentioned factors (described 
in the following sections) provided illuminating insights. An overview of 
the thorough reviews used to identify and characterise these key factors is 
presented in Table 1. 
 
Table 1 Overview of sources used to characterize the success factors 
considered in the case studies 

 
Sources 

Project-level success factors  
   - Structured process 1, 2, 4, 5, 6, 7, 8, 10 
   - Senior Mgmt. Commitment 1, 2, 3, 5, 6, 7, 8, 9, 10 
   - Key individuals 2, 3, 4, 5, 6, 8, 10 
   - Internal cooperation 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 
   - External collaboration 1, 2, 3, 6, 7, 8, 9, 10 
   - Customer orientation 1, 2, 3, 4, 5, 6, 7, 8 
Market environment 1, 2, 3, 4, 5, 6, 7, 8 
Sources: 1 = Cooper et al. (1987); 2 = Rothwell (1992); 3 = Brown et al. 
(1995); 4 = Cooper (1994); 5 = Cooper (1999); 6 = Ernst (2002); 7 = 
Evanschitzky et al. (2012); 8 = Blindenbach-Driessen et al. (2006); 9 = 
Han et al. (2015); 10 = Johne et al. (1988) 



   

 

   

   
 

   

 

    
 
 

   

   
 

   

   

 

   

       
 

Project-level success factors 
Project-level success factors are internal factors within firms that affect 
innovation projects and their outcomes. Most of the reviewed studies 
agree that it is important to have a high quality structured innovation 
process for product development. However, some recommend a strongly 
formalized approach for effective planning and execution (Johne and 
Snelson, 1988; Ernst, 2002), while others advocate a more flexible 
approach for managing product innovation projects (Brown and 
Eisenhardt, 1995; Rothwell, 1992). Johne and Snelson (1988) proposed 
that successful innovation projects combine flexibility in the initial stages 
with a more formal approach towards the end when changes can become 
costly and time consuming.  
A crucial success factor, according to all reviewed literature, is senior 
management commitment, i.e. senior managers’ active engagement and 
support, combined with subtle control, throughout the process (Brown and 
Eisenhardt, 1995). This is reportedly essential for the provision of 
adequate funds and resources for innovation projects, formation and 
encouragement of suitable teams, help to overcome problems, and 
fostering communication and collaboration (Cooper and Edgett, 2004). 
Moreover, senior management commitment should incorporate open-
mindedness to facilitate creation of a learning organization and 
innovation-oriented culture (Rothwell, 1992). 
The involvement of certain key individuals also increases chances of 
success according to most scholars (Rothwell, 1992; Johne and Snelson, 
1988). Innovation is an essentially human activity, and Boer and During 
(2001) emphasize the importance of roles in the process, such as idea 
generator, innovation champion, sponsor, heavyweight project manager, 
gatekeeper and problem owner, each of which requires a certain 
combination of intellectual or cognitive attributes, behavioural attributes, 
and position (responsibility and/or power base). However, according to 
Robert and Fusfeld (1981), the importance of the key individuals varies 
over time during a project’s progress. For example, idea generation is 
crucial in initial stages, while commitment and leadership skills are 
needed once a project is established to ensure its progress (Cooper, 1999; 
Johne and Snelson, 1988). Most studies on key individuals particularly 
highlight the importance of a heavyweight project manager and an 
innovation champion (Rothwell, 1992; Brown and Eisenhardt, 1995; 
Blindenbach-Driessen and van den Ende, 2006). A heavyweight project 
manager is described by Wheelwright and Clark (1992) as a manager who 
is capable of integrating the departments involved, has technical 
competence, and communicates effectively, while guarding the solution 
and resolving conflicts. An innovation champion is regarded as important 
for promoting an innovation and is often personally committed to the 



   

 

   

   
 

   

   

 

   

 

    
 
 

   

   
 

   

   

 

   

       
 

project. However, it is not clear from the literature whether such a 
champion should ideally be a project manager or someone from senior 
management (Ernst, 2002). 
In addition, scholars frequently emphasize the importance of internal 
cooperation between different departments throughout a project (e.g. 
Cooper, 1998; Blindenbach-Driessen and van den Ende, 2006; Rothwell, 
1992). Internal cooperation, often provided by a cross-functional team, can 
bridge boundaries and generate ideas, learning opportunities and 
improvements more effectively than individuals and single departments, 
according to Tidd et al. (2001). To acquire and exploit internal and 
external knowledge and practices, projects need “absorptive capacity”, 
which is strongly dependent on the prior relevant knowledge of the people 
involved (Cohen and Levinthal, 1990). Previous research on product 
innovation also stresses the importance of not only engineering and 
marketing knowledge but also manufacturing knowledge (Johne and 
Snelson, 1988, Brown and Eisenhardt, 1995), to anticipate potential 
downstream problems that could cause manufacturing difficulties. 
Involving appropriate individuals in projects is regarded as highly 
important as it facilitates knowledge utilization, i.e. the transfer and 
exploitation of knowledge between projects (Blayse and Manley, 2004; 
Rothwell, 1992) through, for example, use of state-of-the-art production 
equipment in innovation projects and/or monitoring technological 
developments to identify opportunities to innovate. 
External collaboration and communication are also recognized as 
important factors by most scholars, for complementing the internal 
knowledge base and exploiting scientific and technological know-how 
(Cooper and Kleinschmidt, 1987, Rothwell, 1992; Brown and Eisenhardt, 
1995). For example, strategic external collaboration with material 
suppliers has been a cornerstone of industrial development for so long that 
it is often taken for granted in manufacturing industries. However, 
Blindenbach-Driessen and van den Ende (2006) found that external 
collaboration is less important for in the context of PBIs since it increases 
the complexity of already complex development projects. External 
collaboration also poses a dilemma, as the flow of knowledge and 
information between partners may facilitate success, but raises risks of an 
unintended outflow of core knowledge that might severely compromise 
their market competitiveness (Jordan and Lowe, 2004). Trust is therefore 
an essential element in the formation and maintenance of successful 
collaborative alliances in development (Fawcett et al., 2012). 
Finally, customer orientation is widely regarded as vital for satisfactory 
outcomes in innovation projects as it facilitates the detection of customers’ 
requirements (Brown and Eisenhardt, 1995; Ernst, 2002; Cooper, 1998), 
thereby helping to ensure that innovations meet their needs (Rothwell, 



   

 

   

   
 

   

 

    
 
 

   

   
 

   

   

 

   

       
 

1992). Close connection with potential customers and markets also boosts 
absorptive capacities, and hence the acquisition of relevant knowledge and 
experience during development (Blayse and Manley, 2004). However, 
Blindenbach-Driessen and van den Ende (2006) proposed that customer 
involvement is less important in PBIs since close connection with 
customers is a routine element of their daily work in business projects. 

Market environment 
The product innovation literature intensively discusses the importance of 
market aspects, such as speed, growth and competitive situation of the 
market (Cooper, 1987, Rothwell, 1992). However, there is some 
disagreement about their importance (Balachandra and Friar, 1997), thus 
there are indications that complex interactions affect the relative 
importance of market factors as well as internal factors.  Some researchers 
highlight the importance of being first to market and having an innovative 
product, while others regard other aspects as more important, such as 
culture, acceptability and regulations, which may dramatically affect 
dynamic interactions both within and between networks of projects 
(Berkhout et al., 2006; Kadefors, 1995). These aspects are often national 
or tied to a specific industry, and beyond the control of any individual firm 
within the system. Notably, it is often claimed that PBIs are tightly 
controlled by regulations and strongly influenced by the early entry point 
of the customer in business projects, which hinder innovation initiatives 
that are separated from the business project environment (Pries and 
Janszen, 1995; Larsson et al., 2014). Rather than attempting to dissect the 
influence of all possible market factors in the cases considered here, which 
would have had dubious value or validity, we broadly characterized the 
focal firms’ market environments and solely addressed aspects of 
emerging importance as we analysed the empirical data. 

Research gap and model of analysis 
As already discussed, numerous factors that are putatively important for 
successful innovation management have been identified, but there is 
considerable controversy about their relative importance. Some of the 
apparent variation in importance may be due to variations in the type of 
innovation (product, process or production) and/or context involved 
(Blindenbach-Driessen and van den Ende, 2006; Balachandra and Friar, 
1997). However, since numerous factors are clearly involved, it seems 
highly likely that interactions among these factors may have major effects, 
inter alia on their relative importance. Indeed, a factor that may be crucial 
for success in one constellation of internal and contextual factors may 
conceivably be lethal for innovation in another constellation. However, 
such possible effects of interactions among known factors have received 



   

 

   

   
 

   

   

 

   

 

    
 
 

   

   
 

   

   

 

   

       
 

little attention. Moreover, since innovation incorporates both development 
and implementation of a solution (e.g. Cooper, 1994), it is important to 
study factors influencing both to understand the full picture. In project-
based industries (PBI), these two stages are more clearly separated than in 
traditional industrial settings, since any implementation occurs in unique 
business projects that are highly influenced by the customers and market 
environment. 
Thus, we have explored factors that promoted or hindered the success of 
production innovations (at either or both development and implementation 
stages) in three firms operating in contrasting Swedish PBI settings. This, 
to be able to assess the variation (if any) in the importance of previously 
highlighted success factors, their interactions, and possible reasons for 
detected variations in their importance. 

Research method 
Case studies are beneficial in fields that are still in an exploratory stage, 
since they can provide rich data, give insights into complex behaviour, and 
identify new aspects and phenomena (Yin, 2013). Thus, a case studies 
approach seemed the most suitable for the planned investigation of 
innovation projects, in which there are high levels of uncertainty, 
complexity and diversity (Boer and During, 2001). 

Sample 
The empirical data used in this study concern innovation projects in three 
PBIs (aerospace, house building, bridge construction), which are 
characterized by production of customized products tailored to customers’ 
needs. PBI settings are increasingly important globally, since they are 
organized to deliver, the increasing need for, diverse products with 
effective production methods in B2B arrangements. Despite the 
differences in industries, all three firms heavily rely on innovative 
production for competitive advantage and their core R&D departments 
and operations are based in Sweden, although they sell their products in 
transnational markets. The three firms can be characterized as having a 
project matrix structure where the project manager (of each business 
project) often has a strong position and responsibility for delivering 
customized products to the customers. 
Criteria for selecting firms and cases were based on the possibilities for 
acquiring in-depth data. Production innovation projects that have resulted 
in substantial changes in the firms’ production processes were selected for 
analysis, since they are likely to be more uncertain and complex than 
incremental projects. Table 2 summarizes information about the firms and 
the studied production innovation projects. 



   

 

   

   
 

   

 

    
 
 

   

   
 

   

   

 

   

       
 

Table 2 Information about the studied firms and production innovation projects 

		 Case A Case B Case C 
Areas of activity Aerospace House building Construction  
No. of employees >250 <250 >250 
Revenue USD 740M USD 70M USD 580M 
Innovation project Production method for 

space application 
Production method 
for bathroom floor 

Production method for 
bridge construction 

Project duration 
(Idea-Implement) 

1996-2020 (planned) 2003-2005 2011-2013 

Data collection 
Data for the study were gathered through multiple methods (interviews, 
observations and secondary data collection). However, most information 
was collected through semi-structured interviews with respondents playing 
key roles in each project (Table 3), conducted to obtain rich insights 
regarding perceptions of the innovation project from a wide range of 
practitioners’ perspectives. The interviews were conducted in a late stage 
of case A and retrospectively in cases B and C, to capture details of the 
implementation of solutions in addition to their development.     

Table 3 Roles of interviewees in each of the case studies and length (in minutes) of each 
interview 
Respondent Case Role Length 
1 A Project manager (R&D) 74 
2 A Business development & marketing manager 120 
3 A Production developer 107 
4 A Process Engineer 70 
5 A Chief Engineer (Nozzles) 115 
6 B Factory manager 116 
7 B Academic representative 66 
8 B Production manager 90 
9 C Department manager R&D 97 
10 C Department manager (Bridge) 46 
11 C Bridge engineer 46 

An interview guide was used to maintain coherence in the data collection, 
which (in addition to items regarding background information) included 
the following questions: 

• What was the trigger and outcome of the innovation project? 
• How and where was the idea generated? 



   

 

   

   
 

   

   

 

   

 

    
 
 

   

   
 

   

   

 

   

       
 

• How was the innovation project executed? 
• What participants have been involved in the project? 
• How has collaboration been conducted during the project?  
• How has knowledge been utilized during the project? 
• What factors have affected the outcome of the project? 
• What obstacles has the project encountered? 

Departure from the original questions was permitted, to pursue interesting 
and particularly relevant insights that emerged during interviews. All 
interviews were audio-recorded to enable investigator triangulation 
(Patton, 2002). Complementary information about the firms and their 
market environment was obtained from observations at their sites. 
Secondary data were also collected from publicly available sources as well 
as internal presentations and technical reports. Any clarification of 
secondary data needed was covered during interviews and observations. 
The multiple source approach enabled data triangulation, which helps 
strengthen the construct validity of case studies (Patton, 2002).  

Analytical procedure 
The analysis follows the steps for qualitative research proposed by Miles 
& Huberman (1994): data reduction, data display, and conclusion drawing 
and verification. In the data reduction step, interview responses were first 
summarized and transferred into a database to focus and organize the data. 
This was followed by a thematic analysis where the empirical data were 
coded into categories, based on the selected success factors, to make the 
data more manageable and meaningful. The coded data were then 
displayed in a table to facilitate interpretation. During the data analysis, 
iterations between emerging results, theory, and empirical data related to 
the case studies were performed to consolidate the developing conclusions 
(Yin, 2013). Follow-up sessions with the respondents have been 
conducted to increase the validity of the analysis and confirm the 
conclusions drawn from the data (Yin, 2013). 

Case study findings 
The ideas for the innovations in the studied cases all arose more or less 
through chance. There were needs to meet, but most of the solutions came 
from seizing opportunities rather than structured idea-generation to solve a 
problem, as described by interviewee 9: “Balls come bouncing by and 
sometimes we happen to grasp one”. Although all three case firms operate 
in PBIs, their approaches to the development and realization of 
innovations differ substantially. The aerospace industry (represented by 
Case A) is highly driven by technical innovations with high investments in 
R&D, while construction innovations (represented by Cases B and C) are 



   

 

   

   
 

   

 

    
 
 

   

   
 

   

   

 

   

       
 

traditionally more incremental and local. The mature construction industry 
seems to accept innovations more slowly. However, firm B is active in 
prefabricated house manufacturing, which is considerably less mature than 
most of the construction sector, hence it retains a strongly innovative spirit 
and progress is frequently rapid. The main problem is often gaining 
acceptance from more conservative stakeholders, especially in Case C, 
partly because there is a large, very dominant public client in Sweden for 
civil structures such as bridge construction. Strict regulations and security 
demands are associated with all these three cases because their products 
are complex and used in high-risk applications. Regulations are often 
designed to match standard procedures, and it can be difficult to acquire 
approval for substantial new innovations without adaption of the 
regulations. The next three sections describe each of the studied cases in 
detail. 

Case A – Aerospace 
The aerospace case concerns the development of a new method for 
producing space rocket nozzles, involving creation of a sandwich structure 
with channels for a cooling agent by welding metal sheets together rather 
than welding tubes into a cone shape. The main objectives of the pre-
development stage for this new nozzle technology were to identify 
potential improvements for current rocket nozzle production procedures, 
and to develop better designs and processes in terms of lead-time, 
flexibility, cost and reliability. The production method incorporates 
various techniques that have been developed in sub-projects over time as 
new needs have emerged. Some of these sub-technologies and processes 
have been transferred to other products, and some have been absorbed and 
adapted from other products.  
The project team has actively sought collaboration and carefully chosen 
partners (from industry, research centres, and academia) with specific 
technological knowledge to fill gaps in their own knowledge base and 
participate in development. Since extensive testing is required for this 
high-risk product and the full-scale tests are costly, the firm has 
collaborated with an engine manufacturer (customer) in later stages of the 
project. 
The project was dormant for a few years due to changes in allocation of 
funds when solving a major failure related to a currently used rocket 
nozzle had higher priority. However, due to belief in its potential, engaged 
key individuals have picked up the thread and driven further development. 
The business unit is known internally for having an innovative climate 
with freedom of ideas, creativity and a strong drive to develop new 
technologies (which together with focused investments in core market 
technology development and application foster competitive advantage). 



   

 

   

   
 

   

   

 

   

 

    
 
 

   

   
 

   

   

 

   

       
 

The technical knowledge and innovativeness were contributing factors 
when a global group recently acquired the originally Swedish firm. 
Awareness of the technology and its reliability has been raised through 
presentations at aerospace industry conferences (following the acquisition 
of patent protection). The industry has generally been receptive to the 
technology and seen its potential. However, customers have not been 
willing to be the first to accept the novel design, preferring to use proven 
technology. Much effort has therefore been spent in assuring the receiving 
market of the new technology’s reliability. 

Case B – House building 
The studied innovation project in Case B involved realization of an 
innovative method for producing bathroom floors, in which a 
prefabricated polyester basin with integrated drain is installed, rather than 
the traditional production method, including use of levelling compound, 
primer and a waterproofing layer. The innovation was triggered by the 
possibilities it provided to reduce transport problems, reduce assembly 
damage and avoid a production bottleneck identified at the factory. The 
traditional production method involved long waiting times, and thus was 
unsuitable for production lines, in which all steps need to be coordinated, 
as in factory-production of houses. The idea for this innovation emerged in 
informal discussions between the factory manager and the owner of the 
material supplier, who both saw the business potential. Since the factory 
manager was a senior manager at the firm, the decision to start a 
development project could be taken soon after discussion with 
knowledgeable people connected to the firm. 
Firm B did not have a structured development process in place for 
handling innovation projects and the applied process could be considered 
iterative, but reasonably efficient due to the involvement of the senior 
manager (with low centralization as a small, internal development group 
with strong decision power has been involved). The innovation project has 
been driven in collaboration with the material supplier, creating an 
innovative climate. The factory manager functions as project manager and 
innovation champion, with both decision power and strong technical 
knowledge. A strong connection to academia was established at an early 
stage, which has facilitated absorption of new technical knowledge and 
provided access to a required test environment. Other required resources, 
such as architects and plumbers, have been assigned to the project when 
necessary. Internal production knowledge was involved during the project 
to secure a suitable working environment and the production flow. The 
project has been rigorously documented, often by the academic 
representative since all testing has been done at a university. Such 
documentation was essential since the innovation had to be certified 



   

 

   

   
 

   

 

    
 
 

   

   
 

   

   

 

   

       
 

before introduction to the market. The new bathroom floor is produced in 
such a novel manner that it needed to pass industry quality norms before 
certification was possible. 
The introduction to the market was straightforward since the house 
manufacturer owns a real estate firm that handled the first attempts. The 
innovation was first tested incrementally, by applying it in a specific type 
of building (thus the internal production implementation was also 
incremental). Use of internal resources in the early attempts to produce the 
innovation facilitated feedback and continuous improvements. However, 
the material supplier that had been involved throughout the innovation’s 
development did not understand the consequences of altering it late during 
implementation. Any changes that affect the innovation must be 
documented and verified due to the required certification. This problem, 
together with the fact that the material supplier did not have enough 
production capacity when full-scale production started, resulted in 
engagement of a new material supplier with a production line tailored for 
this innovation. 

Case C – Bridge construction 
The innovation project studied in Case C concerns realization of a new 
way of constructing bridges, involving use of prefabricated components 
and stainless steel structures rather than traditional on-site construction 
methods. Thus, the solution includes both advanced technology and an 
innovative construction method that can improve both the productivity and 
cost-effectiveness of the construction process. The innovative production 
idea was generated by an experienced bridge designer, who owned a 
single consultant firm and presented the idea to firm C’s R&D bridge 
department manager through a mutual acquaintance, who saw business 
potential. Drawings and calculations by the idea generator were used to 
support the decision to start an internal development project by firm C. 
The R&D department manager, together with an internal bridge engineer, 
considered the support documents and a decision to start an innovation 
project was taken in consultation with the firm’s senior management 
group.   
Firm C does not have a structured development go/kill process in place for 
managing innovation projects and the process applied can be regarded as 
iterative. The development team has handled decisions continuously, often 
based on gut feeling, and rigorous documentation was lacking during the 
development process. The centralization is low as a small, internal 
development group is involved. The project has been run to some extent 
under the radar of senior management and driven by the R&D department 
manager, who acts as an engaged project manager and innovation 
champion in possession of decision power. Thus, an internal bridge 



   

 

   

   
 

   

   

 

   

 

    
 
 

   

   
 

   

   

 

   

       
 

engineer with technical knowledge was assigned to develop the idea 
together with the idea generator, who functions as a supporting expert. 
During the project the development group has also been collaborating to 
some extent with a steel material supplier, which has often revised the 
proposed solutions to match their own production system. In the early 
development stages the production department was not represented, 
leading to weak connection with the production personnel. Customer 
needs and requirements, in terms of regulations, were taken into account. 
However, the customer was not actively involved during the development, 
hence the innovation was not accepted before introduction into the market 
(actual construction projects), where customer acceptance is crucial. 
Production is always conducted in full-scale construction projects, as no 
test environment is available. Different clients, both private and public, 
have been served to date. Due to the lack of production knowledge during 
development, the first attempt to construct the concept involved a less 
rigorous production process. Problems that occurred were subsequently 
used as feedback in the development of a more robust production process. 
None of the attempts to produce the bridge to date have been similar, but 
the process is continuously improving. 
The lack of documentation during development affected both internal and 
external acceptance, as agents in the environment must be convinced that 
the innovation can provide superior outcomes to previous production 
methods. The first attempt to produce the innovative concept was made for 
a private client since public clients, such as the Swedish Transport 
Administration, require more rigorous documentation, and impose stricter 
rules and norms. The early design stage during the construction project, 
where the product is engineered to fit local settings, was controlled by the 
idea generator. However, the idea generator did not understand the new 
role as expert adviser, leading to problems due to insufficient 
communication with the production personnel. Thus, an external 
consultant was engaged in later attempts to construct the concept, due to 
the lack of internal ability to manage the rigorous requirements of the 
public client’s design procedure. However, the external consultants did not 
grasp the concept appropriately and found more incentives to please the 
client than firm C, again leading to insufficient collaboration and 
communication. 
The difficulties encountered in collaborating with the external consultants 
during construction projects have prompted firm C to expand its design 
department and (thus) increase internal knowledge. The objective is to 
acquire the ability to handle all design and development requirements for 
construction projects internally. 
 



   

 

   

   
 

   

 

    
 
 

   

   
 

   

   

 

   

       
 

Summary of case findings 
The cases provide intriguing indications of the importance of previously 
reported success factors. As shown in Table 4, in two of the cases no 
defined innovation process was in place, while in the other case a 
structured process was in place, but could not be fully followed. Key 
individuals could be identified in all three cases, but their roles varied 
somewhat. There were clear signs of internal cooperation in all three 
cases, involving sets of individuals and/or departments with varying sets 
of expertise. In Case C, the expertise covered did not include production 
knowledge, which substantially hindered implementation. Moreover, the 
idea generator was involved too long in the innovation process (during 
implementation) in both cases B and C, resulting in costly late changes. 
External cooperation was also involved in all three studied cases, and 
similarly to the observations regarding internal cooperation, the agents 
involved varied substantially. This suggests that external cooperation with 
individuals and/or groups with appropriate sets of complementary 
expertise at appropriate times may be highly valuable. Regarding customer 
involvement, the three cases cover a wide spectrum, from high 
involvement in later stages, through involvement of a customer owned by 
the company (but not external customers), to no interaction with possible 
customers during development. Thus, it may be important in some cases, 
but clearly not always. There was a similarly wide variation in market 
environment, showing that innovations can be developed and implemented 
in widely varying market environments. As discussed in the final section, 
this variation may have strongly influenced the relative importance of the 
considered success factors. 
 
Table 4 Summary of the presence, nature and importance of previously reported success 
factors in the studied cases, and implications of the findings. 
Factors Case A Case B Case C Implications 

Structured 
process 

A structured 
development 

process exists, 
but project was 
not typical and 
process could 

not be followed 
fully 

No defined 
innovation 

process in place 

No defined 
innovation 

process in place 

A structured 
innovation 

process may be 
helpful, but is 

clearly not 
essential 

Senior mgmt. 
Commitment 

Commitment 
gradually 

increased during 
the project  

Extremely 
involved 

throughout the 
project 

Little 
commitment 
and minimal 
allocation of 

resources  

Commitment of 
senior 

management 
may also be 

helpful, but is 
not essential 



   

 

   

   
 

   

   

 

   

 

    
 
 

   

   
 

   

   

 

   

       
 

Key 
individuals 

Strong 
committed core 
team including 

project manager 
and business 

manager 

Strong project 
manager acting 
as innovation 

champion, and 
two strong idea 

generators  

Strong project 
manager acting 
as innovation 

champion, and a 
strong idea 
generator  

Key individuals 
must be 

involved to 
drive innovation 

projects, but 
their roles may 

vary 

Internal 
cooperation 

True cross-
functional team 

with 
representatives 

from 
engineering, 
production, 

business 

True cross-
functional team 

with 
representatives 

from R&D, 
design and 
production 

Small internal 
group with 

representatives 
from design and 
R&D. Lack of 

production 
knowledge 
hindered 

implementation  
 

Internal 
cooperation, 

covering 
relevant 

expertise, may 
be essential  

External 
collaboration 

Strategic 
collaboration 
with industry 

partners, 
research centres, 

academia 

Main supplier 
(one of the idea 
generators) and 

academia, 
plumber, 
carpenter 

External idea 
generator and 

material 
supplier 

(engaged when 
needed) 

External 
cooperation, 

filling gaps in 
internal 

expertise, is 
highly valuable 

Customer 
orientation 

High 
involvement of 

customer in 
later stages 

Own customer 
(real estate 
company) 

involved, but no 
interaction with 

external 
customers 

No interaction 
with possible 

customers 
during 

development  

Interaction with 
customers is not 

critical 

Market 
environment 

Strictly 
regulated, few 
competitors, 
few strong 
customers 

Strictly 
regulated, 

medium level of 
competition, 

diverse 
customers  

Strictly 
regulated, low 

level of 
competition, 
strong large 

public customer 

Innovation is 
possible in a 

wide spectrum 
of market 

environments 

Discussion 
Numerous factors that are putatively important for the success of 
innovation projects have been identified and discussed, but their relative 
importance is strongly debated (Rothwell, 1992; Balachandra and Friar, 
1997). Some of the apparent variation in their importance has been 
attributed to differences among product-, process- and production-related 
innovations, and contextual aspects (Blindenbach-Driessen and van den 
Ende, 2006; Balachandra and Friar, 1997). However, a simpler 
explanation is that if there are numerous factors, then complex interactions 
will be involved and inevitably the factors’ relative importance will vary 



   

 

   

   
 

   

 

    
 
 

   

   
 

   

   

 

   

       
 

substantially. Our three cases clearly illustrate such variations in the 
importance of frequently identified factors and their interactions, as 
summarized in Table 4 and outlined in the following sections. 

Structured process 
None of the studied case firms had a structured process designed to 
facilitate production innovation projects, despite the importance of 
innovative production methods for the firms´ competitive capabilities. In 
case A, the firm had a process for development projects, but it was mostly 
intended for product development and could not be fully utilised in the 
examined project, and neither firm B nor firm C had any structured 
process in place, instead the two projects (cases B and C) in these firms 
were essentially controlled and steered by gut feelings of the key 
individuals involved. This is despite frequent claims that such a process is 
important for successful innovation projects (Rothwell, 1992; Cooper; 
1999; Blindenbach-Driessen and van den Ende, 2006). However, it should 
be noted that lack of appropriate process support resulted in several 
problems, in all studied cases, during both development and 
implementation of the new production solution. A problem that occurred 
in both cases B and C was that when the projects shifted from creative and 
flexible stages to more formally controlled stages, the constellation of 
participants was inappropriate. These projects would have benefited from 
individuals who could have imposed a systematic approach when 
necessary to lock important parameters, rather than idea generators. This 
confirms that appropriate sets of people, with appropriate competence and 
attributes, must be involved at appropriate times in the innovation process 
(Robert and Fusfeld, 1981). Nevertheless, the fact that none of the three 
firms had a structured production innovation development process clearly 
demonstrates that it is not an essential factor. Indeed, conceivably in some 
cases it could impair innovation, and we propose that high levels of 
flexibility should be incorporated in any such process, recognizing that no 
organizational structure will be optimal for all situations.  

Senior management commitment 
Support from senior management is also putatively important for the 
success of innovation projects (Brown and Eisenhardt, 1995; Rothwell, 
1992; Ernst, 2002). However, management commitment depends on 
various factors, including predicted risks of failure, cost-benefit 
assessments, technical competence of the senior managers and risk 
aversion of the managers, boards and shareholders (Rodríguez et al., 2008; 
Cooper and Edgett, 2004). In all three studied projects, there was a high 
level of uncertainty due to the difficulty of predicting the nature and 
magnitude of the outcome. This uncertainty resulted in senior management 



   

 

   

   
 

   

   

 

   

 

    
 
 

   

   
 

   

   

 

   

       
 

prioritizing other less risky activities involving known technology or 
processes in both Case A (in which senior management commitment 
gradually increased during the project) and Case C (in which it was 
minimal, as were allocated resources). Thus, similarly to a structured 
process, senior management commitment may often be helpful, but it is 
clearly not essential. Indeed, commitment of a senior manager with fixed 
ideas and little technical competence may conceivably be lethal to an 
innovation project. Therefore, an important (and possibly underrated) 
attribute for a senior manager in such situations may be the humility to 
recognize when their input is unlikely to be helpful and he or she needs to 
allow a project team, time and space to develop a concept with minimal 
interference. 

Key individuals 
Many scholars stress the importance of involving individuals capable of 
playing key roles, such as heavyweight project manager and innovation 
champion, in innovation projects (Rothwell, 1992; Brown and Eisenhardt, 
1995; Cooper, 1999; Ernst, 2002). Such individuals were identified in all 
the studied cases. The combinations of individuals varied, although in all 
the studied projects the project manager also acted as an inspired 
innovation champion. These observations are consistent with previous 
claims that key individuals with strong belief in the solution are essential 
to drive progress (e.g. Boer and During, 2001). However, they also 
highlight the importance of interactions among success factors, as they 
indicate that the drive supplied by these key individuals may have 
compensated for the paucity of senior management commitment in two of 
the cases, A and B, studied here. Moreover, the observations indicate a 
need for flexibility in the roles involved (as well as process structure). 

Internal cooperation 
There is strong consensus in the innovation management literature about 
the importance of extensive internal collaboration between departments 
and functions, often provided by cross-functional teams (Brown and 
Eisenhardt, 1995; Evanschitzky et al. (2012); Blindenbach-Driessen and 
van den Ende, 2006). Process-related innovations, such as production 
innovations, can be more difficult to implement than product innovations, 
according to Boer and During (2001), due to the required adaption of 
many internal functions. Hence, successful implementation of these types 
of innovations often requires internal acceptance from several 
departments. A true cross-functional team has been involved in two of the 
cases, A and B, studied here. However, as already mentioned, in Case C 
the expertise of the team involved did not include production knowledge, 
which substantially hindered implementation. In addition, in both cases B 



   

 

   

   
 

   

 

    
 
 

   

   
 

   

   

 

   

       
 

and C the idea generator was involved too long in the innovation process 
(during implementation). Engagement of someone with appropriate 
authority, expertise and attributes to ensure adherence to structured 
processes (or simply exclusion of the idea generators) may have been 
advantageous at such points. The importance of deploying the right 
functional competences in early stages for realizing process-related 
innovations has been noted by Lager and Hörte (2002). Our findings 
strongly indicate that internal cooperation involving individuals and/or 
groups with appropriate sets of expertise at appropriate times (rather than 
internal cooperation per se) may be crucial at all stages. This conclusion 
also indicates why a structured process may not always be essential. 
Indeed, it suggests that such a process may sometimes be a hindrance, if it 
involves the engagement of an inappropriate set of people at a critical 
stage.   

External collaboration 
There is also a strong consensus in the literature that external collaboration 
with strategic partners is important in all innovation projects to provide 
essential knowledge that internal participants lack (Rothwell, 1992), but it 
poses challenges, especially for production innovations. Establishing joint 
goals for production innovations, especially with external partners, can be 
difficult since the outcome often has internal effects. Furthermore, in 
process-related innovations protecting ideas can be particularly difficult 
due to the limited possibilities to patent processes. Hence, trust is crucial 
for building and sustaining successful collaborative partnerships (Fawcett 
et al., 2012). The risks involved are illustrated by the fate of the materials 
supplier in Case B, which strongly collaborated in the innovation, but 
ultimately lost business rather than benefitting from it. In addition, as 
previously mentioned, although external cooperation was involved in all 
three studied cases, the agents involved varied substantially. This 
observation suggests that external cooperation with individuals and/or 
groups with appropriate sets of complementary expertise at appropriate 
times may be essential. It also suggests a further refinement to the 
conclusions regarding cooperation. Combinations of internal and external 
collaborators with appropriate sets of expertise and attributes at 
appropriate times (and exclusion of participants with inappropriate sets 
during some stages), may be critical. 

Customer orientation 
Product innovation literature often emphasizes the importance of customer 
involvement throughout a project (Rothwell, 1992; Cooper and 
Kleinschmidt, 1987; Brown and Eisenhardt, 1995). For example, Rothwell 
(1992) found that less successful firms adopt traditional marketing 



   

 

   

   
 

   

   

 

   

 

    
 
 

   

   
 

   

   

 

   

       
 

approaches while more successful innovative firms actively involve 
customers in the development process. This is because customer linkage 
has claimed importance for both revealing market needs and improving 
the effectiveness of product development (Cooper and Kleinschmidt, 
1987; Rothwell, 1992). A difference between strict product innovation 
projects and all cases studied here is that the examined innovations were 
triggered by an internal urge to increase productivity in production, hence 
the primary customer was the internal production system, at least in early 
stages. Thus, customer orientation may be less important for the 
development of production innovations than for product innovations. 
Nevertheless (as previously mentioned), the three cases cover a wide 
spectrum of customer involvement, from high involvement in later stages 
to no interaction with possible customers during development. So, it may 
be crucial in some cases, but clearly not always. Furthermore, sometimes 
it may conceivably add to problems by introducing more cooks to spoil the 
broth, for instance by the customers involved steering innovations towards 
their own specific requirements rather than more general market 
requirements. We propose, therefore, that the value of current customer 
involvement (if present) and potential customer involvement (if not 
present) should be carefully assessed either regularly or at milestone 
points during an innovation project.  

Market environment 
Numerous studies have identified and discussed market factors that are 
supposedly important for innovation development and implementation 
(Rothwell, 1992; Brown and Eisenhardt, 1995; Johne and Snelson, 1988). 
However, some authors, e.g. Evanschitzky et al. (2012), have found that 
market characteristics have insignificant effects on the success of product 
innovations. Intuitively, the market environment should be less important 
for production innovations, which mostly affect the internal production 
system, than for product innovations. However, often (as in the cases 
studied here) substantial production innovations affect the products 
offered to external customers, especially in PBI contexts, where complex, 
one-off products customized to meet specific customers’ requirements are 
generally produced in unique B2B arrangements (Blindenbach-Driessen 
and van den Ende, 2006). Moreover, they must often meet extremely strict 
regulatory specifications, which cannot be easily changed without long 
(and frequently costly) validation and legislative processes. In such market 
settings, development and implementation of innovations (and products 
generally, as they are all customized and hence innovative to some degree) 
are more separated than in traditional industrial settings. This complicates 
implementations of major innovations in PBIs, because they must be done 
in contractually and legislatively bounded business arrangements. 



   

 

   

   
 

   

 

    
 
 

   

   
 

   

   

 

   

       
 

Traditional market launch activities (Rothwell, 1992) are therefore 
irrelevant in PBIs, as the customer enters the implementation process 
(business project) early and strongly collaborates with the developer of the 
innovation in customizing the product to fit project-specific requirements. 
Consequently, project-based firms must consider both the internal 
recipient of a production innovation and the external customer, if the 
product offering in business projects is affected. Thus, in a further 
refinement of our conclusions regarding customer involvement, it may not 
be important in production innovations in PBIs during developmental 
stages, as the recipients are internal, but it may be crucial for external 
market acceptance of resulting changes in product offerings, as illustrated 
by cases A and C. This conflicts with a hypothesis by Blindenbach-
Driessen and van den Ende (2006), that customer involvement is less 
important for project-based firms than for traditional industrial firms since 
the developer already knows the potential customers from prior business 
projects. However, early customer (or market) involvement may be crucial 
for market acceptance, and thus generation of a market pull, even for 
innovations that are primarily aimed to improve the internal production 
system. This aspect has been neglected in prior literature on success 
factors for process innovation in PBIs (Blindenbach-Driessen and van den 
Ende, 2006), probably because “strict” process innovation is often 
implemented internally, so there may be no direct effects on offerings to 
external customers.  
These considerations clearly highlight the importance of complex 
interactions between the nature of innovations, internal factors and 
external factors, including various aspects of the market environment. 
They also indicate that the proposed reviews of current and potential 
customer involvement should be broadened to include implications of 
current and projected market conditions. 

Limitations 
A major aim of this paper was to characterize key factors that promote the 
success of production innovations. A major concern at the outset was that 
three cases embedded in Swedish PBI contexts may be insufficient for this 
purpose. In one sense this limitation proved to be much more extreme than 
feared, as the data clearly indicate that most of the putatively important 
factors are not critical, and may even hinder rather than promote success. 
The findings strongly highlight the complexity of interactions among 
factors that promote or impair the success of production innovations, and 
probably innovations of any types. Thus, they also highlight the need for 
further studies of these interactions, both in the focal contexts and 
elsewhere to confirm the general importance of interactions and perhaps 
identify crucial specific interactions. The findings also suggest several 



   

 

   

   
 

   

   

 

   

 

    
 
 

   

   
 

   

   

 

   

       
 

tentative conclusions, outlined in the Discussion and summarized in the 
following section, but these too require validation in other studies and 
contexts. 

Concluding remarks 
An initial hypothesis for this study was that factors that most strongly 
promote the success of production innovations may differ from key factors 
for product innovation (which have received more attention). Thus, 
preliminary objectives were to characterize factors that promoted (or 
hindered) the success of the production innovations in the three selected 
cases, then contrast them with factors that are reportedly important for 
product innovation. However, a major complication from the outset was 
that although numerous studies have identified similar sets of key success 
factors for product innovation, there is substantial disagreement about 
their relative importance. On further reflection, this is not surprising 
because numerous factors (internal and external), and hence highly 
complex interactions, are involved. The presented case studies confirm the 
importance of these interactions, as they show that most of the putatively 
important success factors are not essential. Indeed, in some cases factors 
such as a structured process and/or senior management commitment may 
be lethal for a production innovation (and probably an innovation of any 
type).  
We conclude that any structured process should have high levels of 
flexibility in terms of resources, organization and personnel; senior 
managers and team members should have the ability and humility to 
recognize when they can (and cannot) contribute; and the value of current 
customer and potential customer involvement, together with implications 
of current and projected market conditions, should be carefully assessed 
during projects. Finally, it is clearly not sufficient to consider the 
significance of any identified factor in isolation; however important it may 
be in some cases it may be a lethal impediment in others. 
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ABSTRACT 
Adoption related behaviour have lately received increasing attention from innovation 

researchers, although few studies so far have utilized a resistance approach to explain 
such behaviour. This is unfortunate since understanding resistance is an important part 
of innovation management. The underlying reason being that innovations that are 
perceived as new or different always will endanger the status quo and impose change 
to individuals, thereby causing initial resistance. This paper aims to contribute to this 
discourse by increasing our understanding of innovation inertia in production 
processes and in particular how the introduction process is managed by R&D teams. 
To empirically explore this topic, an in-depth interview study was conducted within a 
world-leading supplier of tools to the metalworking industry, targeting both 
development and implementation of industrial innovations. Findings show that 
process measures were particularly targeted towards trialability and observability 
characteristics of the innovations. Moreover, past experiences of the recipients as well 
as other actors in the eco-system surrounding the customer’s production system – 
besides supplier and recipient – were considered and utilized in the introduction 
process.   

INTRODUCTION 
The business climate of today demands increasing innovativeness to obtain and retain 
competitiveness (Cheng et al, 2012). However, a vast majority of innovative efforts 
are not even launched (Stevens, 1997), and of the products that reach the market the 
majority still fail, as they do not reach the critical mass of adopters (Heidenreich and 
Spieth, 2013). One underlying reason for these high failure rates is the fact that 
innovations – perceived as new or different – endanger the status quo and always 
imposes change to individuals. Innovations are thereby likely to provoke initial 
resistance for adoption (Heidenreich and Kramer, 2015). Although many innovations 
actually concern the process required for making a product, many people are inclined 
to think of the end product when considering innovations (Linton, 2009). As a 
consequence people have a tendency to overlook organizational changes that are 
necessary to implement the object of innovation (Boer and During, 2001). With this 
said, also resistance in internal processes should be considered in the quest for 
improving successful introduction of innovations.  
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Therefore, one particularly interesting process to study resistance for innovation in is 
the production process, where a lot of changes take place due to either technical or 
social inputs (Linton, 2009). The staying power for industrial innovations is also 
longer compared to consumer innovations (Day and Herbig, 1990), indicating the 
existence of innovation inertia in this particular context. Moreover, after the latest 
financial turmoil there is an increased need for companies to profoundly improve their 
operations, and to achieve this, innovative solutions are key (Cheng et. al., 2012). 
Thus, future production need to be both creative and innovative on their own (OECD, 
2015), as well as adopt and implement changes introduced by others, e.g. suppliers.  
Innovations in industrial companies operating in a Business-to-Business market often 
relate to new production inputs, machines, processes, and techniques (Frambach, 
1993). As this type of innovations take place in the context of production, the plant 
should be recognized as the customer (Lager, 2000) and the people that need to adopt 
and implement the innovation are the ones working in, or in close relation to, 
production. However, the overall responsibility for the successful introduction of an 
innovation should not be placed on the recipients but on the ones that initiate the 
change (Jiao, 2014). R&D teams consequently need to tune their introduction process 
towards the receiver.  
The aim of this paper is to increase our understanding of innovation inertia in 

production processes, and particularly how R&D teams manage the introduction 
process to overcome it. This is of importance because few studies so far have utilized 
a resistance approach to explain adoption-related behaviour (Heidenreich and 
Handrich, 2014). In addition, this study also contributes with further insights of 
corporate customers’ resistance towards innovation (Korhonen and Kaarela, 2011).  
The paper is structured as follows: first a review of the literature is provided before 

the specific research question is presented. Thereafter follows a method chapter 
presenting the research setting, data collection and data analysis. The findings chapter 
addresses occurrences of inertia and process measures applied by the R&D team to 
overcome it, as well as factors influencing in a production context. Managerial and 
theoretical implications and conclusions are drawn after a discussion of the results. 

THEORETICAL EXPOSITION 
In order to understand innovation inertia in production processes, and how R&D 

teams can intervene, a first step is to review the literature on adoption and 
implementation of innovation. Thereafter attention is focused towards resistance for 
innovation – paying particular attention to characteristics of a production context. The 
chapter ends with presentation of the two types of R&D activities delivering 
innovations to production before the specific research question is stated.   

Adoption and implementation of innovation 
In the literature covering implementation of innovation, some scholars regard the 

transition from the development stage to operations as implementation (e.g. Smulders 
et.al., 2003) whereas others regard implementation as the early usage activities by the 
consumer (Meyer et al, 1999). Regardless of which perspective that is applied, 
implementation can be said to involve all activities that occur between making an 
adoption commitment and when the innovation is either routine, cease to be new, or is 
abandoned (Linton, 2002).  
Both adoption and implementation is consequently part of the overall introduction 

process that is necessary for the innovation to come into use. The process starts with 
the recipient gaining initial information of the innovation, then involves forming an 
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attitude towards the innovation, followed by a reject or adopt decision before 
implementation and confirmation of this decision takes place (Rogers, 2003). With 
this said, there is a major but often unrecognized gap between adoption, i.e. the 
decision to implement or use an innovation and actual implementation (Crossan and 
Apaydin, 2010). This is concerning since the benefits expected by an organization are 
not achieved if implementation of the innovation is delayed, badly managed, or 
aborted (Linton, 2002). Meyers et al (1999) state that adoption and implementation is 
distinct processes and that what happens after the adoption decision is relatively 
underexplored. One underlying reason for this, particularly for industrial innovations, 
is that it is seldom the person that takes the adoption decision that is later involved in 
the subsequent implementation (ibid.).  
The adoption and implementation process is affected by the characteristics of the 

supplier/seller as well as characteristics of the recipient/buyer and the interface 
between the two (Meyers et al, 1999). Characteristics of the recipient that affect the 
implementation of an innovation have been thoroughly researched and includes for 
example: education and motivation of receivers, flexibility of and communication 
intensity in the buying organization, the level of involvement from the workforce and 
support from top management (ibid). On the other hand, also the suppliers’ 
characteristics will influence the introduction of a new innovation, although these are 
not researched to the same extent. One essential capability of the supplier is the ability 
to tune implementation interventions towards the needs of the receiver (Smulders et al, 
2003). Also the technical capabilities, communication skills and project management 
expertise of the supplier will influence the implementation process of an innovation. 
Not the least, the technological fit in terms of familiarity and critical importance of the 
innovation will have a major influence (Meyers et al, 1999).  
According to Rogers (2003) five innovation characteristics explain 49% to 87% of 

the variance in the ratio of adoption of an innovation, those being: relative advantage, 
compatibility, complexity, trialability and observability. Relative advantage is the 
degree to which the innovation is perceived as better that the proceeding solution; 
compatibility is the fit and consistency with existing skills, practices, values, norms 
etc. Complexity is the degree of difficulty to understand and/or use the innovation; 
trialability concerns the possibilities to experiment with the innovation whereas 
observability is the degree to which the results of the innovation are visible to others 
(ibid.). Still, adoption behaviour is dynamic in its nature (Heidenreich and Spieth, 
2013) and therefore also depends on how the introduction process is managed. Meyers 
et al. (1999) found in their review of the scholarly literature on implementation that 
joint development efforts, cooperation and knowledge transfer during implementation 
as well as a phased implementation facilitated the implementation of industrial 
process innovations. Also informal learning and training of recipients have been 
found to positively affect implementation, since it decreases the threat and newness of 
an innovation (Linton, 2002). Although process measures as in the examples above 
have been found to result in higher innovation adoption, there is also a risk that they 
disrupt the natural diffusion process. In such cases, organizational interventions in the 
form of dissemination measures may possibly do more harm than good (Jippes et al, 
2013). 
To summarize, in order to improve the introduction of innovations it is important to 

consider factors that influence not only adoption but also implementation of the 
innovation. Furthermore, when considering adoption and implementation aspects in 
the introduction of an innovation it is not enough to only focus on the characteristics 
of the supplier and the recipient, also the characteristics of the innovation per se and 
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the process under which adoption and implementation take place need to be taken into 
account. 

Resistance for innovation 
Typical human tendencies is not to continuously search for and embrace new 

behaviours, in contrast individuals are more inclined to strive for consistency and 
preservation of the status quo (Sheth, 1981). There is a legitimate reason for this 
resistance towards change: to avoid unnecessary change (de Jager, 2001). 
Consequently, inertia and resistance are not inherently negative concepts since change 
is not inherently positive for organizations (de Val and Martínes Funetes, 2003). 
However, organizations with employees that endorse change will have a natural 
advantage over organizations whose members resist efforts to improve organizational 
functioning (Shipton et al, 2005). Adopting and implementing an innovation will 
always impose change and it is therefore likely that initial resistance will surface 
(Heidenreich and Handrich, 2015). 
According to Korhonen and Kaarela (2011) the bulk of current research in diffusion 

of innovation is skewed towards adoption of innovation leaving little attention 
towards innovation resistance. Moreover, resistance is most often seen in innovation 
studies as non-adoption, which does not fully reveal its dynamics (ibid). Also 
different forms of innovation resistance exist: active innovation resistance comprised 
of negative attitude formation following evaluation of the innovation, and passive 
innovation resistance that is a predisposition to resist innovations prior to evaluation 
(Heidenreich and Speieth, 2013). Active innovation resistance is consequently 
influenced by the actual innovation that is introduced to the receiver to a higher 
degree, whereas the degree of passive innovation resistance relies more on the 
characteristics of the receiver and not the innovation. According to Bao (2009) 
innovation resistance predominantly affect before the decision to adopt or reject an 
innovation. However, if the adoption decision was a trade-off decision – or was taken 
by someone else – it is likely that some residues of resistance will remain also during 
the implementation of the innovation.  
Moreover, the relative advantage of the innovation, i.e. the value barrier, has been 

identified as the most important predictor of active innovation resistance (Heidenreich 
and Spieth, 2013). In other words, the value an innovation offer will strongly 
influence the decision to adopt or reject. On the one hand, low levels of 
innovativeness will achieve little differentiation towards competitors or the status quo 
and will not create sufficient increases in customer value to be adopted. A low level of 
innovativeness is therefore likely to lead to resistance from the recipient. On the other 
hand, the more radical and transformational a change is, the more powerful will the 
resistance to the change become (de Val and Martínes Funetes, 2003). Very high 
degrees of innovativeness may entail too much change and discontinuity and will for 
this reason likely stir initial resistance (Heidenreich and Handrich, 2015). In short, an 
innovation is less likely to be adopted if it is either considered too challenging to 
adopt or if it is not considered useful enough.  

Innovation inertia in production 
According to Day and Herbig (1990) industrial innovations diffuse slower than 

consumer innovations, but have more staying power. Viewed from a supplier 
perspective this can be an equivocal situation. On the one hand, the staying power of 
company resources previously achieving superior results can fortify organizational 
inertia thereby hampers the adoption new innovations (Shibata, 2012). On the other 
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hand, when a new innovation has been adopted the staying power will connote that 
the business is secured for a longer time period. At the same time, companies cannot 
be choosy about the adoption and implementation of innovations in production as this 
can result in a competitive disadvantage (Day and Herbig, 1990). The need for 
innovations relating to production is increasing since companies profoundly need to 
improve their operations due to the financial turmoil that has been (Chen et. al., 2012). 
For the reasons stated above the finding by Shipton et al (2005) – that innovations in 
production processes were more frequent compared to other forms of innovations – is 
somewhat surprising. Speculations of the underlying reason for this finding were 
either that this type of innovations were deemed less difficult or that companies are 
particularly interested to instigating changes in this area (ibid). Another explaining 
factor might be that the way innovation is measured in many cases makes us biased 
towards efficiency innovations, a type of innovation that show results in a shorter 
time-frame compared to for example performance-improving innovations and market-
creating innovations (Christensen and van Bever, 2014). Independent of which, 
decisions made during the development of an innovation is important for the diffusion 
process that follows (Frambach, 1993). For this reason it is of importance how the 
team behind the innovation consider the recipients of the innovation.  

Product and application development 
According to Smulders et al. (2003) three sub-processes can be identified in the 

overall process of product innovation: product development processes, operational 
processes and consumption/use processes. In general, the output of the product 
development process is descriptions of new products and associated processes that the 
operational process use to manufacture the new products before selling them to 
customers in the market where the consumption/use process takes place (ibid.). For 
companies active within a business-to-business (B2B) market it is not unusual that 
both the operational and the consumption/use process occur in the context of 
production, e.g. a machine tool builder (Meier et al, 2010). 
Moreover, innovations in production processes can originate either from internal or 

external sources, i.e. either a company develops these innovations internally or 
involves suppliers to solve a problem. In the first case the innovation can be a 
consequence of product development, process development or a combination. Product 
and process development are so interlinked in a firm’s overall innovation activities 
(Kurkkio et al, 2011) and it has been shown that industries with the highest degree of 
process innovation also has the highest levels of product innovation (Reichstein & 
Salter, 2006). For this reason, product development will be used as an overall term – 
also encompassing necessary changes in the process – from here on. When new 
products or associated processes are introduced to a plant, production may be 
disrupted with the result that overall productivity is reduced (Roper, 2008). The 
degree of change in production is therefore often related to the degree of radicalness 
of the introduced product (Brettel, 2011). In the second case, the innovation is 
development by a supplier. From the perspective of the supplier this type of activities 
are often termed application development, i.e. significant development of the 
customer’s use of the supplying company’s own products (Lager and Storm, 2013). In 
fact, for companies with corporate customers it is not uncommon that a substantial 
part of innovation activities lies in helping customers to use supplied products more 
efficiently (Lager and Storm, 2012). Because application development concerns 
optimization of the customer’s production system it does not imply significant product 
development of the supplier’s products, although complementary product 
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development can be a consequence (ibid). In addition, application development is a 
little-researched field that is rarely discussed in the research literature, something that 
is unfortunate since this type of innovation activity focuses on closing the gap 
between a product supplier’s knowledge of their products and the customer’s 
knowledge of requirements and demands for their production processes (Lager and 
Storm, 2013).  
In essence, application development will lead to changes in the customer’s 

production, whereas product development will result in changes in firm internal 
production. Both will however need to consider the adoption and implementation of 
their output, and how to overcome innovation inertia in production.  

Research objective 
From the perspective of a business-to-business supplier, resistance for innovations 

related to production processes can present itself in both operational (company 
internal) and consumption/use (company external) processes, see Figure 1. Because 
R&D project teams today have become fundamental units for generating and 
transferring ideas into useful technology, products or services (Chen et al, 2008), they 
need to become skilled in how to intervene in production to facilitate the adoption and 
implementation process (Smulders et al, 2003). By incorporating and comparing 
introductions of innovations in both company internal and external production 
processes, this study contributes with further insights of corporate customers’ 
resistance towards innovation (Korhonen and Kaarela, 2011). Particular attention is 
paid to how R&D teams deal with innovation resistance since few studies so far has 
utilized a resistance approach to explain adoption-related behaviour (Heidenreich and 
Handrich, 2014).  
 

 
Figure 1: Sub-processes in the overall product innovation process for companies in a Business-to-
Business (B2B) setting. In this setting both the operational and consumption/use processes takes 

place in the context of production. 
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Hence, the aim of this paper is to increase our understanding of innovation inertia in 
production processes and in particular how the introduction process is managed by 
R&D teams. More specifically, this paper investigates the following research question: 
How is innovation inertia from internal versus external receivers in production 
processes handled by R&D teams? 

Method 
Although metal cutting is a significant industry in most economically developed 

countries, the industry is small in comparison to the customer industries it serves 
(Trent and Wright, 2000). With this said, the metal cutting industry stand out due to 
the fact that it not only delivers tools to customer’s production, it also has in-house 
production where these tools are manufactured. Because of this close relation to 
production – both internal and external – a company supplying products and services 
to the metal working industry was considered particularly suitable for studying 
innovation inertia in production processes. This study is consequently conducted 
within a company that supplies cutting tools and services to the metal working 
industry. The company is a market leader and is represented in 130 countries. 
Moreover, the company invests heavily in R&D, compared to the industry standard, 
and introduces 2500 new products every year. Although the case company mainly 
supplies tools and tooling systems to its customers, the main focus of the company is 
to increase the customers’ productivity and profitability through a deep understanding 
of their processes. The customer base is mainly industrial companies, e.g. within 
automotive, aerospace and energy sectors. In such a Business-to-Business setting it is 
not uncommon to carry out application development to assist customers in the 
improvement of their processes and products (Lager and Storm, 2012). In the case 
company a department dedicated to application development exist within the R&D 
function. The company also has application centres, often situated in close proximity 
to key customers. 

Sample 
Two types of projects were sampled for this study: product development projects 

which aim to develop new tools to be used in customer’s production, and application 
development projects where the main purpose is to help customers use supplied 
products more effectively. Projects were sampled using the following criteria: the 
projects should be considered to have created value or made an impact in a production 
related area. Also, the project should be considered interesting to study from the case 
company’s perspective. Finally, an even distribution of application and product 
development cases should be achieved. Specific cases were identified through 
dialogue with three informants from the case company. From a list of six potential 
cases, four were selected to fit with the sample design criteria. A case in this study is 
defined as the development of a specific product or application. The sampled cases 
are further described in Table 1. 
Table 1: Descriptions of Cases 

  

Cases A & B: Application development 
 

  

Cases C & D: Product development 

Project A Project B   Project C Project D 
 

Focus of development 
 

A method and tool for 
seal ring grooves that 
utilizes a spirograph 

A turning method 
that allows the tool 
path to cut gradually 

 A modular quick 
change tool clamping 
device that can be 

A drill with optimized 
chip channels and 
twisted coolant holes 
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tool path to create 
close-tolerance seal 
ring grooves in a very 
secure and productive 
way. 
 

using more of the 
surface of the insert, 
thereby extending 
tool life and allowing 
increases in cutting 
speed. 

used throughout the 
workshop. The 
solution has become 
an ISO standard in the 
industry. 

allowing for a much 
wider application area. 
The solution was new 
to the industry when it 
was launched. 

 

Parties involved in the development 
 

Application 
development 
department and  
production 

Local sales 
organization, 
application centre, 
key customer  

 Product development 
department and 
production 

Product development 
department and 
production 

 

Data sources 
 

Three interviews with 
respondents from the 
project team, 
marketing material, 
internal presentation 
material 

Three interviews with 
people deeply 
involved in the 
project, marketing 
material 

 Three interviews with 
respondents from the 
project team, 
marketing material, 
internal presentation 
material, patent 

Two interviews with 
people deeply 
involved in the 
project, marketing 
material, internal 
presentation material, 
patent 

Data collection 
Empirical data was primarily collected through semi-structured interviews with key 

individuals in each project. Respondents for the interviews were carefully selected 
using purposive sampling and/or chain-of-referral sampling. That is, several company 
members – with a long history with the case company – were consulted in order to 
identify respondents and each interviewed respondent was asked to direct us to 
additional respondents. The choice of semi-structured interviews was due to the 
breadth that this interview form allows compared to for example structured or un-
structured interviews (Fontana and Frey, 2000). Consequently, interviews were 
conducted with the help of a standard list of questions and departure from the original 
questions was encouraged to pursue interesting, and particularly relevant insights, 
which emerged during interviews (Eisenhardt, 1989). The interview guide covered the 
following topics: general description of the project, innovativeness and competitive 
advantage of the solution, introduction and implementation in production (internal and 
customers’), resistance to change as well as success factors and hinders. Moreover, all 
interviews were recorded, and transcribed, to enable investigator triangulation (Patton, 
2002). The majority of the interviews were conducted by both authors in tandem and 
the task of transcribing was shared between the authors. Secondary data in terms of 
internal documents, marketing materials and patents contributed with background 
information. Information regarding the interviews and respondents is presented in 
Table 2. 
Table 2: Information regarding interviews and respondents  

Respondent Project Position Length   
(hh:mm) 

1 A Application Developer 01:25 
2 A Global Product Manager 00:46 
3 A Global Industry Segment Manager 01:16 
4 B Application Centre Manager 01:25 
5 B Technical responsible turning, Sales  01:11 
6 B Technician, Sales  01:12 
7 C Product developer, rotating 01:54 
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8 C Designer 01:29 
9 C Product developer, turning 01:52 

10 D R&D line manager 01:18 
11 D Production engineer 01:41 

Data analysis and synthesis 
Data consist of transcribed interviews as well as documentations and marketing 

material from the projects. The NVivo software was used as a tool to aid in analysis of 
the empirical data following the three concurrent flows of activities – data reduction, 
data display and conclusion drawing – as recommended by Miles and Huberman 
(1994). Data reduction was achieved through deducing first-level codes from the 
review of the literature and from the guiding research question. A document including 
clear operational definitions of the following codes was established: contextual 
characteristics, characteristics of the innovation, type of change, stage of decision 
process, seller and recipient characteristics, innovation resistance and process 
measures, and these were used when coding the data. In a second step, the empirical 
data was imported into the NVivo software and the first-level codes were marked 
using so called nodes. Thereafter, pattern coding was used to generate second-level 
nodes reflecting explanatory or inferential themes in the data (ibid). Throughout the 
coding process memos was created to write-up ideas about codes and their 
relationships. With the help of the qualitative data analysis software the coding could 
be displayed and compared between data sources, projects and type of development. 
Memos and annotations recorded during the coding of the data were then used to fine 
tune the coding and to synthesise the findings. From this display of the data results 
were compiled and conclusions drawn. Finally, validation of findings was achieved 
through dialogue between the authors. 

Empirical findings 
This section presents findings related to the change the innovations entailed, as well 

as incidents of innovation inertia and measures by the R&D team, before findings 
related to particularities in the production context are summarized.  

Inertia and process measures in production 
Depending on where the introduced innovation requires the most intense changes, 

innovation inertia is expressed by different functions or in different ways. The R&D 
teams made use of a variety of process measures to overcome displayed resistance for 
innovation. Innovation inertia experienced by application development teams, 
together with resorted process measures, is presented in Table 3. 
Table 3: Displayed inertia and introduction measures. Numbers in the table indicate 
relationships between displayed inertia and introduction measures in the projects. 

Application development 
Project A 

 

 Project B 
Inertia – internal 
1) Reluctance to sell 
software due to 
inexperience 
- Lack of support from 
other R&D 
department 
 
Inertia – external 

Introduction – internal 
1) A name covering 
both tool and software 
- Using existing 
product as baseline 
 
Introduction – external 
1a) Possibility to have 
a free first trial of the 

Inertia – internal 
1) Little acceptance to 
develop the solution 
as an offer within the 
company 
 
Inertia – external 
1) Previous solution 
too complex to 

Introduction – internal 
1) Allowing supplier 
of CAM software to 
package the solution 
into their software 
 
Introduction – external 
1a) Offering free help 
in exchange for their 
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1) Having to buy 
software increases 
expectations  
2) Expensive 
components with a lot 
of work already 
conducted 
3) Previous 
investments in other 
solutions  
 

software 
1b) Using the software 
as a negotiation 
parameter 
2)Testing off premises 
and not on the final 
component 
3a) Targeting other 
customers 
3b)Solution introduced 
to Machine Tool 
Manufacturers 
including a free license 

change, demands a lot 
of work 
2) Expensive 
components with a lot 
of work already 
conducted 
3) The new solution 
increases the speed in 
the machine radically, 
perceived as 
threatening 
4) Fears of being 
perceived as 
incompetent or old-
school 
- Requires other 
software or platform 
than those used today 
- Bad experiences 
from attempts of 
previous suppliers  
- Previous 
investments make it 
expensive to stop 
production 
 

business if successful 
1b)Partnering up with 
CAM suppliers 
2) Showing the 
customer in a safe 
environment 
(animation, on test 
piece, off premises) 
3) Operating the 
machine to install trust 
4a) Challenge the 
customer to arouse 
interest and own 
demand 
4b) Give the customer 
the ownership of the 
solution in their 
organization, e.g. to 
show management 
- Showing how the 
solution contribute to 
their specific situation 

 
The application development projects had little or no impact on internal production 

and internal inertia was instead experienced more from other internal functions (sales, 
product development). In project A, using an existing product as a baseline facilitated 
the implementation in production, as existing competence and familiar machinery 
could be used. The radical change in this case occurred in the sales organization, 
where inexperience in developing and selling software were encumbering: “It is a bit 
more fuzzy to have used R&D resources on a method […] to charge for knowledge 
like that, I think insights on this and understanding is harder to wrap your head 
around” (Respondent 3). This resulted in sales representatives lowering the bar for 
both themselves and for the customers through offering a trial of the software for free. 
An attempt to keep the software and tool together was naming the solution, which also 
was key in marketing both internally and externally: “It is easy to talk about [the 
name] instead of some tool for seal ring groove or some incomprehensible tool 
program we use” (Respondent 3). Inexperience and lack of acceptance for a new type 
of solution (including software) also caused resistance in Project B even before it 
started: “I talked about this for a long period […] and tried to get a decision how to 
handle it, but no one understood what I meant” (Respondent 5). Also customers had 
some difficulties understanding and Respondent 6 explains that “Often it ends up in 
me running the machine myself to show that it works. There is a threshold to 
overcome for operators in order to feel secure that when I bring a production 
preparation, it actually works in the machine like it does in the computer”. As 
expected, common characteristic of application project introductions toward external 
customers is the systematic approach to supplying marketing material and training of 
both sales representatives and customers, to facilitate adoption decisions and 
implementation in customers’ production: “we made some instructional videos and 
other things, like extra [instructions] on handling and the software […] for self-
studies, which is not normally done for product introductions” (Respondent 3). A 
common reason for innovation inertia from external receivers was due to expensive 
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components with a lot of work already conducted. As a consequence, customers were 
hesitant to make changes in the production process that may risk the component.  
In contrast to application development projects, product development projects 

experienced severe inertia in internal production. New unknown methods of 
production were perceived as too demanding or sometimes even ridiculous. Table 4 
summarizes displayed innovation inertia and process measures resorted to by teams 
involved in product development projects. 
Table 4: Displayed inertia and introduction measures. Numbers in the table indicate 
relationships between displayed inertia and introduction measures in the projects. 

Product development 
Project C 

 

 Project D 
Inertia – internal 
1) Competence is 
missing or need to be 
developed 
2) “Not invented 
here” 
3) New demands 
perceived as too 
extreme, requires too 
much 
 
Inertia – external 
1) Changes in the 
machine were 
required 
2) Aversion towards 
company-unique 
solutions due to the 
risk of lock-in effects 
 
 
 
 
 

Introduction – internal 
1) Consider previous 
experience when 
selecting production 
site 
2a) Allocate a person 
responsible for the 
complete picture 
2b) Encourage 
different production 
sites to communicate 
with each other 
3) Develop machine 
that facilitate in 
production 
- Prepare production 
that this will not be as 
usual 
- Introduce change 
gradually 
 
Introduction – external 
1a) Offering licenses of 
the solution 
1b) Making  the 
solution into  standard 
opening up for others 
to deliver it 
2a) Using the end 
customers’ needs in 
negotiations with 
machine tool 
manufacturers 
2b) Taking personal 
responsibility for a 
functioning solution at 
the customers 
2c) Have the customer 
demand the solution 
from machine tool 
manufacturers 
 

Inertia – internal 
1) Something never 
done before is 
perceived as totally 
ridiculous 
2) Best if you can do 
as you always have 
done 
3) Caution towards 
complex, risky 
production 
 
Inertia – external 
1) Higher sound 
levels 
 
 
 

Introduction – internal 
1) R&D buying 
production equipment 
2) Involving people 
from production early 
on 
3) Proof of concept with 
extensive testing and 
demonstrations 
- Using a technician 
from production when 
operating the machine 
for R&D tests 
 
Introduction – external 
1a) Showing sound level 
as a sign of functioning 
product 
1b) Complementary 
products to decrease 
sound level 
 
 
 

 
In project D, the R&D team’s awareness of resistance toward demanding changes 

made it possible to intervene early on: “it is of course important when introducing a 
new product that the ones who will be involved and do the work get to take part and 
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express their opinions. Otherwise, the risk is that there will be a damn lot of negative 
thoughts if you bring something that the cat dragged in” (Respondent 11). As one of 
the initiators of the solution belonged to the production unit, involvement of 
production was natural but not without difficulties: “people were saying that it was me, 
the crazy bastard, who had come up with this, that was not looked upon in a mild 
manner” (Respondent 11). Both management and the production unit resisted strongly 
due to heavy investments and risky production. R&D invested in production 
equipment to lower the threshold for introduction in production. This reluctance to 
accept the project caused a stressful situation to meet planned introduction date: 
“Since [the production unit] resisted this for so long, it became very urgent later on. 
Target for introduction was set as usual in a very early stage […] then there was no 
time to test the drawings, all these angles, properly” (Respondent 10). The same 
respondent also stated that the production unit realized that the production of this 
product would become messy, with high scrap rates as a result.  

Respondents involved in project C experienced similar struggles in demands being 
perceived as too extreme, especially from one of the production units. Experience 
from working with similar precision in tolerances played a central role: “The great 
challenge in production was the tolerances […] Germany was from tradition used to 
this but in Sweden this required new competence” (Respondent 8). The requirements 
for the product were so challenging that internal production even tried to re-negotiate 
set tolerances, years after the product had been launched. The precision also caused 
issues with the measuring system: “Measurements were a challenge, discussions on 
right and wrong methods for measuring, how much you need to measure and to use 
the same procedure everywhere […]. You didn’t initially, which caused endless 
discussions” (Respondent 8), something that was mediated by allocating a person 
responsible for the complete picture and also encouraging the different production 
sites to communicate. For project C, the company-unique solution create a lock-in 
effect, at first seen as a positive phenomenon from the company’s side, being the only 
provider of a unique solution: “From the start, there was no talk about trying to 
create a standard, it was meant to be something we made money from. This turned 
eventually because machine builders naturally have a sort of aversion to company-
unique solutions” (Respondent 8). Hence, due to the encountered resistance, this 
initial strategy was changed and rather opened up for competitors by making the 
previously unique solution into a standard to facilitate implementation.  

 Influencing factors in a production context 
People that work in production are operating in a system that needs to function as a 

unit. This implies that industrial innovations, and the companies developing them, 
operate in eco-systems consisting not only of suppliers and recipients, but also other 
key actors. One of the respondents exemplifies this in the following way: ”Machine 
tool builders are always important to us, and so are our customers. We have the 
concept of the triangle – customer, machine tool builder and us – that is very valid 
here” (Respondent 4). Dependencies between actors in this production eco-system are 
strong and it is not uncommon that these other actors also need to change for the 
implementation to be successful: “The possibilities were utilized when the world/the 
machines caught up and one could reap the benefits of the system. It was so new and 
demanded so much interaction that the world needed to catch up” (Respondent 8). 
Secondly, there is also a form of dependency in the eco-system where collaboration is 
required to even reach out to customers, lacking knowledge and/or resources to 
manage it internally: “We have a lot of very smart people here too, but we can not 
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handle maintaining a CAM-system of our own, it is not even on the map” (Respondent 
5). Lastly, actors in the eco-system are dependent on each other and for this reason it 
is important to consider not only the needs of the end-customer, but also the needs of 
other actors: “Tool construction depend a lot on how machine builders want to build 
their machines, and customers have no need for something that do not work in their 
machines. It is connected” (Respondent 9). 
Innovation inertia affecting the whole production system can stem from strategies of 

actors in the eco-system, inhibiting change initiated by others when protecting ones 
competitive position: “The customer were often punished with 6 months delay because 
he wanted this solution and not the machine builders own solution […] and machine 
builders used this as an argument for the customer to choose their system instead, 
then you get a shorter delivery time” (Respondent 9). This strategy does not facilitate 
adoption and implementation, and in the long run, it can be hampering for the 
development of production systems in general. Another way of securing ones position 
is to make solutions so complex that other actors, or even customers, cannot make 
changes: “I would never program this way, but the machine builders do. They 
program so complex and incomprehensible to keep the aftermarket of the 
maintenance to themselves” (Respondent 5).  This, however, will prevent evolution of 
the customer’s production system through invoking resistance to change. Still, the 
eco-system can also lead to new opportunities:  “We became allies with the machine 
builders, this solution makes their machines better, helps them” (Respondent 3). The 
same respondent also stated that the machine tool builders have provided help in the 
marketing of the innovative solution: ”they have acted like ambassadors for us. There 
are several examples where they have used this [solution] at their exhibitions or 
customer days” (Respondent 3). Customer needs can be a trigger and joint objective 
for this type of collaboration: ”That goes for the CAM-supplier too, they also always 
have the customer in focus. It is the application that allows us both to survive” 
(Respondent 5). The respondent continues to explain that collaboration between actors 
in the eco-system surrounding the customers’ production, in this case a CAM supplier, 
will enable evolution of the industry as a whole: “This is why I think it is very 
important to collaborate with this type of company. It drives the whole production 
system forward in a positive direction”.  

Discussion 
One of the respondents interviewed in this study made an analogy to describe the 

introduction of an innovation in production. He resembled his role, as a supplier of an 
innovation, with that of a soccer coach demanding his team to make uphill sprints. If 
the coach required that the players carry out three more sprints, and then three more, 
someone in the team will protest and soon refuse. According to the respondent, the 
same thing happens in production, and then with the argument that now we have to 
produce. This analogy highlights several things. First, a gradual introduction will take 
you a long way, but might not be enough. Secondly, there need to be a balance 
between short and long term investments, i.e. to balance between training for the 
future and participating in tournaments today. And finally, even though change is 
introduced step-wise it is essential that you are aware of previous events and past 
experiences. How much change have the recipients already experienced? Empirical 
findings from this study show that previous events, for example in the form of earlier 
investments in the production system or failures experienced by the receiver, will 
influence the adoption and implementation of an innovation. Consequently, it is not 
enough for a company to only develop highly innovative solutions that stay below a 
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critical threshold of change and discontinuity, as proposed by Heidenreich and 
Handrich (2015). Also the introduction process should be executed in such a way that 
it takes previous events into account.  
Active resistance, comprised of negative attitude formation following evaluation of 

the innovation, was in this study shown to arise from the innovation in question being 
regarded as too radical or complex, particularly by internal recipients. This is also in 
line with de Val and Martínes Funetes (2003) statement that the more radical and 
transformational change, the more powerful will the resistance to the change be. In 
introductions to external recipients, the active resistance is related to the radicalness of 
the change and derives from the additional work, changes or investments needed to 
implement the solution. Internal recipients did not show as evident signs of passive 
resistance compared to external recipients. This might to some degree be a result from 
process measures, deliberate or unintentional, from R&D. In the studied development 
projects, early involvement of receivers is successfully used as a measure to facilitate 
introduction internally, while support in terms of training and marketing material are 
more frequently used for external introduction. Both these process measures in 
implementation require tuning towards the needs of the receiver (Smulders et al, 
2003).  
Past experience and previous events also seemed to be able to cause passive 

resistance towards innovations, i.e. a predisposition to resist innovations prior to 
evaluation (Heidenreich and Speieth, 2013). Such previous experiences are likely to 
be better known in internal production, due to involvement and cooperation between 
R&D team and production unit. Meanwhile, the level of involvement from customers 
in development projects might be limited for many reasons (e.g. intellectual property). 
In external introductions much more attention was put on support for implementation. 
In internal production, the level of implementation support during introduction is 
lower although there is nothing hindering it. This suggests that need for 
implementation support for internal receivers of innovations are not explicitly 
considered to the same extent as for external customers.   
Resistance for innovation was in this study not only exhibited by the recipients of the 

innovation, also other actors surrounding the supplier and receiver was shown to 
affect the adoption and implementation. The eco-system surrounding a production 
system can also induce inertia as other actors, such as machine tool builders or CAM 
suppliers, can take actions towards an innovation that they perceive as threatening. 
The slower diffusion pace of industrial innovations compared to consumer 
innovations (Day and Herbig, 1990) can thus be partly attributed to actors in the eco-
system trying to extend or manipulate the staying power of their previous innovations. 
On the other hand, there are also examples of actors in the eco-system collaborating 
and helping each other to introduce and implement innovations. In project A and B 
the innovation enhanced other actors’ products, with the result that they actively 
participated as a marketing channel. For industrial innovations actors – beyond 
suppliers and receivers – can both cause innovation inertia, and help to over bridge 
resistance for innovation. 
In this study R&D projects that were considered to have made an impact within a 

production related area were sampled. Because the studied innovations often required 
a lot of change they were deemed suitable for studying innovation inertia in 
production. However, this sampling procedure excludes more incremental 
improvements and thereby limits the findings. Also, considering innovation resistance 
from the perspective of the R&D team provide valuable input concerning the applied 
process measures, whereas the perspective of the receiver has been neglected. To fully 



16 
 

understand innovation inertia in production also the recipient perspective should be 
incorporated into future studies. 

Implications for theory and practice 
Findings from this study have multiple implications for both theory and practice. 

First, it is shown that previous events – such as negative experiences from previous 
supplier failures and extensive earlier investments – strongly influence the adoption 
process. Previous research on adoption and implementation of innovations has studied 
characteristics of the supplier, the recipient, the actual innovation and to some degree 
the process under which adoption and implementation take place. However, the 
influence of previous events on the adoption process is somewhat absent in the 
literature. This is unfortunate because previous events seem to be able to cause 
passive innovation resistance, i.e. a predisposition to resist innovations prior to 
evaluation (Heidenreich and Speieth, 2013). This has implications for both theory and 
practice because it highlights the need to develop, and research, introduction 
approaches taking previous events into consideration. Such approaches could also be 
a way to avoid negative consequences of applied process measures to the diffusion 
process (Jippes et al, 2013). 
Another major finding of this study originates from the production context. Several 

actors need to be involved for a production system to work, with the consequence that 
the supplier and the recipient of an innovation are also dependent on other actors. In 
fact, there was shown to be an eco-system of actors surrounding the industrial 
innovation in this study. This finding add to theory on adoption and diffusion of 
innovation as it highlights that dependency towards other actors – in addition to 
supplier and receiver – needs to be taken into account. This finding also provides 
partial explanation for the slower diffusion of industrial innovations (Day and Herbig, 
1990), since actors in such an eco-system deliberately can cause innovation inertia. 
Moreover, practitioners involved in the development of industrial innovations should 
not exclusively work to satisfy the needs of their end customers, but also the needs of 
other actors in the eco-system (such as machine tool builders, CAM suppliers, etc.) to 
facilitate the introduction of innovations.   

Conclusions 
Because innovations inevitably will introduce changes, it is just as important to 

understand negative effects of the innovations as positive ones. The aim of this paper 
was to increase our understanding of innovation inertia in production processes and 
particularly how R&D teams manage the introduction process to overcome it. In 
addition, both internal and external receivers of innovation were taken into 
consideration.  Findings show that trialability and observability – two of the five 
innovation characteristics explaining a major part of the adoption of an innovation 
(Roger, 2003) was actively used in the introduction process. Suppliers of an 
innovation lowered the threshold for implementation and adoption by providing free 
first trials, low risk testing and the possibility to see the innovation in action. This way 
of working was evident for both internal and external receivers, although it was more 
widely used when the receiver was external. Another important finding was that the 
supplier of the innovation took previous experiences of the receiver, i.e. from previous 
supplier failures or extensive investments, into consideration when introducing the 
innovation. This comes more natural when the recipient is internal, even though the 
benefit of such engagement will be extremely valuable also when the receiver is 
external. Finally, for external receivers of an industrial innovation it was not 
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uncommon that an actor – besides supplier and recipient – from the eco-system 
surrounding the production system was used in the introduction process. In fact, it was 
shown that actors in this eco-system (e.g. machine tool builders and CAM suppliers) 
could both cause innovation inertia, and help to over bridge resistance for innovation.  
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Product-Service Systems Innovation Capabilities: linkages between the 

fuzzy front end and subsequent development phases 

In an attempt to remain competitive, manufacturers increasingly offer integrated 
product-service systems (PSS). This transition from a focus on physical products 
to PSS calls for new ways of working, for example in the product development 
process. However, so far only limited attention has been put on capabilities 
needed to succeed with PSS innovation in the very early development phases – 
often referred to as the Fuzzy Front End (FFE). This article aims to further our 
understanding of capabilities for PSS innovation in the FFE, and how those are 
linked to PSS innovation capabilities needed in subsequent development phases. 
Empirical data was collected from an on-going industrial project, developing an 
innovative PSS offering, in a large manufacturing company. Individuals 
connected to the project reported major challenges, both experienced in the FFE 
and anticipated in later phases, which provided valuable information regarding 
capabilities needed to succeed with the endeavour. Findings reveal four linkages 
of PSS innovation capabilities: 1) adapting vocabulary and mental, 2) handling 
the ‘intangible aspect’, 3) bridging organisational structures, and 4) managing 
new business models. PSS innovation capabilities needed in the FFE is also 
found to be more dynamic in their nature compared to capabilities in later 
development phases.  

Keywords: product service systems, critical success factors, empirical study, 
innovation management, PSS; development phases; product-oriented; 
organisational capabilities, FFE 

1. Introduction  

Manufacturing companies have lately been seen to extend their innovation efforts to 
include new areas outside the traditional domains of product and production 
development (Korhonen and Kaarela 2011). One emerging field – presented as a 
paradigm shift creating new potential for innovation – is the development of product-
service systems (PSS) offerings (Meier, Roy, and Seliger 2010). An underlying reason 
for this transition is that PSS offerings can satisfy more complex customer demands and 
therefore become a means to defend against competition (Santamaría, Nieto, and Miles 
2012), or even lock competitors out of their customer base (Bustinza et al. 2015). A PSS 
offering also has potential to increase market attractiveness of the included product 
component, leading to financial benefits in the form of higher profit margins (Parida et 
al. 2014). In essence, PSS implies opportunities for sustained growth as well as 
improved commercial resilience (Baines 2015). Still, the transition towards PSS 
offerings can also introduce barriers to market entry (Zhu et al. 2011) as well as new 
challenges to the providing company (Mont 2002; Sakao, Öhrwall Rönnbäck, and 
Ölundh Sandström 2013). Especially the product development process is subjected to 
challenges related to this transition (Wagner, Baurelis, and Warschat 2012), particularly 
in the early and final phases of the new product development (NPD) process (Isaksson, 
Larsson, and Öhrwall Rönnbäck 2009).  

However, most PSS development and innovation publications focus on the 
whole product life cycle. Limited attention has been paid to specific phases, in 
particular the very early phase, often denoted the fuzzy front end (FFE). (Wagner et al. 
2012) To neglect this particular phase can be devastating for several reasons. First, in 



the FFE, commitment decisions to fund and launch a new development project are 
made. Hence, actions taken in the FFE inevitably have major impact on the realisation 
of a PSS innovation. Secondly, companies that commit to service transformation need 
to adapt the way they do business and develop organisational structures as well as 
culture and mind-sets, which requires a different set of capabilities compared to 
traditional product development (Brady, Davies, and Gann 2005; Oliva and Kallenberg 
2003). If manufacturing companies already in the FFE could handle capabilities related 
to PSS development, synergies of the whole PSS offering could be improved (Wagner 
et al. 2012). Thirdly, the gaps identified above also highlight that little is known of how 
capabilities for PSS innovation in the front end differ from PSS innovation capabilities 
needed in the subsequent development phases and how these capabilities are linked. 
Identifying capabilities that need to be in place – or need to be developed – and how 
they relate to each other, is important because a capabilities perspective encourages a 
systems view which facilitates innovativeness in firms (Börjesson, Elmquist, and Hooge 
2014). The aim of this paper is therefore to further our understanding of linkages 
between PSS innovation capabilities needed in the FFE and in subsequent development 
phases. 

To reach the stated aim, a case study of a project developing an innovative PSS 
offering was conducted. The reason for choosing a development project as a unit of 
analysis was primarily that project teams are perceived to be the environments most 
suited for the development of capabilities required to deliver more than a product 
(Antonacopoulou and Konstantinou 2008). Additionally, it is from a project level that 
the different phases of the development process best can be discerned. This, in turn, 
indicates that the challenges encountered by a project team developing a PSS offering 
can provide valuable insight into which organisational capabilities that are needed to 
succeed with PSS innovation. 

 Concerning previous research, it should be noted that various terms, besides 
PSS, have been used in this relatively recent research field: e.g. servitization (Bustinza 
et al. 2015) or functional products (Alonso-Rasgado, Thompson, and Elfström 2004), 
all based on the same principle of service-orientation for the manufacturing firm 
(Tukker and Tischner 2006; Clayton, Backhouse, and Dani 2012). In this paper, a PSS 
offering denotes an integrated product and service offering that delivers value in use (as 
in Sakao, Öhrwall Rönnbäck, and Ölundh Sandström 2013). The service component can 
be directed towards either the product or the customer (Visnjic, Wiengarten, and Neely, 
2016; Wang at al. 2011), but always towards delivering increased functionality or added 
overall customer value (Isaksson et al. 2009; Shelton 2009). 

2. Theoretical framework 

In order to understand the importance of capabilities for PSS innovation in the FFE and 
their relation to later development stages, a first step is to review the literature covering 
the FFE and organisational capabilities of importance for innovation. Attention is 
thereafter focused on the development of PSS, and particularly capabilities related to 
PSS innovation, before the specific research question is presented. 

2.1 The importance of the FFE of innovation 

According to the NPD literature, product ideas appear in the formal product 
development process only once the idea has been sufficiently refined to be ready for 
development (Nilsson, Elg, and Bergman 2002). This refinement of product ideas takes 



place in a phase commonly denoted as the front end or even the fuzzy front end (FFE) 
of innovation, the latter a concept originally introduced by Smith and Reinertsen (1991, 
1998). The FFE is a phase that ends when a company or business unit either commits to 
the funding and launch of a new development project, or decides not to do so, 
depending on e.g. its strategic relevance (Khurana and Rosenthal 1998). In empirical 
studies, this phase has been shown to make up at least 20% of the total time for a project 
(Nobelius and Trygg 2002). Because the FFE also to a large extent defines what 
happens in the subsequent phases of the NPD process (Markham 2013), this phase not 
only contains opportunities to achieve large improvements in time-to-market, but also 
contributes directly to the success of a new product (Kim and Wilemon 2002). 
Consequently, the importance of the FFE stems from the fact that, early on, the effort to 
optimise is low and effects on the whole innovation process are high (Verganti 1999). 

In contrast to the later phases of the NPD, or Stage-Gate (Cooper 1990) part of 
the innovation process, which is goal-oriented, disciplined and clearly defined, the FFE 
is ambiguous, often chaotic and characterised by a great deal of uncertainty (Koen et al. 
2002). It is therefore not surprising that researchers increasingly find indications that the 
impact of success factors (e.g. which they are and how they affect) can differ between 
phases (Schweitzer and Gabriel 2012). The FFE is strongly influenced by self-
organising dynamics with loose structures and little formalisation as a result, making 
this phase particularly difficult to study (Koch and Leitner 2008). Recent publications 
state that the FFE has been comparatively sparsely studied (Koen, Bertels, and 
Kleinschmidt 2014), and that existing research is biased towards the development of 
incremental ideas and concepts, thereby neglecting ideas and concepts of more radical 
or discontinuous character (Frishammar et al. 2016). 

In their study of concepts in the FFE of NPD, Backman, Börjesson and 
Setterberg (2007) showed that inherent obstacles are experienced for other than 
technology concepts, e.g. customer or market-driven ones. It therefore seems that the 
demands on non-traditional concepts in the FFE are higher, implying that they need 
special attention. Also, since services can be part of both technology-driven as well as 
customer and market-driven concepts, it is important to achieve a finer-grained picture 
of how a PSS concept is received in the FFE. 

2.2 Organisational capabilities essential for innovation 

The current literature on innovation capabilities often distinguishes between first-order 
(operational) capabilities and second or higher-order capabilities (e.g. Helfat and Peteraf 
2003; Ellonen, Jantunen, and Kuivalainen 2011). Operational capabilities, such as for 
example market and technological capabilities (Danneels 2002) are essential for the 
daily operations of the firm, whereas higher-order (dynamic) capabilities come into play 
in processes of organisational renewal. In other words, dynamic capabilities define a 
firm’s ability to develop its resource base and build new operational capabilities.  

In the stream of research on dynamic capabilities, initiated by a seminal article 
by Teece, Pisano and Shuen in 1997, the need for firms to systematically revise and 
develop organisational capabilities is emphasised. In essence dynamic capabilities 
concern a firm’s capability to renew its resources and competence in response to 
environmental change (ibid). Another often uplifted capability – strongly related to 
dynamic capabilities – is absorptive capacity, a term incorporating the “ability to 
recognise the value of new information, assimilate it, and apply it to commercial ends” 
(Cohen and Levinthal 1990, 128). For companies lacking higher-order capabilities, such 
as absorptive capacity and dynamic capabilities, there is an impending risk that the core 



(operational) capabilities can turn into core rigidities, thereby inhibiting innovation 
(Leonard-Barton 1992). However, dynamic capabilities do not directly affect the output 
of the firm in which they reside; in contrast they indirectly contribute through their 
impact on operational capabilities (Helfat and Peteraf 2003). Hence, also operational 
capabilities can be related to innovation. In fact, dynamic capabilities have recently 
been shown to start off two different capability mechanisms connected to operational 
capabilities – transformation and substitution – that go beyond incremental 
development. (Ellonen, Jantunen, and Kuivalainen 2011) In contrast to capability 
evolution, which is an on-going process, capability transformation and substitution are 
mechanisms characterised by reconfiguration processes that modify or replace existing 
capabilities (Lavie 2006). The founding stage in the capability life-cycle – in contrast to 
the development and maturity stages (Helfat and Peteraf 2003) – is consequently an 
essential stage for innovation-related operational capabilities which also are strongly 
linked to the absorptive capacity of the firm (Cohen and Levinthal 1990). 

 
2.3 PSS innovation capabilities 
Although PSS can bring great benefits to manufacturing firms, the challenge of 
innovating such systems must not be underestimated (Wang, et al. 2011; Sakao, 
Öhrwall Rönnbäck, and Ölundh Sandström 2013). The organisational transformations 
that PSS demands will inevitably call for new ways of doing things (Antonacopoulou 
and Konstantinou 2008), and manufacturers therefore need to develop new 
competencies and capabilities to become providers of integrated solutions (Raja et al. 
2013). The development of PSS is challenged by the different characteristics of its 
constituting parts, i.e. mainly the tangible product and the intangible service 
components. Service innovation follows a different logic than product innovation 
(Janssen, Castaldi, and Alexiev 2015), and capabilities required for success within the 
respective type of innovation are clearly distinct (Storey et al. 2016). The need for new 
organisational capabilities is also highlighted by the fact that PSS facilitates innovation 
at a more than incremental level (Mont 2002), distinguishing itself from business as 
usual (Manzini and Vezzoli 2003). The underlying problem is that the sets of 
behavioural routines and capabilities required in the “do better” variety of innovation 
may not be sufficient to deal with the challenges of “do different” innovation (Francis 
and Bessant 2005).  

Originating from the seminal work by Oliva and Kallenberg (2003), several 
researchers in the area have recently investigated which organisational capabilities are 
required for developing innovative PSS offerings (see Table 1). Similar to the research 
field concerning the integration of products and services in general, a variety of 
concepts and terms are used (Park, Geum, and Lee 2012) also for describing capabilities 
for PSS innovation. This diversity makes the compilation of research findings relating 
specifically to PSS innovation capabilities difficult. Nonetheless, definitions in use (and 
by whom) as well as identified capabilities relating to PSS innovation are provided in 
Table 1. In this paper, PSS Innovation capabilities are viewed as the organisational 
capabilities needed to transition to, and continuously deliver, an integrated product and 
service offering capable of bringing value in use. Hence, the compilation of previous 
findings consists of sources relatable to this definition.  

 
Table 1: Overview of definitions and research findings relating to PSS innovation 
capabilities 
Article Definition used in publication Dynamic vs. 

Operational  
Identified capabilities relating 
to PSS innovation 
 



Den Hertog, 
Wietze and de 
Jong (2010) pp. 
498 

Dynamic service innovation 
capabilities: are those hard to transfer 
and imitate service innovation 
capabilities which organisations 
possess to develop, (re-)shape, 
(dis-)integrate and (re-)configure 
existing and new resources and 
operational capabilities 
 

Dynamic Signalling user needs & 
technological  
options 
Conceptualising 
(Un-) bundling 
(Co-) producing & 
orchestrating 
Scaling & stretching 
Learning & adapting 

Wallin, Parida 
and Isaksson 
(2015) pp. 764 

PSS innovation capability: an  
organisational ability to facilitate PSS 
transition through promoting 
successful PSS innovation (with a 
focus on routines) 

Dynamic/ 
Operational 
 

Ensure continuous interaction 
with customers 
Establish innovative PSS 
climate 
Promote cross-functionality 
Involve network actors 
Build PSS competence 
Establish PSS business 
models 

Shelton (2009) 
pp. 39 

Levers for integrated product and 
service innovation: robust innovation 
management capabilities that deliver 
improved solutions for customers  

Operational Target customer 
Value proposition 
Value chain 
Products and services 
Processing technologies 
Enabling technologies 

Laperche and 
Picard (2013) 
pp. 119 

PSS innovation management 
changes/prerequisites: the way 
manufacturing firms develop and re-
orientate their potential for innovation 
– or knowledge capital 

Operational Flexible organization  
New skills e.g. managerial  
Cultural change affecting 
suppliers, customers and 
consumers 
Evolving business models 
Competition with the 
company’s customers 
Innovative partnerships/open 
innovation 

Parida et al. 
(2014) pp. 45 

Capabilities to provide industrial 
product-services: distinctive 
capabilities required for the  
organisational transition to 
servitization  

Operational Business model design 
Network management 
Integrated development 
Service delivery network 
management 

Parida, et al. 
(2015) pp. 36 

Global service innovation 
capabilities: are specific capabilities 
to create service innovations that can 
deliver value around the globe and 
provide support for the varying needs 
of dispersed regional units 
 

Operational Developing global customer 
insights 
Integrate global knowledge 
Create global service 
offerings 
Build a global digitalization 
capability 

 
 

The majority of the identified capabilities in Table 1 adhere to operational capabilities. 
This is understandable since companies that have initiated a service transformation 
journey (i.e. a process of organisational renewal) clearly possess some higher-order 
(dynamic) capabilities. Some of the identified capabilities relating to PSS innovation 
highlight internal abilities such as working across functions (e.g. promote cross-
functionality, integrated development & flexible organisation), developing an offering 
consisting of integrated products and services (e.g. create global service offerings & 
products and services) and building internal competence and skills (e.g. build PSS 
competence, integrating global knowledge & new skills). Other identified capabilities in 
Table 1 relate to the interplay with external parties in terms of managing external 



stakeholders (e.g. involve network actors, innovative partnerships/open innovation & 
value chain) or interacting with customers (e.g. target customer, ensure continuous 
interaction & develop global customer insights). Finally, the remaining identified 
capabilities concerns bridging the internal and external. These bridging capabilities 
concern changing the culture and climate (e.g. establish an innovative PSS climate & 
conducting cultural changes affecting suppliers, customers and consumers), evolving 
business models (e.g. value proposition, business model design & establish PSS 
business models) and establishing enabling technologies (e.g. to build a global 
digitalisation capability and processing technologies).  

Although research has identified that the impact of success factors can differ in 
the different phases of innovation (Schweitzer and Gabriel 2012), few studies in the 
PSS literature have explored specific phases in PSS development (Wagner, Baurelis, 
and Warschat 2012). A notable exception is the recent publication by Wallin, Parida and 
Isaksson (2015), which particularly focused on challenges related to early PSS 
innovation phases, i.e. the need, solution seeking and solution development phases. 
However, as far as we have been able to conclude from previous research, 
organisational capabilities that deal with the phase before a PSS development project is 
started – the FFE – have not been thoroughly studied. Moreover, capabilities, whether 
operational or dynamic, always include two sorts of routines – those required to perform 
individual tasks, and those that coordinate the individual tasks (Helfat and Peteraf 
2003). Minor attention has been payed to identifying linkages between organisational 
capabilities required for PSS innovation in different phases. Although an understanding 
of such linkages are essential to be able to coordinate capabilities. In order to mitigate 
these shortcomings in the literature, this study was guided by the research question: 
How are PSS innovation capabilities in the FFE linked to PSS innovation capabilities in 
subsequent development phases? 

3. Research design 

In order to further our understanding of how organisational capabilities are considered 
in the different phases of PSS development, a case study approach was chosen. This 
particular research approach was favoured for two reasons. First, although the literature 
review reveals that few studies focusing on the FFE of PSS innovation exist (Wagner, 
Baurelis, and Warschat 2012), case studies have been extensively used in recent studies 
of integrated product-service offerings within production and management research 
(Durugbo 2013). Consequently, case studies enable an opportunity to capture how PSS 
innovation capabilities are considered in a company, as such a question deals with 
operational linkages that need to be traced over time rather than mere frequencies. 
Second, the case study research methodology enables further understanding of 
phenomena that can be difficult to study in other ways, e.g. through a survey (Yin 
2009), as a case study is better adapted for studies deeply embedded in rich empirical 
data (Eisenhardt and Graebner 2007).  

3.1 Research setting 

The case company is a global market-leading company in the mature market where it 
operates, i.e. within the metal-working industry. The company’s aim is to increase 
productivity and profitability for its customers through a deep understanding of the 
customers’ processes. To better achieve this aim the company has expanded its 
offerings from pure products (e.g. turning tools, milling cutters, drills and tool holding 



systems) to also include application knowledge and services. In the case company, 
R&D project teams are fundamental units for achieving innovation independently 
whether the offering consists of products, application knowledge or a mix of products 
and services. Two overall types of R&D projects exist, i.e. knowledge development 
projects (KDPs) and product development project (PDPs). These types of projects have 
different aims – developing internal competence and knowledge vs. developing an 
offering to an external customer – and are therefore often connected to each other. 
Because challenges and actions in the different phases best can be discerned from the 
point of view of a project, a project developing an innovative offering consisting of both 
products and services was chosen as the unit of analysis in this study.  

3.2 The innovation project 
The empirical data upon which this paper is based was collected during a four-month 
period, starting closely after the PDP core team was officially formed. Before the 
interviews took place the PSS concept had been anchored within the company and a 
KDP focusing on the technical aspects of the concept had been executed. Remaining 
was the actual development of the solution that would be offered to the customer, as 
well as a strategy for how to go to market – executed in the form of a PDP and a 
business project. Since a KDP can be terminated without a PDP being started – with the 
result that no offering would be presented to the market – the decision to start the PDP 
constituted the inflection point between the FFE and later development phases. Because 
access to such a project is difficult to come across in the midst of the development 
work, it is considered an opportunity for unusual research access, warranting the choice 
of a single case (Yin 2009) that coincided with the criteria for theoretical sampling (e.g. 
Eisenhardt and Graebner 2007).  

The offering being developed can be considered new to the world and in that 
respect also new to the company. Within the company, references were made to 
historical solutions that were considered revolutionary in the industry, such as the 
introduction of indexable and coated cutting tool inserts, as the productivity 
improvements in the customer’s production process was believed to be of the same 
magnitude. Hence, the reason for developing the offering was to increase the 
competitiveness of the company and to be considered as a lead innovator.  

The solution that was under development consists of a turning tool in 
combination with a programming strategy, i.e. the offering requires that a customer 
adopting the solution re-program the numerically controlled (NC) machines in their 
production process. For this reason, the complexity for the customer initially increases, 
as the solution requires a new NC code for each component manufactured. Therefore, 
the PSS developed by the company consists not only of the tangible product (i.e. the 
turning tool) but also of software for generating NC code. From a company perspective, 
this software can be brought to the customer through several channels: either it could be 
acquired – directly from the supplying company, or from a CAM-software supplier that 
can offer the functionality in existing software – and used by the customers themselves, 
or sales personnel can use the software in order to provide re-programming as a service 
to the customer. In turn, this also increases the complexity for the supplying company, 
in particular because the company’s process for how to go to market will not be 
applicable (the company is widely known for launching their new products at the same 
date worldwide and only twice a year). Due to the newness, complexity and change 
related to the PSS offering the project is considered an innovation endeavour. 

At the time of the study it was not yet decided exactly how the service 
component of the offering, i.e. the programming strategy, would be offered to the 



customers. Most likely, following the typology proposed by Park, Geum, and Lee 
(2012), the offering would be perceived as a Compound – Customer – Technology-
involved. That is, the solution would likely be customer-owned, but with integrated 
products and services to provide a unified offering, something that is conducted and 
enabled through technology. The new offering would also demand additional services 
from the supplying firm in order to facilitate adoption in the market, making it a 
product-oriented example of PSS (Tukker and Tischner 2006). The product component 
of the PSS can be used without the service component, however in that case the major 
improvements in productivity will not occur. For this reason the integration between the 
product and service in the solution can be considered quite high, at least when first 
presented to the market since this is when the majority of the re-programming effort 
will be necessary. 

3.3 Data collection and analysis  

Empirical data was primarily collected through semi-structured interviews with 19 
respondents, all connected to the development of the product-service offering. The 
respondents were from the following functions in the organisation: R&D, product 
management, intellectual property rights (IPR), sales, pricing and marketing (see 
Appendix 1). In order to sample people with insights into the FFE of the studied project, 
a snowballing technique was utilised (Myers and Newman 2007). This was deemed an 
appropriate method for sampling as the FFE takes place before the formal decision is 
taken and people from all over the company is involved, e.g. for achieving buy-in, for 
development of the concept, to require resources and to make decisions. Initially, the 
originator of the idea for the project was asked to supply the names of relevant people to 
interview, and after each conducted interview each respondent was asked to supply 
additional names. The sampling was deemed saturated when names started to reoccur. 
Each interview covered the respondent’s background and involvement in the project, 
the evolution of the original idea, the potential for innovation, and major challenges so 
far (during the FFE) as well as anticipated future challenges. Asking for major 
challenges, both experienced and anticipated, provided valuable information regarding 
which capabilities that need to be in place or be developed to succeed with the 
endeavour. Collecting empirical data through interviews provides in-depth information 
relating to the participants’ experience and viewpoints around a specific topic (Turner 
2010). In this case, the choice of semi-structured interviews was based on the breadth 
that this interview form allows compared to, for example, structured and unstructured 
interviews (Fontana and Frey 2000). All respondents were also asked whether 
something had been missed, and if they would like to add any additional information at 
the end of the interviews to ensure validity since, according to Kirk and Miller (1986), 
the source of most validity errors is asking the wrong questions. 

The interviews were recorded and transcribed in order to facilitate later analysis. 
When analysing the data, a capability perspective was applied, paying particular 
attention to identifying challenges and the capabilities required to overcome them. Each 
identified instance was coded using labels that reflect the meaning of the text. An 
affinity technique was thereafter used to cluster identified challenges and corresponding 
capabilities in order to organise them into subgroups based on similarities between them 
(Cohen 1995). During this coding process, challenges already experienced and 
anticipated future challenges were distinguished from each order. The NVivo software 
was used to facilitate and visualise the analysis. Validation of the results was achieved 
through a dialogue around the findings with respondents (Yin 2009). 



4. Research findings 
The distinction between the FFE and later development phases enabled different 
characteristics of encountered challenges to be identified (an overview of the expressed 
challenges is presented in Appendix 2). In the FFE, challenges seem to be related to the 
fit with the current way of working in the company. Identified challenges relate to the 
existing company strategy and portfolio, structures, processes and practices, and not 
least to the prevalent mindsets, mental models and experiences in the organisation. In 
contrast, anticipated future challenges – expected to occur in subsequent development 
phases – were much more related to the interface to the market (with the exception of 
functional bottlenecks in the supplying organisation). These challenges could for 
example be connected to business models, go-to-market strategies and support directed 
towards the customer. However, the active involvement of other actors, besides the 
supplier and the customer, and how the offering could be protected towards 
competition, were also identified as challenges. In order to overcome the identified 
challenges the company needed to develop multiple capabilities for PSS innovation, 
some relates to the FFE and others relating to later development phases. 

4.1 Capabilities for PSS innovation 
Similar to the identified challenges, the corresponding capabilities differ in their 
characteristics and focus. Capabilities required in the FFE are highly influenced by 
human and emotional aspects. 

4.1.1  Relating to the FFE 

One of the core team members highlighted that it is very difficult to position something 
that is more holistic to a subset, i.e. the current offering was considered a subset of a 
PSS offering by the respondent. This, in turn, indicates that it is necessary for 
individuals to be able to create new models of offers to get the organisation to commit to 
a PSS concept. Another capability highlighted by a member of the reference group was 
that PSS innovation put other demands on the capability to prioritise across functions:  
 

In a world where products become more and more difficult to distinguish from each other – 
where other factors start to play a larger role – it is necessary to find other ways to 
prioritise. […] It is very easy to prioritise within each function, but to keep it together 
[across functions], that is difficult. (Reference group respondent) 

Another respondent from the reference group mentioned that the background and 
history of decision makers in the organisation influence how prioritisations were made. 
Hence, the capability to prioritise in a cross-functional manner is not something that 
comes naturally but needs to be developed. Also, the fact that PSS concepts are more 
holistic, incorporating both product and service components, makes it more intangible. 
In the FFE phase, before the decision to invest in the development of the PSS offering, 
the capability to concretise something ‘intangible’ is therefore needed:  
 

How should we be able to relate this towards other projects? This is something that will be 
difficult to forecast, earnings, costs, time schedules … (Management respondent) 

The difficulty to concretise a PSS concept in the FFE may result in a disadvantage for 
this type of projects. As an example, a member from the reference group mentioned that 
many in the organisation had difficulties handling the absence of concrete numbers, and 
consequently struggled with understanding what it was all about. This finding, 



accordingly, emphasised the importance of managing organisational discomfort in the 
FFE of PSS innovation. A responsible manager mentioned that it was important to 
induce a safe atmosphere, the underlying reason for this being that PSS innovation 
made it necessary for many individuals to step out of their comfort zone:  
 

This is an entirely new territory – we hardly have an idea of how to go to market – which 
implies that a lot of people will be extremely far outside their comfort zone. How we [as an 
organisation] will arrange and handle that will be very intriguing. (Management 
respondent) 

One of the core team members also expressed that it was not possible to explain the 
concept with existing parameters, and that a suitable internal language/vocabulary 
needed to be developed within the company. In order to achieve internal understanding 
of the PSS concept in the organisation it was also required to break away from existing 
mind-sets and reference points. A core team member expressed that people that had 
extensive experience within the business considered the PSS concept to be crazy. 
Another respondent highlighted that the wrong perspective when looking at the concept 
could have large consequences:  
 

I think that there is a risk that people see this as a new product and nothing more, and I 
believe that to be a mistake. Because I think that we are nesting a golden egg here, a golden 
egg that we also need to treat like one, and then we need to think totally different. 
(Reference group respondent) 

To sum up, important capabilities in the FFE of PSS innovation are related to managing 
organisational discomfort, (i.e. incorporating the development of internal 
language/vocabulary, achieving internal understanding, inducing a ‘safe’ atmosphere 
and establishing new reference points), as well as positioning the new PSS offering 
towards the existing, (through the creation of new models of offers, concretising the 
intangible and prioritising across functions).  

4.1.2  Relating to later development phases 
Multiple respondents mentioned that the PSS offering would result in thresholds for 
implementation at the customers’ site. For this reason, capabilities to not only identify 
but also to find ways to manage these implementation thresholds were deemed 
essential. One way to develop such capability was not only to collect a map of technical 
data when out on field tests, but also a ‘customer insight map’ describing how the 
customers reacted to the solution. Another respondent highlighted the need to target 
new speaking partners at the customers: 
 

Our usual contacts at the customers, they buy tools, and they can have quite a big budget 
for buying tools. And if we say ‘yes but you also need to buy a software’, then they say ‘but 
I am not allowed to do that, that is another department, I cannot buy this’. (Reference group 
respondent) 

An additional mentioned capability related to subsequent development phases was how 
to capitalise on the full value that the PSS offering entails. The need to establish new 
ways to go to market as well as designing new business models was particularly 
emphasised, and can be illustrated by the following quote from a member of the 
reference group:  
 



We have great resources and extremely competent people developing those things 
[products], but how good are we at developing business models and things like that? It is a 
rhetorical question because I do not think that we are very good, because we have not 
needed to be good within that area (Reference group respondent) 

Connected to this capability is another: to be able to manage multiple business models 
in parallel. Not only do the demands from various markets differ; it was also perceived 
important to have for example the product component of the PSS priced stand-alone. 
The underlying reason for this was that it was not deemed feasible to be constantly with 
the customers. In order to fully capitalise on the PSS offering, an enabling 
organisational structure also needed to be established, as illustrated below:  
 

Now it seems that a cross-functional group cutting through the entire organisation has been 
created to be able to handle this type of offering. It has been a must in order to make 
business out of this (Core team member respondent) 

Last but not least, capabilities relating to how a PSS offering can be protected towards 
competition were brought up. It was not possible to protect the solution through IPR in 
the same way as previous solutions; in contrast, a broader IP strategy was needed:  
 

It is not very common [to patent a method]. We have done it a couple of times but I think 
that it will become more common. It is more difficult to prosecute intrusion, to prove it, and 
it really does not stop our competitors from selling product so it is consequently of limited 
value. (Support function respondent) 

Also, a respondent from the core team mentioned that it was not written in stone that 
future competitors would be comprised of the same actors as in today’s business. For 
this reason, building an awareness of new competitors can be considered an important 
capability in later development phases. Moreover, to partner up with external actors is 
something that can enable a better offering towards the customer, as illustrated in the 
following quote:  
 

If the customer states that ‘well I cannot program this in my NC [Numerical Control] 
software’. Well, then we have to also accommodate that need’ (Management respondent) 

In some cases partnerships with external actors can also protect a PSS offering from 
competition without requiring IPR. To sum up, in subsequent development phases 
capabilities for PSS innovation concern also external parties, such as how to develop 
customer insights through for example targeting new speaking partners at customers, 
and the identification and management of thresholds for introduction. Also capabilities 
relating to how to capitalise on the full value of the PSS offering – incorporating 
enabling organisational structures, establishing new ways to go to market and managing 
multiple business models in parallel – were identified. Finally, capabilities relating to 
ways to protect the PSS offering towards competition, including broader intellectual 
property (IP) strategy as well as building partnerships with external actors and 
awareness of new competitors, were highlighted. 

4.1.3  Identifying linkages between the FFE and later development phases 
An affinity diagram of the identified capabilities, relating to the FFE or later 
development phases, is presented in Figure 1. From the figure it can be discerned that 
PSS innovation capabilities in the FFE adhere to organisational internal factors like 
managing organisational discomfort and positioning towards existing offer whereas 



subsequent phases capabilities – relating to later development phases – concern how to 
capitalise on the full value, developing customer insights and protection towards 
competitors. 

 

Figure 1: Affinity diagram covering identified capabilities for PSS innovation, related to 
the FFE and subsequent development phases, and how they are linked. 

Figure 1 also displays that the identified capabilities are not detached from each other, 
i.e. a number of linkages can be identified. Moreover, whereas some capabilities are 
considered to be general for more radical innovations (i.e. inducing a ‘safe atmosphere’, 
establishing new reference points and building awareness of new competitors), others 
are more strongly connected to PSS innovation. For example, capabilities referring to 
the adaption of vocabulary and mental models to incorporate also PSS are of importance 
in the FFE whereas capabilities relating to the management of new business models are 
more prevalent in later development phases. It is also noteworthy that two of the 
identified linkages specifically related to PSS innovation – handling the ‘intangible 
aspect’ and bridging organisational structures – transcend the inflection point between 
the FFE and later development phases. 

5. Discussion  
Although the present findings show that PSS innovation will be dependent on general 
capabilities important for more radical innovations, e.g. the ability to induce a ‘safe’ 
atmosphere, establishing new reference points and building awareness of new 
competitors, also distinct challenges for PSS innovation have been identified. First of 
all, that PSS innovation consists of an integrated product and service offering (Sakao, 
Öhrwall Rönnbäck, and Ölundh Sandström 2013) highlights the need for handling the 
‘intangible aspect’ in the offering. Secondly, PSS innovation will also require changed 



customer and consumer behaviour (Laperche and Picard 2013) implying that the 
innovation process aiming for a PSS offering most likely needs to involve even more 
feed-back paths and interactions with external parties compared to previous innovation 
processes (e.g. Kline and Rosenberg 1986), already in the FFE. In addition, this puts 
emphasis on the need for new business models connected to PSS offerings. Finally, the 
already mentioned characteristics of PSS innovation also put radically new demands on 
how the organisation functions. As an example, it will be essential to be able to bridge 
organisational practices and structures in an appropriate way (Gulati 2007).  

These challenges will in turn require various distinctive capabilities in the 
different phases of the PSS development process. The present research findings show 
that these organisational capabilities are sometimes linked to each other. Linkages 
relating to 1) adapting vocabulary and mental models, 2) handling the ‘intangible 
aspect’, 3) bridging organisational structures, and 4) managing new business models, 
have been identified. Two of the identified linkages (2 and 3) transcend the inflection 
point between the FFE and later development phases, whereas the remaining linkages 
reside in only one of the two (1 in the FFE and 4 in later development phases).   

Although previous research has not clearly linked PSS innovation capabilities to 
each other – or related them to specific phases (with the noteworthy exception of 
Wallin, Parida, and Isaksson 2015) – the four identified linkages are clearly related to 
previously identified capabilities (see table 1). The ability to bridge organisational 
structures has for example been touched upon by Laperche and Picard (2013), Wallin, 
Parida, and Isaksson (2015), and Parida et al. (2014) when they respectively refer to a 
flexible organisation, promoting cross functionality and integrated development. To 
manage new business models are also often mentioned, often in terms of evolving 
(Laperche and Picard 2013), designing (Parida et al. 2014), and establishing PSS 
business models, or in some cases as value propositions (Shelton 2009). However, two 
of the identified linkages are not mentioned to the same degree. First, to be able to 
handle the ‘intangible aspect’ is seldom explicitly mentioned, although it is strongly 
related to the service component in a PSS offering. It might however be possible to 
relate this linkage to capabilities connected to enabling technologies (e.g. Shelton 2009; 
Parida et al. 2015) although that emphasise just a single perspective and therefore risk 
being to simplified. The need for adapting vocabulary and mental models has also been 
identified by previous researchers (e.g. Laperche and Picard 2013), although just in a 
limited extent. Interestingly enough, both these linkages are the ones consisting of 
capabilities more prevalent in the FFE – a part of the innovation process upon which 
few studies of PSS innovation has focused (Wagner, Baurelis, and Warschat 2012). 
Another potential reason for the omission of capabilities relating to these two linkages, 
in the current literature, lies with the fact that the majority of identified capabilities 
relating to PSS innovation are operational capabilities (see table 1), in contrast to 
dynamic capabilities. In fact, both handling the ‘intangible aspect’ and adapting 
vocabulary and mental models can easily be related to both conceptualising and (un-
)bundling, two dynamic service innovation capabilities identified by Den Hertog, 
Wietze, and de Jong (2010). Findings from this study therefore indicate that PSS 
innovation capabilities present in the FFE are more dynamic whereas PSS innovation 
capabilities in later development phases are more operational in their nature. This is not 
surprising since FFE touches upon the fit between new ideas and current business 
strategies (Khurana and Rosenthal 1998; Smith and Reinertsen 1991, 1998). In turn, this 
implies that PSS innovation capabilities in the FFE do not directly affect the output of a 
company but indirectly contribute through their impact on operational capabilities 
(Helfat and Peteraf 2003). PSS innovation capabilities in the FFE are therefore to be 



considered more important when a company is involved in service transformation, i.e. 
where new capabilities are founded and developed. In contrast, when a capability has 
reached a mature stage in its life-cycle (ibid.) an internal language/vocabulary, internal 
understanding, adequate models of offers, as well as ways to concretise the ‘intangible’ 
and to prioritise across functions, will be considered business as usual. With this said, 
the identified PSS innovation capabilities in the FFE relates to how an organisation 
deals with an ‘unusual idea’ and will therefore likely be important also for other types 
of ‘do different, innovations (Francis and Bessant 2005). 

5.1 Implications for theory and practice 
The presented finding contributes to our collective knowledge of capabilities required 
for PSS innovation. This knowledge base is assimilated in a literature stream in which a 
couple of unclarities currently prevail. First, it is not always clear which capability 
mechanism, i.e. evolution, transformation or substitution, that is engaged (Lavie 2006; 
Ellonen, Jantunen and Kuivalainen 2011). Second, which type of capabilities that are 
identified, i.e. whether dynamic or operational, often remains implicit (with the notable 
exception of Den Hertog, Wietze and de Jong 2010). The finding that PSS innovation 
capabilities in the FFE are more dynamic in their nature, compared to PSS innovation 
capabilities in later development phases, clearly connects a capability type with a 
capability mechanism. As dynamic capabilities come into play in processes of 
organisational renewal – where they define a firm’s ability to develop their resource 
base and build new operational capabilities – PSS innovation capabilities in the FFE 
will be of more importance when transformation or substitution capability mechanisms 
are engaged. 

Although PSS innovation capabilities in the FFE most likely will be beneficial 
also for other types of ‘do different’ innovations, results from this study have shown 
that linkages between capabilities in the FFE and capabilities in later phases of PSS 
development exist. Hence, there is a risk that absence of capabilities in later 
development phases (more operational in their nature) might hinder the commitment to 
PSS concepts in the FFE, or vice versa. Hence, if there is a strategic intent to innovate 
within the PSS area (Börjesson, Elmquist, and Hooge 2014) there is a need to explicitly 
consider and actively work with strengthening PSS innovation capabilities in the FFE. 
In other words, managers should particularly pay attention to PSS innovation 
capabilities in the FFE it they wish to commence on a service transformation journey in 
their organisation. 

5.2 Limitations and future research 

Although this study has resulted in several findings adding to our knowledge of 
capabilities for PSS innovation, especially in the FFE phase, there are some limitations 
of the research that should be highlighted. First, the choice to study PSS innovation 
capabilities from a project level was made because a development project can provoke 
an organisation and its capabilities, making requirements for new capabilities more 
evident. However, capabilities sometimes need to be created, developed and maintained 
at an organisational level. How this can be achieved has not been included in this 
research and therefore requires additional attention. Second, the product (hardware) 
component in the studied PSS offering is not constituted by capital equipment as often 
is the case in the study of PSS (Santamaría, Nieto, and Miles 2012). The PSS concept 
also originated from within the provider’s organisation, in contrast to for example a 
customer request. These characteristics of the studied PSS development project might in 



turn influence the results, and thereby limit its generalisability. For this reason, this 
single case study needs to be complemented with additional and complementary cases 
in order to increase generalisation of the results (as suggested by Eisenhardt and 
Graebner 2007). Finally, the fact that data was collected ‘in situ’, i.e. just after the 
completion of the FFE and in the beginning of the development project, makes it 
difficult to determine whether the anticipated future challenges identified by the 
respondents actually became a reality. For this reason, follow-up interviews with 
individuals involved in the later development phases should be conducted close to the 
time of, or after, the launch of the PSS offering. 

6. Conclusions 

This study aimed to offer insights into capabilities for PSS innovation in the FFE and 
how these are linked to PSS innovation capabilities needed in subsequent development 
phases. This is of importance for both theory and practice since little knowledge of the 
FFE of PSS innovation currently exist, although the front end strongly influences the 
decision to commit to the development of an offering as well as the development per se. 
Findings from this study reveals four linkages of PSS innovation capabilities, residing 
within either the FFE or later development phases, or transcending the two. Capabilities 
relating to linkages with a stronger connection to the FFE were found to be less 
frequently mentioned in the literature covering PSS innovation capabilities. In addition, 
findings also highlight that PSS innovation capabilities in the FFE are more dynamic in 
their nature – compared to PSS innovation capabilities in later development phases, a 
finding that brings several implications. Firstly, PSS innovation capabilities in the FFE 
only indirectly affect the output of a company through their impact on operational 
capabilities, as indicated by the identified linkages. Secondly, PSS innovation 
capabilities in the FFE are to be considered more important when a company is 
involved in service transformation, i.e. when new capabilities are founded and 
developed. If an organisation fails to develop these dynamic PSS innovation 
capabilities, emerging PSS concepts risk fighting an unfair battle towards more 
traditional concepts in the FFE. Managers are therefore encouraged to pay attention to 
and strengthen PSS innovation capabilities in the FFE, e.g. through developing an 
internal language/vocabulary, achieving internal understanding, creating new models of 
offers and concretising the ‘intangible’, if there is a wish to commence on a service 
transformation journey in their organisation. 
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Abstract— Over the decades, manufacturing firms have tried to 

Design for Manufacturability merely by exhorting industrial design 

engineers to create more producible-designs. This is most often 
achieved by considering the available manufacturing system capability 
for the product development, and it is common to run into troubles                 
in many cases due to barriers to integrate product definition and 
manufacturing operations. In this paper, authors aim to explore                  
how production innovations (as new manufacturing capabilities)              
can contribute to an increased industrial design space for product                 
design engineers, enabling more design freedom while still obtaining 
producibility through removing and/or loosening constraints over 
product designs. The findings of a series of industrial case studies 
presented in this paper show promising outcomes on how production 
innovations can influence positively the expansion of the solution 
space of industrial design engineers. In addition, manufacturing 
engineers are driven to explore new materials, new manufacturing 
processes and new manufacturing (working) methods to support 
product innovation. 

Keywords— Industrial Design, Design for X, Design to X, Product 
Innovation, Manufacturing System, Production Innovation. 

I.  INTRODUCTION 
Over the decades, manufacturing firms have tried to design 

for manufacturability merely by exhorting industrial design 
engineers to create more producible-designs by considering            
the available manufacturing system capability, using more or 
less integration between functions in the process. In many cases, 
there are barriers and discrepancies that prevent full integration 
of the development of the product and the production [1], since 
industrial design engineers have the tendency to focus more             
on performance of the product, while manufacturing engineers 
on production efficiency. In that context, the role of production 
development is considered as the development of new production 
solutions needed in the realization of a new product. Another 
side of production development is the development of new 
manufacturing technology and processes, named production 
innovations in this paper, which emerge, and are implemented 
traditionally, for increasing economic gains and productivity             
at the shop-floor. Limited attention has been given the view of 
‘production innovations’ [2] as enablers for innovative product 
designs [3], even though manufacturing capability is recognized 
as an important input for early design phases in product 
development. Lewandowski et al. [4] argue that new technology 
and manufacturing processes need to be precedents for product 
development or be perfectly coordinated in a concurrent manner 
in order to frame the industrial design space. 

The aim of this paper is to explore how production 
innovations, as described above, can contribute to an increased 
industrial design space for product design engineers, and in turn 
product innovation. Industrial cases of production innovations 
from a variety of manufacturing firms are analyzed using 
‘producibility factors’ as the link between manufacturing system 
capability and product design. 

This approach aims to provide manufacturing engineers            
the same status that industrial design engineers have as creative 
artists, not of product designs, but in this case of manufacturing 
systems, giving both the glamour of designing and engineering 
for innovation at product and manufacturing process(es) levels 
towards competitive advantages for the manufacturing firm in 
terms of industrial design and manufacturability.  

The findings from the case studies presented in this paper             
show promising outcomes on how production innovations               
can influence positively the expansion of the solution space               
of industrial design engineers. These (new) possibilities may           
drive manufacturing engineers to explore new materials, new 
manufacturing processes and new manufacturing (working) 
methods to support product innovation by means of production 
innovation(s). 

II. EXPANDING THE SOLUTION SPACE FOR PRODUCT DESIGN 
Design for eXcellence (DfX) and Design to Properties (DtX) 

methodologies are both approaches for linking - product 
definition - to the available - manufacturing system capability - 
hence increasing the manufacturability of a product design. 
Manufacturability is defined by [5] as “the relative ease with 
which a product or component can be produced, its simplicity, 
the straightforwardness of its configuration, the degree to which 
it minimizes labor, materials and overhead cost; and the freedom 
that its design has from inherent quality and processing 
problems”.  

Addressing the task at hand from both directions, Design            
for Manufacturability (DfM) focuses on restraining the possible 
product definition space to the manufacturing system capability, 
while Design to Manufacturability (DtM) looks into how to 
create more ‘freedom’ in product definition, hence moving                     
the borders of the manufacturing system capability space and 
expanding the actual product definition space (see Fig. 1). 



The actual ‘product definition’ and ‘manufacturing system 
capability space’ is the overlapping area, as depicted in Fig. 1,            
of the product design space, which depends on the product 
portfolio and the manufacturing system capability space based 
on production and resource limitations [6] 

Fig. 1. Product Definition and Manufacturing System Capability Spaces 
Delimiting the Product Design Space (Adapted from [5]) 

A. Design for Manufacturability eXcellence (DfX) for 
Industrial Design Engineers 
Traditionally, Design for eXcellence (DfX) methodologies, 

as a set of design guidelines (e.g. Design for Manufacturing 
(DfM) and Design for Assembly (DfA)), have proposed 
different approaches and corresponding methods that help 
industrial design engineers to generate and apply technical 
knowledge to control, improve or even invent particular           
traits and attributes for a product design. The implementation            
of DfM and DfA have led to enormous benefits including 
simplification of products, reduction of manufacturing and 
assembly costs, and improvement of quality [7]. 

DfM&A methodologies have focused over the years on 
gathering numerous design rules and constraints for industrial 
design engineers to narrow their product designs to the available 
manufacturing technologies capabilities, disregarding in many 
cases the possibilities offered by production innovations to make 
possible product innovations (cf. new product definitions).                   
A recent example of a production innovation is the additive 
manufacturing technology, which is providing industrial design 
engineers with more geometry and functional freedom, as well 
as new synthesized materials with properties, for their product 
designs [8]. 

DfM methodologies intend to minimize the cost of production 
and time-to-market without compromising on the quality of              
the product, supporting in this way industrial design engineers 
with various requirements related to manufacturability. DfM 
methodologies describe the process of designing a product or 
component in order to facilitate its manufacturing. This includes             
a set of guidelines for material type and form selection, 
dimensional tolerances, and design and shape (e.g. DfM for 
Printed Circuit Boards, Integrated Circuits, CNC machining, 
Additive Manufacturing). 

B. Design to Manufacturability Properties (DtX) for 
Manufacturing Engineers 
More recently, Design to Properties (DtX) methodologies          

as a set of manufacturing technologies’ parameters (e.g. Design 
to Cost (DtC) and Design to Quality (DtQ)) have emerged            
to propose different approaches and corresponding methods              
to help manufacturing engineers to design next generation 
manufacturing (production) systems.  

Such manufacturing systems may include new materials 
(e.g. foams, coatings, metals, polymers, powders, etc.), new 
manufacturing hardware (e.g. factory layouts, jigs, fixtures and 
other tools), new manufacturing processes (e.g. additive and 
subtractive processes), and new manufacturing (working) 
methods (e.g. assembly processes). These are all capable of 
expanding the present solution space of product designs for 
producibility.  

DtX methodologies concern with challenging manufacturing 
engineers to create or expand manufacturing technologies 
capabilities to fit the industrial design engineers’ innovative 
product designs, so that the creativity of a product design                  
does not exceed the creativity for finding a way to manufacture  
(cf. producibility) such product definition in a competitive way. 
A recent example is the development of smart materials for 
active disassembly in order to support eco-product designs (e.g. 
Design for Recycling (DfE) and Design for Disassembly (DfD)).   

III. PRODUCIBILITY: BRINGING TOGETHER                               
DESIGN FOR X AND DESIGN TO X 

According to [9], there are several approaches to 
manufacturing in design, and these approaches provide 
industrial design engineers with guidelines on how to design 
products to be ‘producible’.  

Producibility is defined by [10] as “the relative ease by 
which a product can be manufactured as measured in yield, cycle 
times, and the associated costs of options in (product) design, 
manufacturing processes, production and support, and tooling”. 
Moreover, producibility is the “manufacturing capability to 
produce a product in a robust and efficient way to meet                
the design specifications for functions and reliability of the 
product” [11]. It advocates a strong link to product functions, 
characteristics and performance [11]. Therefore, it can be seen 
“as a property of product development and manufacturing 
systems that encapsulates the ability to produce a product          
within cost and schedule constraints, while maintaining a            
target level of quality and producing a product compliant              
with applicable requirements” [12]. Hence, ‘producibility’             
can be considered as the outcome of a breath of design and 
manufacturing activities, as the missing link between product 
development and production operations, where producibility 
risk (cf. production shortfalls) results from the incompatibility  
of product definition with the capability of its manufacturing 
system [12]. Detailed product definition and manufacturing 
processes variation have traditionally been focus areas for 
understanding risk for producibility losses [12].   

According to [11], the term manufacturability is often used             
in the producibility definitions and context, though it is very 
similar in many cases, there is one aspect of producibility                   
that can be identified as a distinction between the two.                             
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In producibility, there is a strong link to the product functions, 
characteristics and performance, while in contrast in 
manufacturability, the product function and its characteristics 
are of less concern, thus focusing on production optimization 
instead. The reason is that the maturity of product and 
manufacturing process technology is not always the same. 

Design for Producibility (DfP) is the process in which a 
systematic method is used to reach the required functional 
properties of a product at the same time as good compliance   
with its manufacturing system is ensured [6]. A distinction can                   
be made between DfP and DfM, where DfP includes [6]:  

(a) the specification of requirements and metrics for                   
the intended manufacturing processes - not for average 
processes, and  

(b) a holistic view where the manufacturing processes and 
the product properties are treated as a whole - not 
analyzed as separate parts, also known as Integrated 
Product and Process Development (IPPD) framework. 

Knowledge about the manufacturing system is essential                 
in carrying out DfP. According to [6], DfP has to be performed 
with ‘specified objectives’ that need to be defined as ‘measures 
of producibility’. Seven considerations are suggested by [13] as 
suitable for assessing the effect that a certain product design on 
each phase of the product lifecycle, including the manufacturing 
activity:  

(1) production cost,  
(2) quality,  
(3) flexibility,  
(4) risk,  
(5) lead-time,  
(6) efficiency, and  
(7) environmental effects.  

These considerations are closely linked to parameters 
frequently used for assessing a manufacturing system 
performance [14]:  

(a) productivity,  
(b) efficiency,  
(c) cost,  
(d) quality, and  
(e) time.  

Improving these parameters are also the most common 
intentions in production development.  

In this sense, authors propose the use of DfX methodologies 
as a set of specified objectives for a product definition (cf. 
particular traits and attributes) by industrial design engineers.       
At the same time, the use of DtX methodologies are proposed as 
a set of measures of producibility for describing a manufacturing 
system capability (cf. performance) by manufacturing engineers. 
In this way, both engineering groups (design and manufacturing) 
will be able to converge in a coherent and guided way in the 
product design space, linking product and production innovation 
(e.g. [15] and [16]). 

 

 

 

Next sub-sections aim to depict the underlying product 
design-manufacturing process(es) interactions that exist in a   
product development. In addition, manufacturing engineers and 
their production innovations have been and will become even 
more important for the expansion of the solution space for 
product designs as products become more sophisticated in their 
definitions and shorter in their lifecycles. Both trends stress               
the need for a convergent guidance from DfX and DtX 
methodologies for industrial design engineers and manufacturing 
engineers to enable faster design cycles and agile and flexible 
manufacturing capabilities. 

A. Design to production Cost (DtC) 
Production cost refers to the sum of expenditures needed              

for each manufacturing and assembly step, calculated from               
the planned operation sequence and special tooling [17].  

Design for Cost (DfC) is a design and managerial method, 
including its set of guidelines, which establishes rigorous cost 
goals to design engineers for a NPD, within a given budget              
and (product) performance requirements [17]. An example of                 
such design guidelines and/or tools are the development                        
of Manufacturing Bill of Materials (MBoM) including non-
engineering information (e.g. suppliers, prices, quantities, etc.) 
for supporting design engineers’ decision for material type 
selection.  

Design to production Cost (DtC) is proposed in this paper as 
a design and engineering method for manufacturing systems that 
aims to invite manufacturing engineers to develop production 
innovations (e.g. materials, tooling, methods, systems, etc.) 
capable of contributing to reduced production costs without 
compromising the innovation potential in new product 
definitions. For example, in some cases new AM (additive 
manufacturing) technologies have increased geometric freedom 
for industrial design engineers at the same time that have 
reduced production cost via material costs for low volume or 
highly customized products.  

By using both DfC and DtC design methods to support 
production cost engineering (e.g. material, energy, labor, 
machine costs, etc.), it can be possible to design and engineer a 
technically feasible and financially viable (cf. cost competitive) 
product design space, where ‘innovative’ manufacturing 
technologies will help to reduce production cost without              
trade-offs or even with contributions to product definition space.  

B. Design to Quality (DtQ) 
Quality refers to the expected (measurable) output in 

comparison to the product and production performance 
requirements [18].  

Design for Quality (DfQ) is a design method, including a set 
of technical specifications and standards, for driving a product 
design that industrial design engineers will need to meet 
according to their proposed product definition. Such product 
specifications (cf. data or specification sheets) may include 
expected product material(s), size, weight, performance, 
aesthetics, ergonomics, safety, reliability to mention a few [18].  

 



Design to Quality (DtQ) is proposed in this paper as a design 
and engineering method for driving the development of 
manufacturing processes (cf. machine tools) capabilities by 
manufacturing engineers with higher compliance of geometric 
dimensioning and tolerancing (e.g. precision engineering and 
manufacturing) as well as production throughput needed.           

By merging both DfQ and DtQ design methods, it is 
expected to improve the technical feasibility of the product 
design space, in other words from CAD output to manufacturing. 
What has been designed according to product specifications and 

standards will be manufactured with geometric dimensioning 
precision or in the worst case within permissible engineering 
tolerances.        

C. Design to Flexibility (DtF) 
Flexibility can refer to the product modularity influence                

in building mass-customized products or to the ability of a 
manufacturing system to deal with mixed product parts and 
variations in operation sequence [17].  

Design for Standardization (DfS) is a design method that 
aims to standardize parts in a product definition with the aim of 
designing product platforms that could support the re-utilization                    
of parts across a product family and/or product generations.               
DfS can be considered by industrial design engineers as                     
the initial steps for designing for mass-customization [17].  

Design to Flexibility (DtF) is proposed in this paper as a 
design and engineering method for creating or developing 
manufacturing flexibility (cf. machine flexibility), so the 
manufacturing system’s capability allows to be changed to 
produce new or different product types.  

By combining both DfS and DtF design methods, it is 
expected to enable mass-customization (MC) possibilities for                      
the product design space.   

D. Design to Minimum Risk (DtMR) 
Risk refers to the probability of not achieving the expected 

product and production performance requirements [17].  

Design for Minimum Risk (DfMR) is a design method that 
aims to provide more than a safe product definition because of 
the work of industrial design engineers. DfMR is a method,                   
a guideline, for designing the safest and innovative product             
that can accomplish its expected performance in terms of e.g. 
functionality, aesthetics, ergonomics, safety, reliability, etc. [17]. 

Design to Minimum Risk (DtMR) is more than an alternative 
to failure tolerance in production performance. DtMR is rather 
proposed in this paper as a deliberate decision, a method for 
managing risk, by manufacturing engineers when ramping-up 
new production technology. A technology that has demonstrated 
promising manufacturing capability to deliver the expected 
performance (viz. production throughput, efficiency and quality) 
without adding any deficiencies to the product design [19]. 

By mitigating risk by means of DfMR in product related 
failure modes and DtMR for managing risk in the ramp-up                    
of new manufacturing processes, it is expected to improve 
production competency, including capability and capacity, 
without trade-offs with product quality. 

E. Design to Lead-Time (DtLT) 
Lead-time refers to the sum of time needed for each 

manufacturing process step to fulfil all product specifications 
and quality requirements, while time-to-market is the length of 
time that takes from a product being conceived until its being 
available for sale. 

Design for Short Time to Market (DfSTTM) is a design 
method that aims to support industrial design engineers in                 
the decision between improve an existing product or develop                 
a new one in order to quickly respond to customers’ needs [18].  

Design to Lead-Time (DtLT) it is proposed in this paper as               
a design and engineering method for creating or developing 
manufacturing agility, so the manufacturing system’s capability 
enables a quick response to customer needs and market changes 
while still controlling costs and quality. An example of this                    
is ‘agile manufacturing’, defined by [20] as “a production model 
that responds to changes of the environment to provide 
flexibility, speed, quality, service and efficiency”. 

By unifying the strengths of a product definition designed 
for short-time to market (DfTTM) and an agile manufacturing 
system (DtLT), the solution space of the product design will 
offer a competitive advantage based on rapid product design and 
development.  

F. Design to Efficiency (DtE) 
Efficiency refers to the relation between the consumption of 

resources (e.g. money, time, labor, etc.), and what actually is 
produced or performed.  

Design for Reliability (DfR) is a design method that aims               
to guarantee that the work of industrial design engineers will 
comply with its intended function for a designed period-of-time 
without failure under specified condition [18].  

Design to Efficiency (DtE) is proposed in this paper as a 
design and engineer method for reducing waste of resources               
in production for manufacturing engineers. An example of this 
is ‘lean manufacturing’, which emerged due to lack of available 
resources [21], and it is an evident example of a production 
system focusing on resource efficiency and waste reduction 
while still delivering quality and flexibility.   

By combining both DfE and DfR design methods, it is 
expected to improve the environmental performance of 
manufactured products and their production systems.   

G. Design to Environmental Effects (DtEe) 
Environmental Effects refer to the harmful effects of 

production on the biophysical environment.  

Design for Environment (DfE) is a design method 
encompassing various design tools for industrial design 
engineers to reduce the overall environmental impact of a 
product, where impacts are considered across its lifecycle [18]. 

Design to Environmental Effects (DtEe) is proposed in this 
paper as a method applied by manufacturing engineers to develop 
manufacturing systems capable of producing products with little 
to none negative effects on the environment, while accomplishing 
expected performance in e.g. functionality, cost and quality.  



By advancing manufacturing capabilities through DtEe,             
the performance of assessment in DfE for product design will 
improve without compromising the product performance.   

IV. RESEARCH DESIGN 
A case study approach [23] was applied to investigate in 

depth and obtain rich data of innovative development projects in 
manufacturing processes and their effects on the manufacturing 
process and product design. Cases, i.e. production development 
projects, were selected through purposive sampling [24], 
selecting influential innovations in manufacturing processes 
where the intricacies of the production innovations and their 
possible effects could be revealed.  

Data collection was conducted primarily through interviews 
with respondents (the interviewees) that were in some way 
involved in development projects aiming for production 
innovations; either in certain stages or through the entire project 
(see Table 1). The interviews were semi-structured to ensure   
rich content and to obtain the interviewees perception on                  
how ‘production innovations’ have contributed to ‘product 
innovations’, and which were the outcomes and the values these 
‘production innovations’ added to both parties, industrial design 
engineers and manufacturing engineers. Questions were asked 
regarding the trigger or initiating factor for the production 
innovations, e.g., which were the outcomes (viz. innovations) of 
the production development projects and whom the outcomes 
affected (viz. industrial design engineers and/or manufacturing 
engineers). 

Table 1. Respondent Information 

Respondent  Case Role 
1 A Department Manager R&D 
2 A Department Manager Bridge Construction 
3 A Structural Bridge Engineer 
4 B Factory Manager 
5 B Academic Representative  
6 B Production Manager 
7 C Project Manager [R&D] 
8 C Business Development & Marketing Manager 
9 C Production Developer 

10 C Process Engineer 
11 C Chief Engineer  
12 D Production Manager 
13 D Product Developer 

 
Secondary data on each manufacturing firm’s business 

environment and strategy were collected from publically 
available sources and internal documentation. This triangulation 
of data provided complementation, interpretation and, to some 
degree, validation of the interview data.  

The analysis follows the steps for qualitative research 
proposed by [25]: (a) data reduction, (b) data display, and                   
(c) conclusion drawing and verification.  

Data reduction was done through summarizing the interviews 
and transferring these into a database to sharpen, sort, focus and 
organize the data. This was followed by analysis and coding of 
the material in relation to producibility factors and effect on 
product design space, first on single case level and then cross-
case to find common or differentiating characteristics according 
to the proposed method by [17]. Using manufacturing system 
performance parameters as the link between the manufacturing 

system and manufacturability of a product. Data was then 
displayed in tables to see patterns and be able to draw 
conclusions. During the conclusion drawing, iterations between 
emerging results, theory, and empirical data for the case study 
were performed to consolidate the developing conclusions [23].  

V. CASE DESCRIPTIONS 
A brief presentation of the manufacturing firms and their 

production development projects, including the initiating trigger 
and developed solutions (innovations), are described in order to 
understand the setting in which the firms operate and the market 
they design and produce for.  

A. Case A: New Production Method for Bridges Construction 
The firm is one of the leading contractors in Northern Europe 

with around 18,000 employees; operating in development              
and construction of roads and infrastructure, residential and 
commercial properties as well as industrial facilities and public 
buildings. The firm strives to renew the construction industry          
by being the leading actor in the markets in which it operates, 
offering sustainable solutions, and becoming the customer’s first 
choice. In Sweden, bridges are traditionally constructed on-site 
in a ‘craftsmanship’ manner involving wooden formwork, 
reinforcement and concrete casting. The need for faster, more 
cost-efficient methods led to the bridge concept studied, which 
includes assembly of prefabricated concrete and stainless steel 
structures. Consequently, the solution contains both advanced 
technology as well as a new way of constructing, affecting both 
production and product definition.  

B. Case B: Process Changes in Industrialised Apartments 
Construction 
Sweden’s leading company in industrialized building of 

apartment blocks is a family owned business, which started as a 
small sawmill in 1924 and has since developed into a modern 
and high tech production site with 250 employees. The vision of 
being customers’ first choice for construction and living is to be 
reached through strategic goals in four areas: product, process, 
brand and leadership/employee-ship. 

The starting point of the development project was a need                 
for better quality in the bathroom floors, which encountered 
problems in transport and needed corrective measures once 
assembled into place. The traditional method of using levelling 
compound and water proofing in steps was also very time 
consuming and not suitable for the production line. The solution 
to these problems became a molded fiberglass basin, waterproof 
and with integrated drain, which solved the quality issues and 
replaced many steps and waiting times in manufacturing process 
with an assembly activity.  

C. Case C: New Technology in Aerospace Manufacturing 
The vision of the studied aerospace firm is “being the best 

value solution for our customers worldwide to meet aerospace 
and defense needs”. The studied firm changed ownership 2012 
and became part of a global company with business in Europe, 
North America and Asia. The main business of this aerospace 
firm is the design and manufacture of complex, high-
performance, high-value integrated metallic and composite 
assemblies for aero-structures and engine products. The studied 
production development project was set out to search and point 



out improvement potentials for the current rocket nozzle 
manufacturing, and to investigate and develop new and better 
manufacturing designs and processes. The main objectives of 
the project were decreased lead-time, improved flexibility and 
set-up time, while keeping low cost and maintain or improve 
reliability of the product. This led to the development of a new 
manufacturing method of a space rocket nozzle, welding 
together layers of sheet metal with milled out channels             
instead of metal tubes welded together side by side to create a 
structure where coolant flows through. This manufacturing 
method consists of several different sub-technologies, which are 
also transferred to and used in other products within the firm.  

D. Case D: Twisted Holes in Drill Manufacturing 
This study is conducted within a company that supplies 

cutting tools and services to the metal working industry.                    
The company is a market leader and is represented in 130 
countries. Moreover, the company invests heavily in R&D, 
compared to the industry standard, and introduces 2,500 new 
products every year. Although the case company mainly 
supplies tools and tooling systems to its customers, the focus           
of the company is to increase the customers’ productivity and 
profitability through a deep understanding of their processes. 
The customer base is mainly industrial companies, e.g. within 
automotive, aerospace and energy sectors. 

The metal cutting industry is constantly trying to improve            
its methods to obtain better quality and efficiency. The drill 
developed in this project solved an issue with chip control                   
by developing a new method for making twisted holes, which 
was not possible before.  

VI. DISCUSSION 
The main objectives of the studied production development 

projects were to find ways to produce products with reduced 
production cost and improved quality. Although the projects 
concern production innovations, the initiating factor was a need 
for or an innovation opportunity of improved manufacturing 
capability to produce a product. As the studied manufacturing 
technologies developed and matured, it became possible to 
integrate production and product development and obtain higher 
producibility.  

To DfP, both DtX and DfX methodologies were applied               
in the studied cases to maintain or increase performance in                
the specified requirements (viz. producibility factors) for the 
manufacturing process and adapt product design to the emerging 
industrial design space. For example: 

In Case A and Case B, industrial design engineers and 
manufacturing engineers were limited to certain requirements in 
accordance to DfM before the ‘innovations’. The production 
innovations with their new performance in producibility factors 
opened up for new product design possibilities.  

In Case A, the product design concept of the bridge had to 
match the prefabrication method chosen mainly due to Design 
to Cost (DtC) and Design for Lead-Time (DfLT), hence Design 

for Manufacturing (DfA) and Design for Assembly was applied 
to design a product (bridge) that was modular and assembly-
friendly.  

Furthermore, the mixing of materials (steel and concrete)              
in the manufacturing method make it possible to slim                             
the dimensions of the bridge when desired to obtain an 
aesthetically pleasing product or better prerequisites to adapt              
a bridge to its environment (geographical and geotechnical), 
hence increases the number of possible designs. 

In Case B, the manufacturing methods used in industrialized 
construction systems are conventional methods transferred into 
an industrialized setting, still with quite low performance on 
producibility factors like lead-time. The bathroom floors were 
previously manufactured according to conventional methods. 
This was not only a time-consuming effort disturbing the whole 
production process, but also causing quality issues as this type 
of floor was not suitable to be transported, an inevitable part of 
the process of prefabrication and assembly. The development of 
this solution was a joint effort of developing both the fiberglass 
basin and the manufacturing process – using DtX to increase          
the performance on producibility factors like lead-time, quality 
and production cost by adapting the production system to                
the industrialized setting and DfX to design a fiberglass                   
basin suitable for the manufacturing process. These findings 
support [6] statement that DfP involve a holistic view of                          
the manufacturing process and product properties. 

In Case C, the previous manufacturing method for the space 
rocket nozzle had restrictions in dimensions of the product.            
The restrictions came from the forming and welding of tubes 
together in a spiral pattern on a bell-shaped cast, a method               
that for some dimensions were not possible to make without 
compromising the product functionality and quality. With                
the new manufacturing method, this restriction in dimensions 
were no longer an issue as the method is applicable to all or at 
least many more dimensions opening up for product design 
space to push product performance further.  

Similar to Case C, in the Case D, existing manufacturing 
methods had restrictions on possible dimensions of the product. 
In this case, the main objective was not cutting cost in 
production, but rather seizing the opportunities for increased 
performance and quality that this technology could bring to              
the product design. The manufacturing method for twisted           
holes made it possible to design and produce drills of new 
dimensions, using twisted cooling channels placed in the flanges. 
The superior performance of this new type of drill together               
with the low production cost made this a successful coalition of 
DfX and DtM.  

The positive effects on producibility factors and product 
design space in one perspective can also have a contradictory 
side. As seen in Case A and Case B, increased performance                 
in producibility and an expansion of the product design space            
in one direction can also infer a further limitation of the design 
space in another direction. For example, by trading the resource 
consuming conventional construction methods for more efficient 
prefabrication methods that expand the product design space by 
bringing possibilities of slimmer designs, some new constraints 
are put on industrial design engineers in adapting designs for 
modularity. However, using combinations of manufacturing 
methods wisely can bring the benefits without seeing the 
downsides.  

 



A summary of each case’s effects on the different 
producibility factors is presented in Table 2. As the effects on 
these factors are interlinked with each other, they overlap                       
to some extent – e.g. lead-time reductions contribute to reduce 
production cost.  

Table 2. Production Innovation Effects on Producibility Factors 

Producibility 
Factor Case A Case B Case C Case D 

Production 
Cost 

Reduced 
bridge 

construction 
project 

lifecycle cost 
+ 

Improved 
construction 

process 

Improved 
industrialized 

apartments 
construction 

process 

Improved 
assemblies' 
production 

process 

Less 
expensive 
cuttings 
tools and 
drilling 
services 

Quality 

Higher service 
(construction 

process) 
quality 

Higher 
product 

(apartment) 
quality 

Higher 
product 

(assembly) 
quality 

Higher 
product 
(cutting 
tools) & 
service 
(drilling 

precision) 
quality 

Flexibility 

Less 
weather 
affected 

construction 
process 

Less 
dependencies 

between 
manufacturing 
sub-processes 

Faster 
response  to 
changes in 

product design 

More 
product 
variants 
possible 

Risk 

Improved 
control over 

the 
construction 

process 

Less risk of 
mistakes in 
production 

process 

Improved 
production 

stability 
+ 

less 
deformation 

problems 

Improved 
drilling 

precision 

Lead-time 

Reduced 
bridge 

manufacturing 
lead-time 

due to use of 
prefabricates 

Reduced 
assemblies 

manufacturing 
lead-time 

Reduced 
development 

lead-time 
+ 

Reduced 
manufacturing 

lead-time 

Increased 
drilling 

speed for 
customers 

Efficiency Construction 
process 

Production 
process 

Production 
process 

+ 
Welding speed 

+ 
Automation 

Drilling 
process 

Environmental 
Effects 

Less material 
use 
+ 

Reduced 
maintenance 

Material             
with less 

environmental 
effect 

+ 
Longer 
product 
lifetime 

Less material 
use  
+ 

Reduced 
weight               

(less fuel 
consumption 

in use) 

Extended 
product               
lifetime 

VII. CONCLUDING REMARKS 
The aim of this paper is to explore how production 

innovations, as described above, can contribute to an increased 
product design space for industrial design engineers, and in turn 
product innovation.  

 

As our results indicate, production innovation can deliver             
an expansion of the product design space through delivering 
better performance in producibility factors and enabling new 
product definitions.  

Innovative developments in manufacturing (production) 
systems (e.g. materials, tooling, methods, systems, etc.), also 
known as ‘production innovations’, can contribute through 
increased manufacturing system performance to an enhanced 
manufacturability and producibility, making technically feasible 
and financially viable new product developments (NPDs). It is 
therefore valuable to consider the potentials of production 
innovations to create or expand product design spaces instead of 
only focusing on ‘design for manufacturability’ that is adapting 
product definitions to the existing product design space framed 
by manufacturing capability. However, increased performance 
in producibility and an expansion of the product design space in 
one direction can also infer further constraints of the design 
space in another direction. Considering this ability of production 
innovations to influence the product design space, it may                   
also have a considerable impact on the competitiveness of 
manufacturing firms, as another tool for increased innovativeness 
is presented. 
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