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Abstract in English 
Previous research has highlighted the fact that at least 70% of a product’s cost is committed 
during the design stage of new product development projects. Thus, how firms manage 
interaction between design and manufacturing really matters. Although many studies have 
demonstrated that manufacturing capabilities affect product development performance, there 
is little research investigating how firms can improve manufacturing and use these 
improvements to modify and improve product designs. Thus, the purpose of this thesis is to 
extend the analysis of design-manufacturing interaction by studying interaction during both 
the new product development and manufacturing phases, taking into account important 
contextual variables such as geographical and organizational distance, and task 
characteristics. 
 
To fulfil this purpose, two questions are posed that relate to the manufacturing phase, and two 
that relate to the new product development phase: 

1. What are the implications of different continuous improvement approaches for 
manufacturing performance? 

2. How do these approaches affect design-manufacturing interaction during the 
manufacturing phase, when various levels of geographical distance are taken into 
account? 

3. How is design-manufacturing interaction during new product development influenced 
by different sourcing strategies? 

4. How is design-manufacturing interaction during new product development influenced 
by different sourcing strategies, when the task characteristics of the product are also 
taken into account? 

 
By studying multiple cases and conducting semi-structured interviews, this thesis makes two 
distinct contributions. First, the findings illustrate that successful interaction during the 
manufacturing phase is influenced both by the selected approach to manufacturing 
development, and the geographical distance between design and production departments. 
While the approach affects the number of improvements, the distance affects the nature of the 
interaction. In essence, a combination of systematic approach and proximity between design 
and manufacturing seems to be the most effective combination. 
 
Second, the findings illustrate that different combinations of sourcing strategy and task 
characteristics result in different challenges, which require different kinds of interaction. 
When reviewing how firms manage these challenges the findings both support and challenge 
the contingency theory. On the one hand, the paper supports the theory in terms of promoting 
organic procedures in unstable environments and mechanistic procedures in stable 
environments. On the other hand, it challenges contingency theory advocates for downplaying 
firms’ ability to shape their future. In fact, this research has shown that companies generally 
have many different feasible options. The implication is that it may be more important for 
managers to be aware of how to manage the pros and cons of these options than to choose a 
particular organizational structure. 
 
By taking an extended view on analysis of interaction, the thesis demonstrates that interaction 
matters during both the new product development and manufacturing phases. Thus, while 
effective management of interaction during the new product development phase could lead to 
improved manufacturability, interaction during the manufacturing phase could lead to 
improved product designs.  
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Abstract in Swedish 
Tidigare forskning har påvisat att ett företags produktionsförmåga påverkar förmågan att 
utveckla nya produkter. Faktum är att de företag som är duktiga på att producera ofta även är 
duktiga på att utveckla nya produkter, då flertalet produktionsaktiviteter såsom 
prototypframställan är viktiga i utvecklingsprocessen. Detta, i kombination med att mer än 
70 % av en produkts kostnad bestäms under utvecklingsfasen, innebär att det är av yttersta 
vikt att samspelet mellan utveckling och produktion hanteras effektivt. 
 
En begräsning med tidigare forskning är antingen att den tenderar att endast titta på 
interaktion under utvecklingsfasen eller på hur företag kan förbättra produktionsförmågan. 
Därför är avhandlingens syfte att vidga analysen av interaktion mellan utveckling och 
produktion genom att studera interaktion under såväl utvecklings- som produktionsfasen. 
Detta görs genom att studera hur interaktionen påverkas av viktiga kontextuella faktorer 
såsom organisatoriskt och geografiskt avstånd samt uppgiftens karakteristika. För att uppnå 
syftet studerades flertalet företag genom intervjuer, vilket utmynnade i fyra papper samt en 
kappa som sammanfattar och drar slutsatser utifrån dessa papper. De två första papperen 
fokuserar på interaktion under produktionsfasen, medan de två sista papperen behandlar 
interaktion under produktutvecklingsfasen. 
 
Syftet med Papper 1 är att klargöra möjligheter och begränsningar med olika ansatser för 
produktionsförbättringar. Totalt studerades sju företag: två som saknade ett systematiskt 
förbättringsarbete och fem som jobbade systematiskt. Resultaten visar på tydliga skillnader 
mellan olika ansatser. De företag som lyckats bäst är de som har ett systematiskt arbetssätt, 
men även bland dessa företag finns det vissa skillnader. Företag där framförallt 
produktionstekniker är ansvariga för förbättringsarbetet har förvisso lyckats att implementera 
förändringar, men avsaknaden av förankring hos operatörerna har inneburit visst motstånd. 
Framförallt kan detta vara en nackdel i föränderliga miljöer där operatörerna kan ge stora 
bidrag med sin spetskompetens. Generellt sett tycktes det vara svårt att involvera 
operatörerna. Bredare ansatser där såväl produktionstekniker som operatörer bedrev 
förändringsarbetet var således svårare att införa men de som hade lyckats fick god utväxling. 
En faktor som tycks vara viktig för att införa en sådan bred ansats var att ledningen stödjer 
arbetet. 
 
Papper 2 fokuserar på tre av de sju fallföretagen från Papper 1 för att se hur 
produktionsförbättringarna kan användas för att förändra och förbättra produkten. Mer 
specifikt syftar detta papper till att undersöka hur interaktion under produktionsfasen 
påverkas av samverkan mellan förbättringsansats och geografiskt avstånd mellan utveckling 
och produktion. Resultaten visar att systematiska förbättringsansatser ger fler möjligheter 
till produktförbättringar än vad osystematiska ansatser gör. Tillvaratagandet av dessa 
möjligheter påverkas negativt av ett längre geografiskt avstånd mellan avdelningarna, då det 
ofta är nödvändigt för konstruktörer och produktionspersonal att diskutera ansikte mot 
ansikte för att utröna vilka möjligheter som finns och hur de kan förverkligas. Det kan 
således konstateras att kombinationen systematisk ansats och närhet skapar de mest 
gynnsamma förutsättningarna för att produktionsförbättringar skall leda till 
produktförbättringar.  
 
Istället för att studera interaktion under produktionsfasen vänder Papper 3 på myntet och 
studerar interaktion under utvecklingsfasen. Syftet med papperet är att undersöka hur 
interaktion under utvecklingsfasen påverkas av det geografiska och organisatoriska 
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avståndet mellan utveckling och produktion. Totalt studerades två företag, ett företag utan 
egen produktion och ett med. Resultaten visar på att utvecklingsavdelningen behöver besitta 
relativt avancerad produktionskompetens för att kunna utveckla nya produkter effektivt. 
Utvecklarna behöver med andra ord jobba målmedvetet för att bibehålla och utveckla denna 
kompetens, vilket underlättas om de två avdelningarna är placerade i närheten av varandra. 
En nackdel med närhet tycks dock vara att interaktion domineras av informationsutbyte 
ansikte-mot-ansikte trots att mer kostnadseffektiva media såsom e-post ibland kan nyttjas. 
 
Syftet med Papper 4 är att bredda den föregående studien genom att studera en större 
mångfald av företag och produktutveckling (dvs. produktutveckling baserat på föränderlig 
såväl som mer mogen teknologi). Mer specifikt är syftet att se hur interaktion mellan 
utveckling och produktion påverkas av samverkan mellan geografiskt/organisatoriskt 
avstånd och uppgiftens karakteristika. Totalt studerades sju företag där fyra av dem baserar 
sina produkter på mogen teknologi (tre med egen produktion och två utan) och två företag 
utvecklar högteknologiska produkter (ett med egen produktion och ett utan). Resultaten 
visar att olika kombinationer av avstånd och uppgift skapar olika utmaningar som måste 
hanteras med hjälp av olika interaktionslösningar: 

(1) i en turbulent miljö utan egen produktion är utmaningen att säkerställa att 
utvecklarna har tillgång till relevant produktionskompetens. 

(2) i en stabil(are) miljö utan egen produktion kan utvecklarna enklare förstå 
produktionsprocessen. Utmaningen ligger snarare i att få feedback från 
leverantörerna så att produkten kan tillverkas till lägre kostnad. 

(3) i en turbulent miljö med egen produktion har utvecklarna hög kompetens. 
Utmaningen är att utnyttja spetskompetensen inom produktionsenheten. 

(4) i en stabil(are) miljö med egen produktion är utmaningen att formalisera 
interaktionen till en högre grad. Det tycktes som att dessa företag nyttjar ansikte-
mot-ansikte interaktion fastän billigare media såsom e-post kunde nyttjats. 

 
De fyra papperen studerar således såväl utvecklings- som produktionsfasen. Genom att vidga 
analysen av interaktion och studera båda faserna visas på vikten av att styra och hantera 
interaktion under båda faserna. Det konstateras att effektiv styrning av interaktion under 
utvecklingsfasen leder till effektivare produktion medan den under produktionsfasen ger 
möjligheter till produktförbättringar. Således bör vi inte se projektavslut som slutet för 
interaktion mellan utveckling och produktion. Det är troligtvis inte ens början på slutet utan 
möjligen slutet på början. 
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1 Introduction 
It is lunchtime and a production engineer, a production manager are having lunch with me 
following the morning’s interviews. The production manager has just mentioned that they 
need to improve coordination of design and manufacturing; otherwise, he tells me, the risk is 
that the departments will try to solve problems independently: 

 
I: Has that ever happened? 
 
[They nod] 
 
Both: It has happened! 
 
The production engineer: One example is the boxes. R&D, production engineering and product 
management ran three separate projects. 

 
Both the production manager and engineer stated that it was obviously very inefficient to run 
three separate, yet similar projects, in particular given that we are discussing a low-priced 
product with a low profit margin. The conversation illustrates a problem that appears to be 
quite common, namely how to coordinate design and manufacturing effectively. 
 
With regard to coordination of design and manufacturing, there exist at least three research 
streams that provide some valuable insights. The first research stream is the literature that 
discusses interaction (e.g. Sosa et al., 2002), which have identified distance (geographical and 
organizational) as a key factor. A second research stream is the literature that discusses 
product development procedures (e.g. Lakemond et al., 2006; Liker et al., 1999; Spina et al., 
2002; Tatikonda & Rosenthal, 2000), which have identified task characteristics as a key 
factor. A third research stream is the literature that discusses cross-functional teams in new 
product development (NPD, e.g. Brown & Eisenhardt, 1995; Filippini et al., 2004; Maidique 
& Zirger, 1983; McDonough, 2000; Schilling & Hill, 1998), which have identified 
manufacturing capabilities as a key factor. One example is Clark and Fujimoto’s (1991) 
seminal study of product development performance in the automotive industry. A central 
conclusion is that product development performance is dependent on manufacturing 
capabilities, the reason being that three major manufacturing activities are embedded in the 
development process (i.e. prototype fabrication, making dies for body panels, and pilot run 
and ramp-up). The research even states that high performers in manufacturing also achieve 
high performance in product development, for instance due to the ability to detect problems at 
an earlier stage. In short, the study concludes that design and manufacturing are closely 
intertwined in NPD. Several other studies support this conclusion by showing that the extent 
to which a firm manages interaction between the departments affects profitability, since at 
least 70% of a product’s cost is committed during the design stage (Boothroyd et al., 2002; 
Fox, 1995; Hundal, 1993; Whitney, 1988). 
 
Clark and Fujimoto’s (1991) study clearly shows that manufacturing capabilities affect 
product development performance, but the study has two drawbacks with respect to 
interaction1 between design and manufacturing. First, Clark and Fujimoto only studies 
interaction during NPD projects (see figure 1a) and in particular the latter stages, meaning 
that they ignore interaction during the manufacturing phase. Second, their view on 
manufacturing capabilities could be regarded as static since they do not investigate how firms 

                                                 
1 Interaction is defined as the process by which information is exchanged between design and manufacturing 
using different procedures with the aim to coordinate design and manufacturing activities. 
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can improve manufacturing (e.g. CI – continuous improvement). Even though other studies 
have addressed how firms can improve manufacturing, firms seem to find it difficult to 
exploit the potential of internal improvements. For example, consultants from firm McKinsey 
claim that internal improvements could produce savings comparable to those of outsourcing 
and most manufacturers can still achieve 20 to 30% gains in direct-labour productivity (Doig 
et al., 2001). In addition, CI studies do not generally investigate how manufacturing 
improvements can be used to improve product designs (see figure 1b). It is plausible to 
assume that manufacturing improvements, at least potentially, could provide opportunities for 
improving product designs, even when interaction is managed effectively during the NPD 
phase. For example, one study of assembly lines demonstrated that manufacturing 
improvements could improve efficiency by at least 26% (on average). This figure rose to 78% 
when closely related design changes were also considered (Johansson & Kinnander, 2004). 
Another example can be found in Prencipe’s (2001) study of the introduction of hollow, wide 
chord fan blades at Rolls-Royce. The author argues that the introduction of the second-
generation blades was partly triggered by manufacturing improvements during the production 
of the first-generation blades. 
 
 
 

NPD phase 

Manufacturing 

department 

Design 

department 

 
Figure 1a. Overview of the locus in NPD 

research 

CI 

Manufacturing phase 

Manufacturing 
department 

 
Figure 1b. Overview of the locus in CI 

research

 
The above-depicted review illustrates that interaction matters not only during NPD projects, 
but evidence is limited. Thus, the purpose of this thesis is to extend the analysis of design-
manufacturing interaction by studying interaction during both the NPD and manufacturing 
phases (see figure 2), taking into account important contextual variables such as geographical 
and organizational distance, and task characteristics. 

CI

NPD phase Manufacturing phase

Design
department

Manufacturing
department

Manufacturing
department

Design
department

 
Figure 2. The extended analysis of design-manufacturing interaction 



 -3-

 
To fulfil the purpose, several theoretical bases are utilized. CI literature is used to expand on 
Clark and Fujimoto’s (1991) study by studying how firms can improve manufacturing 
capabilities and then use these improvements to improve product designs. However, merely 
improving manufacturing does not mean that product designs are improved. It is necessary to 
integrate design and manufacturing. One important factor that affects the interaction process 
is the distance (geographical and organizational) between design and manufacturing, the 
reason being that the distance influences the nature of the interaction (e.g. frequency and 
media). Therefore, the theoretical framework also consists of the media richness theory. A 
second factor which influences the interaction process is the situation in which the interaction 
takes place (i.e. stable or unstable environment). To be able to understand how different 
situations affect interaction, contingency theory is utilized. Several other theoretical 
perspectives could have been used, but have for various reasons been excluded. For example, 
sociology was not used since the aim was to analyze strategic and organizational aspects 
rather than individual members of the organization. In addition, theories on industrialization 
were used to a limited extent since these often revolve around high-volume products, whereas 
the companies studied in this thesis primarily develop low-volume products. 
 
The remainder of this summary paper is structured as follows. Next, the theoretical 
framework is outlined. To be able to answer the inquiry of this thesis, the chapter concludes 
by presenting four questions. Next, the methodology is presented, which is followed by the 
research findings. In the final chapter, a discussion is provided and conclusions are drawn. 
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2 Interaction between Design and Manufacturing 

2.1 Theoretical Basis 

Continuous Improvement – Developing Manufacturing Capabilities 
According to Leavy (2004), there are several different approaches for improving 
manufacturing capabilities, and the author stresses that they have different abilities to 
facilitate improvement opportunities. It is possible to distinguish between different 
approaches by viewing them on a continuum ranging from unsystematic to systematic. 
Research shows that approaches on the systematic end of the scale are more successful (e.g. 
Bessant et al., 2001). Imai (1986) even concludes that a systematic approach is necessary to 
be successful in the search for CI. This conclusion is supported by Dabhilkar & Bengtsson’s 
(2006; also see 2004) survey study of the Swedish engineering industry (n = 127, response 
rate = 69%). The analysis revealed that the factor ‘systematic and strategic CI’ explained 49% 
of the variance. (They identified two other factors, namely ‘leading the way’ and ‘customer 
and supplier integration’, but these two only explained 12% and 9% of the variance, 
respectively). Despite the importance of systematic and strategic CI, the research revealed that 
few Swedish firms’ CI approaches are (1) structured, (2) goal-oriented and (3) proactive. 
Given that there is a positive relationship between a systematic approach and plant 
performance (also see Bessant et al., 2001), the potential for improvements ought to be 
significant. 
 
Based on Berger’s (1996; 1997) research, it is possible to detect three systematic approaches. 
In the parallel approach improvements are analysed and implemented by ‘experts’ such as 
production engineers, meaning that operators are not central in the quest of CI. In the 
integrated approach improvements are a part of the production process. They are analysed and 
implemented by operators. In the wide-focused approach elements from both the parallel and 
integrated approach are combined. There are several benefits associated with involving all 
staff categories. On the one hand, expert driven improvements consume relatively few 
resources and are easy to implement (Hart et al., 1996). On the other hand, operator driven 
improvements could lead to less resistance to change, and operators are able to generate, 
transfer and utilize knowledge within the frame of daily work that could lead to considerable 
improvements (Ellström, 2000; Nonaka, 2004). In addition, the use of cross-functional teams 
that involves different staff categories enables the creation and transfer of knowledge across 
boundaries (Karlsson & Åhlström, 1996). 
 

Interaction and Media Richness Theory 
The media richness theory states that different communication media are used in the 
interaction process and they vary in their information-carrying capacities (Daft & Lengel, 
1984, 1986). As table 1 shows, Daft and Lengel present five media categories with decreasing 
ability to transfer rich information. Face-to-face is the richest medium, followed by telephone, 
personal documents (e.g. letters and memos), impersonal documents and numeric documents. 
The comparative advantage of face-to-face communication is that participants can exchange 
opinions, perceptions and judgments, and receive immediate feedback. The benefit of less 
rich media such as numeric documents is the ability to process a greater amount of 
information. The difference in characteristics means that different media are suitable for 
different situations. Whereas rich media are useful in highly uncertain situations, less rich 
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media are useful in less uncertain situations (i.e. to provide a known response to problems that 
have arisen in the past)2. 
 
Since Daft and Lengel introduced this categorization there have been great advances in 
information and communication technology (ICT) that affect interaction. For example, e-mail 
could probably be categorized as medium richness with medium feedback, and limited visual 
and audio (i.e. between telephone and personal documents in table 1). Another example is 
Product Lifecycle Management (PLM) systems, which allow firms to improve interaction and 
reduce the lead-time from design to prototype. However, the empirical data show that the 
companies use such advanced ICT tools only to a limited extent. (The limited usage of such 
systems seems to apply to the Swedish engineering industry as a whole, at least according to 
trade journals such as Verkstäderna (2006)). Therefore this thesis does not focus on PLM 
systems, albeit acknowledging that such systems provide promising opportunities for more 
effective interaction. Moreover, despite such advances in ICT, a recent study proved that face-
to-face communication is still vital. The study with its rather broad theoretical approach (e.g. 
software programming and cognitive science) concluded that ‘proximity has proven to be 
hard to simulate through modern technologies such as videoconferencing’ (Hinds & Kiesler, 
2002:xiii). Thus, it seems safe to conclude that the key characteristics of the media richness 
theory still apply to the management of interaction. 
 

Table 1. The characteristics of different media (adapted from Daft & Lengel, 1984:197) 

Information richness Medium Feedback Channel 
High Face-to-face Immediate Visual, audio 
 Telephone Fast Audio 
 Personal documents Slow Limited visual 
 Impersonal documents Very slow Limited visual 
Low Numeric documents Very slow Limited visual 

 
The ability to take advantage of manufacturing improvements is affected by the geographical 
distance between design and manufacturing. Allen’s (1977) study demonstrated that 
interaction between people drops off rapidly as the geographical distance increases. The study 
was restricted to the transfer of technology and dissemination of technological information 
within R&D3 organizations, but more recent research confirms that Allen’s findings are 
applicable to interaction between design and manufacturing departments in product 
development. For example, Sosa et al.’s (2002) research concludes that the greater the 
distance between design and manufacturing, the greater the communication impedance. In 
particular, it is demonstrated that dispersion inhibits the use of rich media. The conclusion 
that distance significantly affects interaction is supported by a wide range of studies from 
different disciplines (for a literature review on distance and work groups see Kiesler & 
Cummings, 2002). Distance may be of less importance in industries such as the clothing and 
textile industry where a change made by one function is unlikely to cause significant 
disturbance to the other. However, this thesis studies the engineering industry where a change 
made by one function could have a great effect on the other. For example, Berggren’s (2005) 

                                                 
2 The choice of media is also affected by the media’s relative cost. Generally speaking, it can be stated that less 
rich media have a comparative cost advantage (Tushman & Nadler, 1978). For example, dispersion could result 
in that direct observation and face-to-face conversation are very costly (Kiesler & Cummings, 2002). 
3 In this thesis the term R&D refers to activities that are undertaken to develop discrete products. In practice, 
there also exist R&D activities that are more experimental in nature, which primarily aim at increasing 
knowledge rather than directly at developing discrete products. 
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study of the truck manufacturer Scania reveals that close proximity is important for the ability 
to solve problems and reduce uncertainty during the ramp-up of production. 
 

Contingency Theory 
The degree of task uncertainty not only affects the choice of media, but also the 
organizational structure that is likely to be most successful. Woodward (1965) studied 
manufacturing plants and the general conclusion was that the pattern of management varied 
according to the technical environment (e.g. mass production and unit production). Similar 
conclusions were drawn by Burns and Stalker (1961) despite the fact that they studied another 
context. They studied the management of innovation, and found that company structures in 
stable industries tended to be what the authors called ‘mechanistic’, whereas structures in 
unstable industries tended to be ‘organic’. They stated that organic procedures such as 
collocation and face-to-face meetings were more successful in very dynamic and diverse 
environments, while mechanistic procedures such as design standards and documentation 
were more successful in very stable and homogeneous environments. In short, the findings of 
Woodward (1965), and Burns and Stalker (1961) showed that different contingencies required 
different managerial approaches. The contingency theory was formally introduced by 
Lawrence and Lorsch (1967) who demonstrated that there is a greater need to integrate 
departments such as design and manufacturing in dynamic and uncertain environments. 
 
More recent studies confirm the relevancy of the contingency theory for NPD in terms of 
identifying a relation between task characteristics and product development procedures (e.g. 
Lakemond et al., 2006; Liker et al., 1999; Spina et al., 2002; Tatikonda & Rosenthal, 2000). 
For example, Eisenhardt and Tabrizi (1995) found that the management of NPD projects 
needs to be adapted in accordance with the degree of uncertainty. They concluded that 
successful firms relied on efficient planning processes and other rule-based systems (i.e. 
mechanistic procedures) to a greater extent in less uncertain situations. They also discovered 
that successful firms relied on flexibility and improvisation (i.e. organic procedures) in highly 
uncertain situations. However, whereas Burns and Stalker (1961) characterized organic 
structures as lacking formal management, Eisenhardt and Tabrizi (1995) concluded that a 
certain degree of formalization was necessary even in uncertain situations. For example, 
Adler (1995) argued that the extent of direct interaction depends on the novelty of the specific 
set of product/process fit issues created by the specific product development project. In short, 
he argued that the more the project progresses, the lesser rich media can be used (also see 
Song et al., 1997). Adler studied coordination of design and manufacturing in product 
development projects and proposed four coordination modes ranging from rich to less rich 
(i.e. from organic to mechanistic): teams, mutual adjustment, schedules and plans, and 
standards. In other words, the study highlighted the need to mix different media. 
 
Magnusson and Berggren’s (2001) study also demonstrated the need to mix different 
procedures. They studied the development of the hybrid car Toyota Prius and showed that 
Toyota utilized both mechanistic and organic procedures. For instance, in order to speed up 
the development Toyota set challenging targets that were broken down into well-defined tasks 
(i.e. mechanistic), and in order to solve problems in the battery-vehicle interface Toyota 
located engineers at the supplier’s site so that face-to-face contact was possible (i.e. organic). 
Liker et al.’s (1999) research also provides evidence that the organic and mechanistic 
dichotomy oversimplifies reality. They found that certain mechanistic procedures aiming at 
in-process design control (i.e. design standards, design reviews, documentation) were 
beneficial for both NPD projects and more incremental tasks. 
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2.2 Research Gap: Four Questions 
To be able to fulfil the purpose of this thesis it is necessary to ask questions that address 
interaction during both the NPD and manufacturing phases. More precisely, two questions are 
posed that relate to manufacturing and two that relate to NPD projects. (Each question has 
been addressed in a paper, hereinafter referred to as Papers 1-4. The papers are appended after 
this summary paper.) Each question is discussed below and an overview of the studied phases 
and factors is available in table 2. 
 

Table 2. Overview of the studied phase and factors in the four papers 

Manufacturing phase NPD phase Factor 
Paper 1 Paper 2 Paper 3 Paper 4 

Continuous improvement √ √   
Geographical distance  √ √ √ 
Organizational distance   √ √ 
Task characteristics    √ 

 
As Clark and Fujimoto’s (1991) study shows, manufacturing capabilities matter. However, 
the study does not address how firms can improve manufacturing capabilities. Even though 
several other studies have addressed this topic, firms seem to find it difficult to exploit the 
potential of internal improvements. For example, consultants from the consultancy firm 
McKinsey claim that internal improvements could produce savings comparable to those of 
outsourcing, and most manufacturers can still achieve 20 to 30% gains in direct-labour 
productivity (Doig et al., 2001). The contributions of such studies are valuable, but evidence 
is still limited so it is necessary to conduct further studies. One way for companies to improve 
manufacturing capabilities is to work with CI. This leads to the first question: what are the 
implications of different CI approaches for manufacturing performance? This question is 
addressed in Paper 1 where the locus is continuous improvement during the manufacturing 
phase (see figure 3). 
 

CI 

NPD phase Manufacturing phase 

Design 

department 

Manufacturing 

department 

Manufacturing 

department 

Design 

department 

 

Figure 3. Overview of the locus in Paper 1 
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The implementation of a CI approach could result in manufacturing improvements, which in 
turn could provide opportunities for product improvements. However, the realization of such 
opportunities requires interaction between design and manufacturing. Research that touches 
upon interaction as a result of manufacturing improvements points towards greater 
improvements, should process and process improvements be considered in combination (see 
Johansson & Kinnander, 2004; Prencipe, 2001). When studying how the CI approaches 
identified in Paper 1 affect interaction and product designs, it is also necessary to include the 
geographical distance between the departments. The reason is that the distance greatly 
influences interaction (e.g. Sosa et al., 2002). This leads to the second question: how do these 
different CI approaches affect design-manufacturing interaction during the manufacturing 
phase, when various levels of geographical distance are taken into account? This question is 
addressed in Paper 2 where the locus is interaction between the design and manufacturing 
departments during the manufacturing phase (see figure 4). 
 

CI

NPD phase Manufacturing phase

Design
department

Manufacturing
department

Manufacturing
department

Design
department

 
Figure 4. Overview of the locus in Paper 2 

 
To improve our understanding of effective interaction, it is necessary to not only study how 
the geographical distance affects interaction during manufacturing (i.e. Paper 2) but also 
during NPD (i.e. Papers 3 and 4). Whereas Paper 2 only includes the geographical distance 
between design and manufacturing, Papers 3 and 4 also include the organizational distance. 
These papers use the term sourcing strategy to denote whether manufacturing is conducted in-
house and at close distance (i.e. integrated strategy) or by suppliers at some distance (i.e. 
separated strategy). This leads to the third question: how is design-manufacturing interaction 
during new product development affected by different sourcing strategies? This question is 
addressed in Paper 3 where the locus is interaction between the design and manufacturing 
departments during the NPD phase (see figure 5). 
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CI

NPD phase Manufacturing phase

Design
department

Manufacturing
department

Manufacturing
department

Design
department

 
Figure 5. Overview of the locus in Paper 3 

 
The NPD literature tends to analyze design-manufacturing interaction with regard to either 
different sourcing strategies or task characteristics. However, it is plausible to assume that 
both affect interaction, but evidence of how the combination affects interaction is limited. 
Given that the third question addresses different sourcing strategies, but not different task 
characteristics, it is necessary to study a wider range of task characteristics. This leads to the 
fourth question: how is design-manufacturing interaction during new product development 
influenced by different sourcing strategies, when the task characteristics of the product are 
also taken into account? This question is addressed in Paper 4 where the locus is interaction 
between the design and manufacturing departments during the NPD phase (see figure 6). 
 

CI

NPD phase Manufacturing phase

Design
department

Manufacturing
department

Manufacturing
department

Design
department

 
Figure 6. Overview of the locus in Paper 4 
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3 Methodological Aspects 

3.1 Research Approach 
A multiple case study approach was used to study interaction during both the NPD and 
manufacturing phases because it allowed for in-depth understanding (McDonough, 2000) and 
replication of theoretical constructs (Bengtsson et al., 1997; Bourgeois & Eisenhardt, 1988; 
Eisenhardt, 1989; Miles & Huberman, 1994). In addition, since ‘how’ questions are posed the 
approach was deemed appropriate (Yin, 2003). Yin (2003:53-54) states another two 
arguments that support the choice to conduct multiple case studies. First, the analytical 
benefits from having two (or more) cases may be substantial. Second, a multiple case study 
allows for direct replication. The downside of using multiple cases when writing this thesis 
was that page restrictions set by the conference organizations for the papers did not allow for 
long case descriptions. To compensate for this downside this summary paper consists of 
different boxes that add relevant data. 
 
A common complaint against case studies (and thus this study) is that they provide little basis 
for scientific generalization. ‘How can you make generalized conclusions based on just a few 
case studies?’ The short answer is that ‘case studies, like experiments, are generalizable to 
theoretical propositions and not to populations or universes. In this sense, the case study, like 
the experiment, does not represent a “sample”, and in doing a case study the goal will be to 
expand and generalize theories (analytic generalization) and not to enumerate frequencies 
(statistical generalization) (Yin, 2003:10). Since the aim was to make analytical and 
theoretical generalizations rather than statistical and ‘sample-to-population’ generalizations 
(also see Miles & Huberman, 1994), the cases were purposely selected. A random sampling 
could have led to a decidedly biased hand and prevented theoretical replication. For example, 
it was important to be able to study how different combinations of sourcing strategy and task 
characteristics affect design-manufacturing interaction (Paper 4). Obviously, the selected 
companies deal with a wide range of tasks, but it was nevertheless possible to identify distinct 
patterns. As figure 7 shows, when comparing for instance Fläkt Woods and Micronic, it is 
evident that typical projects for these companies differ substantially. While projects in Fläkt 
Woods typically involve changes in current products and processes, Micronic manage 
breakthrough and platform development projects to a much greater extent. 
 



 -11-

New Next Single Tuning and No
Core Generation Department Incremental Process
Process Process Upgrade Changes Change

New
Core
Product

Next
Generation
Product

Addition
to Product
Family

Minor
Product
Enhancement

No
Product
Change

Extent of Production Process Changes
E

xt
en

t o
f P

ro
du

ct
 C

ha
ng

es

Micronic

Fläkt Woods

Breakthrough
Development
Projects

Platform
Development
Projects

Derivative
Product
Development

Current
Product/Process

Support

 
Figure 7. Comparing task characteristics for Micronic and Fläkt Woods (Adapted from Ulrich 

& Eppinger, 2003:44) 

 
With regard to the number of cases, Eisenhardt (1989) states that with fewer than four cases it 
may be difficult to generate theory and with more than 10 cases it quickly becomes difficult to 
cope with the complexity and volume of the data. Even though it is doubtful whether such 
advice is valid, it had some bearing on this thesis, namely that in order to capture the 
comparative nature of the research it was necessary to study at least two cases. Given the 
somewhat different nature of the questions, the actual number of cases varied in the four 
papers (see table 3). Generally speaking, the cases were selected with regard to the end of the 
continuums of the studied factors (e.g. a high versus low degree of in-house manufacturing). 
Obviously there are firms in the grey area between the ends of the continuum, but it was 
believed that the benefit would be greater from studying the contrasts. 
 
In Paper 1, seven cases were studied with regard to effects of different CI approaches. In 
Paper 2, three different combinations of distance and CI approaches were studied. The 
combination of dispersion and unsystematic approach was not studied. It would have been 
preferable to address this issue, but time was a restriction. In Paper 3, two cases were studied 
with distinct sourcing strategies (i.e. integration and separation, respectively). To expand the 
findings in Paper 3 and include a wider range of task characteristics, in Paper 4 seven cases 
were studied. 
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Table 3. Overview of the companies studied in the four papers* 

Paper # Company 
1 2 3 4 

Description 

1 Alfa X    The world’s largest manufacturer of a particular kind of 
car accessories. 

2 Beta X X   A large Swedish supplier of metal frames. 
3 Gamma X    The world’s largest supplier of particular kind of lifting 

and material handling devices. 
4 Delta X    The world’s largest manufacturer of a particular kind of 

motor vehicle components. 
5 Epsilon X    Global supplier of motor vehicle components. 
6 Digamma (i.e. 

Fläkt Woods) 
X X  X The largest Nordic manufacturer of ventilation devices 

for buildings. 
7 Zeta X X   Global supplier of electronic components. 
8 Eta    X Global supplier of automation equipment (conveyor 

systems). 
9 Ewab    X Global supplier of automation equipment (conveyor 

systems). 
10 Micronic   X X Global supplier of laser pattern generators. 
11 Motala 

Verkstad 
   X National supplier of bridges and other large, complex 

products (e.g. trains and deep-hole drilling). 
12 MYDATA    X Global supplier of surface mounting machines. 
13 Sectra   X  Global supplier of secure communication systems. 
14 Tjeders    X National supplier of electronic communication 

equipment. 
*N.B.: for confidentiality reasons, some company names are kept anonymous 

 

3.2 Data Analysis 
The data analysis included the following steps (similar for all papers). First, a literature 
review was conducted, which included consultations with colleagues and searches in different 
databases using key words, well-known authors and snowball sampling. The literature review 
was used to identify key factors and construct a theoretical framework, which in turn 
governed the interview guide (see appendix section for an example). The guide was divided 
into several areas (e.g. project management), and each consisted of open-ended and broad 
questions (e.g. ‘how did you manage the project?’) as well as more narrow follow-up 
questions (e.g. ‘did you use any methods or tools?’). The vast majority of the interviews were 
recorded and transcribed (see appendix section for a list of respondents). 
 
The transcriptions were analyzed using theoretically and empirically derived codes. In 
practice, this meant that a list was complied based on key words that had been identified 
during the theoretical review (see appendix section for an example of theoretically derived 
codes). No explicit rules were used to identify the key words, but in general these words 
seemed frequently mentioned and/or emphasized. The codes were categorized into groups and 
each group was assigned a given colour. Next, the text was analyzed on a sentence-by-
sentence basis (as opposed to for example a word-by-word basis) and data that related to a 
category of codes were highlighted with the designated colour. 
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During this process it happened that the coding procedure detected patterns or discrepancies 
that were frequently occurring or emphasized by the respondents and which were not on the 
list of codes. This resulted in the list being extended with these empirically derived codes and 
the analytical process being repeated with the new list of codes. Thus, the coding process was 
iterative. This coding procedure was done to (a) force the analyst to reflect upon 
interpretations during the analytical process and (b) highlight patterns for the individual case. 
These patterns were then compared with those found in the other cases to distinguish cross-
case patterns and differences. The analysis process was rather iterative, which meant that the 
theoretical framework, interview guide, and findings were revised as further data were 
collected and analyzed. Also, the data were compiled into preliminary case reports that the 
key informants reviewed and commented upon. 
 

3.3 Validity and Reliability 
Yin (2003) states that the quality of case study research can be evaluated by using four tests: 
construct validity, internal validity, external validity, and reliability. Construct validity means 
that operational measures must be reasonable measures of the theoretical construct. According 
to Yin (2003), this test is problematic in case study research since investigators often fail to 
operationalize measures. In other words, ‘subjective’ judgements are often used to collect 
data. Brown and Eisenhardt’s (1995) literature review of NPD research confirms this concern. 
To avoid or at least to minimize the impact of poorly constructed measures, the theoretical 
framework guided the construction of measures (table 4 summarizes the tactics that were used 
to promote valid and reliable results). For example, whenever possible, measures were used 
that had been validated and used by other researchers. 
 
However, the data collection revealed that although some of these measures seemed valid 
they were not necessarily useable. For example, Swink (1999) uses three sub-questions to 
establish product newness: approximately what percentage of the parts and/or components 
that make up the products are (a) purchased off the shelf items, produced outside your firm, 
(b) previously designed items, borrowed from another product that your firm developed, and 
(c) new designs, developed specifically for this product? Many of the respondents found it 
difficult to answer these questions, meaning that it was impossible to construct absolute 
scales. Thus, all scales in this thesis are relative (based on the empirical data) and provide 
rough indications of the firms’ relative positions with regard to different measures. In 
addition, other sources such as annual reports, press releases, company internal documents 
were used. The data were compiled into preliminary case reports that the key informants 
reviewed and commented upon. The use of multiple sources, at least potentially, reduced the 
existence of bias and self-delusion. 
 
Internal validity involves the process of establishing causal relationships as distinguished 
from spurious relationships (Yin, 2003). To promote high internal validity, the data were 
analysed in two steps: within- and cross-case analysis (Bengtsson et al., 1997; Bourgeois & 
Eisenhardt, 1988). This meant that the individual case was first analysed on a stand-alone 
basis using theoretically and empirically derived codes (for further details see Miles & 
Huberman, 1994). The aim was to become familiar with the case as a stand-alone entity and 
highlight various patterns. Next, these patterns were compared with the patterns found in the 
other cases to reveal cross-case patterns and differences. To improve the confidence in the 
findings, frequent discussions were held with colleagues. For example, my supervisor 
professor Berggren provided extensive comments, lecturer/PhD candidate Swartling co-
authored Paper 1 and 3, and my assistant supervisor assistant professor Magnusson co-
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authored Paper 3. For Paper 1, Swartling’s responsibilities were to collect data, write 
preliminary case reports for three cases and comment on the paper. For Paper 3, Swartling 
and Magnusson collected the data related to the Sectra case and wrote the case description. In 
addition, the latter wrote minor parts of the theoretical framework and commented upon the 
other sections. 
 
External validity refers to the process of establishing the domain to which a study’s findings 
can be generalized (Yin, 2003). Case study research has often been criticised because its 
findings cannot be generalized, especially compared to those of survey research (Gomm et al., 
2000; Lincoln & Guba, 2000). Due to an insufficient number of observations, this study is 
clearly inconsistent with the requirements of statistical sampling procedures so the findings 
cannot be generalized to a population. However, as Yin (2003) states, case studies are 
generalizable to theoretical propositions and not to populations. To be able to generalize the 
findings, the logic has been to replicate the findings by investigating several cases. The basis 
for generalization in this thesis paper is interaction between design and manufacturing in the 
engineering industry. Moreover, only a few operators were interviewed, which means that the 
findings are more applicable to managers. 
 
Reliability refers to the process of establishing that the operations of the study can be 
repeated, with the same results (Yin, 2003). To improve reliability and reduce errors and 
biases, this thesis rests on systematic work procedures. For example, in order to reduce the 
risk of interviewer bias, the aim was to construct questions in line with general guidelines 
such as avoiding leading and complicated questions (e.g. Courtenay, 1978; Crimp & Wright, 
1995; Gardner, 1978). The questions were primarily based on the theoretical framework and 
the interviews were characterized by open-ended questions to ensure that the respondents 
shared their view without being restricted by narrow questions. The vast majority of the 
interviews were recorded and transcribed. Since answering frequency and reliability of 
answers can be expected to be higher compared to telephone interviews (Dahmström, 2000), 
all but one interview were conducted face-to-face. The interviews were predominantly 
retrospective in nature, which allowed for an understanding of past events. However, the 
potential disadvantage is that people tend to forget, interpret or rationalize past events (Arbnor 
& Bjerke, 1997). To mitigate the negative effects of retrospective interviews, fairly recent 
events were studied and several respondents were interviewed. In total 60 semi-structured 
interviews were carried out in 2004 and 2005, which lasted between 45 and 150 minutes. In 
addition, Magnusson and Swartling conducted 14 interviews at Sectra in 2003 and 2004, 
which lasted between 60 and 120 minutes. The collected data were documented on a 
continuous basis to guard against memory failure (Patel & Davidsson, 1994). 
 
To sum up, the case study approach together with the use of semi-structured interviews and 
systematic work procedures seems be a sensible way forward when trying to improve our 
understanding of interaction between design and manufacturing. 
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Table 4. Different tactics that were used to promote validity and reliability 

Tests Tactics 
Construct validity Theoretical framework governed the construction of measures 

Multiple sources were used as evidence 
Contact persons reviewed and commented upon case study reports 

Internal validity Empirical data were analyzed in two steps: within- and cross-case 
analysis 
Findings were discussed with colleagues 

External validity Used replication logic 
Reliability Applied systematic work procedures 

Conducted face-to-face interviews (primarily) 
Data were documented on a continuous basis 

 

3.4 Research Process 
Although each paper was governed by similar methodological approaches, the underlying 
research process was not straightforward. As figure 8 illustrates, the actual process started 
with Paper 1, continued with Paper 4, Paper 3 and ended with Paper 2. (For reasons of 
readability and consistency they are not presented chronologically.) In other words, several 
things occurred along the process, which affected and contributed to the direction of the 
research. For example, different parts of the research have been presented at four workshops 
for managers and several of them have emphasized the importance of studying the impact of 
distance on interaction. Also, three of four papers (i.e. Paper 1, 3 and 4) have been presented 
at academic conferences and Paper 1 has also been presented as a chapter in a popular science 
book (see Bengtsson et al., 2005). All in all, the feedback has been surprisingly extensive and 
it revolves around two areas. First, the relevancy of the research seems to be rather 
undisputed. Second, managers find it challenging to manage interaction between design and 
manufacturing, and they are rather curious about CI and the link to product development. This 
feedback primarily stems from production managers, indicating that it could be biased. 
 
Another aspect of the process, which was not straightforward, was the selection of key 
factors. Several relevant factors such as volume, product architecture, company history, and 
culture difference have been excluded. First, the volume is likely to affect interaction, but 
time restriction meant that this factor was kept fairly constant (i.e. low volume). Second, to 
gain a basic understanding some information was collected with regard to product 
architectures. However, it was difficult if not impossible to collect comparative data since 
there are so many parameters that need to be established in order to compare different 
architectures. It seems doubtful whether the advantages would have outweighed the 
disadvantages with regard to fulfilling the purpose of this thesis. Third, history was excluded 
for its idiosyncratic nature. It would have been very difficult to investigate and compare the 
impact of different companies’ histories. Moreover, only at one company did the respondents 
emphasize the company’s history (see Box A). Fourth, cultural difference was excluded for 
two reasons: (i) time restrictions and (ii) the research design (i.e. it would have been 
necessary to study the cases in much greater detail to understand and analyze the impact of 
difference in culture). However, it is important to acknowledge that future research could 
benefit from studying cultural differences. Cultural differences between design and 
manufacturing are sometimes significant due to differences in characteristics such as time 
orientation, bureaucracy, and professional orientation (Lawrence & Lorsch, 1967; Vandevelde 
& Van Dierdonck, 2003). 
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Box A – The impact of historical decisions on interaction 

Eta is a global supplier of innovative automation solutions to assembly and manufacturing
industries. Eta was established in 1980 when a company launched a project to improve
productivity by increasing the degree of automation. Several automation solutions were
designed that they believed could be sold on the market. Eta was formed as a spin-off and
was presented with three ultimatums that governed the sourcing strategy: 
• You must become world number one in what ever you do. 
• You must not create any problems in the market that could affect the holding company. 
• No money will be invested apart from what Eta generates from sales. 
 
As a result, today suppliers conduct at least 95% of the manufacturing activities  (only
minor assembly and installation is conducted in-house). 
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4 Research Findings 

4.1 Paper 1: Continuous Learning in Production Processes 
Paper 1 inquires into the implications of different CI approaches for manufacturing 
performance. Twenty-eight semi-structured interviews were conducted in seven companies: 
two companies that worked unsystematically and five companies that worked systematically 
(two firms where all staff categories were highly involved in implementing improvements, 
one firm where operators were primary implementers and two firms where production 
engineers and other ‘experts’ were primary implementers). 
 
Paper 1 reveals that successful companies continuously and proactively work with systematic 
improvement processes. The studied firms have realized significant improvements despite the 
fact that some of them act in mature industries. For example, a specialist in ventilation 
equipment managed to significantly boost performance, partly as a result of implementing 
systematic procedures. For most of the successful changes, the studied companies have 
chosen to initially involve experts. However, operators have also been involved in order to 
access a larger competence base and create support for the change. Several production 
managers experience difficulties with regard to involving operators. Different forms of 
proposal activities have often been used to involve operators, but disadvantages in the form of 
long lead times and inefficient decision processes seem to outweigh the advantages. A more 
efficient way seems to be to decentralise decision-making and allow group leaders to take 
greater responsibility. 
 
The literature states that higher performance can be expected with systematic approaches than 
unsystematic. An integrated approach, compared to the parallel approach, can be expected to 
consume more resources, be harder to implement and have greater potential. The wide-
focused approach could potentially provide the greatest potential. Paper 1 supports these 
theoretical predictions. However, there are also some noticeable differences. Whereas the 
literature for example predicts that increased input of resources leads to improved 
manufacturing performance, the data illustrate several companies that had managed to 
significantly improve manufacturing performance despite low levels of input of resources (see 
figure 9). One explanation could be that they have managed to create routines that ensure 
continuous and systematic improvements without restraining the creativity of operators. There 
are at least two other explanations for the observed differences. The first is that the quality of 
the improvement approach governs the performance outcome since improvements do not 
occur by themselves. In other words, investments may enable change but do not guarantee 
that improvements are realized. A second explanation is that different contexts call for 
different solutions and, thus, different input of resources. However, when analysing the gap 
between actual and expected outcome, it is necessary to be somewhat cautious since it may 
take a while before the effects of efforts are visible. Nonetheless, as expected, an unsystematic 
approach seems to be less fruitful than a systematic one. 
 
Although it is difficult to generalize whether a particular CI approach is preferable or not, it is 
possible to make some general comments. The parallel approach where experts such as 
production engineers drive improvements is fairly easy to implement and leads to 
considerable improvements. In situations of great uncertainty it may be wise to involve the 
operators to a greater extent (i.e. the integrated approach) since they have a deep knowledge 
about the production processes. However, the studied companies experience difficulties in 
terms of involving operators. The wide-focused approach, where all staff categories are 
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involved, is the most demanding approach to implement so it seems even more important that 
the management team is committed and supports the work. 
 
To conclude, Paper 1 contributes to fulfilling the purpose by studying the implications of 
different CI approaches on manufacturing performance. In short, the approach determines 
how improvements will be carried out and by whom, which in turn affect the issues such as 
the degree of resistance and competence base. 
 

Low               Resource consumption          High 

High_

Improvement_

Low_

 
Digamma (W) 
  Gamma (P) 

Epsilon (I) 
        Zeta (W)        Delta (P) 
   

Beta (U)         
Alfa (U)

 
Figure 9. Comparison of theoretical prediction and empirical findings* 

*N.B.: The grey shaded area represents the theoretical prediction (i.e. the greater the 
investment in CI, the greater the return). The letters within brackets denote the CI approach 

(i.e. W = wide-focused, P = parallel, I = integrated and U = unsystematic) 
 

4.2 Paper 2: The Impact of Continuous Improvement Approach and Geographical 
Distance on Interaction During the Manufacturing Phase 

Continuous improvement can boost efficiency, in particular when closely related product 
design changes are considered. However, few studies have studied interaction initiated as a 
result of manufacturing improvements. Paper 2 studies three of the companies from Paper 1 
by inquiring how the CI approaches affect design-manufacturing interaction during the 
manufacturing phase, when various levels of geographical distance are taken into account. 
Seventeen semi-structured interviews were conducted in three companies: one company with 
collocated departments and a systematic (wide-focused) CI approach4, one company with 
collocated departments but no CI approach (unsystematic), and one company with dispersed 
departments and a systematic (wide-focused) CI approach 5. 
 
The paper reveals that the combination of CI approach and geographical distance clearly 
affects interaction during the manufacturing phase. The findings are summarized in figure 10, 
which highlights the fact that manufacturing improvements are expected to have a positive 

                                                 
4 This company’s approach is categorised somewhat differently in Paper 1 and 2. In paper 1 the approach is 
categorized as parallel (i.e. expert driven), whereas in Paper 2 it is categorized as wide-focused (i.e. both expert 
and operator driven). The reason is that the follow-up study revealed that the company had managed to involve 
operators to a greater extent. Although they believe that much is still to be done, the evidence seems sufficient to 
grant the status ‘wide-focused’. 
5 Paper 2 does not investigate all possible combinations of distance and approach (for further comments see the 
previous chapter). 
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impact on design improvements, in particular if systematic CI approaches are used. The 
ability to realize the potential of manufacturing improvements is aided by the use of rich 
media since people are allowed to discuss opportunities, problems and solutions face-to-face. 
However, the ability to take advantage of manufacturing improvements and improve product 
designs is restricted by geographical dispersion. Dispersion (i) makes it harder for people to 
communicate face-to-face (rich media) and (ii) results in a lower degree of interaction. 
 

Design improvements as a 
result of manufacturing 
improvements

Rich Media

Systematic 
CI approach

Dispersion

+

-

+

-

 
Figure 10. Tentative framework for analyzing manufacturing-design interaction 

 
Paper 2 expands Clark and Fujimoto’s (1991) work by focusing on interaction during the 
manufacturing phase rather than NPD projects. By inquiring how the combination of CI 
approach and geographical distance affects interaction during the manufacturing phase, the 
study shows that interaction between the departments can be of great importance even during 
the manufacturing phase. In fact, improvements in manufacturing processes could facilitate 
product design improvements. The findings show that the combination of proximity and 
systematic approach yields superior interaction. With the support of the literature (e.g. Allen, 
1977; Sosa et al., 2002), Paper 2 concludes that dispersion inhibits interaction and, in 
particular exchange of rich information. In fact, it seems as if dispersion is almost of greater 
concern during manufacturing than NPD projects. The reason is that projects often attract 
management attention, which for example makes it possible to release funds to collocate NPD 
teams (e.g. design and manufacturing staff) during critical periods. However, it seems less 
natural to use the principles of collocation during the manufacturing phase. One reason could 
be that NPD projects are considered important and receive management attention to a greater 
extent. The lack of interaction during manufacturing could mean that process improvements 
are isolated from product improvements (for example see Box B). 
 
To conclude, Paper 2 contributes to fulfilling the purpose by studying how different 
combinations of CI approach and geographical distance affect interaction during the 
manufacturing phase. 
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4.3 Paper 3: Bridging R&D and Manufacturing in High-Tech Product Development 
In line with the second question, the third question analyzes how the distance between the 
departments influence interaction, only this time in the context of the NPD projects. More 
precisely, Paper 3 inquires how design-manufacturing interaction during new product 
development is influenced by different sourcing strategies. Twenty semi-structured interviews 
were conducted in two high-tech firms: one firm outsources all manufacturing activities, 
while the other conducts manufacturing operations. 
 
The findings show that R&D departments can more easily identify, assimilate and exploit (i.e. 
absorptive capacity) production-related knowledge when manufacturing is conducted in-
house at close distance. When the departments are closely located, the absorptive capacity can 
more easily be retained and developed since rich information can be exchanged. The 
exchange of rich information is particularly important in uncertain, high-tech environments 
because different solutions need to be generated and evaluated. The paper suggests that 
companies that lack manufacturing capabilities need to rely on formalization to a greater 
extent since the scope for informal communication is limited. 
 
Moreover, the paper highlights the fact that there is both a strategic and an operational 
dimension to the question of how manufacturing affects the absorptive capacity. The strategic 
dimension relates to the choice of whether to possess manufacturing capabilities or not. This 
choice determines whether design and manufacturing capabilities will be available in-house 
and at close distance or not. Although the strategic choice determines the conditions for 
interaction, it does not by itself determine the absorptive capacity. A firm can affect the 
capacity by the way interaction is managed (i.e. the operational dimension). 
 
To conclude, Paper 3 contributes to the fulfilling purpose by showing how different sourcing 
strategies influence R&D-manufacturing interaction in high-tech NPD. 
 

Box B – Dispersion restricts interaction during the manufacturing phase 

Zeta is a global supplier of electronic components. Their CI approach can be characterized
as systematic and wide-focused. For instance, while production engineers use Six Sigma
and other tools for production improvements, most operators have an area of responsibility
in terms of CI. Some mechanical designers are located at the production site, but most
design activities are conducted at two remote sites of which one is located overseas. 
 
The interaction between design and manufacturing can be divided into two categories. First,
as several respondents mentioned, interaction with the on-site mechanical design staff is
frequent and rewarding. When problems arise, it is easy to meet face-to-face to solve them.
Second, according to the production manager, interaction with the remotely located design
departments is formalized and primarily based on written reports (i.e. less rich media). The
manufacturing department reports on a frequent and regular basis, but the level of feedback
is limited; meaning that their ability to affect product designs is restricted. Remotely located
designers do visit the manufacturing site, but only given special circumstances such as the
ramp-up of production during NPD projects. 
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4.4 Paper 4: The Impact of Sourcing Strategy and Task Characteristics on Design-
Manufacturing Interaction 

The NPD literature tends to describe design-manufacturing interaction in terms of either 
sourcing strategy or task characteristics. However, it is plausible to assume that both affect 
interaction. Thus, Paper 4 expands on Paper 3 by including a wider range of task 
characteristics. Paper 4 inquires how design-manufacturing interaction during new product 
development is influenced by different sourcing strategies, when the task characteristics of the 
product are also taken into account. Thirty-one semi-structured interviews were conducted in 
seven companies: five companies in less uncertain environments (three with in-house 
manufacturing and two without) and two companies in uncertain environments (one with in-
house manufacturing and one without). 
 
The paper shows that the combination of sourcing strategy and task characteristics affects the 
challenges a firm will face, and, thus the nature of interaction (see figure 11). On the one 
hand, the sourcing strategy affects the access to manufacturing competence. On the other 
hand, the task characteristics affect to what extent manufacturing competence is needed and at 
what stage. Furthermore, a key challenge for separated companies facing high uncertainty is 
to access relevant manufacturing competence (see Box C); for separated companies facing 
low uncertainty it is to receive feedback from suppliers (see Box D). A key challenge for 
integrated companies facing high uncertainty is to exploit manufacturing competence (see 
Box E); for integrated companies facing low uncertainty it is to make use of formalization 
(see Box F). 

 

Challenges
• Timing of

involvement
• How to  

involve Degree of 
uncertainty

Sourcing strategy
• Integrated 
• Separated 

Interaction 
• Degree of interaction
• Communication media
• Degree of formalization

Task characteristics
• Technological novelty 
• Task complexity 

Figure 11. Sourcing strategy and task characteristics affect challenges and interaction 

 
It is important to recognize that the combination is dynamic rather than static; thus, managers 
can affect both the strategic and operational dimensions highlighted in Paper 3. Strategic 
decisions affect whether manufacturing competence is available in-house or not, and, thus 
also the conditions for interaction. Moreover, operational decisions affect how interaction is 
managed, for example to what extent manufacturing competence is utilized and at what stage. 
Paper 3 also shows that organic procedures need to be complemented with a relatively high 
degree of project control in uncertain situations to ensure that the project progresses or at least 
that the problems are brought to the attention of management. Thus, it is not a question of 
mechanistic versus organic procedures, but rather about finding a mix that is suitable for the 
task. 
 
Paper 4 draws similar conclusions to those of contingency theory with respect to promoting 
the use of mechanistic procedures in stable environments and organic procedures in unstable 
environments. However, whereas contingency theory advocates promote the idea that there is 
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one successful way of managing coordination in a given environment, this paper shows that 
there are successful companies in similar environments that have chosen quite different ways 
of managing interaction. Thus, the advocates may have underestimated the operational 
dimension. A final remark is that Paper 4, in line with for instance Magnuson and Berggren 
(2001), shows that organic procedures need to be complemented with a relatively high degree 
of project control in uncertain environments. 
 
To conclude, Paper 4 contributes to fulfilling the purpose by studying how the combination of 
sourcing strategy and task characteristics affects interaction between design and 
manufacturing during NPD. 
 

 
 
 

Box C – Separated strategy and high degree of uncertainty 

MYDATA specializes in surface mounting technology (SMT) machines for the high-mix
segment. MYDATA conducts some final assembly, quality tests and customer-
configuration operations, but they stay light on the manufacturing side. The high degree of
outsourcing means that materials costs make up about 90% of the product costs. 
 
To handle the combination of relatively complex tasks and almost no in-house
manufacturing, the company has taken several measures. One important measure is to make
sure that the designers have sufficient manufacturing knowledge. For example, suppliers are
invited to talk about the latest machines and components, and MYDATA carries out
internal training related to manufacturing. In addition, since the end of the 1990s,
MYDATA has taken several measures to formalize interaction. Several of these measures
can be directly attributed to the challenge of increasing their staff’s knowledge about
advances in manufacturing related areas. 
 
To sum up, a challenge for MYDATA is to have access to relevant and up-to-date
manufacturing competence. 

Box D – Separated strategy and low degree of uncertainty 

Eta is a global supplier of innovative automation solutions to assembly and manufacturing
industries. Suppliers conduct at least 95% of the manufacturing activities (only minor
assembly and installation is conducted in-house). Eta recently identified a business
opportunity for a filling system in hygienic environments such as diary, food, beverage and
personal products. The pre-study showed that the concept had a payback of less than a year
so the concept was approved. A project was created (i.e. project leader, project plan,
steering committee, expertise, budget, time plan and milestones). Eta was responsible for
the design, and the drawings were sent to the suppliers, who had the opportunity to
influence the design. Alas, the degree of feedback was scarce: 

 
They have a rather large degree of freedom and they can come up with comments, come up with 
changes. In some cases we take this into account, in other cases we will not. Some of them are 
active and skilled and others are just skilled. It varies a lot and some are passive. That is one 
aspect that I personally find a bit strange that all are not active. Far too many are passive. 
– Director, OEM & Product Development 

 
To sum up, a challenge for Eta is to increase the level of feedback from suppliers so that
manufacturability and production costs are improved. 
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Box E – Integrated strategy and high degree of uncertainty 

Micronic’s product range evolves around laser pattern generators. Historically speaking, the
interaction between design and manufacturing has been rather informal. For example,
designers have made the drawings and then gone down to production to discuss with the
operators. However, the growth of the firm requires that they implement more structured
and formalized ways of working. For example, they introduced formal hand-over
procedures between design and production in the Sigma project (for further details see
Paper 3). They also introduced a project model and a product development model in 2004 to
ensure that production, service and suppliers are taken into account at an early stage in
product development. 
 
The benefit of exploiting manufacturing competences to a greater extent is that it can reduce
order lead-times, which are currently causing problems since customer orders keep
changing before Micronic manages to deliver the order. 
 
To sum up, a challenge for Micronic is to exploit manufacturing capabilities (at an earlier
stage). 

Box F – Integrated strategy and low degree of uncertainty 

Motala Verkstad specializes in large, and mechanically complex products (e.g. bridges). In
2005, the company prepared an offer for a public tender for a new single-carriageway
bridge. The two project managers from the design department were deeply involved
together with a welding engineer and production technician to make sure that the solution
was robust and manufacturable to a low cost. 
 
Motala Verkstad’s offer won the tender so the next step was to convert the concept into
detailed blueprints. To make sure that the bridge was robust at a low cost, many cross-
departmental meetings were held. Next, the blueprints were converted into manufacturing
operations. Despite the many cross-departmental meetings there were still many
manufacturing issues to solve; all issues could not be predicted at the earlier stages. Hence,
the intense communications flow between design and manufacturing personnel continued. 
 
This rather informal way of working seems typical for Motala Verkstad and the level of
formalization is very low: 

 
My understanding of the situation and my summary is that this is a very capable craftsman 
house. One hates paper. One hates formal routines. One loves to create one’s own routines… 
The feeling that I have is that it [communication] is to a great extent oral and by phone. E-mail 
is being used, but not very much. Computer maturity is not particularly high. They hate me for 
all the e-mails I send [ha-ha-ha]. 
 – Quality and Marketing Manager 
 

To sum up, a challenge for Motala Verkstad is to increase the level of formalization. 
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5 Discussion and Conclusions 
This thesis has set out to extend the analysis of design-manufacturing interaction by studying 
interaction during both the NPD and manufacturing phases, taking into account important 
contextual variables such as geographical and organizational distance, and task 
characteristics. However, before drawing any conclusions it is important to acknowledge that 
the validity of the findings could be restricted by, above all, one limitation. Although the 
thesis investigates how different factors affect interaction, it does not explore how firms 
actually integrate design and manufacturing knowledge. Knowledge integration literature (e.g. 
Enberg et al., 2006) thus provides a plausible way forward in terms of better understanding 
effective management of the design-manufacturing interface. 
 
Bearing this limitation in mind, it is possible to distinguish two distinct contributions. First, 
the findings illustrate that the combination of CI approach and distance affects the 
prerequisites for successful interaction during the manufacturing phase. While the CI 
approach affects the number of improvements, the distance affects the nature of the 
interaction. In essence, the combination of a systematic CI approach and proximity seems to 
be the most effective. The reason is that design and manufacturing can discuss the 
implications of a great number of manufacturing improvements; thus face-to-face interaction 
is still vital despite advances in information and communication technology. This conclusion 
is supported by Hinds and Kiesler (2002:xiii) who state that ‘proximity has proven to be hard 
to simulate through modern technologies such as videoconferencing’. 
 
The findings reveal that manufacturing improvements provide opportunities for improving 
products with respect to three areas: product robustness, order lead-time and customization. 
To be able to realize such improvements, it is necessary to utilize rich media so that the 
opportunities can be exploited. This may require that managers utilize cross-functional teams 
not only during NPD projects but also during the manufacturing phase. On the one hand, a 
challenge for companies that have dispersed the design and manufacturing departments is to 
use rich media, for instance by temporarily collocating design and manufacturing staff. On the 
other hand, a challenge for companies where the departments are closely located is to use 
formalization and less rich media to a greater extent (overuse of rich media is associated with 
cost disadvantages). 
 
Second, the study contributes to the NPD literature by studying how the combination of 
sourcing strategy and task characteristics affects interaction during the NPD phase. The 
findings illustrate that different combinations result in different challenges, which may require 
different kinds of interaction. When reviewing how firms manage the interaction, the findings 
both support and challenge the contingency theory. The paper supports the theory in terms of 
promoting organic procedures in unstable environments and mechanistic procedures in stable 
environments. However, it challenges contingency theory advocates for over-emphasizing the 
impact of environmental factors on internal organization and capabilities (this criticism is also 
raised by Davies & Brady, 2000:934). In fact, the findings reveal several successful 
companies that act in similar environments that still manage interaction quite differently. For 
example, Micronic and Sectra (Paper 3) have chosen different sourcing strategies (integration 
and separation, respectively). Thus, this thesis contributes to the contingency theory literature 
by showing that although companies need to take environmental factors into account these 
factors do not determine the outcome. More specifically, while researchers that utilize the 
contingency theory often seem to downplay firms’ ability to shape their future, this research 
has shown that companies generally have many different feasible options. The implication is 
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that it may be more important for managers to be aware of how to manage the pros and cons 
of these options than to choose a particular organizational structure. 
 
To sum up, this thesis extends the analysis of interaction between the design and 
manufacturing departments by studying both the NPD and manufacturing phases. Given the 
two contributions, it seems safe to conclude that interaction matters during both phases; hence 
managers need to carefully manage interaction during both phases. The thesis presents several 
conceptual models that may be used as a basis for discussion when evaluating the 
implications of different managerial decisions that could affect interaction. For example 

1. figure 1 in Paper 2 can be used to analyse how an increase or decrease in distance 
between the departments influences the ability to take advantage of manufacturing 
improvements, and modify and improve product designs. 

2. figure 1 and table 5 in Paper 4 can be used to analyse how different managerial 
choices relating to distance and task characteristics affect interaction during NPD. 

 
While effective management of interaction during the NPD phase could lead to improved 
manufacturability, interaction during the manufacturing phase could lead to improved product 
designs. However, it is important to acknowledge that there are differences between the 
phases, which could require different solutions. Whereas interaction during the NPD phase 
often involves a greater number of major – perhaps even radical – changes, is conducted in 
projects and is initiated by the design department, interaction during the manufacturing phase 
often involves a greater degree of incremental changes, is managed by the line organization 
and could be initiated as a result of manufacturing improvements. 
 
This study concludes by emphasizing that there is a need to attend to interaction during both 
phases. Thus, we must not view NPD project closure as the end of interaction. It is not even 
the beginning of the end. But it is, perhaps, the end of the beginning6. 
 

                                                 
6 The phrasing is inspired by a Winston Churchill speech (in November 1963): ‘Now this is not the end. It is not 
even the beginning of the end. But it is, perhaps, the end of the beginning’. 
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Abstract 
Seven companies were studied with the purpose to discuss learning in production with regard 
to actual potential and course of action to realize the potential. The study shows that 
companies that focus on learning in production can reach significant improvements despite 
low input of resources with a payback time of often less than a year. 
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A Tremendous albeit Forgotten Lever 
The manufacturing industry makes considerable contributions to welfare in several countries 
including Sweden (SCB, 2003). Critical voices (e.g. Kinnander, 2004) are claiming that 
production competence is deteriorating. The lack of competence together with intensified 
competition from low-wage-countries has lead to an increase in outsourcing and off shoring 
(relocation of production abroad). 
 
A problem with comparisons between in-house and outsourcing alternatives is that harder-to-
identify factors are often excluded from the cost equation resulting in biased comparisons 
favouring outsourcing (Quinn & Hilmer, 1994). A follow-up study of Ericsson’s transceiver 
units indicated that the costs for vendors were approximately similar to internal costs 
(Berggren & Bengtsson, 2004). 
 
Another problem is that the potential of in-house alternatives is left unexplored. For example, 
a study concluded that internal improvements could produce savings comparable to those of 
outsourcing and that most manufacturers could still achieve 20 to 30% gains in direct-labour 
productivity (Doig et al., 2001). Another study demonstrated that easy adjustments could 
improve efficiency in assembly lines with at least 26% (Johansson & Kinnander, 2004). The 
contributions of these studies are valuable, but evidence is still limited and it is necessary to 
conduct further studies. 
 
One of the key factors to a firm’s ability to improve is learning (de Geus, 1988; Hayes & 
Clark, 1986; Lubit, 2001), but research in this area has suffered from conceptions that are 
excessively broad, encompassing nearly all-organizational change (Cohen & Sproull, 1991). 
The focus of this study is limited to a discussion of improvement processes in production 
processes with regard to two questions (1) What is the potential of learning in production? (2) 
How can companies take actions to realise this potential? 
 

Learning in Production 
In this chapter the assumptions on which organizational learning literature is based upon will 
be analysed and related to improvement processes in production. 
 

Organizational Learning 
It is unclear how companies actually learn (Argote et al., 1990), but a common view is that 
the process incorporates creation, transfer and utilization of knowledge (Döös et al., 2001; 
Garvin, 1993; Nonaka & Teece, 2001). Historically, organizational learning has been viewed 
as an aggregated level of individual learning. However, numerous contextual factors also 
affect organizational learning, e.g. routines, records, and targets (Huber, 1991; Kim, 1993; 
Levitt & March, 1988; March & Olsen, 1975) so organizational learning is not simply the 
sum of individual learning (Fiol & Lyles, 1985; Huzzard & Östergren, 2001). It is debatable 
in which environment the greatest learning opportunities exist. For example, it has been 
concluded that there is greater learning potential in labour intensive environments compared 
to machine intensive environments (Yelle, 1973). However, evidence point towards 
significant learning opportunities in machine intensive environments (Adler & Clark, 1991). 
 
Learning curves are central in the organizational learning literature, but these curves have 
limited usability when studying improvement processes due to at least three limitations. The 



 -36-

first limitation is the implicit assumption that all companies learn at the same uniform rate 
(Leavy, 2004). The curves ignore that there exists both incremental and radical improvements 
since they represent the combined effect of a large number of parameters (Neij, 1997; Neij et 
al., 2003). A second limitation is that learning curves often assume that learning is cumulative 
and persists through time. However, substantial evidence points towards that competence 
deteriorates rapidly (Argote et al., 1990; Nonaka & Teece, 2001; Starkey et al., 2004). A third 
limitation is that cumulative production and production level are viewed as approximations 
for accumulated learning, ignoring the complex improvement processes that give rise to the 
curves approximate regularity (Dutton & Thomas, 1984). In fact, the organizational structure 
and its ability to facilitate learning opportunity and learning efficiency seem to be more 
important for learning progress than volume levels (Leavy, 2004). 
 
To sum up the discussion, organizational learning is defined as a context dependent and 
continuous process that involves generating, transferring and utilizing knowledge, which 
improves the organization’s ability to take effective decisions. 
 

Organizational Structure 
One way to analyse how companies structure for learning in production is presented in figure 
1. According to this view there exists three basic structures: parallel, integrated and 
coordinated. 
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Figure 1. Structuring for learning in production (adapted from Berger, 1997:115) 

 
In the parallel structure improvements are separated from the production process and direct 
labour. Improvements are analysed and implemented by individual experts, or by small 
groups including cross-functional teams and project groups with limited involvement from 
operators (Docherty, 1996). Improvements that are embracing often require investments and 
expertise and are therefore often handled within a parallel structure; it is not always possible 
for operators to determine the best overall solution. An advantage is that the structure is 
relatively easy to implement and it consumes relatively few resources (Hart et al., 1996). In 
addition, cross-functional teams enable the creation and transfer of knowledge across 
organizational boundaries (Karlsson & Åhlström, 2000). A disadvantage is that operators 
might resist change due to limited involvement and the company can easily overlook the large 
number of improvements that operators may be aware of, which can result in significant 
improvements. 
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In the integrated structure improvements are a part of the production process. They are 
analysed and implemented by operators individually, or in groups. It is, therefore, necessary 
to authorise operators to implement improvements. An advantage is that this autonomy gives 
operators freedom and support to generate, transfer and utilize knowledge within the frame of 
daily work that could lead to considerable improvements (Ellström, 2000; Nonaka, 2004). 
The disadvantages are that it can be difficult to create the necessary commitment and be 
resource consuming to implement (Hart et al., 1996). 
 
In the wide-focused coordinated structure elements from both the parallel and integrated 
structure are combined. This structure potentially allows for the highest level of learning since 
it is possible to combine the strengths of the other two structures. It is advantageous that all 
staff categories are involved in the improvement process (Imai, 1986). 
 

Conceptual Framework 
Regardless of organizational structure improvement processes can be carried out in a 
systematic, or in an unsystematic (ad hoc) manner. A recent survey concluded that the single 
largest contributor to performance is the ability to have a wide-focus, systematic and strategic 
improvement process (Dabhilkar & Bengtsson, 2004, 2006; Dabhilkar et al., 2004). In order 
to establish systematic procedures a company can utilize one, or several methods, for example 
fishbone diagram, PDCA-cycle (Plan-Do-Check-Act) and Six Sigma. In the same survey 
Swedish production managers stated that such methods contribute to high performance, but 
that they are only used to a limited extent. 
 
To conclude, higher performance can be expected with systematic than with ad hoc 
unsystematic procedures (see figure 2). However, too high levels of routine can prove 
counteractive towards creative thinking and creation of new knowledge (Nonaka, 2004). 
Furthermore, an integrated structure, compared to the parallel structure, can be expected to 
consume more resources, be harder to implement and have greater potential. Due to the 
difficulty to establish necessary commitment among operators the integrated structure could 
be less effective. The coordinated structure which combines elements of these structures 
could potentially provide the greatest potential. 

Figure 2. Expected performance and input of resources for different structures 
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Research Design 
A recent survey indicates that Swedish manufacturing organizations can realize significant 
improvements in production performance despite low input of resources (Bengtsson et al., 
2005). Hence, the next logical step was to conduct an explorative in-depth case study to be 
able to discuss concrete examples of improvement processes with regard to potential and 
course of action. 
 
The multiple case study was deemed more appropriate than a single case study since it 
provides greater richness (Bengtsson et al., 1997; Bourgeois & Eisenhardt, 1988). Seven cases 
were purposely  selected. All the selected companies had stated that they had reached various 
levels of improvements with different levels of input of resources and had taken different 
courses of action. This allowed for a comparative analysis of the conceptual framework 
(Eisenhardt, 1989; Miles & Huberman, 1994). 
 
The case study method has been criticised, because its findings cannot be generalised 
(external validity) especially compared to those of survey research (Gomm et al., 2000; 
Lincoln & Guba, 2000). The method has also been criticised for inconsistency with the 
requirements of statistical sampling procedures (statistical validity) due to an insufficient 
number of observations (Mentzer & Flint, 1997). The multiple case study is, nevertheless, 
appropriate since this study is explorative and attention is paid to expanding upon existing 
knowledge of learning in production and not to statistically generalize (Yin, 1989). 
 
In total 28 interviews were carried out in the end of 2004, lasting between 60 and 120 
minutes. Semi-structured interviews were carried out since this allowed the authors to both 
capture each case’s specific characteristics and to carry out cross-case comparisons (Kvale, 
1996; Miles & Huberman, 1994). Reliability was promoted by recording and transcribing the 
vast majority of the face-to-face interviews (Dahmström, 2000). The data collection was 
undertaken by one of the authors, but the interview questions and collected data was carefully 
reviewed before and after each collection. The selection of respondents was done on a 
judgmental basis in order to embrace different organizational positions and perspectives. The 
respondents’ positions ranged from operator to production director. 
 
Moreover, the production process was visually inspected and data was gathered from the 
Internet and when possible from company documents. The use of multiple sources improved 
construct validity (Saunders et al., 2003). 
 
Finally, internal validity was addressed by a pattern-matching data-analysis in two steps: 
within-case analysis and cross-case analysis (Bengtsson et al., 1997; Bourgeois & Eisenhardt, 
1988; Yin, 1984). The first step was undertaken to gain familiarity with each case and to 
generate a preliminary understanding. The second step allowed for a deeper understanding 
and involved a search for patterns by comparing variables. 
 

Presentation of Cases 
In this chapter the studied companies are presented and an overview of them is presented in 
table 1. For each case background material is presented followed by potential, course of 
action and cost of realization. 
 
There exists a wide range of approaches and degree of systematic in the improvement 
processes. Generally speaking it was seen as important to improve factors such as production 
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flows, quality and bound capital. In machine intensive environments it is of special 
importance to increase the availability of the equipment, for example, by reducing, or 
eliminating stops. In labour intensive environment changes is more concerned with, for 
example, reduction of waiting time and reparations. 
 

Table 1. Overview of cases 

Company Position Industry Volume 
fluctuations 

Degree of 
automation 

Alfa World's largest producer Motor vehicle accessories Large Low 
Beta Large Swedish actor Metal frames Small Very low 
Gamma World's largest producer Lifting and material 

handling devices 
Small Low 

Delta World's largest producer Motor vehicle components Limited High 
Epsilon Global actor Motor vehicle components Limited High 
Digamma Nordic leader Devices for buildings Large Low 
Zeta Global actor Electronic components Very large Very high 
 

Improvements on an Ad Hoc Basis 
Alfa is the world’s largest manufacturer of a particular kind of car accessories. Volume 
fluctuations are significant. The product price is only a fraction (<1%) of the car price so 
customers are not too sensitive to price changes, which means that production costs are 
secondary to appealing designs. The lack of cooperation between design and production 
generally results in that production spends a great deal of resources on improvements to adjust 
the production process to new designs. In order to secure volumes production management 
believes that Alfa must increase direct deliveries to car manufacturers, which will result in 
increased cost pressure and the company is about to establish routines for learning in 
production. 
 
The company conducted a pilot study on a sub-process and established that daily capacity can 
be increased from 220 units to 250 (+14%) with no investments. 
 
Beta is a large Swedish supplier of metal frames. Volume fluctuations are limited and 
predictable. The production process and the product require skilled operators and it takes a 
long time to learn the trade. 
 
Beta has managed to improve productivity with 30-40% for a product that was recently 
ramped-up. A customer wanted Beta to deliver a functionally different product, but with a 
similar production process. A test product was produced and according to the production 
manager two factors contributed to the productivity improvement. First, productivity was 
improved due to accumulation of produced units. Second, operators continuously searched for 
improvements. Beta did not use systematic procedures in order to gain these improvements. 
The investment was restricted to the time it took for two managers to visit other plants. 
 

Parallel Structure Leads to Considerable Improvements 
Gamma is the world’s largest supplier of particular kind of lifting and material handling 
devices. Volume fluctuations are small. During the last two years the company has carried out 



 -40-

significant structural changes, resulting in closure of one of three factories. In this factory 
improvements were carried out on an ad hoc basis, if they were carried out at all. The 
company is currently implementing more systematic methods in order to improve 
performance in the remaining factories. 
 
Gamma has managed to improve delivery accuracy from 54% to 85% and is approaching the 
goal of 95%. In addition, stock levels have decreased by 40% and production capacity has 
improved with 13% with 15% less staff. Hence, the productivity improvement, measured as 
volume/staff, is 30% (the figure is 25% if the effect of automation is deducted). 
 
In order to stay competitive the company is restructuring the production from functional to 
process oriented. They are also increasing the degree of automation and are considering 
involving operators to a greater extent by implementing TPM (Total Productive 
Maintenance). Initially there were resistance from operators and some managers so it was 
vital to instantly reach considerable results. The company undertook a process analysis to 
reveal any potentials for improvements. Based on this production technicians have 
implemented measures using the PDCA-circle. For example, a more focused and intensified 
communication structure was implemented via meetings, monthly letters, and illustration of 
key performance indicators (KPI). According to the Plant Manager one of the most important 
and easily understood indicators is delivery accuracy. The change also involved 
implementation of cross-functional project-teams. 
 
Delta is the world’s largest manufacturer of a particular kind of motor vehicle components 
with a 75% market share. Volume fluctuations are predictable and limited. The company has 
made significant investments in automation so the focus will be on achieving improvements 
without further investments. 
 
Recently the company improved productivity with 62.5% in a hardening process of steel. 
Assisted by consultants the company performed a systematic process analysis that revealed 
improvement potentials. The changes required 100,000 SEK worth of investments, which 
should be compared with an estimated annual saving of 200,000 SEK. The most significant 
explanation factor was that time was allocated for production technicians to systematically 
review the process. 
 

It can be Difficult to Implement Integrated Structures 
Epsilon is the most successful company in terms of involving operators and it is done 
systematically. The firm is a global supplier of motor vehicle components. Volume 
fluctuations are limited and predictable. There is a constant pressure to improve the 
production process due to fierce competition and industry overcapacity. 
 
Epsilon managed to increase the availability of a production line from 63% to 92%, while the 
total cost per product less material was decreased with at least 20%. During the six-year 
period volumes and level of automation were constant, while staff was reduced with 78%; 
hence, productivity measured as volume/staff was improved by 350%. 
 
In 1997 TPM was implemented at a time when the line was in a poor condition. A training 
program was launched that included, for example, preventive maintenance. 5S and a daily 
supervision of key parameters via checklists by operators and weekly supervision by 
managers gradually replaced TPM and are now the key factors of the improvement process. 
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The project consumed 150 hours and training costs of 35,000 SEK per employee during this 
six-year period. Furthermore, in another project the firm implemented Kanban and more 
frequent deliveries. This resulted in a reduction of WIP (Work In Progress) from 120m SEK 
to 20m, while stock turnover increased from 13-14 to 60-62. 
 

A Coordinated Structure Requires Management Commitment 
Digamma is the largest Nordic manufacturer of ventilation devices for buildings. Volume 
fluctuations are large. The company manufactures a large number of variants, resulting in a 
need for thorough planning in production. 
 
A new Managing Director was appointed in 2003, leading to an increased focus on learning in 
production. This has resulted in improved stock turnover from 4-5 to 16-18 and delivery 
accuracy from 60% to 90% measured on an annual basis. 
 
In order to gain these results Digamma implemented an internal consultancy function called 
Process Excellence (PE) that uses Six Sigma. The company regards Six Sigma as a profitable 
investment since it has lead to a structured way to report and analyse production data, and to 
set clear improvement goals. 
 
Recently the PE-team implemented JIT (Just In Time) in a production cell that eliminated all 
stock and reduced WIP. It also resulted in released floor space and reduced production lead-
time. The team ran courses so that operators would understand the underlying theory and need 
for change. The resistance from operators was evident, but persistence turned the opinion 
around. The new way of working also uncovered other problems such as a need to streamline 
the order process. The project was technically easy to handle since it involved few operators, 
albeit it consumed a great deal of energy since the pilot-project could either leverage, or 
restrict other similar projects. 
 
Digamma had a proposal box in which operators could submit improvement proposals that 
was rewarded, if implemented. The system collapsed when the liable employee left the 
company due to a number of reasons. The system was too bureaucratic and it could take up to 
two years to process proposals. The common view is, nevertheless, that the system was rather 
successful in terms of engaging operators. For example, a proposal from an operator led to a 
50% reduction of waste, worth 180,000 SEK, by changing the lengths of purchased material. 
In the new structure the proposal activity will be an integrated part of the production process. 
Each group of operators will run improvement meetings and the group leader can instantly 
decide whether the proposal should be implemented and financially rewarded. More 
complicated improvements will be dealt with by one of the cross-functional teams that each 
production technician will lead. Each individual team will meet approximately every third 
week and the team constellation will change depending on need. Operators will be highly 
involved. 
 
Zeta has implemented a slightly different version of the above-mentioned structure. The firm 
is a global supplier of electronic components. Volume fluctuations are very large. One part of 
the production is characterised by few products and high volumes, while the other part is 
characterised by numerous products and low volumes. 
 
Last year Zeta launched a project aimed at reducing cost of poor quality with 65%, worth 
2.3m SEK, and improving OOE (Overall Operating Efficiency) from 20% to 60% in a 
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production cell. OOE measures actual performance in relation to theoretical performance 
(=100%) with regard to process availability, product quality and process performance. The 
project was initiated due to an order that exceeded production capacity. A systematic review 
of the cell using Six Sigma has so far led to 77 measures. It was deemed necessary to involve 
operators in order to have the right competence base in the project group and to establish 
support among operators. A preliminary analysis points towards a 1500-hour consumption 
and a payback time of less than 7 months. Table 2 summarizes the discussed projects. 
 

Table 2. Summary of improvements by the seven companies 

Company Type of  
project 

Productivity  Other  
improvements 

Initiated by Resource 
consumption 

Main 
method 

Alfa Process analysis +15%   Production 
manager 

  Process 
mapping 

Beta New product +30-40%   Customer Visits to sites None 
Gamma New production 

system 
+30% Production lead-time 

and bound capital 
Board of 
directors 

Some 
investments 

PDCA-
circle 

Delta Machine 
availability 

+60-65% Less rework Board of 
directors 

100,000 SEK PDCA-
circle 

Machine 
availability 

+350% Availability +50%, 
manufacturing cost -
20% 

Board of 
directors 

35,000 SEK+  
150 hrs/ 
operator 

Epsilon 

Stock reduction   Stock turnover from 
13-14 till 60-62, 
WIP from 120m to 
20m 

Board of 
directors 

  

5S 

Implementation 
of JIT 

  No stock, less WIP, 
shorter production 
lead-time 

PE-team   

Stock turnover   Stock turnover from 
4-5 to 16-18 

MD Some 
investments 

Digamma 

Purchasing 
routines 

  Waste -160,000 
SEK 

Operator   

Six Sigma

Zeta Process analysis +300% 
(OOE) 

Quality costs -2,3m 
SEK  

Customer 1500hrs Six Sigma

 

Discussion of Case Studies 
One critique against one part of the organizational learning literature, as discussed in chapter 
two, is that it assumes that companies learn at the same uniform rate. This study clearly 
indicates that learning is non-uniform and the effect of learning is both incremental and 
radical. For example, Zeta reduced the level of cassations from 8% to 1.5% (incremental) and 
improved OOE for a production cell with 300% (radical). The fact that competence 
depreciates rapidly stresses the importance of management constantly focusing on learning in 
order to create the necessary driving force (Bessant et al., 2001). It seems that the systematic 
improvement work by Gamma, Digamma and Zeta has been initiated when new management 
has been appointed, which indicates that learning in production has previously been 
neglected, or has stagnated. For Epsilon a crisis was required before focus was directed 
towards these issues. At this stage it could be too late and they now see it as necessary that the 
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driving force comes from within the company. Moreover, the view that cumulative output and 
volume level are seen as approximations for learning can be criticised. This study indicates 
that these factors do not guarantee learning, learning does not occur per se. It appears that 
successful companies are the ones that constantly and proactively work with systematic 
improvement processes. 
 
Furthermore, this study supports the viewpoint that learning opportunities are great not only 
in labour intensive, but also in machine intensive environments. Zeta, for example, has 
realized significant improvements with low input of resources, resulting in a payback time of 
less than seven months in a machine intensive environment. The improvement processes seem 
to differ depending on the level of automation, volume fluctuations and other organizational 
factors. Thus, this study supports that learning is context dependent. 
 
When comparing the conceptual framework and actual outcome there are some noticeable 
differences (see figure 3). With regard to the integrated structure Epsilon has managed to 
reach a high performance level despite low level of input of resources. One explanation could 
be that they faced a crisis and, therefore, relatively easily could reach high level of 
commitment from operators. This, however, does not explain their ongoing success. Another 
explanation could be that they have managed to create routines that ensure continuous and 
systematic improvements without restraining the creativity of operators. Another noticeable 
difference is that Alfa has consumed a relatively high level of resources in the improvement 
process with a relatively low return. When analysing the gap between actual and expect 
outcome for Alfa it is necessary to be somewhat cautious. It may take a while before the 
effects of their efforts are made visible. Nonetheless, as expected an ad hoc way of working 
seem to be less fruitful compared to more systematic approaches. 
 
Moreover, it is of value to notice that Gamma and Digamma that are two leading Swedish 
companies in relatively mature industries have managed to achieve considerable 
improvements with short payback times. They initially implemented improvement processes 
run by experts (parallel structure) and are now about to engage operators to drive 
improvements (coordinated structure). 
 
To conclude, the differences in resource consumption and performance between the three 
different structures compared to expected values might be explained, above all, by two 
factors. First, the quality of the improvement process governs the performance outcome since 
learning does not occur per se. Second, different contexts demand for different solutions and, 
thus, different input of resources. 
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Figure 3. Evaluation of the studied organisations’ structures for learning 

 

Conclusions 
The focus of this study has been on a discussion of improvement processes in production 
processes with regard to potential and how to realize this potential. The study shows that 
implementation of systematic methods ought to be the first step, before a company undertakes 
large structural changes including downsizing and off-shoring/outsourcing. This gives the 
company a stronger negotiating position towards external suppliers, should they decide to 
outsource. The study also shows that: 

• The potential of learning in production is considerable and input of resources is small, 
often with payback times of less than a year. 
• The studied companies have predominantly chosen to start with minor projects that 
quickly pay off. The small scale increases probability of success and that the project can 
act as a lever for further changes. 
• For most of the successful changes in this study the companies have chosen to initially 
involve experts. However, operators have also been involved in order to access a larger 
competence base and to create support for the change. Several production managers stated 
that it was difficult to involve operators. Different forms of proposal activities have often 
been used to involve operators, but disadvantages in form of long lead times and inefficient 
decision processes seem to outweigh the advantages. A more efficient way seem to be to 
decentralise decision-making and allowing group leaders to take greater responsibility. 

 
A trend among the studied companies is to increase the degree of automation. A prerequisite 
to succeed with this transition is to have a flexible and competent workforce that is able to 
proactively improve processes (also see Docherty, 1996). This point towards that learning in 
production together with other solutions can make manufacturing companies more 
competitive. This study clearly indicates that more can be done with less resources and a 
challenge for management will be how to engage operators without they having to fear to be 
dismissed. 
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Abstract 
Previous research shows that manufacturing capabilities affect new product development 
(NPD) performance, but it does not investigate how firms can improve manufacturing and 
how such improvements can be used to improve product designs. Thus, whereas previous 
research has focused on interaction during NPD projects, this paper focuses on interaction 
during the manufacturing phase. Starting from a distinction between systematic and 
unsystematic continuous improvement (CI) approaches, and proximity and dispersion, the 
paper shows how the combination of CI approach and geographical distance influences 
interaction between manufacturing and design. 
 
The case study findings demonstrate that systematic CI approaches lead to a higher number of 
improvements, which could provide opportunities for improving product designs. The ability 
to realize the potential of such opportunities is affected by the geographical distance between 
design and manufacturing. The paper concludes by stating that the combination of systematic 
approach and proximity seem to provide the best foundation for effective manufacturing-
design interaction. Simply put, it results in a high number of quality improvement proposals 
that can be discussed and elaborated face-to-face. 

Dispersion 
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Introduction 
 
The production in Södertälje will not be relocated [to a low-wage country]! The symbiosis with 
development is of enormous importance. The interplay has become more important during the last 
4-5 year as the cross-functional way of working has seriously spread throughout Scania with 
object groups that bring together different competences and knowledge areas, including 
production. 

(Manager, Power Train Development at Scania quoted in Berggren, 2005, p. 19) 
 

Since not all problems can be solved before the ramp-up of production (given time-to-market 
constraints), Scania believes that it is practically impossible to separate design and 
manufacturing; the reason is that numerous things could go wrong when the functions are 
geographically dispersed due to the many detailed decisions that remain and soft issues that 
need to be resolved during the ramp-up of production (Berggren, 2005). In essence, this and 
several other studies display that the geographical distance between design and manufacturing 
affects interaction during NPD projects. 
 
Interaction during NPD projects is also affected by manufacturing capabilities. This was 
demonstrated by Clark and Fujimoto’s (1991) study of product development performance in 
the automotive industry. They concluded that the reason why manufacturing capabilities 
matters is that three major manufacturing activities are embedded in the development process: 
prototype fabrication, making dies for body panels, and pilot run and ramp-up. Thus, high 
performers in manufacturing also achieved high performance in product development, for 
example due to the ability to detect problems at an earlier stage. 
 
To sum up, previous research highlights that both geographical distance and manufacturing 
capabilities affect interaction during NPD projects. (This kind of interaction is often referred 
to as design-manufacturing interaction.) However, interaction does not cease to be of 
importance at the project closure; on the contrary, it continuous to be of importance during the 
manufacturing phase (hereinafter referred to as manufacturing-design interaction). In fact, the 
potential for both product and process improvements after project closure could be 
significant. An example can be found in Prencipe’s (2001) study of the introduction of 
hollow, wide chord fan blades at Rolls-Royce. After 15 years of investment in research on 
new design and manufacturing techniques, Rolls-Royce introduced the first generation of this 
kind of blades. The company continued to make such investments and the introduction of the 
second generation was dependent on advances in manufacturing. In fact, the author argues 
that the introduction of the second-generation blades was partly triggered as a result of 
manufacturing improvements. An important enabler to take advantage of manufacturing 
improvements seems to be that they integrated design and manufacturing tasks ‘into one 
environment through a reduction in the number of interfaces [which] has resulted in the fan 
development process becoming a seamless operation. This has produced shorter lead times 
and cost savings (Prencipe, 2001, p. 317)’. 
 
Although research shows that the product and process are intertwined and co-dependent not 
only during NPD projects but also during manufacturing (Ulrich, 1995; Utterback, 1994), 
previous research predominantly focus on interaction during NPD. For example, Clark and 
Fujimoto (1991) demonstrate the importance of manufacturing capabilities for development 
success, but do not investigate how firms can improve manufacturing (i.e. Continuous 
Improvement – CI – approach) and use this to improve product designs. This paper expands 
on previous research by focusing on interaction after project closure (i.e. during 
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manufacturing). More specifically, the paper inquires how the combination of CI approach 
and geographical distance affects interaction during manufacturing. 
 
The remainder of this paper is structured as follows. First, a literature review is presented, 
which consists of CI and NPD literature. Both these research streams provide valuable 
insights, but are by themselves unable to provide an answer to the research question. While 
the CI literature is process centric, intra-functionally oriented and discusses manufacturing 
performance, the NPD literature is product centric, relatively inter-functionally oriented, and 
discusses cross-functional interaction. Since interaction is a central theme, the theoretical 
review also includes the Media Richness Theory. By utilizing these theoretical perspectives it 
is possible to illuminate and better understand how the combination affects interaction. 
Following the theoretical framework, the research design is outlined and then the empirical 
data is presented. Next, an analysis is provided, which ends with the proposition of a tentative 
framework. Finally, a discussion together with conclusions is presented. 
 

Interaction between Manufacturing and Design 
As previously stated, Clark and Fujimoto’s (1991) study concludes that manufacturing 
capabilities affect NPD performance. However, they do not investigate how firms can 
improve manufacturing and how such improvements can be used to improve product designs. 
When analyzing CI it is possible to distinguish between systematic and unsystematic 
approaches. On the one end of the continuum it is possible to find firms that work 
systematically and on the other end it is possible to find firms whose work could be described 
as unsystematic. In general, studies show that firms with systematic approaches outperform 
those that work unsystematically (e.g. Dabhilkar & Bengtsson, 2004, 2006). In short, 
approaches where improvements are systematically implemented by both by experts (e.g. 
production engineers) and operators have the greatest potential since all staff categories are 
involved (Imai, 1986). There are several benefits associated with these so-called wide-focused 
approaches. On the one hand, expert driven improvements consumes relatively few resources 
and are easy to implement (Hart et al., 1996). On the other hand, operator driven 
improvements reduces operators’ resistance to change. Another advantage is that operators 
are able to generate, transfer and utilize knowledge within the frame of daily work that could 
lead to considerable improvements (Ellström, 2000; Nonaka, 2004). 
 
However, the ability to take advantage of such manufacturing improvements could be 
inhibited by geographical dispersion. The reason is that geographical dispersion affects 
interaction. For example, Allen’s (1977) study of interaction within R&D organizations 
demonstrated that interaction between people drops off rapidly as the geographical distance 
increases. More recent research confirms that Allen’s findings are applicable to interaction 
between design and manufacturing departments in NPD projects (e.g. Van den Bulte & 
Moenaert, 1998). For example, Sosa et al.’s (2002) research demonstrates that the 
communication impedance increases as the distance increases. The study shows that the 
utilization of rich communication media decay at faster rates than less rich media as the 
distance increases. The distinction between rich and less rich communication media was 
proposed by Daft and Lengel (1984), and has been supported by several studies (e.g. Adler, 
1995; Wynstra & ten Pierick, 2000). The media richness theory states that each medium has 
different information carrying capacity. There are, according to Daft and Lengel (1984; 1986), 
five categories of media with decreasing richness. Face-to-face is the richest medium, 
followed by telephone, personal documents (e.g. letters and memos), impersonal documents 
and numeric documents. Since the introduction of the media richness theory, there have 
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obviously been great advances in information and communication technology (ICT). For 
example, Product Lifecycle Management (PLM) systems allow firms to improve interaction 
and reduce the lead-time from design to prototype. However, for this paper, the media 
richness theory is valid for two reasons. First, with support of other studies it is plausible to 
assume that the key characteristics of the media richness theory still apply to the management 
of interaction. Second, the studied companies only used advanced ICT tools such as PLM-
systems to a limited extent. 
 
Relatively speaking, rich media facilitate greater collaboration than less rich. A typical 
response for organizations facing equivocality is to increase the amount of information 
processing (Tushman, 1979). However, equivocality cannot be eliminated simply by 
processing more information; it requires the processing of rich information by the selection of 
rich media (Daft & Lengel, 1986). More specifically, it is question of finding the ‘right’ 
media mix rather than rich versus less rich. The ability to mix different media seems to be one 
of the explanations to top Japanese firms’ success (Liker et al., 1999). For example, Toyota 
used a mix of interaction procedures such as challenging targets, well-defined tasks and 
collocation when they developed the hybrid car Toyota Prius (Magnusson & Berggren, 2001). 
One prominent interaction procedure in the NPD literature is cross-functional teams (e.g. 
Brown & Eisenhardt, 1995; Filippini et al., 2004; Maidique & Zirger, 1983; McDonough, 
2000). The use of cross-functional teams enable the creation and transfer of knowledge across 
the organizational boundaries (Karlsson & Åhlström, 1996). The downside is that there are 
costs, sometimes substantial, associated with using cross-functional teams. These negative 
and positive aspects of using cross-functional teams were evident in Sapsed and Salter’s 
(2004) study of a major computing company. They studied a firm that collocated dispersed 
team members to improve project performance. At first the project prospered and the success 
was largely attributed to the use of collocated, cross-functional teams. However, the company 
had to remove face-to-face interaction due to the financial situation; resulting in that the 
relations between the dispersed team floundered. Similar findings can be found in Lakemond 
and Berggren’s (2006) study of a specialist in heavy engineering products. The study showed 
that collocation was particularly beneficial in the early stages of NPD projects, at least for 
more radical projects. A plausible explanation is that collocation improved rich interaction, 
which in turn reduced equivocality. 
 
Another frequently discussed interaction procedure in the NPD literature is formalization. 
According to Shenhar and Dvir (1996), the need for formal management procedures in 
projects is primarily associated with the project scope. While relatively simple projects may 
rely on informal means of management, more complex projects need to rely on formalized 
planning and control techniques, documentation and formal design reviews to a greater extent. 
In fact, several NPD studies have found a negative correlation between formalization and 
project lead-times (e.g. Cooper & Kleinschmidt, 1994; Filippini et al., 2004). However, to 
what extent the above-depicted NPD research is applicable to manufacturing-design 
interaction remains somewhat uncertain. 
 
To sum up, the theoretical review identifies three factors that affect the ability to improve 
product designs as a result of manufacturing improvements: CI approach, geographical 
distance, and communication media. 
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Research Design 
Since the number of studies that that explicitly studies manufacturing-design interaction is 
limited, this paper rests on a multiple case study method. This facilitated in-depth 
understanding (McDonough, 2000) and theoretical replication (Eisenhardt, 1989; Miles & 
Huberman, 1994). Three cases were selected with the aim to study different combinations of 
CI approach and geographical distance (see table 1). Beta’s design and manufacturing 
departments are located close to each other and they lack a systematic approach; Zeta’s 
departments are dispersed and they have a systematic, wide-focused approach; Digamma’s 
departments are located close to each other and they have a systematic, wide-focused 
approach. Thus, the combination of dispersion and unsystematic approach is excluded. 
Instead, the literature has been used to draw conclusion. It is, nevertheless, important to 
acknowledge this flaw. 
 

Table 1. Research design: selected cases 

Geographical 
distance 

Unsystematic 
CI approach 

Systematic 
CI 

approach 
Proximity Beta Digamma 
Dispersed  Zeta 

 
The respondents were selected on a judgmental basis in order to embrace different aspects of 
manufacturing-design interaction (e.g. design and production managers). All 17 semi-
structured interviews were conducted face-to-face, and were recorded and transcribed. The 
interviews were complemented with other material such as press releases, annual reports and 
some company internal documents. The data were compiled into preliminary case reports that 
the key informants reviewed and commented upon. Next, the data were analysed in two steps 
following the guidelines provided by Eisenhardt (1989), Miles and Huberman (1994), and Yin 
(2003). First, the individual case was analysed on a stand-alone basis using theoretically and 
empirically derived codes to highlight the unique patterns of the particular case. Second, these 
patterns were compared with the patterns found in the other cases in order to highlight cross-
case patterns and differences. The unit of analysis was the (i) CI approach and (ii) product 
since they were expected to be interlinked. 
 

Evidence from Three Companies 
The empirical data is presented as follows. Each case description begins with an overview, 
which is followed by examples of manufacturing improvements. Finally, the link between 
manufacturing and product design improvements is discussed. (A more detailed description 
and analysis of each company's CI approach is available in Olausson (2005), and Olausson 
and Swartling (2005).) 
 

Low Degree of Improvements, but High Degree of Interaction at Beta 
Beta is a large Swedish supplier of metal frames. Their CI approach can be characterized as 
unsystematic. For example, the firm does not utilize any systematic tools for production 
improvements. The design and manufacturing department are located some 15 meters apart. 
 
Some time ago a customer invited Beta to produce a test product. The customer was 
dissatisfied with their supplier so a long-term contract would be signed in the event of a 
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successful outcome. Some minor design changes were made to better match the product 
design with the process capability. The test product was successfully delivered and Beta won 
the contract. Since the ramp-up of production, the company has managed to improve 
productivity with 30-40%. According to the production manager there are two key 
explanations for this. First, productivity has been improved due to an accumulation of 
produced units (i.e. the learning curve). Second, the operators have identified and suggested 
several process and product improvements, which have been implemented. 
 
Since there is a high degree of customization and short order lead-times, both the production 
and design manager states that design changes are common. To improve manufacturability, 
the manufacturing manager is often involved already at the conceptual phase of product 
development projects to make sure that previous experiences and manufacturing 
improvements are taken into account. The degree of formalization is very low so interaction is 
often carried out in what could be described as an informal way. 
 

High Degree of Improvements, but Low Degree of Interaction at Zeta 
Zeta is a global supplier of electronic components. Their CI approach can be characterized as 
systematic and it involves all staff categories. For instance, while production engineers use 
Six Sigma7 and other tools for production improvements, most operators have an area of 
responsibility in terms of CI. Some mechanical designers are located at the production site, 
but most design activities are conducted at two remote sites of which one is located overseas. 
 
Some time ago Zeta launched a project aiming at improving a particular production cell’s 
performance. Approximately a year later, the systematic review had resulted in 77 measures. 
However, while both production technicians and operators have been highly involved, design 
staff has been involved only to a limited extent. 
 
The interaction between design and manufacturing can be divided into two categories. First, 
as several respondents mentioned, interaction with the on-site mechanical design staff is 
frequent and rewarding. When problems arise, it is easy to meet face-to-face to solve them. 
Second, according to the production manager, interaction with the remotely located design 
departments is formalized and primarily based on written reports (i.e. less rich media). The 
manufacturing department reports on a frequent and regular basis, but the level of feedback is 
limited; meaning that their ability to affect product designs is restricted. Remotely located 
designers do visit the manufacturing site, but only given special circumstances such as the 
ramp-up of production during NPD projects. 
 

High Degree of Improvements and High Degree of Interaction at Digamma 
Digamma is the largest Nordic supplier of ventilation devices for buildings. Their CI 
approach can be characterized as wide-focused and systematic. For instance, while production 
engineers use Six Sigma and other tools, many operators are involved in improvement groups. 
While some production and design staff is collocated, the actual production is located some 
20 meters away. 
 
The company implemented Six Sigma few years ago, and this has resulted in an intensified 
search for and realization of manufacturing improvements. These improvements relate to a 

                                                 
7 Six Sigma is a tool for systematically reducing and eliminating process variations that cause defects. 
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wide range of areas such as kanban and JIT. In short, this has improved the manufacturing 
performance and their ability to manage customization, which is an important competitive 
factor. Another example is that these improvements have improved the process capability and, 
thus, the performance of several products (e.g. robustness). 
 
Interaction between design and manufacturing is relatively intense throughout the whole 
product life cycle. This is necessary for two reasons. First, the high degree of customization 
requires continuous interaction between the departments to ensure manufacturability. Second, 
the technology is mature, which means that it is more important to reduce costs than to 
introduce new product platforms. As a matter of fact, they conduct about 30-40 product-
improvement (cost reduction) assignments per annum compared to one new platform project 
every four to five years. The product improvement assignments often contain both process 
and product improvements; thus, they are conducted in the borderland between manufacturing 
and design. Despite the close distance between the departments, the company believes that it 
is necessary to formalize interaction. Their experience is that formalization is needed to 
ensure that key persons are involved at the right time so that key information is exchanged. In 
addition, they believe that formalization is necessary for reducing redundancy of work 
conducted in different projects and departments. 
 

Cross-Case Patterns and Differences 
The empirical data illustrates several patterns and differences with regard to manufacturing-
design interaction. First, whereas Beta has a relatively low degree of manufacturing 
improvements, they have a high degree of interaction between design and manufacturing 
based on rich media (e.g. face-to-face interaction across organizational boundaries). However, 
only a minor proportion is due to manufacturing improvements. In fact, from a manufacturing 
perspective, the vast proportion of interaction can be seen as reactive since the design 
department initiates it. This interaction is valuable, nonetheless, since it facilitates 
manufacturability. Second, Zeta has a higher degree of manufacturing improvements, but a 
lower degree of interaction, which is based on less rich media (e.g. numeric documents). It 
seems as if dispersion seriously inhibit manufacturing-design interaction and the ability to 
consider manufacturing and design improvements in combination. Third, Digamma has both a 
high degree of manufacturing improvements and manufacturing-design interaction based on 
rich media. They do not view process and product improvements in isolation; on the contrary, 
they deliberately initiate improvement assignments in the borderland between design and 
manufacturing, often by using cross-functional teams. However, the combination of a 
systematic CI approach and proximity does not by itself guarantee effective manufacturing-
design interaction. Digamma has experienced problems with regard to involving key persons 
at the right time so they are currently complementing informal with formal interaction (i.e. 
increasing the degree of formalization). 
 
The cross-case patterns and differences are summarized in table 2, which shows that whereas 
Zeta and Digamma work systematically and achieve a high degree of manufacturing 
improvements, Beta works unsystematically and achieves fewer improvements. Moreover, the 
table highlights that Beta and Digamma have a higher degree of manufacturing-design 
interaction than Zeta. With the support of the literature (e.g. Allen, 1977), it seems safe to 
conclude that dispersion is negatively associated with the degree of manufacturing-design 
interaction and, in particular, the exchange of rich information. 
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Moreover, it seems as if formalization could benefit manufacturing-design interaction, at least 
in situations of great uncertainty. For example, Digamma believes that it is necessary to 
formalize interaction to take full advantage of the opportunities of manufacturing 
improvements and reduce redundancy costs. However, it can be concluded that formalization 
together with less rich media is insufficient in terms of significantly reducing the detrimental 
effects of dispersion. For example, interaction with the remotely located design departments 
at Zeta is formalized and primarily based on written reports. This restricts the manufacturing 
departments ability to discuss the potential of opportunities arising from manufacturing 
improvements. It seems necessary to share rich, face-to-face information on a regular basis to 
be able to take full advantage of such opportunities. To sum up, the reasons for formalizing 
interaction may differ depending on the geographical distance. In contexts of dispersion, 
formalization could ensure that a minimum degree of interaction takes place on a regular 
basis. In contexts of proximity, formalization could ensure that communication media is used 
cost effectively. (There is an obvious risk that proximity leads to overuse of rich media, which 
in turn is costly). 
 

Table 2. Summary of the empirical data 

Company CI approach Geographical 
distance 

Degree of 
improvements

Degree of 
interaction 

Beta Unsystematic Proximity Low Medium 
Zeta Systematic Dispersion High Low 
Digamma Systematic Proximity High High 

 
The analysis is summarized in a tentative framework (see figure 1), which highlights that the 
ability to improve products by taking advantage of manufacturing improvements is affected 
by three factors: CI approach, dispersion (i.e. distance) and rich media. Systematic CI 
approaches can be expected to have a positive impact since they increase the number of (high 
quality) improvements. The ability to realize the potential of manufacturing improvements is 
aided by the use of rich media. For example, cross-functional teams allow people to, across 
organizational boundaries, discuss how to best take advantage of the potential of 
manufacturing improvements and receive immediate feedback. 
 
However, the ability to realize this potential is inhibited by geographical dispersion for two 
reasons. The first reason is that dispersion inhibits the ability to use rich media (e.g. cross-
functional teams). It is sometimes possible to collocate key staff in order to exchange rich 
information, but it seems less natural to collocate staff during manufacturing than during NPD 
projects. The second reason is that dispersion results in a lower degree of interaction, for 
example due to the reduction of informal interaction. 
 
The findings in figure 1 clearly have managerial implications. In fact, the findings illustrate 
that managers need to take interaction into account not only during the NPD phase but also 
during the manufacturing phase. When managing interaction, figure 1 could be used as a basis 
when discussing the implications of different options such as (i) outsourcing, (ii) relocation 
and (iii) manufacturing improvements. 
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Figure 1. Tentative framework for analyzing manufacturing-design interaction 

 

Discussion and Conclusions 
This paper argues that previous research has to a great extent ignored interaction between the 
design and manufacturing departments during the manufacturing phase. More specifically, the 
paper inquires how the combination of CI approach and geographical distance affects 
interaction during manufacturing. The findings indicate that the combination of proximity and 
systematic approach yields superior manufacturing-design interaction. Simply put, it results in 
a high number of quality improvement proposals that can be discussed and elaborated face-to-
face. Also, it means that improvements can be carried out in the borderland between design 
and manufacturing. The combination of proximity and unsystematic approach displays less 
intense interaction. Interaction could become rather reactive (from a manufacturing 
perspective) than proactive since fewer manufacturing improvements provide fewer 
opportunities for design improvements. The combination of dispersion and systematic 
approach displays the lowest degree of manufacturing-design interaction. It seems as if 
dispersion seriously inhibits manufacturing-design interaction. Although a systematic 
approach leads to significant process improvements, dispersion prevents the inclusion of 
closely related design changes. It is obviously possible to collocate staff, but it appears less 
natural for dispersed staff to collocate during manufacturing than NPD projects. 
 
By focusing on interaction during manufacturing, this paper contributes to the CI and NPD 
literature and our understanding of interaction between design and manufacturing. However, 
the research design restricts the generalisability of the findings. For example, the study does 
not investigate all combinations of distance and CI approach. In addition, the studied 
environments are slightly different and could therefore provide different characteristics and 
potential for improvements and interaction. Hence, although future research could investigate 
the links in figure 1 by conducting a questionnaire-based study, it seems even more fruitful to 
first improve our understanding of contextual factors by generating further case studies. For 
example, future research could investigate if it is possible to distinguish between different 
categories of manufacturing improvements with regard to providing opportunities for design 
improvements. It could well be that different kinds of manufacturing improvements provide 
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different opportunities. Also, it may be necessary to further investigate the links between 
interaction during NPD and manufacturing. This paper merely glances at manufacturing-
design interaction so many challenges lay ahead of us, albeit it seems safe to (already at this 
stage) conclude that the potential for interaction during the manufacturing phase could be 
significant. 
 
To sum up, this paper has illustrated that manufacturing improvements could provide 
significant opportunities for product improvements. The findings reveal that manufacturing 
improvements provide opportunities for improving products with respect to three areas: 
product robustness, order lead-time and customization. These improvements were reached 
despite that the involving managers had managed interaction seemingly well during the NPD 
phase. Thus, since not all problems can be solved or anticipated during the NPD phase, firms 
need to continue to manage interaction during the manufacturing phase. 
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Abstract 
Regardless of whether manufacturing is conducted in-house or by external suppliers, it is 
necessary for the R&D department to have a basic understanding of manufacturing when 
developing high-tech products. This paper suggests that manufacturing is an important 
contributor in the development of absorptive capacity at the R&D department. Starting from a 
distinction between integrated and separated sourcing strategies, the paper shows how the 
selected sourcing strategy influences the possibilities for R&D-manufacturing interaction. 
 
The case study findings illustrate that a company that outsource manufacturing to external 
suppliers (separated sourcing strategy) primarily has to rely on formalized means for 
interaction, whereas there is a greater variety in the interaction process at a company that 
conducts manufacturing in-house (integrated sourcing strategy). The paper concludes by 
discussing how absorptive capacity is dependent on the geographical distance and 
organizational bonds between R&D and manufacturing, and on the management of interaction 
on an operational level. 
 

No manufacturing A high degree of manufacturing  
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Introduction 
How well a firm manages integration between different departments in new product 
development (NPD) affects time-to-market as well as profitability since at least 70% of a 
product’s costs are committed during the design stage (Boothroyd et al., 2002; Fox, 1995; 
Hundal, 1993; Whitney, 1988). However, many firms find it difficult to integrate different 
departments (Gupta & Wilemon, 1988; Souder, 1988) and integration between R&D and 
manufacturing appears to be particularly problematic (Sehdev et al., 1995). 
 
In studies of design-manufacturing interaction in NPD it is often assumed that the developing 
organization has in-house manufacturing capabilities and that collaboration between R&D 
and manufacturing departments is best supported through the application of design-for-
manufacturing (DFM) tools (Boothroyd et al., 2002). Firms that make use of external 
suppliers are advised to engage these suppliers at an early stage of the NPD project, using 
principles of “black-box engineering” and relying extensively on standardisation of technical 
interfaces (Karlsson & Åhlström, 1996). However, as suggested by Eisenhardt & Tabrizi 
(1995) and further elaborated by Lakemond et al. (2006), the usefulness of such general 
advice for supplier involvement is limited by a number of project specific factors such as the 
technological novelty, task complexity and inter-organizational dependencies. In product 
development where focus is on novelty and task complexity is high, it is often difficult to 
separate R&D and manufacturing due to the high degree of interdependence (Berggren, 2005; 
Chesbrough & Teece, 1996; Fine & Whitney, 1999). The reason is that it is often necessary 
with a high degree of interaction between R&D and manufacturing. 
 
However, the sourcing strategy by itself does not determine whether a company is able to 
develop new products successfully. This was shown in a survey of the Swedish engineering 
industry where Bengtsson (2005) concluded that other efforts than the sourcing strategy 
determine NPD performance. In other words, it is vital that the management of interaction 
matches the sourcing strategy. Therefore it is important to elucidate what this means in 
practice. 
 
This paper discusses R&D-manufacturing interaction on an operative level in the context of 
high-tech NPD projects where a certain degree of interdependence exists between R&D and 
manufacturing. More specifically, this paper inquires how different sourcing strategies 
influence the conditions of R&D-manufacturing interaction and how firms manage this 
interaction given these conditions. 
 
The paper is structured as follows. First, the theoretical framework is presented. The 
framework shows that the R&D department need to have a broad understanding of NPD 
capabilities to be able to effectively manage innovation. This so called absorptive capacity 
helps us to understand and analyse R&D-manufacturing interaction. However, previous 
research has often ignored the input of manufacturing, and this paper addresses this gap by 
including manufacturing operations. The theoretical section is followed by the empirical data 
(two comparative cases). Next, the empirical data are analysed, which is followed by the 
discussion and conclusions. 
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Theoretical Framework 

Two Sourcing Strategies: Integration and Separation 
Two different sourcing strategies can be identified for companies that carry out R&D in-
house: (1) internal R&D, internal manufacturing, and (2) internal R&D, external 
manufacturing (Ulrich & Ellison, 2005). Generally speaking, firms need to rely on specialized 
suppliers to complement their in-house R&D efforts as the number of knowledge bases 
required for the design and manufacturing of products increases. This increasing 
specialization makes it difficult for firms to rely entirely on in-house capabilities (Brunsoni et 
al., 2001). In fact, a study of Belgian manufacturing firms revealed that 73% of the studied 
firms relied on a mix of the two sourcing strategies (Veugelers & Cassiman, 1999). Thus, in 
practice, these strategies are not mutually exclusive. 
 
Nevertheless, the distinction between integrated and separated strategies is useful for the 
purposes of this paper. Although many researchers use this dichotomy, our theoretical review 
revealed that they consistently ignore explaining how they operationalized the dichotomy. To 
be able to distinguish between the two strategies, this paper proposes that it is plausible to use 
the ‘degree of in-house manufacturing’ as a proxy. The degree of in-house manufacturing can 
be determined by establishing the degree of in-house machining, assembling and testing. 
(These three are frequently mentioned as important manufacturing activities). On the one end 
of the continuum, it is possible to find companies that outsource all manufacturing activities. 
These firms are sometimes referred to as ‘dematerialized’ (Arnold, 2000) or ‘virtual’ 
(Chesbrough & Teece, 1996). In this paper, however, the term ‘separated’ will be used 
because it better addresses the organizational boundaries of the firm in terms of R&D and 
manufacturing. On the other end of the continuum, it is possible to find companies that 
conduct a significant proportion of the manufacturing activities in-house. In this paper, these 
firms are referred to as ‘integrated’ (cf. Ulrich & Ellison, 2005). 
 

Co-ordination and Interaction 
Whether a company selects integrated or separated strategies for production sourcing, there is 
a need for co-ordination between R&D and manufacturing. For the company that uses a 
separated strategy, this implies co-ordination between the internal R&D department and 
external suppliers and subcontractors. For the company that primarily relies on internal 
production resources, using an integrated strategy, this implies co-ordination between internal 
R&D and manufacturing departments. Several techniques may be used to achieve co-
ordination, e.g. direct supervision (hierarchical means for co-ordination), various forms of 
standardization, and mutual adjustment based on direct interaction and communication 
between individuals (Mintzberg, 1983). Due to a comparatively high level of uncertainty, 
direct communication and interaction has been found to be particularly useful in innovative 
environments (Burns & Stalker, 1961). 
 
Different communication media are used in the interaction process and each kind of medium 
displays a different capacity to process rich information. Daft & Lengel (1986) present five 
categories of media with decreasing richness. Face-to-face is the richest medium, followed by 
telephone, personal documents (e.g. letters and memos), impersonal documents and numeric 
documents. Sapsed and Salter (2004) showed that the relationships between the dispersed 
teams floundered as face-to-face interaction was removed. This calls for an exchange of high 
quality information in uncertain situations (Daft & Lengel, 1986; Tushman, 1979). 
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Hence, product development literature advises firms to involve in-house manufacturing by 
using cross-functional teams (e.g. Brown & Eisenhardt, 1995; Maidique & Zirger, 1983) and 
suppliers by collocating engineers at an early stage, at least if the supplier possesses critical 
knowledge (Bozdogan et al., 1998; Magnusson & Berggren, 2001). In fact, many studies 
show that co-located work groups share knowledge and perform better than dispersed groups. 
This is not only because co-location facilitates the use of richer communication media, but 
also due to the fact that frequency of interaction tends to decrease in organisations that are 
geographically dispersed. For example, Allen (1977) found that the probability of two 
engineers engaging in technical communication rapidly decreases as the distance between 
them increases. The more distant they are, the greater the communication impedance will be 
(cf. Pinto et al., 1993; Tushman, 1979). 
 
Another variable that is commonly used to characterize interaction in product development 
projects is the degree of formalization. According to Shenhar and Dvir (1996) the need for 
formal management procedures in a project is primarily associated with the system scope that 
the project addresses. Whereas projects that address relatively simple products may rely on 
relatively informal means of management, projects that address more complex tasks will to a 
greater extent rely on formalized planning and control techniques, documentation and formal 
design reviews. 
 

Absorptive Capacity, Geographical Distance and Organizational 
Bonds 
The division of labour does not necessarily match the division of knowledge (Brunsoni et al., 
2001). In other words, firms need to ‘know more than they make’. According to Prencipe 
(1997), this is the reason why Rolls-Royce retains technological knowledge about 
components whose production is fully outsourced. Sako (2003) has identified a similar pattern 
in the automotive industry where the OEMs conduct ‘shadow engineering’ in order to retain, 
sustain and increase their systems integration capabilities. Thus, the ability to manage 
interaction between R&D and manufacturing depends on the firm’s absorptive capacity, 
which is the ‘ability to identify, assimilate and exploit knowledge from the environment’ 
(Cohen & Levinthal, 1989:569). 
 
Cohen and Levinthal (1990) argue that the ability to adapt to changing environments (e.g. 
high-tech NPD) depends on the firm’s absorptive capacity. They also argue that this capacity 
can be traced to either its R&D investment or manufacturing operations. Thus, in line with 
Cohen and Levinthal, this paper argues that the R&D department must not only generate new 
information, but also enhance the firm’s absorptive capacity. In other words, both integrated 
and separated firms need to make sure that they have a basic understanding of key 
manufacturing operations. Firms that lack this understanding may find it incredibly difficult 
to develop a relatively complex product or system (Hobday, 1998). In contrast to less 
complex and mass produced products, this understanding is unlikely to be based on codified 
information since the linkages between product design and manufacturing in high-tech NPD 
are more of the tacit nature (Pavitt, 2003). The R&D department must understand the limits 
and possibilities of not only the system architecture, but also the R&D and manufacturing 
capabilities that are required. This means that the division of labour should not be pushed so 
far that it undermines the ability to manage R&D-manufacturing interaction. In particular, this 
is because ‘the transfer of information between research and manufacturing is widely 
regarded as a relevant source of unexpected new insights and solutions’ (Prencipe, 
1997:1265). 
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In addition to the division of labour, the sourcing strategy affects communication since it 
determines the geographical distance and organizational bonds between R&D and 
manufacturing (Allen, 1977). Sosa et al. (2002) confirmed Allen’s (1977) finding by showing 
that the use of less rich communication media (e.g. e-mail) decreases at slower rates than rich 
media (e.g. face-to-face) when the distance increases. Geographical separation of R&D and 
manufacturing could be particularly problematic in high-tech NPD because of the relatively 
high degree of uncertainty that requires that different solutions are generated and evaluated. 
 
Moreover, Allen (1977) found that organizational bonds increased the probability of two team 
members engaging in technical communication. This finding was also supported by Sosa et 
al. (2002) who showed that organizational bonds are positively correlated with 
communication frequency across all communication media. 
 
To sum up, this section has introduced integration and separation as two distinct strategies for 
production sourcing. An integrated strategy implies that the company primarily makes use of 
internal resources for both R&D and manufacturing. A separated strategy on the other hand, 
implies a focus on R&D and outsourcing of manufacturing. The section has further discussed 
co-ordination in product development, emphasising the importance of interaction as an 
important mechanism for co-ordination and outlining three different variables to characterize 
such interaction, namely the communication media used, the frequency of interaction and the 
degree of formalization. The section has further showed that the sourcing strategy is related to 
at least three factors: absorptive capacity, distance and organizational bonds. 
 
Previous research has primarily focused on interaction within the R&D department or on 
R&D-manufacturing interaction in the development of high-volume products, so evidence of 
how the two sourcing strategies influence R&D-manufacturing interaction in low volume, 
high-tech NPD is limited. This paper addresses this gap by studying two comparative cases. 
 

Research Design 
The relatively few studies of low-volume, high-tech NPD projects (for a review see Davies & 
Hobday, 2005) prompted us to study two comparative cases. This facilitated in-depth 
understanding (McDonough, 2000) and theoretical replication (Eisenhardt, 1989; Miles & 
Huberman, 1994). The first of the studied companies, Sectra Secure Communication Systems, 
has outsourced all manufacturing activities; hence, their sourcing strategy was categorized as 
‘separated’. The second of the studied companies, Micronic Laser System, is not at the 
extreme end of the sourcing strategy continuum. They do, however, conduct highly advanced 
assembly and testing operations that add up to thousands of hours per machine. Micronic’s 
sourcing strategy was therefore categorized as ‘integrated’. 
 
The respondents were selected on a judgmental basis in order to embrace different aspects of 
the product development projects (e.g. design manager and production manager/supplier 
coordinator). All 17 interviews were conducted face-to-face, and were recorded and 
transcribed. These semi-structured interviews allowed us to (i) capture each case’s specific 
characteristics and (ii) conduct cross-case comparisons (Kvale, 1996). Key questions were 
asked to several respondents in order to reduce memory failure and bias that may come with 
retrospective interviews. The interview data were complemented with company internal 
project reports, press releases, and annual reports. 
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The data were compiled into preliminary case reports that the key informants reviewed and 
commented upon. Next, the data were analysed in two steps following the guidelines provided 
by Eisenhardt (1989), Miles and Huberman (1994), and Yin (2003). First, the individual case 
was analysed on a stand-alone basis using theoretically and empirically derived codes to 
highlight the unique patterns of the particular case. Second, these patterns were compared 
with the patterns found in the comparative case in order to highlight cross-case patterns and 
differences. The unit of analysis was (i) the project and (ii) its output (the product) since these 
features are ‘inextricably entwined, the product shaping the nature and quality of the project 
and vice versa’ (Hobday, 1998:694). 
 

Two Comparative Case Studies 

Sectra Secure Communications Systems: Separated Sourcing Strategy 
Sectra Secure Communications Systems is a main supplier of communication security 
products to the Swedish Defence. Lately, the sales have also expanded to international 
markets, primarily Europe. The operations are focused on product development; 33 of the 54 
employees are active in product development. All development activities are organised in 
projects, which are financed by external capital. Sectra does not operate their own production 
facilities; instead they use subcontractors for manufacturing assignments. Thus the 
manufacturing department consists of only three engineers, whose primary task is to direct, 
control and co-ordinate the work of external subcontractors. 
 
The development of the Tiger system was initiated in 1993, by the initiative of the Swedish 
Defence Material Administration. The system, which uses existing GSM infrastructure for 
encrypted mobile telecommunication, consists of two units, a hand-set with a built-in 
encryption unit and a Security Management Central that provides encryption keys. Sectra 
presented an offer to execute the product development project and won the order. The project 
started in 1996. The development task was the largest and most complex for the company that 
far and it incorporated many technological areas, where Sectra had no previous experience, 
e.g. radio technology, battery operation, miniaturisation and plastics. During the first year, the 
project team grew gradually, reaching its largest size, 26 engineers, by the end of 1997. About 
50% of these engineers were new employees, and in most cases they were fresh graduates 
from a technical university, being employed directly to the project. 
 
The team had to find new suppliers to collaborate with during the development project. This 
proved to be more difficult than expected, and involved some unpleasant surprises. During the 
initial discussions, Sectra’s customer had indicated that they would need about 10 000 units 
during a period of five years. This was a large volume compared to the volumes in which 
Sectra’s previous products had been produced. Though, it was quite small for manufacturers 
of injection-moulded plastic parts. Additionally, the cost for tools was substantially higher 
than expected and the lead-time was significantly longer. As the mechanics design consultant 
who had been engaged had no previous experience of electronic products, this caused 
problems in communication, resulting in further delays. Furthermore, subcontractors for 
assembly of printed circuit boards and final assembly were contacted and communication 
problems arose also in these cases as they were used to more detailed specifications than the 
project team was able to provide. 
 
As the development project entered its final stage, making its final delivery to the customer, 
the hand-set was not yet adapted for manufacturing and additional equipment had to be 



 -70-

developed to enable testing during manufacturing. A separate project was initiated with the 
purpose of and preparing for mass production. This project inherited problems in 
communication with suppliers and subcontractors, and although it obtained top priority from 
top management, the new project had to fight hard for internal resources. The project 
comprised a development part, taking care of amendments and production preparations, and a 
production part during which about 1000 units were produced and delivered. The 
development part took about a year and the production part took an additional year. Whereas 
the original development project did meet the final deadline, the consecutive manufacturing 
preparations project comprised severe delays and additional costs. 
 
The experiences from the Tiger system development have made Sectra pay extra attention to 
the critical linkages between design and production. Today production takes a more active 
part in product development and not the least production tests are included from the outset of 
each development project. In a follow up project in 2003, in which the encrypting unit was 
separated from the hand-set, thereby making it possible to use the encrypting unit in 
connection with standard mobile phones, the interface between design and production was 
treated differently compared to the Tiger development. Aspects such as assembly time per 
unit were highlighted in the specifications and although no specific requirements were set in 
this particular project, it forced the project team to address the assembly time. Test engineers 
were involved two months after the project start and they had a dialogue with the hardware 
designers concerning placement of test points on the circuit board. 
 
Sectra has begun to implement a project model, which stipulates that suppliers should be 
represented at design reviews. In general, suppliers are involved early in the development 
projects, but not from the very beginning. Sectra’s experience is that suppliers in most cases 
need a rough design to be able to make suggestions for improvements. Supplier involvement 
has resulted in simplifications that have reduced manufacturing costs. Especially, co-
operation with a circuit board supplier has resulted in improvements. Another 
manufacturability aspect is the supply of components. From previous experiences, the 
engineers have learned that it is important to check both short and long term availability of all 
components early in the development project. Overall, the main difference in how the 
linkages between R&D and manufacturing are managed is that, unlike before, today there is a 
framework readily available, which specifies that testing and manufacturability issues should 
be incorporated in product development projects. 
 

Micronic Laser System: Integrated Sourcing Strategy 
Micronic Laser System’s laser pattern generators are used by the electronics industry, which 
is densely concentrated to Asia and the US. The number of customers is limited since it costs 
about USD 3bn to set up a fab (i.e. semi-conductor factory) that meets the precision 
requirements for the latest technology node (i.e. chip generation). The cost is similar for 
displays. The competition in the semiconductor segment is fierce, and Micronic’s market 
share is about 7%. Historically speaking, laser pattern generators have not been able to 
compete with the slower but more accurate electron beam pattern generators for fabs below 
150nm. However, the introduction of Micronic’s Sigma system changed this (see description 
below). In contrast, Micronic has a unique position in the display market where the 
requirements for volume production is not as strict as for the semiconductor industry (≈600nm 
and 100nm, respectively). Micronic’s pattern generators are de facto industry standard in the 
display industry, and their market share is close to 100%. Hence, in 2005 this business unit 
contributed 80% of the sales. 
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The development of Sigma can be traced back to the 1990s when Micronic realised that future 
technology nodes would require a technology shift. In 1999, a research project was launched 
together with the Fraunhofer Institute and it took two years to develop a new optics solution. 
The solution made it possible to develop a new generation laser pattern generators; however, 
the time window for the next technology node (130-100nm for volume production) was tight 
so it was necessary to compress the project lead-time. Micronic therefore decided to redesign 
an existing platform, which made it possible to deliver the first Sigma 7100 a year later. 
However, the solution was unstable so after a period of time the customer returned the 
system. Given the strict precision requirements, it was unacceptable for the customer since 
any pattern error will be transferred to every produced display or semiconductor. 
 
As a response, the company decided to develop a new, modularised platform (Sigma 7300) 
that would meet the requirements of the next technology node (90-65nm). This was the first 
time that they had opted for a modular platform, and there were three main reasons for this. 
First, a modular concept allowed them to begin to design, assemble and test the modules for 
which the requirements were known. Second, it would make it easier to upgrade the system in 
the future. Finally, the assumption was made that it would improve the ability for suppliers to 
take greater responsibility, but this turned out to be problematic. The suppliers missed several 
deadlines so Micronic decided to implement weekly meetings, and key suppliers were 
periodically located at Micronic’s facility. The internal manufacturing function was also 
highly involved because the new product required more rigorous manufacturing processes in 
terms of cleanliness. It was also necessary to involve them due to the vast number of 
components (about 5,000 different components, in total more than 30,000 components, of 
which only a few are standard components). In short, it was perceived as important to involve 
manufacturing at an early stage because the new product requires that the operators are very 
skilled and able to adhere to the meticulous precision requirements. 
 
As a result, several measures were taken to improve design-manufacturing interaction. For 
example, the firm introduced formal hand-over procedures, and a stage-gate project model. 
Moreover, they implemented a Production Acceptance Test (PAT) consisting of several 
mechanical tests in order to increase the speed of feedback from production to R&D. This test 
is conducted before the system moves into the cleanroom section because it is more costly to 
make adjustments once the system has entered the cleanroom. Finally, the R&D department 
was highly involved in assembling, calibrating and testing the first system to make sure that 
the design was manufacturable and could be improved. For example, daily cross-departmental 
meetings were held during critical periods. 
 
The first Sigma 7300 was delivered in October 2003 and the technical evaluation at the 
customer’s site was completed in the fourth quarter of 2004. The outcome has so far been 
successful and they have already installed two more systems. The system fulfils the 
requirements of the 90-65nm node that photomask manufacturers are currently investing in. 
The project occupied around 200 persons at its peak (≈70% of the workforce at that time) and 
it is by far the largest project in the company’s 20-year history. 
 
Micronic has trebled its sales in the 2002-2005-period, from SEK 400m to SEK 1,300m. The 
rapid growth means that the firm is evolving from an innovator-based firm to a larger and 
more complex organization with more technologically demanding and distant partnerships 
with customers and suppliers. In fact, they have no customers in Europe while there are no 
high-tech suppliers in Sweden. Moreover, historically speaking, Micronic has not had a 
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production-engineering department. The R&D department has designed the detailed drawings 
and then discussed manufacturing issues with the operators. However, the growth of the firm 
and the increasing demand on manufacturing skills and precision (e.g. cleanliness 
requirements) requires that they pay more attention to R&D-manufacturing interaction. Thus, 
they have recruited several manufacturing engineers and are implementing structured 
processes. For example, they introduced formal hand-over procedures between R&D and 
manufacturing in the Sigma project. They are also trying to improve manufacturing 
performance by implementing 5S. The ultimate goal is to significantly reduce the order lead-
time. 
 
To sum up, Micronic Laser System develops complex, high-tech products that are 
manufactured in low quantities; meaning that product development projects are characterized 
by a high degree of uncertainty. Therefore, Micronic perceives it as vital to have frequent and 
fast feedback loops between R&D and manufacturing throughout the whole product life 
cycle. The fact that the R&D department has a relatively high degree of manufacturing 
competence facilitates R&D-manufacturing interaction. For Micronic, this is an important 
reason for keeping a significant proportion of manufacturing in-house. 
 

Cross-Case Analysis 
Initially, Sectra was not able to identify, assimilate and exploit knowledge from their 
suppliers, since they did not have a basic understanding of manufacturing. In the Tiger 
project, this caused problems during the ramp-up of production. It seems as if the division of 
labour had been pushed so far that it undermined their ability to manage the NPD process 
effectively. Sectra did, however, address this by (i) improving their absorptive capacity in 
terms of manufacturing knowledge and (ii) involving suppliers at an earlier stage. These 
measures raised the degree of manufacturing knowledge at the R&D department, which in 
turn, has improved NPD performance. Consequently, the case shows that it is possible to 
improve the absorptive capacity. In comparison, Micronic’s understanding of manufacturing 
is significantly richer. For example, several employees at the R&D department are able to 
conduct advanced manufacturing operations. They have been able to maintain a high degree 
of absorptive capacity because the short distance between R&D and manufacturing 
departments facilitates the exchange of rich information. Another explanation is that, although 
the company has a strong R&D orientation, the organization (including the top management) 
is supporting and encouraging interaction between R&D and manufacturing. 
 
The way the two companies manage R&D-manufacturing interaction on an operational level 
differs significantly. Sectra has implemented several control mechanisms (a higher degree of 
formalization) as a result from the lessons learned from the Tiger project. For examples, 
checklists are used to ensure that the necessary questions are posed to the supplier at a 
predetermined stage in the NPD project. In comparison, at Micronic interaction between R&D 
and manufacturing is more frequent and regular, using both informal and formal means. It 
seems as if informal communication is an integral part of their approach to problem solving 
while formalization makes sure that the manufacturing department is involved at an early 
stage in NPD projects and that a minimum level of interaction takes place. In addition to the 
sourcing strategy, one explanation why interaction is more regular and frequent at Micronic 
could be that their products are more complex than Sectra’s products. Thus, unforeseen 
problems can occur to a greater extent, problems that require cross-functional interaction to 
solve. 
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Table 1 summarizes the cross-case analysis, and shows that the two cases differ significantly 
with respect to the variables discussed in the theoretical framework (i.e. sourcing strategy, 
communication media, frequency of interaction and degree of formalization). 
 

Table 1. Overview of the two cases 

Variable Sectra Micronic 
Sourcing strategy Separated Integrated 
Communication media Less rich Rich 
Frequency of interaction Low High 
Degree of formalization Medium-High Low-Medium 

 
The cross-case analysis indicates that an R&D department can easier identify, assimilate and 
exploit production-related knowledge when manufacturing is conducted in-house. The R&D 
department’s absorptive capacity can more easily be sustained since the short distance 
facilitates formal and informal as well as regular and frequent interaction between R&D and 
manufacturing. The short distance also facilitates the use of face-to-face communication, 
which means that it is easier to exchange rich information. This means that the R&D 
department can develop a deeper understanding of manufacturability issues. The analysis 
suggests that companies that lack in-house manufacturing need to rely on formalization to a 
greater extent since the scope for informal communication and exchange of rich information 
is limited. Thus, it is necessary to take the sourcing strategy into account when discussing 
formalization and not only task complexity as suggested by Shenhar and Dvir (1996). 
 
To sum up, manufacturing is an important contributor in the development of absorptive 
capacity at the R&D department (cf. Cohen & Levinthal, 1990). The interaction between 
R&D and manufacturing is facilitated by short distance and organizational bonds since much 
of the linkages between product design and manufacturing are more of the tacit nature (cf. 
Pavitt, 2003). Thus, the way a firm manages this interaction is critical. 
 

Discussion and Conclusions 
Cohen and Levinthal (1990) argue that absorptive capacity can be traced to R&D investments 
and manufacturing operations. However, Cohen and Levinthal’s centre of attention is R&D 
investments together with exchange of information between the R&D department and its 
external environment. In comparison, this paper focuses on the input from manufacturing 
operations, and includes exchange of information between the R&D department and both 
internal and external actors. More specifically, this paper shows how different sourcing 
strategies influence interaction between R&D and manufacturing, and the analysis highlights 
that the sourcing strategy affects the absorptive capacity of the R&D department. The reason 
is that it is dependent on the geographical distance and organizational bonds between R&D 
and manufacturing, and the management of interaction on an operational level. This does not 
mean that our findings contradict Cohen and Levinthal’s findings. On the contrary, by 
involving internal and external manufacturing when studying R&D management in NPD our 
findings provide supporting empirical evidence to an area which has not been focused in 
previous studies. 
 
This research has focused on high-tech NPD so it could be rewarding with future research that 
studies how the combination of task complexity and sourcing strategy affects R&D-
manufacturing interaction in terms of challenges and absorptive capacity. An improved 
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understanding of these challenges would be valuable for both academics and practitioners. A 
related issue, which has not been touched upon this paper, is the boundary between critical 
and non-critical manufacturing activities in terms of the R&D department’s absorptive 
capacity. This paper has studied products where R&D and manufacturing is highly 
interdependent. There are however cases where the importance of manufacturing is less clear-
cut and where the benefits of integration could be less obvious. Studies in this grey area 
between critical and non-critical components/products could improve our understanding of 
R&D-manufacturing interaction. To sum up, R&D-manufacturing interaction constitutes an 
important area for future research. 
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Abstract 
Design and manufacturing are more or less interdependent in technology intensive industries 
since the task characteristics of product development create uncertainty. However, successful 
companies exist that utilize either an integrated or a separated sourcing strategy. The focus of 
this paper is to explore how the combination of sourcing strategy and task characteristics 
affects design-manufacturing interaction. Based on seven cases, it is shown that depending on 
the combination of sourcing strategy and task characteristics companies face different 
challenges due to different need and ability to access manufacturing competence. 
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Introduction 
The perceived importance of integrating design and manufacturing in product development 
has fluctuated greatly. In the early 20th century it was considered important, and pioneers 
such as Henry Ford included top manufacturing people in design teams and ensured that 
manufacturing costs governed the design. The importance declined during the 1950s and 
1960s when demand surpassed manufacturing capacity, but the situation was once again 
reversed in the 1970s and 1980s when several manufacturing related innovations (e.g. 
CAD/CAM) allowed companies to compete with a wider product range (for a review see 
Herbertsson, 1999). 
 
However, during this period it became obvious that many large and diversified corporations 
were underperforming. A consensus emerged that corporations should focus on fewer 
activities (Lonsdale and Cox, 2000). The outsourcing debate accelerated during the 1990s 
when outsourcing advocates (e.g. Arnold, 2000) claimed that world-class companies should 
focus on marketing and R&D, and outsource manufacturing. In other words, they proclaimed 
that organizations that separate design and manufacturing are superior to those where design 
and manufacturing are integrated. A separated sourcing strategy has, indeed, been successful 
in industries such as the textile and clothing industry where H&M and other companies have 
successfully kept design in-house and outsourced manufacturing. A plausible explanation for 
the success is that the simple product structures make it easy to separate the functions because 
they are relatively independent of each other; a change made by one function is unlikely to 
cause any disturbance to the other. However, there is substantial evidence that design and 
manufacturing are difficult to separate in technology-intensive industries since task 
characteristics involve a relatively high degree of interdependence between design and 
manufacturing (Bengtsson et al., 2005, Chesbrough and Teece, 1996, Fine and Whitney, 
1999); a change made by one function could have a great effect on the other. For example, the 
truck manufacturer Scania believes that it is in practice impossible to separate design and 
manufacturing since not all problems can be solved before ramp-up of production, given time-
to-market constraints. According to Scania, the dilemma is that numerous things could go 
wrong when the functions are separated, because there are still many detailed decisions that 
must be taken and many soft issues that need to be resolved during the ramp-up of production 
(Bengtsson et al., 2005). 
 
This paper revolves around design-manufacturing interaction in development of low-volume 
products where some degree of interdependence between design and manufacturing exists, i.e. 
product development tasks require coordinated actions between design and manufacturing. 
The question that this paper attempts to answer is how the combination of sourcing strategy 
and task characteristics affects design-manufacturing interaction. 
 

Design-manufacturing Interaction 
The starting point of this paper is that companies can influence the product development 
outcome by managing design-manufacturing interaction more effectively. Many problems in 
product development projects can be traced to poor management of design-manufacturing 
interaction (Sehdev et al., 1995). However, previous product development research has often 
excluded a manufacturing perspective (Olson et al., 2001) and primarily focused on the 
marketing-R&D interface (e.g. Gupta and Wilemon, 1988, Souder, 1988). Moreover, product 
development literature tends to describe design-manufacturing interaction in terms of either 
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sourcing strategy or task characteristics although it is plausible to assume that both affect 
interaction. 
 

Integrated Versus Separated Sourcing Strategies 
Although the degree of in-house manufacturing can be considered as a continuum, two 
distinct sourcing strategies can be identified for companies that carry out design in-house: (1) 
internal design, internal production, and (2) internal design, external production. When design 
and production are both undertaken in-house, then these activities are integrated (Ulrich and 
Ellison, 2005). In this paper, the term manufacturing refers to both internal and external 
production, whereas in-house manufacturing refers to internal production (strategy 1), and 
supplier refers to external production (strategy 2). 
 
The sourcing strategy is expected to affect interaction since informal communication is not as 
easily conducted over organizational boundaries as within a company where people have built 
informal links (Rossetti and Choi, 2005, Sehdev et al., 1995). The more distant the functions 
are, the greater the communication impedance will be (Pinto et al., 1993, Tushman, 1979). 
Thus, an integrated strategy increases the probability that two team members will engage in 
technical communication, whereas a separated strategy could result in decreased 
communication and, thus that improvements are foregone and high opportunity costs are 
incurred (cf. Brück, 1995). 
 
Previous studies of design-manufacturing interaction often prescribe that collaboration 
between design and manufacturing departments is best supported through the application of 
various design-for-manufacturing tools (Boothroyd et al., 2002). However, these tools are 
adapted to less uncertain environments (Herbertsson, 1999, Sehdev et al., 1995) so they could 
be less applicable to projects with a high degree of uncertainty. Also, these studies do not 
explore whether there are any differences in the way integrated and separated companies 
should manage design-manufacturing interaction. For example, an integrated strategy could 
be advantageous when facing a high degree of uncertainty since face-to-face communication 
and other rich communication media (see Daft and Lengel, 1986) can be utilized more easily 
within than across organizational borders (Sehdev et al., 1995). When facing a low degree of 
uncertainty, the disadvantage of increased distance will be less apparent since written 
communication and other less rich media can be used (see Daft and Lengel, 1986). Thus, a 
separated strategy could be advantageous if benefits such as specialization outweigh the 
disadvantages. 
 

The Degree of Uncertainty Affects the Timing of Manufacturing Involvement 
Several studies have identified a relationship between task characteristics and product 
development practices (e.g. Eisenhardt and Tabrizi, 1995, Lakemond et al., 2006, Liker et al., 
1999). It has been postulated that product development projects differ in their execution 
challenges based on the degree of technology novelty and task complexity (Tatikonda and 
Rosenthal, 2000). Both technological novelty and task complexity are positively associated 
with the need for integration of project members (Hobday, 1998, Lakemond et al., 2006). 
 
When task complexity is high and where focus is on novelty rather than efficiency, 
uncertainty can be expected to be high so it is more important, for example, to have a flexible 
project organization than to impose rigid rules and processes (Eisenhardt and Tabrizi, 1995). 
In such organic structures, job responsibilities are less explicit and flexible working 
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procedures are introduced (Burns and Stalker, 1961), which create a need for integration 
between design and manufacturing (Liker et al., 1999, Spina et al., 2002). Hence, it is often 
advantageous to utilize cross-functional teams (e.g. Brown and Eisenhardt, 1995, Filippini et 
al., 2004, Schilling and Hill, 1998) because the relatively high degree of uncertainty requires 
that different solutions are generated and evaluated. This calls for exchange of high quality 
information, which is best done through rich communication media (Daft and Lengel, 1986, 
Tushman, 1979). 
 
On the other hand, when task complexity is low and where focus is on efficiency rather than 
novelty, uncertainty can be expected to be low so it is appropriate to focus on time 
compression, for example, via thorough planning and concurrent execution of activities 
(Clark and Fujimoto, 1991, Schilling and Hill, 1998). In such mechanistic structures, job 
responsibilities rely on rule-based systems (Burns and Stalker, 1961), which makes it is easier 
to separate design and manufacturing since stable interfaces can be defined between the 
component and the rest of the product (Ulrich, 1995). However, the Scania case showed that 
despite a low degree of novelty it was infeasible to outsource manufacturing due to the large 
number of components and the need for fast feedback loops between design and 
manufacturing. Also, a separated strategy does not remove the need for interaction between 
design and manufacturing, so firms are advised to engage suppliers at an early stage (Karlsson 
and Åhlström, 1996). 
 
However, Eisenhardt and Tabrizi (1995) showed that the usefulness of early supplier 
involvement is limited when task complexity and technological novelty is high, because it can 
extend the project lead-time (cf. Hartley et al., 1997). Magnusson and Berggren (2001), 
nevertheless, showed that early involvement is beneficial when the supplier can make 
important contributions. They studied the development of the hybrid car Toyota Prius and 
concluded that early supplier involvement was necessary because Toyota had no experience 
of developing batteries and, thus, the supplier had access to critical competence. They also 
concluded that ‘black-box engineering was not viable because the complex interface between 
the battery system and the vehicle forced a more sophisticated integration of the supplier’s 
activities’ (Magnusson & Berggren, 2001:112). To address the situation, Toyota utilized a 
mix of mechanistic and organic mechanisms; for instance, challenging targets were broken 
down into well-defined tasks in order to speed up the development and Toyota engineers were 
located at the supplier’s site since face-to-face contacts were necessary in order to solve 
problems in the battery-vehicle interface. To sum up this section, we can expect that the 
higher the degree of uncertainty, the earlier interaction between design and manufacturing is 
needed. 
 
To sum up the theoretical review, many product development studies are limited by a 
tendency to address interaction by only analysing sourcing strategy or task characteristics. 
However, as figure 1 shows, we can expect the combination of sourcing strategy and task 
characteristics to determine the challenges that must be resolved (e.g. timing of manufacturing 
involvement and how to manage this involvement). Thus, the challenges affect the nature of 
the interaction (i.e. degree of interaction, communication media and degree of formalization). 
However, evidence of how the combination affects design-manufacturing interaction is 
limited. 
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Challenges
• Timing of

involvement
• How to 

involve Degree of 
uncertainty

Sourcing strategy
• Integrated 
• Separated 

Interaction 
• Degree of interaction
• Communication media
• Degree of formalization

Task characteristics
• Technological novelty 
• Task complexity 

Figure 1. Sourcing strategy and task characteristics affect challenges and interaction 

 

Research Design 

Data Collection and Analysis 
The above-mentioned limitation together with the relatively low number of studies of low-
volume industries led me to conduct a multiple case study (seven cases) since it facilitated in-
depth understanding (McDonough, 2000) and theoretical replication (Eisenhardt, 1989, Miles 
and Huberman, 1994). The aim was to allow for a large variance in the nature of sourcing 
strategies and task characteristics without jeopardizing the ability to conduct cross-case 
comparisons. 
 
In total 31 respondents were interviewed between 45 and 120 minutes. They were selected on 
a judgmental basis in order to embrace different positions and aspects of the product 
development projects (e.g. design manager and production manager). The face-to-face 
interviews were semi-structured to be able to capture each case’s specific characteristics while 
still allowing for cross-case comparisons (Kvale, 1996). Key questions were asked to several 
respondents to reduce memory failure and bias that might come with retrospective interviews. 
All interviews were recorded and transcribed to promote reliability. Moreover, the production 
process was visually inspected, and data was gathered from the Internet and when possible 
from company documents to improve construct validity (Saunders et al., 2003). 
 
The data analysis was conducted (iterated) in two steps to improve internal validity: within- 
and cross-case analysis (Bengtsson et al., 1997, Bourgeois and Eisenhardt, 1988, Yin, 1984). 
The individual case was first analysed on a stand-alone basis using theoretically and 
empirically derived codes to highlight the unique patterns of the particular case (following the 
guidelines proposed by Miles and Huberman, 1994). Next, the patterns were compared with 
patterns found in previous cases in order to highlight cross-case patterns and inter-group 
differences. The unit of analysis was (i) the project and (ii) its output (the product) since these 
features are ‘inextricably entwined, the product shape the nature and quality of the project and 
vice versa’ (Hobday, 1998:694). 
 

Measures 
To be able to better understand the nature of design-manufacturing interaction, information 
was collected on critical product dimensions in the development of low-volume, complex 
products (see Hobday, 1998:691). Examples of dimensions included cost of product, financial 
scale of project, product volume, degree of customization of components/final system, choice 
of product architecture, and variety of skill and engineering inputs. 
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Several actions were taken to establish a reliable and valid way of rating the sourcing strategy 
and degree of uncertainty. The literature review did not reveal an explicit way of establishing 
the sourcing strategy, but it seemed plausible to assume that the degree of in-house 
capabilities for critical manufacturing activities (i.e. machining, assembling, and testing) 
could be utilized. Based on the collected data, a company that had a low degree of in-house 
manufacturing was categorized as a separated company, whereas a company with a high 
degree was categorized as an integrated company. The data were also used to determine 
uncertainty by using a three-point scale (low, moderate, high). 
 
Product development research has been criticized for relying on performance measures that 
are frequently subjective (Brown and Eisenhardt, 1995). This criticism partly applies to this 
paper since the evaluation of some measures turned out to be somewhat subjective due to the 
difficulty in retrieving hard facts and figures. For example, some respondents were unable to 
provide hard data in terms of the degree of novelty since they did not collect this data. 
Therefore, particular attention was paid to these measures by asking key questions to several 
respondents in order to minimize single respondent bias. Moreover, the data was discussed 
with research associates to improve the confidence in the rating process. 
 

Seven Product Development Projects 
This section consists of seven brief project descriptions that are summarized in table 1. 
 

Table 1. The seven studied companies and projects 

Company Studied product Project – activities 
Eta Automation system New area of application (hygienic) 
Ewab Conveyor system New constraints (heavyweight) 
Fläkt Woods Rotary heat exchanger Redesign, new process 
Micronic Laser pattern generator New technology, platform 
Motala Verkstad Drawbridge One-off project 
MYDATA SMT machine New technology, platform 
Tjeders Basic assault-alarm system Redesign of advanced system 

 

Eta – Disappointingly Low Degree of Feedback 
Eta is a global supplier of automation solutions that has outsourced most manufacturing 
activities. The studied project revolves around the development of a system for a new area of 
application (i.e. hygienic environments, e.g. dairy). Detailed drawings were sent to the 
suppliers, who had the opportunity to influence the design, but Eta believes that too many 
suppliers were passive. 
 

Ewab – Late Supplier Involvement Resulted in Lost Opportunities 
Ewab is a global supplier of automation solutions (conveyor systems) that has outsourced 
most manufacturing activities. The studied project revolves around the development of a 
system for handling heavyweight engines. The suppliers were involved but their ability to 
affect the design was limited due to the time pressure. Hence, the design manager believes 
that they ignored cost reduction opportunities. 
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Fläkt Woods – Intensive Interaction Led to Unexpected Improvements 
Fläkt Woods specializes in air climate and air ventilation and undertakes a high degree of 
machining, assembling and testing. The studied project revolves around the redesign of a 
stand-alone rotary heat exchanger. Fläkt Woods introduced a more flexible way of working to 
be able to offer a highly customized product at a competitive price. The ramp-up revealed 
many serious problems that required several cross-functional meetings to solve, for example 
operators were re-trained. An unexpected side-effect was that manufacturability was 
significantly improved and, thus, also the order lead-time. 
 

Micronic – The Difficulty of Standardizing Interfaces in New Technology 
Micronic is a world-leading manufacturer of laser pattern generators with a very strong R&D 
focus. The complex and heavy machines are assembled in their own workshops, and 
rigorously tested, calibrated and fine-tuned in clean-room sections. The studied project 
revolves around the development of a new generation laser pattern generator for the 
semiconductor industry. Time was pressing and some requirements were still unknown so 
they decided to use a modular platform for the first time. The assumption was made that this 
would improve the ability for suppliers to take greater responsibility, but it turned out to be 
problematic. Suppliers missed several deadlines so Micronic decided to implement weekly 
meetings and key suppliers was periodically located at Micronic’s facility. The internal 
production function was also highly involved since the new product required more rigorous 
guidelines regarding cleanliness requirements. 
 

Motala Verkstad – One-off Projects Facing Rigorous Regulations 
Motala Verkstad specializes in large and mechanically complex products such as 
drawbridges. Their workshop consists of large sized machines, welding surfaces and lifting 
equipment. The studied project revolves around the development of a new, highly customized 
single-carriageway bridge. It was necessary to make sure that the solution fulfilled the many 
rigorous regulations. Thus, interaction between design and manufacturing was intense 
throughout the whole project to make sure that the solution was robust and manufacturable at 
a low cost. 
 

MYDATA – Using Ultimatums to Access Manufacturing Competence 
MYDATA is a supplier of surface mounting technology (SMT) machines primarily for the 
low volume and high mix segment of the electronics industry. They have outsourced most 
manufacturing activities and have only retained some final assembly, quality tests and 
customer-configuration operations. The studied project revolves around the development of 
the industry’s first jet printer that does not need stencils when applying solder paste on printed 
circuit boards. Key suppliers were involved before the first prototype building to make sure 
that the components could be series produced. In fact, suppliers were faced with the 
ultimatum that they had to be able to meet a minimum level of process capability for critical 
parameters. This forced the suppliers to suggest how the drawings should be adjusted to 
improve manufacturability. 
 

Tjeders – Informal Communication Resulted in Manufacturability at a Low Cost 
Tjeders manufactures communication systems to the hospital and elderly care industries. They 
conduct hole-mounting, injection moulding of plastic components, final assembly and quality 
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tests. The studied project revolves around the development of a basic assault-alarm system (a 
redesign of an advanced system). As with the development of the advanced system, the 
communication was informal and relatively intense. This facilitated the process of designing a 
system that could be produced with existing production processes. Thus, the design could be 
produced at a low cost. 
 

Cross-Case Patterns and Inter-Group Differences 
As is shown in Table 2, Micronic and MYDATA seem to face similar uncertainty but have 
chosen different sourcing strategies. This is also the case when comparing Eta and Ewab with 
Tjeders. Thus, it can be concluded that the task characteristics (uncertainty) themselves do not 
determine the sourcing strategy. However, the focus of this paper is not on explaining why 
firms choose an integrated or separated strategy but to analyse the effects of this choice on 
interaction. 
 

Table 2. Rating of the seven product development projects 

Company Sourcing strategy Degree of uncertainty  
Eta Separated Low-moderate 
Ewab Separated Low-moderate 
Fläkt Woods Integrated Moderate 
Micronic Integrated High 
Motala Verkstad Integrated Moderate 
MYDATA Separated High 
Tjeders Integrated Low 

 

The Impact of Sourcing Strategy on Interaction 
This section discusses important aspects of interaction, that is, the degree of interaction and 
communication media (see Daft and Lengel, 1986), and the degree of formalization (see 
Filippini et al., 2004). The findings are summarized in table 3, which shows that integrated 
companies tend to have a higher degree of interaction, which is primarily conducted face-to-
face with a low to moderate degree of formalization. In comparison, separated companies 
have a lower degree of interaction, which is primarily conducted in writing with a moderate to 
high degree of formalization. 
 
For example, Eta and Ewab primarily use written communication (detailed drawings) to 
interact with suppliers, and Eta (in particular) expresses concern over the fact that too many 
suppliers are passive. MYDATA has taken a somewhat more encompassing approach. They 
try to create design-manufacturing interaction by demanding that suppliers meet a minimum 
level of process capability for critical parameters. This is done to assure that components can 
be series produced at an acceptable cost. In addition, they conduct internal training of 
designers to make sure that they have in-house manufacturing knowledge. (For further 
comments on geographical distance see the discussion section below) 
 
However, an integrated strategy does not guarantee a high degree of interaction. Tjeders used 
to have a moderate degree of interaction when they decided to increase the degree of 
formalization. In less than a year, this resulted in more than 20 significant improvements. 
Fläkt Woods is also trying to increase the degree of formalization since, for example, the 
design department occasionally customizes a design without making sure that it can be 
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produced at a reasonable cost. Separated companies have a higher degree of formalization and 
have implemented product development models to make sure that suppliers are involved at 
the “right” phase. For example, MYDATA utilizes a gateway model where the contribution of 
the supplier is used to determine the nature of the involvement. 
 

Table 3. Aspects of interaction 

Company Sourcing 
strategy 

Degree of 
interaction 

Communication 
media 

Degree of 
formalization 

Fläkt Woods, Micronic, 
Motala Verkstad, Tjeders 

Integrated 
 

High Face-to-face Low-moderate 

Eta, Ewab, MYDATA Separated Low Written (e-mail) Moderate-high 
 

The Impact of Uncertainty on Interaction 
The theoretical review showed that the degree of uncertainty affects the managing of design-
manufacturing interaction in terms of, for example, the timing of manufacturing involvement. 
The findings are summarized in Table 4, which shows that the higher the degree of 
uncertainty, the earlier the companies tend to involve manufacturing, sometimes already at the 
conceptual phase. 
 
The above patterns can be exemplified by comparing Eta and Micronic. Eta faces a low to 
moderate degree of uncertainty and utilizes highly standardized interfaces. The product 
development centres on customization and solving customer problems. Suppliers are often not 
involved before the detailed drawings are more or less done. On the other hand, Micronic 
faces a high degree of uncertainty due to the high level of technological novelty and task 
complexity. They involve manufacturing early because it assures that the design is 
manufacturable within the time limits. 
 

Table 4. Aspects of managing uncertainty 

Company Uncertainty Manufacturing 
involvement 

MYDATA, Micronic High Early 
Eta, Ewab, Fläkt Woods, 
Motala Verkstad, Tjeders 

Low-moderate Late 

 

Sourcing Strategy and Task Characteristics – On the Importance of Competence 
According to Cohen and Levinthal (1990) and Hillebrand and Biemans (2004), it is necessary 
to have internal processing capacity to be able to communicate effectively with external 
suppliers. However, this paper shows that the need for manufacturing competence and the 
approach to accessing this competence differs depending on sourcing strategy and task 
characteristics. First, table 5 shows that a key challenge for MYDATA (top left-hand box) is 
to have access to current manufacturing competence since competence becomes obsolete 
rapidly (cf. Argote et al., 1990, Nonaka and Teece, 2001, Starkey et al., 2004). They have 
taken several measures to make sure that their designers have a basic understanding of 
manufacturing because this is necessary to be able to (1) design manufacturable products and 
(2) be able to communicate effectively with suppliers. 
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Second, a key challenge for Eta and Ewab (lower left-hand box) is to make sure that they 
receive feedback from suppliers since less rich communication media are used. Despite the 
low level of uncertainty, this is important because the designers need this feedback to be able 
to improve the product cost and robustness. 
 
Third, a key challenge for Fläkt Woods, Ewab and Tjeders (lower right-hand box) is to 
increase the degree of formalization without removing informal communication. All three 
firms have a high degree of interaction between design and manufacturing, but manufacturing 
is not always involved at the appropriate stage. Hence, they are increasing the degree of 
formalization, which could be beneficial since the use of formal methods is predicted to be 
particularly useful in less uncertain environments (also see Clark and Fujimoto, 1991, 
Schilling and Hill, 1998). 
 
Fourth, a key challenge for Micronic (top right-hand box) is to exploit manufacturing 
competences to be able to reduce order lead-times. The strong focus on R&D sometimes 
means that manufacturing issues are overlooked. They have, nevertheless, acknowledged this 
and have taken several measures to improve exploitation of manufacturing competence. 
 
To summarize, table 5 shows that both sourcing strategy and task characteristics affect the 
challenges a firm will face, and, thus the nature of interaction. On the one hand, the sourcing 
strategy affects the ability and the approach to access manufacturing competence. On the 
other hand, the degree of uncertainty affects to what extent manufacturing competence is 
needed and at what stage. The higher the uncertainty, the more interaction is required between 
design and manufacturing. 
 

Table 5. Different challenges, interaction and communication media 

 Strategy 1 – internal design, 
external production 

Strategy 2 – internal design, 
internal production 

High 
uncertainty 

High-Tech Designer  
Challenge: access manufacturing 
competence (manufacturability) 
Interaction: low to medium 
Communication media: mix 
Firm: MYDATA 

High-Tech Manufacturer 
Challenge: exploit 
manufacturing competence 
(reduce order lead-times) 
Interaction: high 
Communication media: mix 
Firm: Micronic 

Low-moderate 
uncertainty 

Low-Tech Designer 
Challenge: receive feedback from 
suppliers (production 
improvements) 
Interaction: low 
Communication media: less rich 
Firms: Eta, Ewab 

Low-Tech Manufacturer 
Challenge: formalize 
communication (early 
manufacturing involvement) 
Interaction: medium to high 
Communication media: rich 
Firms: Fläkt Woods, Motala 
Verkstad, Tjeders 

 

Discussion and Managerial Implications 
This article has provided insights into different challenges that come with different 
combinations of sourcing strategy and task characteristics. It is necessary to analyse these 
factors to be able to effectively manage design-manufacturing interaction. Previous research 
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has shown that for highly uncertain projects it is necessary, for example, to utilize flexible 
project organizations to a greater extent than for less uncertain projects (Eisenhardt and 
Tabrizi, 1995). When task complexity is high and where focus is on novelty rather than 
efficiency, uncertainty can be expected to be high so it is more important, for example, to 
have a flexible project organization than to impose rigid rules and processes (Eisenhardt and 
Tabrizi, 1995) Although this study confirms this view, it also shows that it is necessary to 
exercise a relatively high degree of project control to ensure that the project progresses or at 
least that problems are brought to the attention of management (cf. Magnusson and Berggren, 
2001). 
 
There are at least two other factors that need to be discussed that have not been studied here. 
First, cost aspects influence the sourcing strategy, task characteristics and design-
manufacturing interaction. For example, the choice of communication media is likely to 
involve a trade-off between perceived needs, benefits and costs. The empirical data shows that 
integrated companies utilize face-to-face and other rich communication media to a greater 
extent than separated companies and one explanation could be that the cost of conducting 
face-to-face communication is lower when manufacturing is kept in-house. 
 
Second, the geographical distance between design and manufacturing affects interaction. The 
impact of distance on product development depends on the need for information. Distance is 
likely to be less of an issue where uncertainty is low because the use of less rich 
communication media decays at slower rates than rich media (Sosa et al., 2002). However, 
there are circumstances where it may be necessary to utilize rich communication media 
despite a low degree of uncertainty. For example, Eta started using Asian suppliers for 
manufacturing basic components and they found that several site visits to these suppliers were 
needed to overcome issues of trust and cultural barriers, and to formalize interaction. 
However, an integrated strategy does not guarantee a high level of interaction. For example, 
the manufacturing and design department at Tjeders used to be located only 50 meters apart 
when they decided to relocate the design department; hence, they are now in the same 
building. According to several employees at Tjeders, this increased the level of interaction. 
 

Conclusions 
This paper has revolved around design-manufacturing interaction in development of low-
volume products. It has been shown that the combination of sourcing strategy and task 
characteristics affect the challenges a firm will face, and, thus the nature of the interaction. A 
key challenge for separated companies facing high uncertainty was to access relevant 
manufacturing competence; for separated companies facing low uncertainty it was to receive 
feedback from suppliers. On the other hand, a key challenge for integrated companies facing 
high uncertainty was to exploit manufacturing competence; for integrated companies facing 
low uncertainty it was to make use of formalization. 
 
Moreover, the decisions taken by managers could influence the combination of sourcing 
strategy and task characteristics. For example, Ewab completed the development of a certain 
module before they began developing the next, and as a result not all issues of uncertainty 
were faced concurrently. On the one hand, decisions concerning sourcing strategy affect the 
ability and the approach to accessing manufacturing competence. On the other hand, decisions 
concerning task characteristics affect to what extent manufacturing competence is needed and 
at what stage. The higher the degree of uncertainty, the more interaction is required between 
design and manufacturing. 
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Interview Guide: Example (Paper 4 – in Swedish) 
 
Klargör syftet med intervjun, om det är ok att banda, samt att de får möjlighet att läsa igenom 
materialet. 
 
Förklara att frågorna delas in i X områden, nämligen, från idé till prototyp/produkt till 
industrialisering, komplexitet, kund- och leverantörssamverkan och övriga frågor. 
 

Allmänna frågor 
1. Vad är er försäljningsomsättning? 
 
2. Vad är er strategi, d.v.s. hur försöker ni konkurrera? (Låg kostnad/hög kvalitet, 
service/specialprodukter) 
 
3. Vilka ser ni som era främsta konkurrenter? 
 
4. Vilka är era tre största kunder? 
 
5. Hur stor andel av försäljningen kommer från dem? 
 
6. Hur många nyutvecklings- och produktvårdsprojekt har ni normalt sett per år? 
 
7. Hur ofta introducerar ni nya modeller? 
 
8. Hur stor andel av era intäkter kommer från produkter som har introducerats de tre senaste 
åren? 
 

Produktutveckling utifrån ett eller flera specifika exempel 
Det är önskvärt om såväl positiva som negativa projekt lyfts fram. 
 
9.  

• Kan du ge ett konkret exempel på ett produktutvecklingsprojekt där ni uppnått bra 
eller mycket bra resultat? [Fråga vad som menas med bra] 

 
• Kan du ge ett konkret exempel på ett utvecklingsarbete där ni inte uppnått bra eller 

mycket bra resultat? [Fråga vad som menas med mindre bra] 
 
10. Vad var din roll i projektet? 
 

Idégenerering 
Be respondenten redogöra för varför projektet drogs igång och vad som initierade det. 
 
11. Vad var det som initierade detta projekt? (T.ex. kris/ internutveckling/ utomstående/ 
tillfälligheter) 
 



 -94-

12. Gjordes en förstudie innan beslut togs att genomföra projektet? (ex. SWOT, PEST, 
Porter’s five forces) 
 
13. Hur gjordes denna förstudie? 
 
14. Vilken budget hade projektet? 
 
15. Vilka avdelningar medverkade i förstudien? 
 
16. Ställde ni upp mål upp för denna förstudie? 
 

Från idé till prototyp/produkt 
Be respondenten redogöra för hur projektet drevs igenom. 
 
17. Använde ni er av någon/några metoder eller rutiner för utvecklingsarbetet? (T.ex. 
projektmodell) 
 
18. Används denna/dessa i alla utvecklingsarbeten? 
 
19. Vilka engagerades i projektet? 
 
20. Var dessa involverade under hela projektet? 
 
21. Vilka problem hade ni förväntat er? 
 
22. Skiljde sig de förväntade problemen mot de upplevda? 
 
23. Var det något som gick oväntat lätt? 
 
24. Var det något som gick oväntat svårt? 
 

Industrialisering 
Be respondenten att redogöra för hur industrialiseringen gick till och vad som hände. 
 
25. Hur avgjorde ni huruvida produkten kunde börja tillverkas? 
 
26. Hur och i vilket skede involverades produktionen? 
 
27. Vilka från produktionen involverades? (operatör, produktionstekniker osv.) 
 
28. Fanns det någon produktionsplan? 
 
29. Hur skedde övergången från förserie till fullskalig produktion? 
 
30. Vad hände under övergången? 
 
31. Hur lång tid tog det? 
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32. Vilka personer var involverade i övergången? 
 
33. Fanns det några problem vid övergången? 
 
34. Vilket ansvar hade produktionen under denna fas? (flagga upp för problem eller lösa 
problem) 
 
35. I vilket skede överlämnandes ansvaret från projektet till linjen? 
 
36. Hur skiljer sig det mot andra produkter som ni har utvecklat? 
 
37. Vilket inflytande hade produktionen på konstruktionen? 
 
38. Om en operatör eller annan anställd i produktionen har ett förändringsförslag vilka rutiner 
finns då för detta? 
 
39. Hur ofta sker detta? 
 
40. Hur ofta sker det att konstruktions- och produktionspersonal sitter i gemensamma 
projektgrupper? 
 

Uppföljning 
Be respondenten redogöra för resultatet av projektet (stödfrågor nedan). 
 
41. Hur lång tid tog projektet från koncept till att produkt kunde levereras? 
 
42. Vad var de konkreta ekonomiska effekterna? 
 
43. Hur har produkten mottagits av marknaden? (t.ex. del av er försäljning, marknadsandel, 
kundnöjdhet) 
 
44. Hur mycket resurser satsades i projektet? (T.ex. mantimmar, material, pengar) 
 
45. Har det skett någon uppföljning av projektet? 
 
46. Hur stor andel aktiviteter utfördes sekventiellt kontra parallellt? 
 

Projekt/produkt komplexitet/betydelse 
47. Försök uppskatta hur stor procent av produkten som utgörs av: 

 inköpta standardkomponenter 
 inköpta komponenter som nykonstruerats för denna produkt 
 komponenter som ni tidigare har konstruerat 
 komponenter som ni nykonstruerat för denna produkt 

 
48. Om man bryter ned produkten fullständigt, hur många komponenter skulle det då bli? 
 
49. Hur många personer var totalt sett involverade i projektets olika delar? 
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50. Hur stor andel av produkten komponenter och funktioner utgörs av teknologi som var ny 
för ert företag? 
 
51. Hur lång är produktens livscykel? 
 
52. Hur stor marknadsandel har den utvecklade produkten? 
 
53. Vad är er totala marknadsandel? 
 

Kundens inflytande 
54. Hur stort inflytande hade kunden över konstruktionen? 
 
55. Var utvecklingsarbetet unikt för denna kund eller kan det säljas till andra kunder? 
 
56. Hur stor del av er försäljning kommer från denna kund? 
 

Leverantörssamverkan – koordination och gränssnitt 
57. Vilken var den viktigaste leverantören för projektets utgång? 
 
58. Vilket inflytande hade denna på konstruktionen? 
 
59. Hur länge har ni samarbetat med denna? 
 
60. Hur integreras leverantörens komponenter? (standardmoduler och standardgränssnitt 
kontra unika moduler och unika gränssnitt) 
 
61. Hur ser konkurrensbilden ut på leverantörssidan? 
 

Extrafrågor till produktionspersonal 
Några avslutande frågor 
 
62. Hur bedriver ni dagligt förbättringsarbete? 
 
63. Vilka faktiska förändringar har ni sett som följd av detta förändringsarbete? 
 
64. Uppmuntrar ni era anställda att bedriva förändringsarbete? (T.ex. förslagslådor, bonus) 
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List of respondents 
Company Date Respondent Interviewer8

Alfa 2004-11-19 Design Manager DS 
  Production Engineer DS 
  Production Manager DS 
  Production Manager DS 
  Production Operator DS 
    
Beta 2004-11-19 Design Manager DO 
  Production Engineer DO 
  Production Manager DO 
    
Gamma 2004-11-29 Production Director DO 
  Production Manager DO 
  Production Manager DO 
  Site Manager DO 
    
Delta 2004-11-18 Production Engineer DS 
  Production Engineer DS 
  Production Manager DS 
  Production Manager DS 
  Production Operator DS 
  Production Operator DS 
    
Epsilon 2004-12-10 Production Engineer DS 
  Production Manager DS 
    
Digamma  2004-12-02 Production Director DO 
(Fläkt Woods)  Production Engineer DO 
  Production Engineer  DO 
  Production Manager DO 
  Production Operator DO 
 2005-09-08 Design Manager DO 
  Product Manager DO 
  Production Engineer DO 
  Production Manager DO 
    
Zeta 2004-12-15 Process and quality engineer DO 
  Production Manager DO 
  Project Engineer DO 
  Project Manager DO 
  Project Manager DO 
    
Eta 2005-10-05 Director OEM & Product Development DO 
  Manager Assortment Development DO 
  Managing Director DO 

                                                 
8 CB – Christian Berggren; CK – Christian Kowalkowski; DO – Daniel Olausson, DS – Dag Swartling, TM – 
Thomas Magnusson (all at the Department of Management and Economics, Linköping University) 
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Company Date Respondent Interviewer 
Ewab 2005-10-12 Division Coordinator R&D DO 
  Division Coordinator Purchasing & 

Production 
DO 

  Division Coordinator Purchasing & 
Logistics 

DO 

  Design Engineer DO 
  Division Coordinator Engineering, Project 

Manager 
DO 

    
Micronic 2005-12-09 Director, Product Development CB, DO 
  Director, Sigma Program CB, DO 
  Senior Director, Product Development CB, DO 
  Project Manager, Product Development CB, DO 
  Section Manager, Production Manager CB, DO 
  Production Engineering Manager CB, DO 
  Vice President, Production Department CB, DO 
    
Motala Verkstad 2005-09-14 Design Manager CK, DO 
  Design Engineer CK, DO 
  Market Manager, Quality Control Manager CK, DO 
  Product Manager CK, DO 
  Project Manager CK, DO 
  Sales Engineer CK, DO 
    
MYDATA 2005-11-23 Development Manager DO 
  Director Marketing & Sales DO 
  Operations Director DO 
    
Sectra 2003-09-15, 

2003-10-30 
Project Manager TM 

 2003-09-15 Vice President R&D TM 
 2003-09-17 Design Engineer TM 
 2003-09-16 Sales Manager TM 
 2003-10-09 Technical Project Manager TM 
 2003-09-16 Design Engineer TM 
 2003-09-16 Design Engineer TM 
 2003-09-18 Design Engineer TM 
 2003-09-17 Design Engineer TM 
 2003-10-30 Project Manager TM 
 2003-09-18 Design Engineer TM 
 2003-09-22 Quality Manager TM 
 2004 spring Product Manager DS 
 2004 spring Production Manager DS 
 2004 spring Project Manager DS 
    
Tjeders 2005-09-06 Development Manager (hardware) DO 
  Director Marketing & Development DO 
  Production operator DO 
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List of Codes – Example (Paper 4) 
The list of codes below was used in the early analysis process of Paper 4 (i.e. theoretically 
derived codes). 
 
No Measure Variable 
01 Lead-time The time elapsed between the beginning of the concept 

development and a shippable product 
02 Development cost Total cost spent in the project 
03  Productivity (i.e. hours spent within a project on 

concept generation, product planning and product 
engineering) 

04 Long-term performance Frequency of model introduction 
05  Market share 
06 Product complexity Number of parts 
07  Percentage new design 
08  Percentage unique vs. standard modules 
09 Project complexity Percentage designed in-house vs. designed by suppliers 
10  Number of persons involved 
11  Number of competence areas involved (e.g. mechanics, 

aerodynamics) 
12  Percentage new technology 
13  Percentage new manufacturing processes 
14 Integration between design and 

manufacturing 
Simultaneous vs. sequential development 

15  Face-to-face vs. documents based communication 
16  Early release of preliminary information vs. late release 

of complete information 
17  Mutual goals 
18  Consensus when taking decisions 
19  Informal way of working 
20  Sharing of ideas, information and other resources 
21  Working as a team 
22 Effectiveness of 

communication 
No of late conflicts 

23  Sufficient vs. insufficient communication 
24  Ratio of engineering change costs 





 -101-

Dissertations from the International Graduate School 
of Management and Industrial Engineering 

 
No. 105 

 
 Editor: The Head of the IMIE, Linköping University, S-581 83 Linköping, Sweden 
 
1 
1996 

Engevall, Stefan: Cost Allocation in Distribution Planning. No. 1, Licentiate Thesis 

2 
1996 

Lindström, Jörgen: Chefers användning av kommunikationsteknik. No. 2, Licentiate Thesis 

3 
1997 

Fang, Tony: Chinese Business Negotiation Style - A Socio-Cultural Approach. No. 3, 
Licentiate Thesis 

4 
1997 

Ekdahl, Fredrik: Increased Customer Satisfaction Using Design of Experiments, Conjoint 
Analysis and  QFD. No. 4, Licentiate Thesis 

5 
1997 

Tell, Fredrik: Knowledge and Justification - Exploring the Knowledge Based Firm No. 5, 
Licentiate Thesis 

6 
1997 

Nilsson, Mikael: Quality Principles in R & D - An exploratory study of two processes, No. 6, 
Licentiate Thesis 

7 
1997 

Berglund, Magnus: Third-party Logistics Providers - Towards an Conceptual Strategic 
Model. No. 7, Licentiate Thesis 

8 
1997 

Johansson, Glenn: Design for Disassembly - A Framework. No. 8, Licentiate Thesis 

9 
1998 

Augustsson, Magdalena: IT Outsourcing Relationships - A Transaction Cost Analysis of 
Two Cases, No. 9, Licentiate Thesis 

10 
1998 

Anderson, Christian: Anläggningsprojekt och organisatoriskt lärande, No.10, Licentiate 
Thesis 

11 
1998 

Bröte, Staffan: Disassembly Systems - Process Analysis and Strategic Considerations No.11, 
Licentiate Thesis 

12 
1998 

Tjäder, Jimmy: Projektledaren & planen - en studie av projektledning i tre installations- och 
systemutvecklingsprojekt, No.12, Licentiate Thesis 

13 
1998 

Forsberg, Torbjörn: Process Orientation and Measurements, No.13, Licentiate Thesis 

14 
1998 

Kroslid, Dag: Quality Management - National or Global Driving Factors? No.14, Licentiate 
Thesis 

15 
1998 

Söderlund, Jonas: Globala Tider - om deadlines och kunskapsintegration i komplex 
utvecklingsprojekt, No.15, Licentiate Thesis 

16 
1998 

Rehme, Jakob: Sales Coordination: Development of Customer Teams in ABB, Sweden, 
No.16,  Licentiate Thesis 

17 
1998 

Säfsten, Kristina: Requirements and Strategic Preconditions for Efficient Assembly – A 
Theoretical analysis, No. 17, Licentiate Thesis 

18 
1998 

Tomicic, Marie: En ledningsgrupps kognitiva struktur - homogenitet, heterogenitet och 
förändring. No. 18, Licentiate Thesis 

19 
1998 

Hansson, Jörgen: Financial Risk Management - Aspects of Optimal Decision Strategies in an 
Uncertain World with Market Imperfections. No. 19, Licentiate Thesis 

20 
1999 

Alvehus, Martin: A Lagrangian Relaxation Approach to Production Scheduling. No. 20, 
Licentiate Thesis 



 -102-

21 
1999 

West, Martin: Essays on Productivity, Flexibility and Manufacturing Networks. No. 21, 
Licentiate Thesis 

22 
1999 

Rudberg, Martin: Manufacturing Strategy, Planning and Control in a Global Context. No. 
22, Licentiate Thesis 

23 
1999 

Ekdahl, Fredrik: On the Application of Designed Experimentation for Customer Focused 
Product Development, No 23, Doctoral Dissertation 

24 
1999 

Lindström, Jörgen: Does Distance Matters? On Geographical Dispersion in Organisations, 
No 24, Doctoral Dissertation 

25 
1999 

Persson, Jan: Production Planning and Scheduling in Refinery Industry No 25, Licentiate 
Thesis 

26 
1999 

Lakemond, Nicolette: Supplier Coordination in Product Development Projects The case of 
Tetra Brik, No 26, Licentiate Thesis 

27 
1999 

Kroslid, Dag: In Search of Quality Management – Rethinking and Reinterpreting, No 27, 
Doctoral Dissertation 

28 
1999 

Elg, Mattias: Exploring Quality Improvement Activities in New Product Development. No 
28. Licentiate Thesis 

29 
1999 

Nilsson, Lars: Process Orientation in Product Development No. 29, Licentiate Thesis 

30 
1999 

Wasner, Reine: The Process of Outsourcing – Strategic and Operational Realities, No. 30, 
Licentiate Thesis 

31 
1999 

Fang, Tony: Chinese Culture and Chinese Business Negotiating Style, No. 31, Doctoral 
Dissertation 

32 
1999 

Björkegren, Charlotte: Learning for the Next Project – Bearers and Barriers in Knowledge 
Transfer within an Organisation, No. 32,  Licentiate Thesis 

33 
1999 

Öhrwall-Rönnbäck, Anna:  Collaborative Product Development and IT Communication 
Infrastructures: A study in the Swedish Aerospace Industry, No. 33, Licentiate Thesis 

34 
1999 

Tjäder, Jimmy: Systemimplementering i praktiken – En studie av logiker i fyra projekt. No. 
34, IMIE Dissertation 

35 
2000 

Skottheim, Joakim: Recycling in a Contradictory Environment. No. 35 Licentiate Thesis,  

36 
2000 

Tell, Fredrik: Organizational Capabilities – A study of the manufacturers of power 
transmission equipment 1878-1990, No. 36 IMIE Dissertation,  

37 
2000 

Askenäs, Linda: Affärssystemet – en studie om teknikens aktiva och passiva roll i en 
organisation, No. 37, Licentiate Thesis 

38 
2000 

Grundström, Christina: The many faces of standards and phases of standardisation in product 
development – Findings from explorative case studies involving software, No. 38 Licentiate 
Thesis 

39 
2000 

Söderlund, Jonas: Time-limited and Complex Interaction – Studies of Industrial Projects, 
No. 39 IMIE Dissertation 

40 
2000 

Persson, Fredrik: Simulation Modelling, Validation and Analysis of Supply Chains, No. 40, 
Licentiate Thesis 

41 
2000 

Magnusson, Thomas: ECO-Design  and Product Innovation – Managing incremental and 
radical change for environmental compliance, No. 41, Licentiate thesis 

42 
2000 

Bengtsson, Jens: Essays on Valuation of Manufacturing Flexibility – An option pricing 
theory approach, No. 42, Licentiate Thesis 

43 
2000 

Berglund, Magnus: Strategic Positioning of the Emerging Third-Party Logistics Providers, 
No. 43, IMIE Dissertations 

44 
2000 

Antoni, Marc: Inter-Project Learning – a Quality Perspective, No. 44, Licentiate Thesis 



 -103-

45 
2000 

Erlandsson, Per: Governmental Grants in the Early Development of New Technology Based 
Firms,  No. 45, Licentiate Thesis 

46 
2000 

Hallström, Anders:  The Retailer’s Role in Car Distribution, No. 46, Licentiate Thesis 
  

47 
2001 

Nehler, Henrik: Activity-Based Costing – En kvantitativ studie kring spridning, användning, 
utformning och implementering i svensk verkstadsindustri. No. 47, Licentiate Thesis 

48 
2001 

Blomvall, Jörgen: Optimization of Financial Decisions using a new Stochastic Programming 
Method, No. 48 IMIE Dissertation 

49 
2001 

Johansson, Glenn: Environmental performance requirements in product development  –  An 
exploratory study of two development projects, No. 49 IMIE Dissertation 

50 
2001 

Tomicic, Marie: Reaching Agreement in a Management Team – a Social Influences 
Perspective, No. 50 IMIE Dissertation 

51 
2001 

Rehme, Jakob: Sales coordination in multinational corporations – Development and 
management of key account programmes, No. 51 IMIE Dissertation 

52 
2001 

Lakemond, Nicolette: Managing across organisations – Intra- and interorganisational aspects 
of supplier involvement in product development projects, No. 52 IMIE Dissertation 

53 
2001 

Elg, Mattias: Performance measures and managerial work – A Modified Behaviour Setting 
Approach to the Study of Usage of Performance Measures in Managerial Meetings, No. 53, 
IMIE Dissertation 

54 
2002 

Bröte, Staffan: Towards Market Driven Manufacturing Systems Design, No. 54 IMIE 
Dissertation 

55 
2002 

Rudberg, Martin: Manufacturing Strategy: Linking Competitive Priorities, Decision  
Categories and Manufacturing Networks, No. 55 IMIE Dissertation 

56 
2002 

West, Martin: Flexibility and Productivity: Two fundamental Properties of Production 
Processes in International Manufacturing Networks, No. 56 IMIE Dissertation 

57 
2002 

Nilsson, Lars: An Empirical Investigation of Product Development and the Goods-to-
Services Continuum, No. 57 IMIE Dissertation 

58 
2002 

Norelius, Hans: Merge in Transit, No. 58 Licentiate Thesis 

59 
2002 

Öhrwall Rönnbäck, Anna:  Interorganisational IT Support for Collaborative Product 
Development, No. 59 IMIE Dissertation 

60 
2002 

Persson, Jan: Production Scheduling and Shipment Planning at Oil Refineries: Optimization 
Based Methods, No. 60 IMIE Dissertation 

61 
2002 

Engevall, Stefan: Cost Allocation in some routing problems – A game theoretic approach? 
No. 61 IMIE Dissertation 

62 
2002 

Aldin, Niklas: The Strategic Interplay between marketing and logistics – Changing 
requirements and new possibilities, No. 62 Licentiate Thesis 

63 
2002 

Rapp, Cecilia: Exploring the sustainability of improvement activities – the long-term 
development of a suggestion scheme, No. 63 Licentiate Thesis 

64 
2002 

Sundström, Per: Effectiveness in innovation – A study of software development projects, 
No. 64, Licentiate Thesis 

65 
2002 

Säfsten, Kristina: Evaluation of assembly systems – An exploratory study of evaluation 
situations, No. 65, IMIE Dissertation 

66 
2002 

Frohm, Cecilia: Collective Competence in an interdisciplinary project context, No. 66 
Licentiate Thesis 

67 
2002 

Selldin, Erik: Enterprise and supply chain planning: A survey of Swedish manufacturing 
firms, No.67 Licentiate Thesis 

68 
2002 

Johansson, Anders: Electronic Commerce Contributions to Industrial Marketing Channel 
Development, No.68 Licentiate Thesis 



 -104-

69 
2003 

Persson, Fredrik: Discrete event Simulation of Supply Chains – Modelling, Validation and 
Analysis, No.69 IMIE Dissertation 

70 
2003 

Kindström, Daniel: Rearranging a Business Model Towards Market Orientation – Strategic 
and Operational Dimensions and the Impact of E-commerce, No.70 Licentiate Thesis 

71 
2003 

Antoni, Marc: Learning between Projects - in Product Development Contexts, No. 71 IMIE 
Dissertation 

72 
2003 

Bengtsson, Jens: Valuation of Production Flexibility and Supply Contracts - A Real Options 
Approach, No. 72 IMIE Dissertation 

73 
2003 

Magnusson, Thomas: Managerial Challenges in Environmental Innovation - case studies in 
the electrical equipment and automotive sectors, No. 73 IMIE Dissertation  

74 
2003 

Johansson, Pontus: Manufacturing strategy perspectives on industrial services, No. 74 
Licentiate Thesis 

75 
2003 

Lindskog, Magnus: Changing to third party logistics, No. 75 Licentiate thesis 
 

76 
2003 

Poksinska, Bozena: Behind the ISO 9000 and ISO 14000 certificates. An investigation of 
quality and environmental management practices in Swedish organizations, No 76 Licentiate 
Thesis 

77 The thesis was never printed. 
78 
2003 

Kollberg, Beata: Exploring the Use of Balanced Scorecards in a Swedish Health Care 
Organization, No. 78 Licentiate Thesis 

79 
2004 

Grundström, Christina: Gaining Influence in Standard Setting Processes – A discussion of 
Underlying Mechanisms in 3G Mobile Telephony Technology Development, No. 79 IMIE 
Dissertation 

80 
2004 

Askenäs, Linda: The Roles of IT - Studies of organising when implementing and using 
enterprise systems, No. 80 IMIE Dissertation 

81 
2004 

Windahl, Charlotta: Towards Integrated Solutions - Alfa Laval and the Wastewater industry 
No. 81 Licentiate Thesis 

82 
2004 

Norlén, Andreas: Oskälighet och § 36 avtalslagen, No. 82 IMIE Dissertation 

83 
2004 

Zhu, Bo: The Common Customers on Wheels —Interaction between Industry and the 
Swedish National Road Administration in The Vehicle Safety Products Realisation, No. 83 
Licentiate Thesis 

84 
2004 

Öberg, Christina: On Customers in Mergers & Acquisitions, No. 84 Licentiate Thesis 

85 
2005 

Andersson, Pierre: The Business of Integrated Solutions, No. 85 Licentiate Thesis 

86 
2005 

Selldin, Erik: Supply chain design – Conceptual models and empirical analyses, No. 86 
IMIE Dissertation 

87 
2005 

Hallström, Anders: Car Distribution Organization – Strategic Issues in Four Configurations, 
No. 87 IMIE Dissertation 

88 
2005 

Nehler, Henrik: Activity-Based Costing – avbildning, integration & nytta, No. 88 IMIE 
Dissertation 

89 
2005 

Fransson, Daniel: Outsourcing Strategies for Wood Product Manufacturing Firms – Driving 
Forces and Strategic Development, No. 89 Licentiate Thesis  

90 
2005 

Henningsson, Markus: Retail Trade Demands on Distributors – Strategic and Operational 
Implications, No. 90 Licentiate Thesis 

91 
2005 

Kohn, Christofer: Centralisation of Distribution Systems and its Environmental Effects,  
No. 91 Licentiate Thesis 



 -105-

92 
2005 

Kihlén, Tobias: On Logistics in the Strategy of the Firm, No. 92 Licentiate Thesis 

93 
2005 

Sandberg, Erik: Logistics Collaboration in Supply Chains – A Survey of Swedish 
Manufacturing Companies, No. 93 Licentiate Thesis 

94 
2005 

Ambrutyte, Zita: Management Accountings in Inter-Organizational Relations, No. 94 
Licentiate Thesis 

95 
2005 

Jönsson, Petter: Modular Innovation in Mature Structure – A Study of Barriers and Drivers 
Between Young and Established Organizations, No. 95 Licentiate Thesis 

96 
2005 

Kindström, Daniel: The Integration of E-business into Mature and Established Companies – 
A Business Model Approach, IMIE Dissertation No. 96 

97 
2005 

Andersson, Karolina: Suppliers in collaboration – The impact on the strategies of the 
individual firm, No. 97 Licentiate Thesis 

98 
2005 

Norrman, Charlotte: Publicly Funded Support of Technology-Based Ventures, No. 98 
Licentiate Thesis 

99 
2005 

Nouira, Semir: Early-Stage Finance – Exploring the Financial Context of Small and Young 
Knowledge-intensive Firms, No. 99 Licentiate Thesis 

100 
2006 

Poksinska, Bozena: ISO 9000. Business as usual or radical change? Experiences from 
Swedish Organisations, IMIE Dissertation No. 100 

101 
2006 
102 
2006 
103 
2006 
104 
2006 

Johansson, Pontus: Adapting Manufacturing Strategy to Industrial After-sales Service 
Operations, IMIE Dissertation No. 101 
de Paula, Andes: Dynamics of corporate strategy from a value chain perspective – A study of 
the Swedish telecom and construction industries during the 90´s, IMIE Dissertation No. 102 
Backman, Jörgen: Logistics Platforms in the Wood Products Manufacturing Industry 
No. 103 Licentiate Thesis  
Kowalkowski, Christian: Enhancing the Industrial Service Offering – New Requirements on 
Content and Processes, No 104 Licentiate Thesis 

 





 -107-

Index 

A 
Absorptive capacity..21, 63, 65, 67, 68, 72, 

73 
Adler, P. S. ..................6, 27, 35, 45, 52, 59 
Åhlström, P.....4, 28, 36, 46, 53, 60, 65, 75, 

81, 90 
Alfa..........................12, 39, 42, 43, 97, 104 
Allen, T. J. .5, 20, 27, 52, 56, 59, 67, 68, 74 
Andersen, P. D. .......................................47 
Arbnor, I. ...........................................14, 27 
Argote, L., .......................35, 36, 45, 86, 89 
Arnold, U...............................66, 74, 79, 89 
Augurén, S...............................................45 

B 
Backlund, T. ......................................45, 46 
Beckman, S. L. ..................................45, 89 
Bengtsson, L.. vii, 4, 10, 13, 15, 27, 35, 37, 

38, 45, 52, 59, 60, 65, 74, 79, 82, 89, 
102, 104 

Berger, A. ..............4, 27, 28, 36, 45, 46, 60 
Berggren, C. .... vii, 5, 6, 13, 23, 27, 28, 29, 

35, 45, 51, 53, 59, 60, 65, 67, 74, 75, 81, 
88, 89, 90, 97 

Bessant, J. ................................4, 27, 42, 45 
Beta......................12, 39, 42, 54, 56, 57, 97 
Biemans, W. G. .................................86, 90 
Bjerke, B............................................14, 27 
Bonner, J. M. ...........................................90 
Boothroyd, G. P...........1, 27, 65, 74, 80, 89 
Bourgeois, I. L. J. 10, 13, 27, 38, 45, 82, 89 
Bozdogan, K......................................67, 74 
Brady, T.............................................25, 28 
Brown, S. L. ...1, 13, 27, 53, 59, 67, 74, 81, 

83, 89 
Brück, F. ............................................80, 89 
Brusoni, S. ...............................................74 
Burns, T.......................6, 27, 66, 74, 81, 89 

C 
Caffyn, S............................................27, 45 
Case study ....10, 13, 14, 15, 38, 43, 49, 54, 

60, 63, 75, 82 
Cassiman, B.......................................66, 76 
Chesbrough, H. W...........65, 66, 74, 79, 89 
Choi, T. Y..........................................80, 90 

Clark, K. B... 1, 3, 7, 20, 27, 35, 45, 46, 51, 
52, 59, 81, 87, 89 

Cohen, W. M....... 35, 45, 67, 73, 74, 86, 89 
Collins, P. D................................ 29, 60, 90 
Competence .............................. 84, 86, 103 
Conceptual framework................ 37, 38, 43 
Contingency theory..............iii, 3, 6, 22, 25 
Continuous improvement 

Approach.iii, 2, 3, 4, 7, 8, 11, 15, 18, 19, 
20, 25, 37, 49, 51, 52, 53, 54, 55, 56, 
57, 58 

Improvement process3, 4, 18, 35, 37, 38, 
40, 43, 44 

Internal improvement.................. 2, 7, 35 
Contribution....iii, vii, 7, 25, 26, 35, 81, 86, 

90, 103 
Cooper, R. G. ........................ 53, 59, 76, 91 
Cooper, S. ............................. 53, 59, 76, 91 
Coordination .... 1, 6, 23, 27, 28, 59, 75, 90, 

101, 102, 103 
Courtenay, G..................................... 14, 27 
Cox, A............................................... 79, 90 
Crimp, M........................................... 14, 27 
Cross-functional teams 1, 4, 25, 36, 41, 53, 

56, 57, 67, 81 
Cultural differences ................................ 15 
Cummings, J. N. ..................... 5, 27, 28, 59 

D 
Dabhilkar, M............... 4, 27, 37, 45, 52, 59 
Daft, R. L. .. 4, 5, 27, 28, 52, 53, 59, 66, 74, 

80, 81, 85, 89 
Dahmström, K....................... 14, 28, 38, 45 
Data analysis............................... 12, 38, 82 
Davidsson, B..................................... 14, 29 
Davies, A. ....................... 25, 28, 68, 74, 75 
de Geus, A. P. ................................... 35, 45 
Degree of interaction20, 56, 57, 65, 81, 85, 

86, 87 
Delta................................ 12, 39, 40, 42, 97 
Design standards....................................... 6 
Design-for-manufacturing ................ 65, 80 
Dewherst, P................................. 27, 74, 89 
Deyst, J. .................................................. 74 
Distance ....iii, 1, 3, 5, 8, 11, 15, 19, 20, 21, 

25, 26, 28, 31, 49, 52, 56, 57, 58, 67, 68, 
72, 73, 80, 88, 102 



 -108-

Dispersion...5, 11, 20, 49, 52, 54, 56, 57, 
58, 102 

Geographical .. iii, 5, 7, 8, 19, 20, 49, 51, 
52, 53, 54, 57, 58, 63, 68, 73, 85, 88 

Organizational ................... iii, 2, 7, 8, 25 
Proximity iii, 5, 6, 20, 25, 28, 49, 54, 56, 

57, 58 
Docherty, P..................................36, 44, 45 
Doig, S. J. ............................2, 7, 28, 35, 45 
Döös, M.............................................35, 45 
Durstewitz, M..........................................47 
Dutton, J. M.......................................36, 45 
Dvir, D.............................53, 60, 67, 73, 76 

E 
Eisenhardt, K. M. ...1, 6, 10, 11, 13, 27, 28, 

38, 45, 46, 53, 54, 59, 60, 65, 67, 68, 69, 
74, 75, 80, 81, 82, 83, 88, 89 

Elg, U. .........................27, 45, 89, 102, 103 
Ellison, D. J. ..........................66, 76, 80, 91 
Ellström, P.-E. .............4, 28, 37, 46, 52, 60 
Engineering industry ....4, 5, 14, 27, 45, 59, 

65 
Environment ......................6, 22, 29, 47, 60 

Stable......................... iii, 3, 6, 22, 25, 81 
Unstable..................... iii, 3, 6, 22, 25, 71 

Eppinger, S. D. ..........11, 29, 30, 60, 76, 91 
Epple, D.............................................45, 89 
Epsilon.......................12, 39, 40, 42, 43, 97 
Ericsson ...................................................35 
Eta........................12, 83, 85, 86, 87, 88, 97 
Ewab....................12, 83, 85, 86, 87, 88, 98 

F 
Fan, I.-S. ............................................76, 91 
Filippini, R. ...........1, 28, 53, 60, 81, 85, 89 
Fine, C. H. .............................65, 75, 79, 89 
Fiol, C. M. .........................................35, 46 
Fläkt Woods .10, 11, 12, 39, 41, 42, 43, 54, 

55, 56, 57, 83, 84, 85, 86, 87, 97 
Flint, D. J. ..........................................38, 46 
Formalization .6, 21, 22, 25, 53, 55, 56, 57, 

67, 68, 72, 73, 81, 85, 86, 87, 88 
Foster, P.......................................28, 29, 46 
Fox, J. ......................................1, 28, 65, 75 
Fujimoto, T...1, 3, 7, 20, 27, 51, 52, 59, 81, 

87, 89 

G 
Gallagher, M. .................................... 27, 45 
Gamma...................... 12, 39, 40, 42, 43, 97 
Gardner, G. ....................................... 14, 28 
Garvin, D. A. .................................... 35, 46 
Generalization..... 10, 14, 18, 28, 29, 38, 46 
Gomm, R......................... 14, 28, 29, 38, 46 
Guba, E. G. ........................... 14, 29, 38, 46 
Gupta, A. K........................... 65, 75, 79, 90 

H 
Hammersley, M. ......................... 28, 29, 46 
Hansson, H................................ 45, 46, 101 
Hart, H., ................ 4, 28, 36, 37, 46, 52, 60 
Hartley, J. L. ..................................... 81, 90 
Hayes, R. H....................................... 35, 46 
Helby, P. ................................................. 47 
Herbertsson, J. ............................ 79, 80, 90 
Hill, C. W. L. . 1, 28, 29, 30, 46, 60, 81, 87, 

90 
Hillebrand, B..................................... 86, 90 
Hilmer, F. G...................................... 35, 47 
Hinds, P......................................... 5, 25, 28 
Hobday, M. ... 67, 68, 69, 74, 75, 80, 82, 90 
Hoppe-Kilpper, M................................... 47 
Hoult, D. ................................................. 74 
Huber, G. P. ...................................... 35, 46 
Huberman, A. M.10, 13, 29, 38, 47, 54, 60, 

68, 69, 75, 82, 90 
Hull, F. M. .................................. 29, 60, 90 
Hundal, M.S............................ 1, 28, 65, 75 
Huzzard, T. ....................................... 35, 46 

I 
Imai, M. ...................... 4, 28, 37, 46, 52, 60 
Integration.... 28, 29, 60, 66, 75, 76, 90, 91, 

99, 105 
Interview...iii, 1, 12, 13, 14, 15, 18, 19, 21, 

22, 31, 38, 46, 54, 68, 75, 82, 90, 93 

J 
Johansson, B. ..... 2, 8, 28, 35, 46, 101, 103, 

104, 105 
Just-in-time ................................. 41, 42, 56 

K 
Kamath, R. R. ......................................... 90 
Kanban.............................................. 41, 56 



 -109-

Karlsson, C. ....4, 28, 36, 46, 53, 60, 65, 75, 
81, 90 

Key factors ............................12, 15, 35, 40 
Kiesler, S. ......................................5, 25, 28 
Kim, D. H ..........................................35, 46 
Kinnander, A. ......................2, 8, 28, 35, 46 
Kleinschmidt, E. J. ............................53, 59 
Knight, W. ...................................27, 74, 89 
Kvale, S. ....................38, 46, 68, 75, 82, 90 

L 
Lakemond, N....1, 6, 28, 53, 60, 65, 75, 80, 

90, 102, 103 
Lawrence, P. R. .............................6, 15, 28 
Leavy, B. .................................4, 29, 36, 46 
Lengel, R. H. ....4, 5, 27, 28, 52, 53, 59, 66, 

74, 80, 81, 85, 89 
Lennerlöf, L.................................28, 46, 60 
Levinthal, D.....................67, 73, 74, 86, 89 
Levitt, B.............................................35, 46 
Lewis, P. ............................................47, 90 
Liker, J. K..........1, 6, 29, 53, 60, 80, 81, 90 
Limitation ....................................25, 35, 82 
Lincoln, Y. S. ........................14, 29, 38, 46 
Lind, J........................27, 45, 59, 60, 74, 89 
Lind, J.-I. ...................27, 45, 59, 60, 74, 89 
Lindberg, P. .................................28, 46, 60 
Lonsdale, C........................................79, 90 
Lorsch, J. W. .................................6, 15, 28 
Lubit, R..............................................35, 46 
Lyles, M. A........................................35, 46 

M 
Magnusson, M.........................................45 
Magnusson, T.vii, 6, 13, 14, 29, 45, 53, 60, 

67, 75, 81, 88, 89, 90, 97, 102, 104 
Maidique, M. A. ..........1, 29, 53, 60, 67, 75 
Malee, L. .................................................74 
Manufacturing capabilities ... iii, 1, 3, 7, 21, 

49, 51, 52, 65, 67 
March, J. G. .................................35, 45, 46 
McCutcheon, D. ......................................90 
McDonough, E. F., III. .....1, 10, 29, 53, 54, 

60, 68, 75, 82, 90 
McKendrick, D. G.................29, 60, 76, 91 
McKinlay, A....................29, 46, 47, 60, 91 
Mechanistic ....................... iii, 6, 22, 25, 81 
Media 

Documentation ..........................6, 53, 67 

Face-to-face ... 4, 5, 6, 14, 15, 20, 25, 38, 
49, 52, 53, 54, 55, 56, 57, 58, 66, 68, 
73, 80, 81, 82, 85, 86, 88, 99 

Impersonal documents .......... 4, 5, 52, 66 
Mix (procedures, media).... 6, 22, 53, 66, 

81, 84, 87 
Numeric documents ........ 4, 5, 52, 56, 66 
Personal documents .............. 4, 5, 52, 66 
PLM-system.............................. 5, 30, 53 
Telephone ....................... 4, 5, 14, 52, 66 

Media richness theory. vi, 3, 4, 5, 6, 20, 25, 
28, 52, 53, 55, 56, 57, 59, 66, 67, 68, 73, 
74, 80, 81, 85, 86, 87, 88, 89 

Mentzer, J. T. .................................... 38, 46 
Meredith, J. R. ........................................ 90 
Methodology....................................... 3, 27 
Micronic. 10, 11, 12, 25, 68, 70, 71, 72, 73, 

83, 84, 85, 86, 87, 98 
Miles, M. B. . 10, 13, 29, 38, 47, 54, 60, 68, 

69, 75, 82, 90 
Mintzberg, H..................................... 66, 75 
Moenaert, R. K. ................................ 52, 61 
Montoya-Weiss, M. M............................ 29 
Morthorst, P. E........................................ 47 
Motala Verkstad.. 12, 83, 84, 85, 86, 87, 98 
MYDATA........... 12, 83, 84, 85, 86, 87, 98 

N 
Nadler, D............................................. 5, 29 
Neij, L. .............................................. 36, 47 
Nonaka, I.. 4, 29, 35, 36, 37, 47, 52, 60, 86, 

90 

O 
Offshoring......................................... 35, 44 
Olausson, D............. 1, 2, 49, 54, 60, 77, 97 
Olsen, J. P. ........................................ 35, 46 
Olson, E. M....................................... 79, 90 
Opportunity.... 2, 4, 5, 8, 20, 25, 35, 36, 43, 

49, 57, 58, 59, 80, 83 
Organic ........................iii, 6, 22, 25, 80, 81 
Organizational learning . 28, 29, 33, 35, 36, 

37, 38, 39, 41, 42, 43, 44, 45, 46, 47, 55, 
60, 89, 91 

Östergren, K...................................... 35, 46 
Outsourcing 2, 7, 27, 28, 35, 44, 45, 47, 57, 

59, 60, 68, 74, 75, 79, 89, 90, 101, 102, 
104 

Overall Operating Efficiency............ 41, 42 



 -110-

P 
Paper 1.........7, 8, 11, 13, 15, 18, 19, 31, 33 
Paper 2.........7, 8, 11, 15, 19, 20, 26, 31, 49 
Paper 3....7, 8, 9, 11, 14, 15, 21, 22, 25, 31, 

63 
Paper 4..7, 9, 10, 11, 15, 22, 26, 31, 77, 93, 

99 
Patel, R. .............................................14, 29 
Pavitt, K.................................67, 73, 74, 75 
PDCA ..........................................37, 40, 42 
Persson, B. L. ..................45, 102, 103, 104 
Pich, M. .................................29, 60, 76, 91 
Pinto, J. K. .............................67, 75, 80, 90 
Pinto, M. B. ...........................67, 75, 80, 90 
Prencipe, A. .......2, 8, 29, 51, 60, 67, 74, 75 
Prescott, J. E. .....................................75, 90 
Procedure.... iii, 1, 6, 13, 14, 15, 18, 22, 25, 

37, 38, 39, 53, 67, 71, 72, 81 
Product development performance iii, 1, 51 
Product improvement ... iii, 2, 3, 13, 20, 26, 

39, 49, 51, 52, 53, 54, 56, 58 
Proposal box................................18, 41, 44 

Q 
Quinn, J. B.........................................35, 47 

R 
Reliability ........................13, 14, 15, 38, 82 
Relocation....................................35, 57, 88 
Research design..15, 30, 38, 47, 52, 54, 58, 

61, 68, 76, 82 
Research gap ...7, 18, 27, 43, 45, 65, 68, 89 
Research question. iii, 3, 7, 8, 9, 10, 11, 12, 

13, 14, 18, 21, 22, 35, 38, 52, 53, 58, 65, 
68, 72, 79, 82, 83 

Resistance to change .........4, 19, 40, 41, 52 
Ritter, R. C. .......................................28, 45 
Rolls-Royce...................................2, 51, 67 
Rosenthal, S. R. ...................1, 6, 29, 80, 91 
Rossetti, C. ........................................80, 90 
Ruekert, R. W..........................................90 

S 
Sako, M. ............................................67, 75 
Salmaso, L. ..................................28, 60, 89 
Salter, A.................................53, 60, 66, 75 
Sapsed, J. ...............................53, 60, 66, 75 
Saunders, M...........................38, 47, 82, 90 
Scania ......................................6, 51, 79, 81 

SCB................................................... 35, 47 
Schilling, M. A. ................ 1, 29, 81, 87, 90 
Schmidt, J. B........................................... 29 
Sectra ...... 12, 14, 25, 68, 69, 70, 72, 73, 98 
Sehdev, K........................ 65, 76, 79, 80, 91 
Shenhar, A. J................... 53, 60, 67, 73, 76 
Six Sigma.............................. 37, 41, 42, 55 
Song, M. X.......................................... 6, 29 
Sosa, M. E.... 1, 5, 8, 20, 29, 52, 60, 68, 76, 

88, 91 
Souder, W. E......................... 65, 76, 79, 91 
Sourcing strategy ....iii, 8, 9, 10, 11, 21, 22, 

23, 25, 63, 65, 66, 68, 72, 73, 77, 79, 80, 
81, 82, 83, 85, 86, 87, 88 
Integration......... 8, 22, 66, 68, 80, 85, 88 
Separation .. 8, 22, 66, 68, 80, 81, 85, 86, 

88 
Speckhals, K. .................................... 28, 45 
Spina, G. ............................. 1, 6, 29, 81, 91 
Sproull, L. S...................................... 35, 45 
Stalker, G. M............... 6, 27, 66, 74, 81, 89 
Starkey, K. .......... 29, 36, 46, 47, 60, 86, 91 
Stout, S. K............................. 29, 60, 76, 91 
Swartling, D..............vii, 13, 14, 54, 60, 97 
Swink, M........................................... 13, 29 

T 
Tabrizi, B. N. .. 6, 28, 65, 75, 80, 81, 88, 89 
Task characteristics.iii, 1, 2, 6, 7, 9, 10, 11, 

22, 23, 25, 26, 77, 79, 80, 81, 82, 85, 86, 
87, 88 

Tatikonda, M. V.................. 1, 6, 29, 80, 91 
Teece, D. J. .. 35, 36, 47, 65, 66, 74, 79, 86, 

89, 90 
Tempest, S. ..................... 29, 46, 47, 60, 91 
ten Pierick, E..................................... 52, 61 
Tessarolo, P................................. 28, 60, 89 
Theoretical domain ................................. 14 
Theoretical framework..... 3, 12, 13, 14, 15, 

52, 65, 66, 73 
Thomas, A.vii, 36, 45, 63, 89, 97, 102, 104 
Thornhill, A. ..................................... 47, 90 
Thunborg, C...................................... 45, 46 
Tjeders .......... 12, 83, 84, 85, 86, 87, 88, 98 
Total Productive Maintenance................ 40 
Toyota ........................................... 6, 53, 81 
Tushman, M. L. ... 5, 29, 53, 61, 66, 67, 76, 

80, 81, 91 



 -111-

U 
Ulrich, K..11, 30, 51, 61, 66, 76, 80, 81, 91 
Uncertainty .4, 6, 18, 21, 22, 23, 29, 46, 53, 

57, 60, 66, 68, 72, 75, 77, 80, 81, 83, 85, 
86, 87, 88, 90, 91, 101 

Utterback, J. M. .................................51, 61 

V 
Validity 

Construct validity ..............13, 15, 38, 82 
External validity ................13, 14, 15, 38 
Internal validity .................13, 15, 38, 82 

Van den Bulte, C. ..............................52, 61 
Van Dierdonck, R..............................15, 30 
van Weele, A. ..............................28, 75, 90 
Vandevelde, A. ..................................15, 30 
Verganti, R. .......................................29, 91 
Veugelers, R. .....................................66, 76 
Videoconferencing ..............................5, 25 
VINNOVA ..................... vii, 45, 59, 74, 89 

W 
Walker, O. C. .......................................... 90 
Whitney, D. E. ...... 1, 30, 65, 75, 76, 79, 89 
Wilemon, D........................... 65, 75, 79, 90 
Wilhelmson, L. ....................................... 45 
Williams, G....................................... 76, 91 
Woodward, J. ...................................... 6, 30 
Woolson, D. ...................................... 28, 45 
Wright, L. T. ..................................... 14, 27 
Wynstra, F......................................... 52, 61 

Y 
Yelle, L. E......................................... 35, 47 
Yin, R. K.10, 13, 14, 30, 38, 47, 54, 61, 69, 

76, 82, 91 

Z 
Zeta ... 12, 39, 41, 42, 43, 54, 55, 56, 57, 97 
Zirger, B. J. A. ............ 1, 29, 53, 60, 67, 75 
Zotteri, G........................................... 29, 91 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


