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Abstract 
The purpose of this thesis is to contribute to New Product Development-literature by 
expanding the analysis of the R&D-manufacturing interface in complex product development 
in three areas, i.e. the outsourcing of manufacturing, uncertainty and time-criticality, and field 
service. The thesis focuses on interface challenges and solutions which concern three 
questions: 

1 How does the level of outsourcing of manufacturing affect the management of the 
R&D-manufacturing interface in complex product development? 

2 How does the presence of uncertainty and time-criticality affect the management of 
the R&D-manufacturing interface in complex product development?  

3 How does the need to consider field service requirements affect the management of 
the R&D-manufacturing interface in complex product development? 

 

The background and point of departure is the realization that there are three areas 
which influence the management of the important, dynamic interface between R&D and 
manufacturing. First, the level of outsourcing of manufacturing is increasing in many 
industries, which makes it even more demanding to manage the R&D-manufacturing interface 
in complex product development. Second, complex product development may also be 
characterized by uncertainty and time-criticality, and previous research indicates that these 
factors need to be handled differently. Third, it is increasingly important to consider not only 
R&D and manufacturing, but also field service requirements. 

The research methodology rests on a multiple case study approach where the main 
case used in this thesis is an extreme case in terms of uncertainty, R&D intensity and volume 
levels, i.e. Micronic Laser Systems. 

The main findings of the thesis revolve around the identification of the challenges and 
solutions involved in complex product development. Based on five research papers, the thesis 
identifies challenges associated with each of the three research questions, and all challenges 
identified revolve around how to identify and understand conflicting requirements, to 
establish an understanding of changing prerequisites and their implications, and to ensure 
active involvement and a certain degree of competence overlap between organizational 
functions (internal as well as external). 

The solutions identified for handling these challenges have one thing in common, 
namely a focus on achieving controlled responsiveness and flexibility based on an 
understanding of tradeoffs, interaction, and informed decision-making. These solutions differ 
from those prescribed in conventional product development literature which tends to focus on 
upfront planning techniques and how to follow plans. 

The findings may be of value to a variety of managers in different environments, in 
particular for project managers who are involved in complex product development. The main 
reason is that this kind of product development exhibits challenges and solutions different 
from those described in conventional literature on new product development, at least in cases 
where there is some degree of uncertainty. 
 

Key words – complex product development, R&D-manufacturing interface, outsourcing, 
uncertainty, time-criticality, visualization, field service, extreme case  



 



Sammanfattning 
Avhandlingens syfte är att bidra till produktutvecklingslitteraturen genom att expandera 
analysen av gränssnittet mellan FoU (Forskning och Utveckling) och produktion i komplex 
produktutveckling. Detta görs genom att ta hänsyn till tre områden: outsourcing av 
produktion, osäkerhet och tidsbegränsningar, och fältservice. Avhandlingen fokuserar på 
gränssnittsutmaningar och lösningar i förhållande till tre forskningsfrågor: 

1. Hur påverkar nivån av outsourcing företags hantering av gränssnittet mellan FoU och 
produktion i komplex produktutveckling? 

2. Hur påverkar förekomsten av osäkerhet och tidsbegränsningar företags hantering av 
gränssnittet mellan FoU och produktion i komplex produktutveckling? 

3. Hur påverkar behovet av att ta hänsyn till krav inom fältservice företags hantering av 
gränssnittet mellan FoU och produktion i komplex produktutveckling? 

 

Bakgrunden till avhandlingen är att det har skett och fortfarande sker förändringar 
inom dessa tre områden som kan antas påverka hur företag hanterar det viktiga gränssnittet 
mellan FoU och produktion: 

1. Företag tycks outsourca produktion i större utsträckning.  
2. Många produktutvecklingsprojekt påverkas av osäkerhet och tidsbegränsningar, men 

dessa faktorer tycks kräva andra angreppssätt än komplexitet.  
3. Det är allt viktigare att inte enbart tillgodose krav inom FoU och produktion utan även 

fältservice. 
 

Forskningsmetoden bygger på en fallstudieansats med flera företag (multiple case 
study) där huvudfallet är ett extremt företag med avseende på osäkerhet, FoU intensitet och 
produktionsvolymer. Företaget heter Micronic Laser Systems. 

Avhandlingens huvudsakliga resultat centrerar kring identifiering av utmaningar och 
lösningar i komplex produktutveckling. Avhandlingen baseras på fem forskningsartiklar och 
utifrån dessa identifieras utmaningar i förhållande till de tre forskningsfrågorna. Gemensamt 
för dessa utmaningar är 

• att dem handlar om att synliggöra och förstå motstridiga krav,  
• att etablera en förståelse för föränderliga krav och dess konsekvenser 
• att säkerställa aktiv inblandning av olika funktioner och viss grad av 

kompetensöverlapp mellan organisatoriska funktioner (såväl interna som externa). 
 

Lösningarna till dessa utmaningar handlar i stor utsträckning om att uppnå en balans 
mellan styrning och kontroll å ena sidan och flexibilitet och följsamhet å andra sidan. Det 
tycks som om denna balans i stor utsträckning baseras på en förståelse av tradeoffs, intensiv 
interaktion och beslutsprocesser som involverar en stor mängd personer. Lösningarna skiljer 
sig från dem som beskrivs i traditionell produktutvecklingslitteratur då denna snarare 
fokuserar på planeringstekniker och att följa planer. 

Avhandlingens resultat kan vara av värde för en mängd personer i ledande positioner 
och i olika miljöer. De är synnerligen värdefulla för dem som är involverade i komplex 
produktutveckling med viss grad av osäkerhet då dessa projekt uppvisar utmaningar och 
lösningar som skiljer sig från de som beskrivs i traditionell produktutvecklingslitteratur. 
 

Nyckelord – komplex produktutveckling, gränssnitt FoU-produktion, outsourcing, osäkerhet, 
tidsbegränsningar, visualisering, fältservice, extrema fall 
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“YOU MAY HAVE A TIMECARD!!! If you want” 
 

I struggle, cannot defend myself, feel exposed. Then suddenly. Relief. I pull the rabbit out of 
a hat and deliver an answer with rhetoric precision and elegance. Or so I think. I have tried to 
ride a dead horse. Sweat breaks out, again. 

This discussion is one of many where my beloved Carin tries to put things into 
perspective. I sometimes fail to realize that work is not to be 24-7. Thus, it is understandable 
why she claims that I need a timecard to keep track of my working hours. The reason for the 
long hours must be that my research has been so darned interesting. Next time I promise it 
will be perfect. 

Let me take you back to the beginning of this journey so that you can understand her 
frustration. The first phase is a walk in the park. I do research and play some occasional 
footer. Then things expand, I launch projects to the left and right, to the front and back, such 
as publishing papers and completing a Swedish Classic. Then there are the two mutual 
projects: building a house and having a child. I now know what it feels like to manage too 
many projects simultaneously. Or possibly, it would be more correct to write that Carin 
knows. Mark my words: I had been lost without her. 

I am forever indebted to friends, family and colleagues who have supported me 
throughout the processes. Kalle and Inger Olausson for always being there. Christian 
Berggren and Thomas Magnusson for always finding time to help a confused PhD student. 
The PIE team for providing a stimulating environment, in particular Dag Swartling who 
provides shelter. Respect! 

John Christiansen and Jonas Söderlund provided comments on what now, thanks to their 
input, seem like prehistoric and poorer versions of this thesis. Valuable!  

I have taken quantum leaps during the last few months thanks to proof reading á la 
Pamela Vang. Flabbergasting! 

Although I do not know how the opponent (Per Åhlström) or the grading committee 
(Monica Bellgran, Sofia Börjesson and Jonas Söderlund) will react to my work, I feel 
honoured that such distinguished scholars will scrutinize my work. Scary! 

Numerous firms and people provide valuable data. I would like to highlight the 
contribution of Tomas Carlsson, Cecilia Gemzell, Anders Gustafsson, Anders Larsson, 
Viktoria Wadman, Stefan Bortas Wase and all the others who help me to decode Micronic. In 
addition, Torbjörn Wenell and Thomas De Ming provide valuable feedback from the 
practitioner’s perspective. Priceless! 

As this journey comes to an end and I look in the mirror, an art installation comes to 
mind. Hundreds, if not thousands, of names were written on some of the walls of a museum in 
Edinburgh. The artist’s intention was to write down the name of all the people he had ever 
met. However, in the post-installation note, he ironically noticed that he had failed to mention 
some of the people closest to him in life. This, he argued, is probably just the way memory 
works. I am sure that I am subject to this memory failure as well so I therefore direct a 
collective ‘thank you’ to everyone who helped me make this possible. 
 
 
 
 
Daniel Olausson 
Autumn 2009 
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1 Introduction 

1.1 Background to areas studied 
A substantial body of knowledge demonstrates that product development management is 
important for the survival, growth and profitability of firms (see Trott, 2008; Ulrich and 
Eppinger, 2003 for literature reviews). The number of articles on product development has 
increased substantially in recent decades in marketing journals (Baumgartner and Pieters, 
2003), management journals (Shane and Ulrich, 2004) and R&D journals (Page and Schirr, 
2008). Further, the introduction of specialized journals, such as the Journal of Product 
Innovation Management, has had a significant influence on the academic community 
(Biemans et al., 2007). 

Based on a review of 815 articles from 1989 to 2004 published in 10 journals, Page and 
Schirr (2008) conclude that the characteristics of product development research have changed 
during the past few decades. They demonstrate that earlier research on product development 
primarily focused on technical issues, while contemporary research also includes 
organizational issues such as managing organizational interfaces. It appears that 
organizational issues are at least as important as technical issues for product development 
performance (cf. Hines et al., 2006). This argument is in line with the Product Development 
& Management Association’s (PDMA) longitudinal survey data on trends and drivers of 
success in product development (Barczak et al., 2009). The data demonstrate that a crucial 
differentiator between firms is how they manage organizational collaboration. The data show 
that even the best performing firms find it challenging to manage cross-functional interfaces, 
but the data do not indicate wherein the interface challenges lie. This thesis defines an 
interface challenge as a non-trivial problem that will have a significant impact on product 
development performance unless two functions or more take concomitant actions. 

Research into product development reveals that firms can improve performance through 
intra-departmental initiatives, but that there is generally greater potential for improvements in 
the management of interfaces between departments. It is difficult to manage interfaces 
between R&D and other functions due to differences in skills, roles, and responsibilities, 
which create conflicting requirements (Xie et al., 2003). Studies demonstrate that in order to 
overcome interdepartmental barriers, it may be necessary to introduce an elaborate mix of 
mechanisms, such as common goals (Xie et al., 2003), joint rewards (Wei and Atuahene-
Gima, 2009), multi-functional training, cross-functional teams, formalization and spatial 
proximity (Maltz, 1997). Firms that are able to manage interfaces effectively can realize 
considerable competitive advantages with respect to innovation and product development 
performance (Clark and Fujimoto, 1991; Ettlie, 2006). 

It has been argued that the interface between R&D and manufacturing is one of the most 
dynamic and challenging for capital goods manufacturers (Sehdev et al., 1995; Susman, 
1992a, b) in a wide range of environments (Christensen et al., 2002; Smulders et al., 2002). 
The management of this interface is difficult to understand due to the ambiguity involved 
(Dean and Susman, 1989; Lakemond et al., 2007; Rothwell, 1974; Swink, 1999), in particular 
when complex products are being developed (Davies and Hobday, 2005; Prencipe et al., 
2003). For example, while early coordination can help to rapidly detect problems and avoid 
the high cost of correcting the product and process during the latter stages of projects (Barkan, 
1992; Belay, 2009), it can also restrict creativity in the innovation process (Naveh, 2005) and 
result in too many iterations (Laseter and Ramdas, 2002). 
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This thesis investigates the management of the R&D-manufacturing interface in 
complex product development with respect to three particularly important and relevant areas: 
the outsourcing of manufacturing, uncertainty and time-criticality, and field service. 

First, it seems that firms have intensified the outsourcing of manufacturing during the 
last couple of decades (e.g. Pavitt, 2003; Rossetti and Choi, 2005; Zhao and Calantone, 2003). 
Outsourcing is a topic which is being widely debated during the 21st century. It has engaged a 
wide range of actors, such as business papers (Wahlin, 2004), consultancy firms (Jackson et 
al., 2002), public authorities (Eliasson and Eliasson, 2005), institutes (Outsourcing Institute, 
2004) and trade unions (Larsson and Malmqvist, 2002). The debate inspired the Royal 
Swedish Academy of Engineering Sciences (IVA) to form expert panels, including both 
academics and practitioners, to investigate the role of manufacturing for sustainable 
competitiveness. The initiative also emphasized the need for studies contributing to a greater 
understanding of the effects of outsourcing on product development, for instance (IVA, 
2005). While studies on the R&D-manufacturing interface acknowledge that manufacturing 
can be outsourced (Bralla, 1999; Priest and Sánchez, 2001), it seems that they seldom discuss 
the implications of outsourcing. By contrast, it seems that literature on supplier involvement 
in product development tends to focus on interfaces between R&D, purchasing and suppliers, 
which means that it generally excludes an internal manufacturing perspective. The few studies 
that exist, indicate that the management of the R&D-manufacturing interface could differ 
depending on whether manufacturing is internalized or externalized (Becker and Zirpoli, 
2003; Bengtsson, 2005; Takeishi, 2001) in complex product development (Prencipe et al., 
2003). Thus, few studies take a comprehensive view by comparing the effects of different 
levels of outsourcing on the R&D-manufacturing interface in product development. 

Second, there are indications suggesting that product complexity is increasing in many 
industries (Davies and Hobday, 2005; Dibiaggio, 2007) and a growing number of studies 
show that complex capital goods exhibit innovation problems that are not found in simple 
products (Davies, 1997; Hobday, 1998; Nightingale, 2000). For example, research illustrates 
that it can be difficult to predict the effects of changes in complex product development due to 
product and organizational interdependencies, which in turn, makes the management of 
interfaces even more important (Christensen et al., 2002; Clark and Fujimoto, 1991; Davies 
and Hobday, 2005; Wheelwright and Clark, 1992). These findings lend support to scholars 
who criticize many mainstream approaches which exhibit an overreliance on rational 
behaviour and promote a linear logic (Christiansen and Varnes, 2008; Ivory and Alderman, 
2005). Research demonstrates that such a logic is ill-suited to complex product development, 
in particular, in situations of high uncertainty and time-criticality (Lindkvist et al., 1998). 
Based on classical contingency theory (Galbraith, 1973; Lawrence and Lorsch, 1967), studies 
conclude that the effectiveness of different product development approaches is dependent on 
the degrees of complexity (Eisner, 2005; Maier et al., 2008), uncertainty (Eisenhardt and 
Tabrizi, 1995) and time-criticality (Shenhar and Dvir, 2007). However, there seems to be 
relatively few studies that investigate product development that is characterized by not only 
complexity but also by uncertainty and time-criticality. For example, Bozarth et al. (2009) 
conclude that it would be interesting to expand the work on complexity and prescriptions for 
managing supply chains to also include uncertain environments. Jaafari (2003) proclaims that 
there is an acute need to develop approaches for managing projects characterized by high 
degrees of both complexity and uncertainty. The few studies that do exist indicate that 
complexity and uncertainty may need to be handled using different mechanisms (Lindkvist et 
al., 1998; Tatikonda and Rosenthal, 2000), in particular if the project is so fast-paced that 
there is little room for mistakes (Lindkvist et al., 1998; Shenhar and Dvir, 2007). These 
studies clearly contribute to the literature, but do not focus explicitly on the implications for 
the management of the R&D-manufacturing interface in complex product development. 
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Third, there are indications suggesting that field service is becoming increasingly 
important for manufacturing firms, especially in the capital goods industry. For example, 
during the current economic crisis, many firms and newspapers report on the criticality of 
service revenue for manufacturing firms (e.g. Blomgren, 2009; Von Koch, 2008). During a 
workshop in June 2009 hosted by IVA, firms from a wide range of industries (e.g. automotive 
and aircraft) proclaimed the need for focusing on service as an important source of revenue. 
In fact, data illustrate that field service activities are increasingly important for the survival of 
many manufacturing firms, in particular for those that develop complex products which could 
be in use for decades (Davies and Hobday, 2005; Henkel et al., 2004). Customers of complex 
products often require a wide range of service activities of which many are conducted at the 
customer’s premises (Davies, 2004). Service revenue is more stable than system sales and it is 
often counter-cyclical, with higher margins (Cohen et al., 2000), at least if it is not a question 
of simple services such as repairs of standard parts (Kowalkowski, 2008). The Journal of 
Service Management published a call for papers in 2009 on Service Business in 
Manufacturing Industries with the argument that “a major global trend is companies shifting 
their activities from pure manufacturing to a combination of manufacturing and services… 
[but] … existing research is still rather limited”. Another example is that new service 
innovation is now being included in textbooks on innovation management and new product 
development (e.g. Trott, 2008). Service is still emerging as a theoretical field, and 
manufacturing firms are extending their product offerings with services (Davies, 2004; 
Kowalkowski, 2008; Windahl, 2007). Despite the fact that most manufacturing firms also 
deliver services, Droege et al. (2009:132) argue that services and manufacturing are rarely 
included in the same study. They even felt compelled to exclude such studies from their 
literature review, since they ‘identified only a few articles that were clearly dedicated to 
service innovation in manufacturing’. Including field service in product development does not 
seem straightforward; on the contrary, the few studies that do exist demonstrate that firms 
struggle to change behaviour when they include services (Alderman et al., 2005; Neu and 
Brown, 2008). It is plausible to conclude that the inclusion of field service requirements in 
complex product development influences the management of the R&D-manufacturing 
interface, but further studies are needed. 

1.2 Purpose and research questions 
The purpose of this thesis is to contribute to New Product Development-literature by 
expanding the analysis of the R&D-manufacturing interface in complex product development 
in three areas, i.e. the outsourcing of manufacturing, uncertainty and time-criticality, and field 
service. The thesis focuses on interface challenges and solutions which concern three research 
questions: 

1. How does the level of outsourcing of manufacturing affect the management of the 
R&D-manufacturing interface in complex product development? 

2. How does the presence of uncertainty and time-criticality affect the management of 
the R&D-manufacturing interface in complex product development? 

3. How does the need to consider field service requirements affect the management of 
the R&D-manufacturing interface in complex product development? 

1.3 Structure of thesis 
This thesis comprises three parts: Synthesis, Papers and Appendices. 

Part I Synthesis consists of five chapters. Chapter 1 introduces the topic, purpose and 
research questions. Chapter 2 outlines the literature review, which starts with an analysis of 
the differences between R&D, manufacturing and field service. This is followed by a 
discussion on how to manage product development, given complexity, uncertainty and time-
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criticality, and ends with the effects of outsourcing manufacturing. Chapter 3 describes the 
research methodology and choices made during the research process. Chapter 4 presents the 
findings from five research papers, i.e. Papers 1 to 5. Chapter 5 provides conclusions and 
reflections. 

When studying the R&D-manufacturing interface, the centre of attention is on 
development rather than research. In practice, there are links between R&D and other 
functions such as marketing (e.g. Leenders and Wierenga, 2008; Lu and Yang, 2004) and 
finance (Cooper et al., 2002; Ulrich and Eppinger, 2003), which makes things even more 
challenging.  

Part II Papers starts with an extended case description of the only firm appearing in all 
the papers (i.e. it is not a conventional paper). Part II then presents the five papers in full. 
While Paper 1 and Paper 2 investigate the effects of outsourcing, Paper 3 focuses on complex 
product development that is also influenced by uncertainty and time-criticality. Paper 4 builds 
on Paper 3 to the extent that it investigates a specific approach for handling this kind of 
product development. Thus, Paper 4 has a more narrow scope than the other papers. Paper 5 
focuses on product development when there is a need to balance between conflicting 
requirements in R&D, manufacturing and field service. 

Part III Appendices consists of a list of respondents, interview guides and a list of 
codes (example) used to analyze the empirical data. In order to facilitate reading the thesis, 
Part III also includes an index providing references to pages where you can find definitions of 
key concepts, for instance. 
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2 Literature review 
In their seminal study, Lawrence and Lorsch (1967) argue that specialization and thereby 
differentiation between different functions is necessary in order to improve both efficiency 
and effectiveness. Although necessary, this presents a problem of coordinating and integrating 
different functions. Building on their work, Galbraith (1973) illustrates that different 
contingencies call for different solutions with respect to organizational structure and 
mechanisms for information sharing. Thus, this chapter starts by reviewing the different 
logics driving R&D and manufacturing, as these influence the management of this interface 
(Vandevelde and Van Dierdonck, 2003). The review also includes field service, because it is 
becoming increasingly important in many manufacturing firms (Matthyssens et al., 2006), but 
is rarely studied in the context of product development. Field service often refers to the after-
sales service of equipment located at a customer’s site (Agnihothri et al., 2002:47), but it is 
sometimes referred to as operational services (Davies, 2004), industrial services (Mathieu, 
2001) or services related to a product’s installed base (Oliva and Kallenberg, 2003). This 
thesis defines field service as all industrial activities performed at product-in-use locations, 
and which is based on warranty or other contractual agreements with the aim to improve 
customer process performance (e.g. uptime). This means that the thesis adopts a broad 
definition of field service which encompasses activities such as installation, repair, 
maintenance, performance upgrade, inspections and technical support (e.g. consulting, 
training and value stream mapping). 

Next, the chapter discusses how different contingencies of complexity and uncertainty 
influence the management of the R&D-manufacturing interface. In fact, it has been argued 
that it is getting increasingly difficult to manage interfaces in product development in capital 
goods firms due to higher degrees of complexity (Davies and Hobday, 2005) and uncertainty 
(Loch et al., 2008), and shorter time-to-market and development cycles (Shenhar and Dvir, 
2007). This discussion incorporates time-criticality as a constant in the presentation of 
complexity and uncertainty. 

The chapter ends with a review of outsourcing literature, since the trend in many 
industries points toward an increasing degree of outsourcing of manufacturing and that it is 
difficult for firms to retain sufficient manufacturing capabilities in-house (e.g. Pavitt, 2003; 
Rossetti and Choi, 2005; Zhao and Calantone, 2003). 

2.1 Managing conflicting functional needs 
As previously mentioned, several studies demonstrate that the management of the R&D-
manufacturing interface has a significant impact on both organizational and product 
development performance (e.g. Boothroyd et al., 2002; Lakemond et al., 2007; Priest and 
Sánchez, 2001; Swink, 1999). In a study of 18 product development projects in five large 
firms, Dougherty (1992) found that people working in R&D and manufacturing have different 
attitudes, behaviour and technical jargon/language. The study demonstrates that different 
logics drive R&D and manufacturing, and that these act as barriers to successful product 
innovation. Expanding on Dougherty (1992), and Griffin and Hauser (1996), Vandevelde and 
Van Dierdonck (2003) claim that there are significant differences between R&D and 
manufacturing. On the one hand, R&D is generally concerned with product related issues in 
projects (e.g. identify trends, design parameters and what the product should do), while on the 
other hand, the manufacturing function generally focuses more on reducing waste in the 
manufacturing process by identifying the product’s durability/quality, volume levels and the 
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number of product types (see also Slack et al., 2006). However, despite the importance of 
field service, few of these product development studies include this function. 

It may be insufficient to focus on R&D and manufacturing requirements alone in 
product development, because too late considerations in the development process of the 
capabilities, capacities and constraints of service operations could result in long service lead-
times or limited serviceability (Ulrich and Eppinger, 2003). This is likely to result in 
unsatisfied customers, at least if they are buying complex products, as such customers 
generally demand complete solutions to their needs, e.g. repairs, maintenance, training and 
consultancy (Davies and Hobday, 2005). Literature on business strategy argues that firms 
should concentrate less on making stand-alone physical products and more on delivering 
high-value services and solutions to a customer’s needs (see Davies, 2003 for a literature 
review). For example, in the aeroengine industry, Rolls-Royce charges customers by the 
number of hours the engines are in use and engine manufacturers in the industry earn profits 
largely in the maintenance and service contracts associated with purchases (Prencipe, 1997). 
However, in other industries, such as waste water (Kowalkowski, 2008; Windahl, 2007), 
railway vehicles and machine tools (Henkel et al., 2004), service revenue primarily derives 
from traditional field service activities such as repair and maintenance. 

The general trend in many large capital goods industries is that there has been a strong 
decline in the profitability of products, while the importance of industrial services has 
increased, due to the fact that service margins are higher, and that service revenue is often 
countercyclical and more stable (Wise and Baumgartner, 1999). Henkel et al. (2004) studied 
five large capital goods industries and found that the estimated annual growth rate of services 
ranged from 5-10% to as high as 15-20%. On average, service margins exceeded the product 
business by a factor of 4 to 5. The study concludes that the higher the relation of installed 
machines (installed base) to annual sales in an industry, the more compelling it appears to 
focus on services. Other studies demonstrate that field service also provides a point of contact 
with the customer where important feedback can be obtained to improve current products and 
to inspire new product development (Oliva and Kallenberg, 2003; Seth et al., 2005; Wise and 
Baumgartner, 1999). In addition, since the installed base and product complexity continue to 
increase for many firms, it has been argued that field service must obtain a more prominent 
position in development projects (Davies and Hobday, 2005). 

However, the literature on field service and product development is limited. It seems 
that research takes a more general perspective on service by contrasting manufacturing and 
service industries (Anderson et al., 1997; Bowen et al., 1989), by providing general data on 
service management (Mathieu, 2001; Seth et al., 2005) or by introducing models for linking 
manufacturing and industrial service processes on a strategic level (Johansson and Olhager, 
2006). In the context of product development, several studies briefly mention the importance 
of field service issues and do not sing into details. For example, in a comparison between the 
privatisation of the railway markets in the UK and Germany, the authors briefly mention that 
carrying out maintenance of rolling stock enables suppliers to gain life cycle experience with 
their own products and to identify weak points in the product development process (Geyer 
and Davies, 2000). Another example is found in a study of the Northern Line extension of the 
London Underground, where the author briefly notes that managers responsible for 
maintenance and operational services were deeply involved in the front-end design of the 
rolling stock, which resulted in that the fact that train designers made more than 250 
modifications to create easy-to-maintain and easy-to-use trains (Davies, 2003). 

In a comparison between service and manufacturing operations, Levitt (1972) concludes 
that the latter is more technocratic than the former. While manufacturing is uniform and often 
occurs under highly centralized, carefully organized, tightly controlled, and elaborated 
engineered conditions, service is more dependent on the skills of distant and loosely 
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supervised individuals. While the author proclaims that it is important to consider both 
manufacturability and serviceability in product development, he does not describe the 
challenges involved. Agnihothri et al. (2002) also state that service operations do not enjoy 
the same kind of managerial controls as those found in the manufacturing environment. The 
authors argue that diagnostic and self-correction technologies can improve field service 
control and performance. However, the study does not delve into the challenges involved 
when considering both manufacturing and field service in product development. Bowen et 
al.’s (1989) study indicates that the development process is more complicated when field 
service is involved, since it is necessary to make trade-offs and find a balance between 
different requirements. It seems that these requirements are often conflicting and difficult to 
overcome. Whereas manufacturing is capital intensive, deals with tangible/standardized 
output and is located at one or a few locations, field service is labour intensive, deals with 
intangible/customized output and is carried out at numerous sites (also see Agnihothri et al., 
2002; Cohen et al., 2000; Henkel et al., 2004; Oliva and Kallenberg, 2003). 

These differences may hinder the inclusion of field service requirements in product 
development. A study of development of high speed tilting trains reveals some challenges 
involved when including field service (Alderman et al., 2005). Internal resistance was obvious 
at the firm studied when it attempted to increase the influence of field service issues in the 
decision making process. The authors explain that the reason is that the firm had to replace 
the traditional engineering/technological focus with a service concept denoted ‘passenger 
experience’, i.e. project members had to focus on the product in use rather than on the product 
itself (Alderman et al., 2005). Generally speaking, studies on involving service support the 
proposition that internal resistance can be expected when service receives a more prominent 
position in manufacturing firms (see Mathieu, 2001 for a literature review). Moreover, the 
revenue implication of poor field service is more indirect than for poor manufacturability, and 
there are no simple methods for quantifying service costs for the entire product life cycle 
(Agnihothri et al., 2002; Henry, 1994). This means that unquantifiable field service 
requirements must be weighed against quantifiable manufacturing requirements. 

To sum up,  Table 1 illustrates some important differences between R&D, manufacturing 
and field service. While research demonstrates that firms must combine products with 
services (Artto et al., 2008) in order to improve profitability (Davies, 2003), less is known 
about how firms handle conflicting requirements between R&D, manufacturing and field 
service in complex product development. Studies tend to either focus on the R&D-
manufacturing interface (e.g. Adler, 1995; Clark et al., 1992; Liker et al., 1999) or lack 
detailed descriptions about how interfaces between the three functions are managed in 
practice (e.g. Davies, 2003; Wheelwright and Clark, 1992). 

Table 1. Differences between R&D, manufacturing and field service* 

Characteristics R&D Manufacturing Field service 
Professional 
orientation 

Science, innovation, design Process, plant capabilities Customer/user perspective 

Time 
orientation 

Long Short Short (and long) 

Bureaucratic 
orientation 

Less High Less 

Development 
focus 

Product, e.g. identify trends, 
key design parameters, what 
the product should do 

Manufacturing process, e.g. 
specify product’s durability/ 
quality, volume levels, no of 
types 

Customer process, e.g. 
understand product in use, 
customer problems, 
serviceability 

*Based on Lawrence and Lorsch (1967), and Vandevelde and Van Dierdonck (2003:1328), and expanded to 
include field service 
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2.2 Managing complexity and uncertainty 
In essence, the more complex and uncertain tasks are, the greater the need for an elaborate set 
of mechanisms for achieving coordination (e.g. Berggren et al., 2008; Clark and Fujimoto, 
1991; Enberg et al., 2006; Lawrence and Lorsch, 1967; Wheelwright and Clark, 1992), in 
particular if less time is available than normal (Lindkvist et al., 1998; Shenhar and Dvir, 
2007). Complexity refers to the characteristics of being intricate and compounded (Webster's 
Online Dictionary, 2009), and a complex system is ‘made up of a large number of parts that 
interact in a nonsimple way’ (Simon, 1962:468). Complexity is often associated with the 
project scope (Maylor, 2003) and variables such as the number of components (Baccarini, 
1996; Swink, 2003), product levels and people/organizations (Clark and Fujimoto, 1991; 
Hobday, 1998). Shenhar (1998) found that planning, control, administration and 
documentation are effective for managing complexity. For example, firms have used planning 
and control techniques such as MRP systems (materials and requirements planning) for 
decades to keep track of parts and to handle data computations. Indeed, the mainstream 
product development literature is full of formal mechanisms and methods for dealing with 
complexity (e.g. Morgan and Liker, 2006; Ulrich and Eppinger, 2003). For example, the 
Design Structure Matrix generates a full set of development activities and shows the 
unidirectional dependency between two activities; Gantt- and PERT-charts (program 
evaluation and review technique) disaggregate the development process into activities and 
relate them through their temporal dependencies; the Critical Path reveals bottlenecks (Ulrich 
and Eppinger, 2003). Ford (1995) argues that these tools are useful in stable environments, 
but less effective in uncertain environments due to the fact that they rely on high quality data 
that may not be available.  

In many high value capital goods industries, there is a tendency for firms to introduce 
new technologies and add-ons in order to cope with increasing demands in customer 
requirements. This means that complex products often become even more costly and 
technically demanding to develop through time, despite the emergence of simplifying factors 
such as the modularization and standardization of previously customized components (Davies 
and Hobday, 2005:44). Developing complex products therefore poses several coordination 
challenges with respect to managing both technical and organizational interfaces. For 
example, since there are often many alternative design routes for particular components 
(Davies and Hobday, 2005), communication becomes even more important as intentions and 
changes must be communicated to all involved in the design (Johnson, 2003). Flight simulator 
producers, for instance, depend on coordination between specialized staff in mechanical, 
electromechanical and precision engineering, as well as software engineering, systems 
integration, materials, electromechanical interfacing, automated data exchange, human-
computer interaction and pilot training (Miller et al., 1995). Another example is aircraft 
development which depends on the coordination of numerous design elements, including 
engine type and power, wing size and shape (Dosi et al., 2003). Failing to coordinate different 
requirements may result in solutions that are optimal on a component or sub-system level, but 
which may prove counterproductive on an overall system level (Dosi et al., 2003). Using the 
case of aeroengines, Nightingale (2000) argues that the more complex a product is, the larger 
the potential variation in product development performance. Due to the high degree of failures 
in complex product development, the author concludes that there is something different about 
this kind of product development. He also notes that some firms consistently produce 
successful records in developing new products, which indicates that firms can overcome any 
inherent problems in this process. 

Uncertainty is defined as an inability to predict future outcomes (Shenhar and Dvir, 
1996) often due to lack of knowledge (Schrader et al., 1993) or information (Galbraith, 1973). 
It is primarily associated with technological novelty (Ali et al., 1995; Zirger and Maidique, 
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1990), market volatility and changing customer specifications (De Meyer et al., 2002; Ditillo, 
2004). Research often demonstrates that the pattern of management in capital goods varies 
according to the technical environment. Burns and Stalker (1961) concluded that companies 
competing in unstable industries have to be flexible and utilize so called ‘organic’ structures 
and mechanisms. By reducing hierarchy and bureaucracy, managers stand a better chance of 
keeping options open, coping with uncertainty, and responding to feedback loops from 
customers and regulators. Thus, in contrast to studies of complex projects, studies focusing on 
uncertain projects emphasise late design freeze, flexibility and interactive communication 
(e.g. De Meyer et al., 2002; Hällgren and Maaninen-Olsson, 2005; McDermott, 1999). 
Eisenhardt and Tabrizi (1995) conclude that many of the approaches that are useful for 
managing projects in stable environments are ineffective in uncertain, volatile environments 
and may even extend the project lead-time. However, their study is limited, in that it does not 
explicitly deal with the issues of complexity. Several other studies also focus on uncertainty 
without including the issues of complexity. For example, Kessler and Chakrabarti (1999) 
suggest a contingency approach when managing uncertainty in product development projects. 
The findings showed that radical development projects benefit from mechanisms such as co-
located teams, frequent milestones and extensive testing throughout the project, whereas 
dispersed teams and a lower percentage of testing were most effective for incremental 
projects. In a comparison of two process industries, Pisano (1996) discovered that R&D 
engineers can develop process technology without involving manufacturing and still avoid 
interface problems, since they are able to use computer simulations, laboratory experiments, 
prototype testing, pilot production runs and other experiments. In contrast, he found that less 
theoretical knowledge and experience is available in novel industries, which means that much 
process development needs to be based on a close cooperation between R&D and 
manufacturing in the plant. Song et al. (1997) argue that the more a project progresses, the 
more formal mechanisms for coordination can be used. Lakemond and Berggren (2006) found 
that co-location, together with direct interaction, was particularly beneficial in the early stages 
of more radical product development projects and in the transfer from design to 
manufacturing. Wheelwright and Clark (1992) studied uncertainty from the perspective of 
different degrees of product and process newness and found that the higher the degree of 
newness, the greater the need for an elaborate mix of mechanisms and intensive interaction 
between R&D and manufacturing. In contrast, they discovered that it is easier to decouple 
R&D and manufacturing in incremental projects as there is little need for concomitant product 
and process development. Other authors have validated these findings. Ulrich and Eppinger 
(2003), for example, provide several examples that demonstrate that coordination increases in 
importance when the degree of newness increases. In addition, Adler (1995) studied 
interdepartmental interdependence and coordination between R&D and manufacturing and he 
concluded that the extent of direct interaction between actors depends on the novelty of the 
specific set of product/process fit issues. One empirical example is Toyota, which tends to 
rely extensively on formal mechanisms for coordination (Morgan and Liker, 2006), but which 
used a wider range of mechanisms to develop the hybrid car Toyota Prius due to the high 
degree of product and process changes (Magnusson and Berggren, 2001). In certain instances, 
it may even be necessary to separate project members from the rest of the organization when 
they are developing a very novel product in order to avoid them becoming too influenced by 
normal working procedures which have been developed for less uncertain situations 
(Christensen, 1997). In sum, several studies have investigated the impact of uncertainty on 
product development management, but they do not tend to explicitly deal with the issues of 
complexity. 

The implication of the above-mentioned studies is that complexity and uncertainty pose 
different challenges and may require different approaches (Tatikonda and Rosenthal, 2000), in 
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particular as mechanisms have different abilities to process information (Daft and Lengel, 
1984, 1986). For example, Kessler and Chakrabarti (1999) found that design-for-
manufacturing is useful in incremental projects, but not in radical ones. The literature 
generally depicts a dichotomy between formal and informal ad-hoc approaches for managing 
complexity and uncertainty, respectively. On the one hand, studies of complex products, such 
as power generation equipment (Magnusson et al., 2005), flight simulators (Miller et al., 
1995) and telecom systems (Davies, 1996), tend to be conducted in industries where product 
development is characterized by limited uncertainty, long development cycles and/or 
relatively high volume levels. In essence, the prerequisites in product development make it 
possible to allow for iterations and to invest in advanced prototyping and simulation. In other 
words, firms acting in these industries are able to use many conventional methods, at least to 
some extent, to debug the product and process before product launch. On the other hand, 
studies of uncertain and fast-paced projects do not generally focus on the issue of complexity.  

The relatively few studies that investigate complex product development, and include 
uncertainty and time-criticality, provide some valuable insights. Based on a case study in the 
telecom industry, Lindkvist et al. (1998) propose that a scheduling logic is appropriate for 
simple projects, as it is possible to group activities into a complete work-breakdown-structure. 
In contrast, a semi-coupling logic is required in product development which is uncertain and 
time-critical in order to promote both distinctiveness and responsiveness. For example, this 
kind of product development benefits from the use of deadlines, milestones and other time-
based controls, in combination with public communication arenas (also see Berggren et al., 
2008). The firm studied found that communication arenas were particularly important, since 
severe time constraints forced the project to resolve uncertainty in a piecemeal fashion as the 
project progressed. Expanding on De Meyer et al. (2002) and Pich et al. (2002), Loch et al. 
(2008) conceptualize how to identify and diagnose what the authors suggest is unforeseeable 
uncertainty, or unknown unknowns, in complex new ventures. They argue that these kinds of 
situations need to be managed through a combination of analysis and a probe-and-learn 
approach, meaning that there must exist a constant questioning along with the flexibility to 
fundamentally change course if necessary. By using models that focus on early diagnosis, 
they argue that firms can identify potential areas of vulnerability which can then be managed 
using decomposition tools. It is also noted that the process of diagnosing unforeseeable 
uncertainty can be resource consuming and cannot be reduced to a mechanical process. The 
articles provide many insights into models for proactive behaviour, but do not delve into 
interface challenges that can be expected to arise under conditions of resource restrictions and 
bounded rationality (cf. Simon, 1955). This thesis expands on important work conducted by 
Lindkvist et al. (1998), Loch et al. (2008) and others, by investigating further how firms 
actually manage interface challenges in complex product development which is also uncertain 
and time-critical. 

2.3 Managing the effects of outsourcing 
Firms can outsource activities such as logistics (Bauknight and Miller, 2000) and IT (Wasner, 
1999), but in this thesis outsourcing refers to the extent a legal entity has contracted out 
manufacturing to another legal entity. The view on outsourcing versus internalization seems 
to have fluctuated. For example, firms generally considered internalization to be important in 
the early stages of the 20th century, and pioneers such as Henry Ford included top 
manufacturing people in design teams, to ensure that manufacturing costs governed the 
design. The importance of internalization seems to have declined during the 1950s and 1960s 
when demand surpassed manufacturing capacity. The situation was once again reversed in the 
1970s and 1980s when several manufacturing related innovations such as CAD/CAM allowed 
companies to compete with a wider product range (for a literature review see Herbertsson, 
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1999). During the 1980s and 1990s, it became obvious that many large and diversified 
corporations were underperforming, so outsourcing accelerated during the 1990s (Lonsdale 
and Cox, 2000). Outsourcing then continued to increase (Auguste et al., 2002) and many 
firms have now outsourced as much as 80-90% or more of the product costs (Priest and 
Sánchez, 2001). 

Arguments favouring both internalization and outsourcing can be related to transaction 
cost economics and the resource-based view (Holcomb and Hitt, 2007). Transaction cost 
theory states that a transaction occurs when a good or service is transferred across a 
technologically separable interface. Transactions are costly to perform due to behavioural 
factors such as bounded rationality and opportunism (Williamson, 1975, 1981), and the costs 
arise principally when it is difficult to determine the value of the goods or service (Ouchi, 
1980). The theory argues that that all standard transactions are more efficiently handled in the 
market (Reve, 1990) and this argument has frequently been used to promote outsourcing. For 
example, Arnold (2000) concludes that manufacturing knowledge has become a commodity 
that can be purchased at a lower transaction cost in the market and, therefore, leading edge 
companies must focus on R&D and outsource all manufacturing activities. It seems that 
outsourcing is often advocated using cost arguments (Holcomb and Hitt, 2007), and many 
firms claim that they outsource to reduce costs (Svenskt Näringsliv, 2005). 

The resource-based view accommodates the notion that firms can create synergies 
together that they cannot achieve alone (Teece et al., 1997), which implies that important 
conditions for strategic outsourcing not only include transaction cost arguments but also 
capability complementary and strategic relatedness. Studies utilizing this theoretical 
perspective stress the need to consider interrelations between resources (Eisenhardt and 
Martin, 2000) such as R&D and manufacturing (e.g. Prahalad and Hamel, 1990; Prencipe and 
Tell, 2001; Teece et al., 1997; Wernerfelt, 1984). Freytag and Kirk’s (2003) study of 14 
companies, for example, highlights the need to consider how the outsourced competence taps 
into different capabilities. However, their study only briefly discusses this topic and it does 
not provide empirical evidence for how to manage dependencies, given different levels of 
outsourcing. A resource-based view has also been used to promote outsourcing, with the 
argument that outsourcing allows firms to tap into new capabilities (Quinn, 2000). 

A limitation of many outsourcing studies, regardless of their theoretical perspective, is 
that they articulate the intentions or expected effects of outsourcing rather than the actual 
effects. The results from studies reporting actual effects are mixed. For example, Kakabadse 
and Kakabadse (2002) report that most respondents are satisfied with the outsourcing 
arrangement, while other studies demonstrate disadvantages such as being stuck in a 
‘modularity trap’ (Christensen et al., 2002), failing to reverse outsourcing decisions (Fine and 
Whitney, 1999; Lonsdale and Cox, 2000) and struggling to include all important factors when 
comparing costs (Berggren and Bengtsson, 2004; Dewhurst and Meeker, 2004; Jackson et al., 
2002). There are some studies that have failed to identify any clear effects (Aubert et al., 
1996; Gilley and Rasheed, 2000). Some authors claim that outsourcing failures are a result of 
practice rather than theories of outsourcing (Lakenan et al., 2001) or that it takes time before 
results are realized (Jackson et al., 2002). However, the empirical evidence supporting these 
claims is limited. Nonetheless, studies reporting on actual effects are limited with respect to 
the purpose of this thesis. The reason is that they report general effects and do not tend to 
discuss how outsourcing affects the management of the R&D-manufacturing interface in 
product development. Two different research streams provide the foundation for the 
discussion below on the impact of outsourcing on the management of interfaces: internal 
capabilities needed to manage product development and managing supplier involvement. 

The ability to manage the interface between product development and production 
contributes to product success as, for instance, it can result in a smooth transition from 
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product development to production (Adler, 1995; Terwiesch et al., 2001; Twigg, 2002). 
Research in this area has frequently consolidated manufacturing knowledge into detailed 
tools, guidelines and principles that designers should adhere to in order to ensure 
manufacturability. These kinds of engineering tools are often referred to as design-for-
manufacturing (Boothroyd et al., 2002; Priest and Sánchez, 2001). It has been reported that 
the best performing firms utilize these tools to a greater extent than less well performing firms 
(Barczak et al., 2009). Although the design-for-manufacturing literature has evolved over 
time, the basic guidelines have remained the same: (1) reduce the number of parts, (2) ensure 
the ease of assembly, (3) use low cost manufacturing operations, (4) carry out early 
estimations of the manufacturing cost, and (5) have an understanding of the manufacturing 
plant. However, these studies rest on the assumption that firms internalize manufacturing (i.e. 
manufacturing is conducted in-house). Research demonstrates that, when manufacturing is 
outsourced, it may be quite difficult for designers to retain the understanding of the 
manufacturing competence needed to utilize the tools. For example, Berggren and 
Bengtsson’s (2004) study of two telecom firms, Ericsson and Nokia, reveals that outsourcing 
makes it more difficult to retain the in-house manufacturing competence needed to handle the 
transfer from design to industrialization and from industrialization to volume production (also 
see Bengtsson and Berggren, 2008). Becker and Zirpoli’s (2003) study of product 
development at an automotive firm, Fiat, raises similar concerns, as the findings indicate that 
outsourcing could hollow-out the knowledge base with regard to design and product 
development capabilities (cf. Prencipe, 1997; Sako, 2003). Moreover, the truck manufacturer 
Scania believes that it may be practically impossible to separate design and manufacturing, 
because project teams still have many problems to solve during ramp-up of production (given 
time-to-market constraints). Since there are still many detailed decisions that must be taken 
and soft issues that need to be resolved during the ramp-up of production, the firm states that 
numerous things could go wrong when the functions are organizationally and physically 
separated, in particular as decision-making is not as rapid (Berggren, 2005). 

The second research stream ‘managing supplier involvement’ highlights the fact that 
supplier involvement is important for many firms, for the same reasons as those involving 
internal manufacturing. However, while design-for-manufacturing studies tend to exclude a 
supplier perspective, studies into supplier involvement seldom include an internal 
manufacturing perspective. Studies on managing supplier relations often conclude that 
suppliers should be involved at an early stage of development projects, at least if they possess 
critical knowledge (Bozdogan et al., 1998). Mechanisms promoting early supplier 
involvement in product development can lead to earlier knowledge of vendor capacities, 
capabilities, costs, and constraints (Rosenthal and Tatikonda, 1992). Several studies promote 
supplier involvement through mechanisms such as “black-box engineering”, and the 
standardization of technical interfaces and modularization (Baldwin and Clark, 1997). 
However, as suggested by Eisenhardt and Tabrizi (1995) and further elaborated by Lakemond 
et al. (2006), the usefulness of such general advice is limited by project specific factors. For 
example, Magnusson and Berggren (2001:112) studied the development of the hybrid car 
Toyota Prius and they conclude that early and highly interactive supplier involvement using 
numerous coordination mechanisms was needed. They argue 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’. The downside is that it may be 
very time consuming to use an elaborate mix of mechanisms (Liker et al., 1999; Wagner and 
Boutellier, 2002). Based on a case study of a firm that outsources a high degree of 
manufactured parts and produces complex products for a mature market, Moses and Åhlström 
(2008) identify ten problems in cross-functional sourcing decision processes. The problems 
were assigned to one of the following categories: functional interdependency, strategy 
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complications and misaligned functional goals. Other studies show that the focal firm must 
possess certain internal manufacturing capabilities in order to manage strategically important 
suppliers in an effective manner (Brusoni et al., 2001; Wagner and Boutellier, 2002). In the 
more general innovation management literature, this issue is sometimes referred to as 
‘absorptive capacity’, i.e. the ability to identify, assimilate and exploit knowledge from the 
environment (e.g. Cohen and Levinthal, 1990; Zahra and George, 2002). Takeishi’s (2001; 
2002) studies demonstrate that outsourcing must be accompanied by a competence overlap 
between the buyer and the supplier, particularly in innovative projects. It may, for instance, be 
strategically important to retain an understanding of manufacturing processes, materials and 
blueprint reading (Carr and Smeltzer, 2000). Takeishi and Fujimoto (2003) studied the car 
industry, and they conclude that even firms outsourcing all manufacturing must retain certain 
manufacturing competencies in-house to be able to develop new products effectively. The 
need for internal manufacturing competencies when managing supplier relations was evident 
from a large-scaled questionnaire based study, which has been published in several papers 
(Bengtsson et al., 2008; Dabhilkar and Bengtsson, 2008; Dabhilkar et al., 2009; Von 
Haartman and Bengtsson, 2009). The overall argument provided in these papers is that 
outsourcing is a trade-off decision, in which firms must consider what they are willing to 
sacrifice in certain areas in order to achieve excellence in others. The focal firm must rely on 
mechanisms that allow it to develop and retain internal manufacturing competencies in order 
to take full advantage of outsourcing and benefit from supplier integration. The data reported 
in Von Haartman and Bengtsson (2009) show that firms with higher manufacturing 
competence gain more from outsourcing with regard to financial, innovation and operations 
measures. By contrast, firms with less competence only benefit from greater supplier 
involvement in situations where the degree of technological novelty is limited. However, the 
nature of the study prevented it from elucidating in detail how outsourcing affects the 
management of the difficult R&D-manufacturing interface in product development. Thus, the 
authors call for empirical case studies. 

2.4 Summary of literature review 
The management of the R&D-manufacturing interface in product development has attracted 
interest for quite some time (e.g. Dean and Susman, 1989; Lakemond et al., 2007; Rothwell, 
1974; Swink, 1999). However, despite the fact that the academics have studied the interface 
for the last four decades or more, there is still a need for further studies. An important 
argument warranting further studies is that the prerequisites have changed substantially during 
the last couple of decades or so with respect to at least three areas in complex product 
development: the outsourcing of manufacturing, uncertainty and time-criticality, and field 
service. By studying how these three areas affect the R&D-manufacturing interface in product 
development, this thesis can contribute to New Product Development-literature. 
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3 Research methodology 
This chapter describes the actual research process, but it excludes some aspects. For example, 
it is safe to conclude that the researcher’s qualities affect the process in some way or another, 
so I have tried to analyze the impact of the self. As Whyte (1984:225) expresses it, ‘good field 
methods are necessary, but not sufficient, for good research’. The reason for not describing 
the self in this chapter was, as Alvesson and Sköldberg (1994) argue, that an analysis of an 
analysis, no matter how insightful, falls short to the extent that it is a victim of its own 
interpretive logic. 

Because the research questions have different characteristics, the research process 
consisted of four phases: Phase I – two multiple case studies which relied on a non-
participatory, outsider perspective, Phase II – a single case study which took a participatory, 
insider perspective, Phase III – comparing the single case study data with other cases, and 
Phase IV – synthesis (i.e. overall analysis and conclusions). The phases generally overlapped, 
but the most intensive stages of Phase I and Phase II did not (see  Figure 1). 
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Figure 1 Research process 

 

This chapter describes Phases I to III in relation to the five building blocks of the 
research (see  Figure 2). First, the chapter presents each phase with regard to research design, 
data collection and data analysis. For every phase, the overall role of theory was similar. I 
used theory to identify potential gaps and key factors influencing challenges for project 
managers. In addition, theory provided the foundation for constructs and interview guides. 
However, while theory guided the research, the empirical data generally determined the 
specific routes. For example, serviceability was not part of the research at Micronic initially, 
but respondents argued that serviceability was vital for firm performance. This triggered a 
literature review, which was used to identify a potential gap and as a foundation for asking 
relevant questions. Following the description of research design, data collection and data 
analysis, the chapter discusses validity and reliability for all the three phases. This is followed 
by notes on the process of writing up the research and the chapter ends with a short summary. 
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Confidence in findings
(validity and reliability)

§3.4 Phases I to III

Data collection
§3.1 Phase I
§3.2 Phase II
§3.3 Phase II

Research design
§3.1 Phase I
§3.2 Phase II
§3.2 Phase III

Data analysis
§3.1 Phase I
§3.2 Phase II
§3.3 Phase III

Writing up
§3.4

 
Figure 2 Overview of the building blocks of the research* 

Inspired by Miles and Huberman’s (1994:12) interactive model of components of data analysis 

3.1 Phase I – two multiple case studies (Paper 1 and Paper 2 on outsourcing) 
Phase I aimed at identifying the overall direction and purpose of the thesis. A licentiate degree 
presented early findings (Olausson, 2006), which primarily relied on a multiple case study on 
continuous improvement in manufacturing. A key conclusion was that many improvements 
required input from two functions, namely R&D and manufacturing. This finding triggered a 
literature review of studies into the R&D-manufacturing interface. Literature was identified 
through consultations with colleagues and searches in the database Business Source Premier 
during the spring of 2005. The database includes 106 journals in the category ‘business, 
management and accounting’ (e.g. the Journal of Product Innovation Management), but some 
prominent journals are not included so a complementary search was conducted in 13 
management journals (e.g. Harvard Business Review and Project Management Journal) 
available in the database Science Direct. The search was conducted by using different 
combinations of key words, e.g. [(R&D and (manufacturing or production)) and 
((coordination or integration) and (product development or project))]. The searches resulted in 
107 articles, but several of these were not relevant for the purpose of this thesis (e.g. articles 
focusing on technical rather managerial issues). Snowball sampling therefore proved 
important, since references used in papers studying the R&D-manufacturing interface were 
most often relevant. Searches were also conducted using well-known authors, such as Swink 
(1999) and Rothwell (1974). The literature was analyzed by compiling critical information in 
two tables, which allowed for a systematic comparison of sources with respect to (i) research 
design and findings (see  Table 2), and (ii) the operationalization of key constructs and 
measures (see  Table 3). 
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Table 2. List of research designs and findings in studies (a few examples only) 

Article Category Focus* Unit of 
analysis 

Sample group, 
context 

Data† Primary conclusions 

Huang 
and Mak 
(1998) 

Questionnaire Use, benefits 
of DFM 
techniques 

Process UK furniture 
manufacturers  

25 (15%) 
Senior staff 

The techniques are not well 
known, but important for 
time compression, quality 
improvement and cost 
reduction. 

Lasester 
and 
Ramdas 
(2002) 

Questionnaire Use of 
supplier 
integration 

Not 
clear 

Automotive 
industry 

50 (15%) 
middle 
managers 

Model for supplier 
integration based on entrance 
complexity and consumer 
perception influence 

Sosa et al. 
(2002) 

Multiple case 
study 

Communicati
on media, 
frequency, 
distance 

Process Telecom 
industry 

255 (n/a) 
project 
members 

Relative location of 
interacting team members 
influences both 
communication frequency 
and media choice. 

* DFM = design-for-manufacturing 
† The column includes three categories of data: no of responses (response rate) and category of respondents. 

n/a = not applicable 

Table 3. List of how studies operationalize constructs (a few examples only) 

Construct Measures, indicators Specification of questions Source 

Product development 
complexity 

     

  % component change over previous 
generation 

 Faems et al. (2005) 
Griffin (1993) 
Liker et al. (1999) 

 No of components  Baccarini (1996) 
Clark and Fujimoto (1991) 
Hobday (1998) 
Swink (2003) 

 Common parts ratio with other models 
(%) 

 Hobday (1998) 
Clark and Fujimoto (1991) 

Supplier integration 
mechanisms 

Agreements on delivery frequency Degree of adoption (5-point scale) 
Not specified further (7-point scale) 

Cagliano et a. (2004) 
Dröge et al. (2000) 

 Kanban systems Degree of adoption (5-point scale) Cagliano et a. (2004) 
 Pursue of joint efforts to reduce costs 7-point scale 

Not specified further 
Hartley et al. (1997) 
Von Haartman and Bengtsson 
(2009) 

 

The literature review resulted in the identification of two factors, namely outsourcing 
and uncertainty. In other words, the work in Phase I focused on the first research question, i.e. 
how the level of outsourcing affects the management of the R&D-manufacturing interface in 
complex product development. In addition to different levels of outsourcing, the following 
criteria governed the selection of companies: the firm should be medium-sized, product 
development should have a prominent position, and the products should be complex. 
However, all the firms in the continuous improvement study retained a high level of 
manufacturing in-house and they operated in environments of low or moderate degrees of 
uncertainty. The second multiple case study only included one of these firms, i.e. Fläkt 
Woods, due to the facts that their product was more complex and product development had a 
more prominent position.  Table 4 provides an overview of both this and the other cases 
studied in the second multiple case study. The logic for selecting the cases was to ensure 
different combinations of outsourcing/internalization and uncertainty. It was difficult to 
identify companies that had outsourced all their manufacturing activities and that were not too 
small. Data available in the public domain helped to identify some firms, but in two instances, 
the actual data collection revealed that they had retained some manufacturing operations in-
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house. Searches on the Internet, in combination with tips from colleagues, identified Ewab 
and MYDATA as complete outsourcing cases, but an actual visit showed that both firms had 
retained a limited degree of in-house manufacturing. Another company, called Sectra, was 
therefore included that fulfilled the criteria. 

Table 4. Overview of firms studied in Phase I (figures from 2006) 

 Sectra Ewab MYDATA Micronic Home Fläkt Woods 
Sales 
(million 
US$) 

98 57 90 89 150 191 

No of 
employees 

506 220 289 415 480 911 

Main 
product(s) 

Communication 
security, 
medical 
systems 

Conveyor 
systems 

Surface 
mounting 
technology 
machines 

Laser pattern 
generators 

Electro-
mechanical 

Ventilation 
devices 

Appearing 
in paper(s) 

1 and 2 2 1 1 and 2 1 2 

Level of 
outsourcing 

Outsourced Outsourced Semi-
outsourced 

Semi-
internalized 

Internalized Internalized 

Degree of 
uncertainty 

High Low-
moderate 

High High High Low-
moderate 

 

In order to allow for a greater understanding of the impact of outsourcing on 
coordination, Paper 1 relied on data from two contrasting outsourcing cases (i.e. Sectra and 
Home) and two cases in the grey area between these (i.e. MYDATA and Micronic). Initially, 
Paper 2 included all the six firms in  Table 4 and a seventh case. However, the final version of 
the paper excluded some cases in order to allow for detailed case descriptions. The decision 
was supported, or perhaps ultimately decided, by a reviewer of the Journal of Purchasing and 
Supply Management who wrote that ‘to be more direct and frank, considering that the whole 
paper boils down in the comparison section to having a 2x2 matrix with four possible 
scenarios: why not using only four cases?’. 

The data collected from the firms studied in Phase I were somewhat dissimilar with 
respect to amount of data collected (see  Table 5). The data collected from Ewab, Fläkt 
Woods, Micronic and MYDATA primarily derived from semi-structured interviews. The 
interview guide (see appendices) was divided into several areas (e.g. project management), 
which consisted of a few broad open-ended questions, e.g. ‘how did you manage the project’. 
The progress of the interview determined the order of questions. Several detailed follow-up 
questions, e.g. ‘did you use any methods or tools’, had also been prepared for each open-
ended question. However, the respondents tended to provide rich answers, which meant that 
they had already answered the detailed questions. Instead, the follow-up questions tended to 
be context specific, e.g. ‘is that common practice at the firm’. To avoid the potential 
limitation that the interview reflected nothing more than the norms of behaviour (Alvesson 
and Sköldberg, 1994), the interviewees were frequently encouraged to provide specific 
examples and quantitative figures. The interview guide was dynamic in the sense that the data 
collection and analysis influenced the questions. Although data from Home and Sectra 
derived from other research projects, these projects relied on similar approaches and interview 
guides (see appendices). The Home study was part of a 3-year project involving five different 
manufacturing companies (see Lakemond et al., 2007). At the request of the companies 
involved, the names are fictive. The companies provided access to their premises for the four 
researchers involved in the project. In order to avoid problems related to bias, poor recall and 
inaccurate articulation (Yin, 2003), the data collection involved triangulation of data from 
interviews with key informants, complemented by project documentation and archival 
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records, such as project plans, resource plans and project evaluation reports, as well as three 
joint workshops. At Home, interviews were carried out with 33 managers and engineers, some 
on several occasions, between 2005 and 2007. Eleven of the interviews specifically relate to 
the product development projects featured in Paper 1 and they lasted between 1.5 and 3 hours. 
Pre-defined, open-ended questions guided these interviews. The bulk of the data for the Sectra 
study consisted of retrospective interviews. Thomas Magnusson conducted 11 interviews with 
engineers and managers who were directly involved in the development project, and one 
interview with a customer representative. Additionally, data sources included company 
internal project reports, the company web site and annual reports. The interviews were also 
guided by pre-defined and open-ended questions (see appendices). The recorded interviews 
lasted between 1.5 and 3 hour. Dag Swartling then conducted three interviews during the 
spring of 2004 following similar procedures. 

Table 5. Data collection for Phase I* 

 Ewab Fläkt 
Woods 

Home Micronic MYDATA Sectra 

Interviews 5 7 11 9† 3 15 
Internal 
documents 

Limited Limited High degree High 
degree 

Some Yes 

Annual reports Yes Yes Yes Yes Yes Yes 
Other data Two master 

thesis, three 
student reports 

 Three 
workshops 

   

Interviewer(s)† DO DO TM DO, CB DO TM, 
DS 

* All interviewers work at the Department of Management and Engineering, Linköping University: CB – 
Christian Berggren; TM – Thomas Magnusson; DO – Daniel Olausson, DS – Dag Swartling 

† Two of the interviews were follow-ups during Phase II 

The transcriptions from the interviews at Ewab, Fläkt Woods, Micronic and MYDATA 
were coded following the guidelines provided by Miles and Huberman (1994). In practice, 
this meant that a list of codes was first compiled based on the key words that had been 
identified during the literature review. No explicit rules governed the identification of codes, 
but words or themes were selected that were frequently mentioned and/or emphasized. The 
codes were categorized into groups and each group was assigned a specific colour (see 
example in appendices). The process of coding then consisted of highlighting different 
aspects of the interviews with these colours. The list of codes was extended when it failed to 
encompass aspects that frequently occurred or were emphasized by the respondents. This 
resulted in the fact that the analytical and coding process was iterative. This coding procedure 
forced the analyst to reflect upon interpretations during the analytical process and highlighted 
case patterns. Key informants commented on the preliminary case report. Finally, the patterns 
of the individual cases were compared with those found in the other cases to distinguish 
cross-case patterns and differences. The data collected at Home also followed the guidelines 
provided by Miles and Huberman (1994) as the data were documented in transcriptions, 
which were analyzed using three flows of activities: reduction, display, and conclusion 
drawing/verification. The difference was that the data reduction did not use the same kind of 
detailed work with codes. On the other hand, the interpretations and conclusions benefited 
from in-depth discussions during the three one-day workshops that took place and staff at 
Home corroborated the comprehensive report. The analytical process consisted of within-case 
as well as cross-case analysis. The data analysis was guided by comparing predicted patterns 
from the literature with the emerging patterns from the case studies (Yin, 2003). The data 
analysis in the Sectra study followed a less structured approach. Thomas Magnusson used the 
data to write a comprehensive case study report (22 pages) and respondents corroborated the 
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complete case study report including quotes. The technology manager at Sectra Secure 
Communications was also engaged in summarising the lessons learned from the project. The 
case report provided the basis for a 4-hour workshop at the company’s premises, involving 
both project managers from Sectra and another company. 

To sum up, the data collection processes were somewhat different for the firms studied, 
but similar procedures were used. More specifically, open-ended questions governed the 
interviews and the questionnaires used exhibited a similar design and questions. In addition, 
all interviews were recorded, transcribed and analyzed relying on Miles and Huberman’s 
(1994) guidelines. The studies resulted in case study reports, which key informants validated. 
However, the differences in the procedures used when analyzing the transcriptions presented a 
potential problem (e.g. a relatively strict coding procedure for Ewab, Fläkt Woods, Micronic 
and MYDATA studies versus more intuitive procedures for Home and Sectra). In order to 
address the situation, discussions took place in which the authors compared the cases studied 
with respect to key constructs. In certain instances, this revealed missing data, which resulted 
in a need for complementary data collection. For example, the cross-case comparison required 
the addition of two follow-up interviews with purchasing staff at Micronic. 

3.2 Phase II – single case study (Paper 3 on complexity, uncertainty, time-criticality) 
During the end of Phase I, a potential dilemma was identified in the literature, i.e. high 
degrees of complexity require clear structures and detailed, stable mechanisms, while high 
degrees of uncertainty require more flexibility. Simply put, the second research question 
started to emerge, i.e. how the presence of uncertainty and time-criticality affect the 
management of the R&D-manufacturing interface in complex product development. 

Case selection 
In order to study how firms manage interfaces in complex, uncertain and time-critical product 
development, it was deemed as beneficial to study firms where this is often the case as they 
may have learned to manage this kind of situations better than firms that are seldom exposed. 
Due to the lack of studies into this kind of product development, a single case study approach 
was appropriate (Yin, 2003). Since it is well recognized that some equipment suppliers are at 
the forefront of technology development, especially in fast-moving high-technology sectors 
(e.g. Hobday, 1989; Yasuda, 2005), an archetypical example of this kind of firm was chosen. 
The firm, Micronic Laser Systems, is an equipment supplier to the semiconductor and display 
industries (see extended case description in Part II for further details). 

Data collection 
On January 25, 2007, the production director at Micronic, who had been the contact person 
during Phase I, received a one-page research proposal. The proposal described the 
practicalities of an in-depth study and that the research would focus on the R&D-
manufacturing interface in product development projects. In return for their cooperation, the 
proposal stated that Micronic would receive feedback on a regular basis with regard to 
identified problems and potential solutions. No strings were attached, and the director agreed 
to meet my supervisor and I on February 16. Using Whyte’s (1984) term, the production 
director was the ‘official gatekeeper of the organization that controlled access’. 

At the meeting, nine firm representatives from different organizational levels in R&D, 
Manufacturing, Customer Operations and Corporate Development were present. These people 
later formed the research steering committee. Their interest was noticeable as they discussed 
the proposal in detail and asked numerous questions. They selected two projects that they 
perceived to be representative to the extent that the projects involved several technical 
challenges with respect to the R&D-manufacturing interface and the customer had placed an 
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order before the start of detailed design. In addition, the projects overlapped in time, which 
allowed for a study of the management of interfaces in both cases over time. At this stage, we 
received brief information about the formal methods used in these projects. Since it was the 
first time that any project had used some these methods, the representatives were unsure of 
how they would actually work. The discussion ended two hours later. 

Micronic definitely accepted to participate in the study three weeks later and the data 
collection started on March 13. The research was set up as an internal project at Micronic in 
accordance to their project management model PPS (Practical Project Steering). This meant 
that several documents, such as a project plan, were set up and signed by both parties. 

I observed events and actions, in real-time, being at the company for a total of 76 days 
from March 2007 to December 2008. Different techniques were triangulated to study the 
phenomena of managing interfaces (see  Table 6). In practice, this often meant that when a 
problem or pattern was observed, I used other techniques to facilitate a deeper understanding. 
For example, one observation revolved around a problem that there was a discrepancy 
between the order of prioritization between objectives in the project directive and the decision 
forums. To establish whether there really existed a difference, why it existed and what it 
could lead to, I continued to study this issue during meetings, made inquiries during both 
formal interviews and informal discussions, studied related documents and raised the issue 
during one of the meetings with the research steering committee. 

An academic supervisor took part in the discussions with the committee and reflected on 
the findings from a distance, but did not participate directly in the fieldwork. Through this 
design, one researcher acted as the “insider” with a close relationship to the organization 
under study, while the other researcher acted as the “outsider” who could reflect upon 
findings from a distance (cf. Engwall, 2003a). In similarity with other in-depth case studies 
(e.g. Brusoni and Prencipe, 2006; Kunda, 2006), the nature of the data collection changed as 
the research progressed. The data collection roughly consisted of four overlapping periods: 
non-participation/introduction, participation, support and feed-forward, and reflection. 
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The first period, March and April 2007, consisted of an introduction to the firm and the 
two projects. Numerous informal conversations took place, which centred on issues such as 
organizational structure, technology and firm history. The conversations were structured to 
the extent that a specific research problem or area was discussed and they ranged from a few 
minutes to 90 minutes. Together with observations, they were important for understanding 
key aspects of the organization, e.g. language, concepts, categories, practices, rules, beliefs of 
the organization’s members (Van Maanen, 1988), and for being less reliant on intermediaries 
(Spradley, 1979). For example, I attended a company party during the first week, which 
proved useful for establishing a social base and breaking through the superficial level. I 
recorded observations and personal feelings in a diary. Moreover, I studied documents in 
order to get a basic insight into the background, scope and status of the projects. Minutes-of-
meetings, steering group presentations and various departmental documents were particularly 
useful during this period, as they allowed for a reconstruction of events that had occurred 
prior to the study. The steering committee discussed the findings during the first period in a 
meeting. 

During the second period, from mid-April to September 2007, the research had a more 
participatory character. Although passive observation and documentation review continued, I 
was also more directly involved, for instance, in assisting a project manager in the evaluation 
of the industrialization process. The process encompasses many of the activities that are 
important for the R&D-manufacturing interface, such as design reviews and the manager has 
formal responsibility for the transfer from R&D to manufacturing. We worked together to 
identify and interview staff who were responsible or were affected by industrialization 
activities. I asked questions on methods during the interviews, while the project manager 
posed more detailed, technical questions. By conducting this kind of interview, it was possible 
to better penetrate the problems experienced by project members. The steering committee 
arranged two workshops during which approximately 70 participants, in total, discussed the 
findings from these collaborative interviews. 

Another example of participation relates to a problem which was identified during the 
first period, namely that similar problems seemed to crop up repeatedly in projects. It seemed 
that the project closures did not promote effective capture and transfer of lessons learned. 
Thus, it was suggested that the company ought to implement a group-based method for 
project experience review (see Extended case description in Part II  for further details), which 
I had come across as a coordinator for a course called ‘Advanced Project Management’. The 
project manager for the industrialization sub-project arranged the practicalities and I acted as 
a discussion leader during the review. The feedback from the participants was positive, and 
the method has since then been used on several projects, including the two projects studied, 
and by the top-management team at R&D. As Whyte (1984) and Moeran (2005) argue, 
researcher participation was important for data collection, as it allowed for the detection and 
study of issues that would not have been available without intervention. For example, on 
several occasions, participants discussed relations between different events at greater length 
and in more depth during project experience reviews than other meetings. The second period 
ended with a second and a third steering committee meeting that took place before and after 
the summer of 2007, respectively. 

During the third period, from mid-August to December, the research changed to a more 
supportive and forward-oriented character. I conducted a second round of interviews focusing 
on ways to improve product development performance and the links between R&D, 
manufacturing and service. I also acted as a mentor for two project managers who had the 
responsibility to feed-forward lessons learned from the two projects studied to a platform 
development project (Gemzell and Wadman, 2008). The period ended with a fourth and final 
meeting with the steering committee. 
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During the fourth period, from December 2007 to the end of 2008, the research had a 
more reflective character. I spent less time on site (i.e. six days compared to 70 during the 
first three periods) and collected data primarily through remote access to the internal 
databases. This was important for distancing oneself from the research objective, while still 
retaining the ability to monitor progress and ask follow-up questions. It also facilitated an 
investigation of long-term effects of decisions taken during the previous periods. 

Data analysis 
Two key words characterized the data analysis, namely procedures and coding. The category 
procedures was to a great extent inspired by Miles and Huberman (1994) who propose that 
the data should be recorded and analyzed on a continuous basis, in an iterative and systematic 
manner, using predetermined tools. For example, interviews were recorded and transcribed, 
and the findings were frequently discussed with informants and colleagues. I wrote early case 
reports which two people read and commented on as part of the analysis, i.e. the production 
director and a steering committee member from Corporate Development. 

Due to data volume, which amounted to hundreds or even thousands of pages, Phase II 
did not rely on an equally detailed coding procedure as in Phase I. As suggested by Moeran 
(2005), three levels of coding were utilized: frames, networks and fields. Frames refer to 
domains that coordinate participants with regard to space, time and purpose. For example, the 
daily build meetings at Micronic were important for coordinating R&D and manufacturing in 
the projects studied. The second level relates to networks, which are connections between 
people. As Moeran (2005) also notes, networks were harder to analyse due to their abstract 
nature. The third level of codes was fields, which refer to the industry or market. This level 
was even more abstract, but nonetheless important for understanding product development at 
Micronic. When coding and analyzing the data, particular attention was paid to identifying 
contrasts and contradictions as these are often vital for understanding the meaning of actions 
(Kunda, 2006). 

To sum up, Phase II consisted of a single case study where the work was less deductive 
than in Phase I. This meant that the overall research direction was determined a priori, but that 
the research subjects influenced the choice of paths. For example, the research proposal did 
not focus on field service or visualization, but both these aspects emerged as important during 
the third period. As a result, Phase III focused on these aspects. Theory was central for data 
analysis in the respect that theory supplied a structure for analytical models and codes. 

3.3 Phase III – Comparing the single case study data with other cases (Paper 4 on 
visualization and Paper 5 on field service) 
Phase III contrasted the Micronic case with other cases with respect to two areas: using 
visualization and including services. First, since the Micronic case illustrated that quasi-
formalized visualization was important for managing interfaces, Paper 4 focused on studying 
how to use this particular approach for managing interface challenges. The key input to the 
systematic review of visualization literature was a search in the same journals as for Phase I. 
This resulted in 251 articles, of which only 32 focused on management issues and as few as 
10 discussed product development projects. The search was conducted at the end of March 
2009 using truncations of visual* and visib* in combination with manage*, plan*, contr* and 
aid*, e.g. [“visual* manage*” or “visib* manage*”] and [All years]. Researchers can 
obviously report on visualization using various other phrases, but the results clearly indicate 
that visualization has not been the centre of attention in product development projects. In fact, 
there seems to be a general lack of management studies focusing on visualization (Bresciani 
and Eppler, 2008; Eppler and Platts, 2009). 
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In order to investigate the role of visualization, the data collected included the Micronic 
study and the practical experience of Thomas De Ming, who has worked for decades with 
visualization in R&D and various other forums. His experience include both temporary (e.g. 
kick-offs) and more permanent (e.g. visualization rooms) tasks. He has worked in close 
collaboration with a wide range of companies such as the truck manufacturer Scania and 
SAAB Technologies. Numerous discussions took place between Thomas and myself. In 
addition, data were collected through in-depth studies from the course ‘Advanced Project 
Management’ (Johnson and Nyström, 2002; Nordenfelt et al., 2007) where Thomas and I 
have coached project managers who have investigated and introduced visualization 
techniques. 

In other words, Paper 4 engages in co-production of knowledge based on a strong 
interplay between the authors in order to codify the tacit knowledge of practitioners. The 
process of codifying included long discussions, followed by a process where I transcribed the 
discussions and compared them with existing literature. The text spurred further discussions 
and searches for additional sources, which meant that several iterations occurred. In addition, 
Christian Berggren provided useful comments. 

It has been argued that this kind of co-produced knowledge, which is created in the 
context of application, is robust (Nowotny et al., 2003). While it is a potentially fruitful 
approach, it seems to be relatively rare to engage in this kind of cooperation in both the wider 
research community (Nowotny et al., 2003) and in research on product development projects 
(Guo, 2008). As Berggren et al. (2008) argue, this kind of knowledge does not allow for 
statistical generalizations, but offers value by providing inspirations on innovative practices 
and contributing to the understanding of a highly demanding project management area. 

A second area that required further attention was field service in product development. 
During the initial meeting at Micronic, the steering committee highlighted the fact that 
serviceability was an increasingly important area. The in vivo data collection confirmed that it 
is even more demanding to manage interfaces when projects should also consider 
serviceability requirements than when it is sufficient to consider only R&D and 
manufacturing requirements. Thus, Paper 5 focused on this topic and the Micronic data were 
compared to another case to allow for cross-case comparisons. Scania was selected, based on 
the logic that contrasting cases are useful for detecting patterns, which are important across 
different domains (see  Table 7). Complementary data were collected through an on-going 
program for project managers called ‘Advanced Project Management’ where I supervised 
project managers from Scania who investigated or touched upon challenges when also 
considering service aspects in product development (e.g. Dellby and Lind, 2009). In addition, 
data available in the public domain such as annual reports and internal company magazines 
(available for visitors in receptions) provided important sources. Data also consisted of five 
interviews, which lasted on average 90 minutes. The within- and cross-case data analysis 
followed a similar approach as that described for Phase I. 
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Table 7. Comparison between Micronic and Scania in 2008* 

 Micronic Scania 
Product areas Pattern generators for three segments: 

semiconductors; electronic packaging; 
displays 

Heavy trucks (>16 tonnes); buses 
and coaches; industrial and marine 
engines 

Sales million SEK 
% service sales 
% system sales 
% others 

569 (656) 
42% (18%) 
58% (82%) 

88977 (55154) 
18% (19%) 
73% (72%) 
9% (8%) 

R&D intensity: R&D 
spending/sales 

35% (27%) 4% (4%) 

No of employees year end 384 (166) 34,777 (25,814) 
Division of staff 29% R&D 

50% production, installation, service 
9% marketing and sales 
12% management and support functions 

8% R&D 
47% production and corporate 
units 
43.5% sales and service 
companies 
1.5% financial services 

Volumes: 
* Installed units 
* Installed base 
* Installed base factor 

 
3 (12) 
<130 
<10  

 
80,365 (59,325) 
>500,000 
<10 

Product architecture Integral Modular 
Uncertainty: 
- Technological novelty in 
product development 
- Customer specifications 
 
- Market demands 

 
- Varies, technological forefront makes 
it difficult to carry-over parts 
- Customer dictates; late changes, 
ambiguity 
- Volatile, unpredictable changes 

 
- Limited, technological and 
product clearly separated 
- Customer influences 
specifications 
- Cyclical, but unpredictable 
changes in 2008-2009 

* Figures within brackets refer to the average for the period 1998-2008 

3.4 Confidence in findings: validity and reliability 
A case study’s research contribution is largely determined by its design quality (McCutcheon 
and Meredith, 1993), which in turn depends upon the researcher’s rigor in dealing with 
construct validity, internal validity, external validity, and reliability (Yin, 2003). 

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, as Brown and 
Eisenhardt’s (1995) literature review demonstrates, product development research often rests 
on ‘subjective’ judgements. To avoid or at least to minimize the impact of poorly constructed 
measures, the theoretical framework guided the construction of measures. For example, 
whenever possible, the constructed list contained measures validated by other researchers. 
Some key measures and indicators used to study the constructs are available in  Table 8. 
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Table 8. Key constructs and indicators 

Construct Measures, indicators  
Complexity Project scope 

Number of components, product levels, people/organizations 
Percentage unique vs. standard modules 
Number of persons involved 
Number of competence areas involved (e.g. mechanics, aerodynamics) 

Uncertainty Technological novelty 
Market volatility 
Changing customer specifications 
Product newness: % of parts purchased off the shelf, previously designed in-house, 
new designs 

Development pace Time available 
Time available in project versus time available in similar projects previously executed 
in the firm 

R&D-
manufacturing 
coordination 

Simultaneous vs. sequential development 
Face-to-face vs. documents based communication 
Early release of preliminary information vs. late release of complete information 
Mutual goals 
Consensus when taking decisions 
Standardization and formalization 
Sharing of ideas, information and other resources 
Team work 

Effectiveness Time elapsed between the beginning of the concept development and a shippable 
product 
Development costs 
System performance 
Warranty costs, field problems following project closure 
No of late conflicts 
Sufficient vs. insufficient communication 
Market share 

 

However, the data collection revealed that although some of these measures seemed 
valid they were not necessarily useable. Swink (1999), for example, 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. Another example is the number of components, which some authors regard as an 
important indicator of complexity (e.g. Baccarini, 1996; Clark and Fujimoto, 1991; Hobday, 
1998; Novak and Eppinger, 2001; Swink, 2003). While the question (i.e. how many 
components are there in your product) is simple and relevant, many respondents found it 
difficult to provide a straightforward, unambiguous answer. The following example highlights 
some of the issues raised that I encountered when posing this question. Scania produces 
complex trucks, but how complex are their products in relation to other products? I already 
knew how many components that went into laser pattern generators and therefore wanted to 
compare this number with the number for trucks. I asked several respondents at Scania, but 
none could answer the question by providing a quantitative number. However, they provided 
important qualitative and quasi-quantitative data by comparing different truck generations and 
explaining that the answer depends on numerous factors, such as strategic outsourcing 
decisions, which have changed through time. I felt dissatisfied and contacted a friend who 
works at Scania. He knew whom to contact, or so he thought, because he had to ask several 
people before he could identify a person who had an answer. Although this is a seemingly 



-Research methodology- 

 -28- 
 

simple question, it proved difficult to answer. At Fläkt Woods, it took a senior design 
manager at least five minutes to estimate the number of components. A similar example 
illustrates the problem of single respondent bias when asking questions that are difficult to 
answer. The Vice President of R&D, who has worked for more than ten years at Micronic, 
told me that he was confused about the feedback from a questionnaire-based study that stated 
that Micronic had modular product architectures. He did not know who had filled in the 
questionnaire, but he continued to explain that while the products consist of modules on an 
overall level, these modules are so intertwined that in reality the architectures are integral 
rather than modularized. Thus, in many instances, the thesis primarily relies on relative scales 
based on qualitative data, which means that they provide rough indications of the firms’ 
relative positions with regard to different constructs. Other data sources included annual 
reports, press releases, and internal company documents. In addition, key informants 
reviewed and commented upon preliminary case reports. The use of multiple sources, at least 
potentially, reduced the existence of bias and self-delusion. 

Construct validity can also be considered on a more superficial level, and it is then 
referred to as face validity, i.e. the subjective assessment of the correspondence between 
individual measures and the construct through an evaluation conducted by experts (Hair et al., 
2006). The aim was to ensure that the selection of measures took into account both theoretical 
and practical relevance. For example, frequent discussions with colleagues and practitioners 
promoted face validity. In addition, practitioners commented on the findings in several 
conferences during Phase I and the project consultant Torbjörn Wenell (see Wenell, 2001) 
provided valuable feedback as a mentor during Phases II and III. 

A theory’s internal validity is the extent to which (1) its conclusions are 
unambiguously drawn from its premises; and (2) the researcher has ruled out other plausible 
alternative explanations that might link the phenomena with the outcomes of interest 
(Christensen, 2006:52). Thus, internal validity involves the process of establishing causal 
relationships as distinguished from spurious relationships (Yin, 2003). For case studies, 
internal validity is strengthened through the use of solid theoretical foundations that explain 
the asserted relationships (Nightingale, 2000). Following Christensen’s (2006) advice, 
comparisons were made between theories and empirical data by paying particular attention to 
anomalies. Undoubtedly, the rich data collected during Phase II facilitated greater 
opportunities for promoting high internal validity. For example, the implementation of a 
method for project experience review allowed for a deeper understanding with respect to the 
timing of events and their interrelations. In short, the triangulation of multiple data collection 
techniques provided stronger substantiation of constructs (cf. Eisenhardt, 1989). 

In addition, internal validity was promoted by analyzing the data in two steps: within- 
and cross-case analysis (Bengtsson et al., 1997; Bourgeois and Eisenhardt, 1988). In Phases I 
and III, this meant that each individual case was first analysed on a stand-alone basis using 
theoretically and empirically derived codes (for further details see Miles and Huberman, 
1994) in order to become familiar with the case as a stand-alone entity and highlight various 
patterns. Next, the process of analysis focused on comparing these patterns with the patterns 
found in the other cases to reveal cross-case patterns and differences. In Phase II, the two-step 
process first entailed an analysis of projects on a stand-alone basis and then a cross-project 
analysis. Yin (2003) denotes this way of working as an embedded case study. To improve the 
confidence in the findings, early analyses were discussed with colleagues and respondents 
during all phases (cf. Whyte, 1984). This was particularly important during the in-depth study 
at Micronic due to the risk of becoming too involved. For example, both the supervisor and 
assistant supervisor provided comments and suggestions. 
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External validity refers to the extent to which a relationship observed between 
phenomenon and outcomes in one context can be trusted to apply to other contexts as well 
(Christensen, 2006:52). Generalizing from data is problematic at best (Firestone, 1993), in 
particular for case study research, which has often been criticised because its findings cannot 
be generalized, especially compared to those of survey research (Gomm et al., 2000; Lincoln 
and Guba, 2000). However, as Yin (2003) states, case studies are generalizable to theoretical 
propositions rather than populations. When linked to explanations, ’case studies can be a 
useful means of understanding behaviour provided that the explanation rather than the 
specifics of the case carries the argument’ (Nightingale, 2000:915). Thus, although the 
empirical data draw from only a few firms, it is possible to carry out analytical generalization 
(Firestone, 1993; Yin, 2003). 

Yin (2003) argues that reliability refers to the process of establishing that the operations 
of the study can be repeated with the same results. For in-depth case studies, there exists one 
reason for contesting this definition of reliability; time. It is difficult to repeat the study in an 
uncertain environment regardless of how well the researcher follows the described 
procedures, because the prerequisites change. This does not mean, however, that reliability 
can be neglected or that the findings cannot be generalized; on the contrary, it is even more 
important to consider how reliability was handled. It rather means that reliability should be 
defined as the degree of dependability and auditability (cf. Miles and Huberman, 1994), 
meaning that the researcher should describe the research methodology in sufficient detail for 
the reader to be able to follow the process. Data collection and analysis in case research 
should not be informal or casual, but rather rely on carefully considered approaches and 
techniques (McCutcheon and Meredith, 1993). To improve reliability and reduce errors and 
biases, this thesis rests on systematic work procedures that have been tested and utilized in 
other studies. For example, the collected data were documented on a continuous basis to 
guard against memory failure (Patel and Davidsson, 1994). Another example is that notes 
were taken in a structured manner during meetings and informal conversations at Micronic, 
e.g. black ink was used to describe events and red was associated with problems. 

All interviews were conducted face-to-face, since answering frequency and the 
reliability of answers can be expected to be higher in face-to-face than telephone interviews 
(Dahmström, 2000). The interviews during Phase I, as well as a few during Phase II, were 
predominantly retrospective in nature. This allowed for a better understanding of past events, 
but had the potential disadvantage that people tend to forget, interpret or rationalize past 
events (Arbnor and Bjerke, 1997). To mitigate the negative effects of retrospective 
interviews, the respondents were encouraged to discuss recent events. 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 and Wright, 
1995; Gardner, 1978) and basing the questions on a theoretical framework (Miles and 
Huberman, 1994). Open-ended questions characterized the interviews to ensure that the 
respondents shared their view without the potential restrictions imposed by narrow questions. 
During Phase II, in particular, the intention was to follow Spradley’s (1979) three principles 
for collecting reliable interview data: repeat key explanations, e.g. ‘does that mean that…?’; 
restate key phrases, e.g. ‘the top five problems is…?’; ask for use rather than meaning, e.g. ‘in 
which other situations do you use X…?’ vis-à-vis ‘what does it mean that you used X…?’. 
Although the third principle matters because it tends to provide answers less biased by the 
interviewee’s own theorizing, it was difficult to adhere to this principle. 

The vast majority of the interviews were recorded and transcribed. The risk of relying 
entirely on taking notes is that it could prevent observations of the respondent’s physical 
movements, gestures and facial expressions, which provide clues not to be found in the words 
themselves (Whyte, 1984). For example, the body language of a respondent during one of the 



-Research methodology- 

 -30- 
 

collaborative interviews seemed negative and defensive. I later raised the issue with the 
person in question who confirmed my observation and explained that she had been under a lot 
of pressure and that she believed that the industrialization project had been introduced too late 
in the two projects studied, which had resulted in extra work for her group. Thus, being a 
quasi-member of the organization had a significant advantage, as it allowed me to understand 
what went on behind the scenes, which sometimes affected answers. The recording procedure 
did not seem to restrict the respondents; on the contrary, people were very eager to share 
personal opinions, even though they were sometimes controversial. Only a few respondents 
initially seemed reluctant to share information, but this changed when they were told that they 
could read early versions of papers and, during Phase II, that a confidentially agreement had 
been signed. 

To sum up, the tactics for promoting validity and reliability were relatively consistent 
(see  Table 9). A general risk with this approach is that too much consistency could result in 
inflexibility (Moeran, 2005) and an underestimation of the need for reflection (Alvesson and 
Sköldberg, 1994). Thus, the circumstances sometimes affected the tactics, e.g. the plan was to 
record all formal conversations at Micronic, but then it did not seem appropriate to record 
meetings, as this could have disturbed daily work. In addition, I allocated time specifically for 
reflection. Nevertheless, it was challenging to maintain a distance from the research subjects 
during Phase II, which meant that the discussions with colleagues became even more 
important. In addition, the steering committee meetings provided important feedback with 
respect to early analyses and premature conclusions. During the meetings, the participants 
were very active. They never contradicted or disqualified any findings, but often provided 
complementary data, which were important for the overall analysis (e.g. historical background 
and decisions related to findings). 

Table 9. Tactics that were used to promote validity and reliability* 

Tests Tactics Phase I Phase II Phase III 
Construct 
validity 

Previous studies governed the use of indicators 
Multiple data collection techniques 
Contact persons reviewed case study reports 

√ 
(√) 
(√) 

(√) 
√ 
√ 

√ 
√ 
√ 

Face 
validity 

Informal discussions with practitioners 
Mentor (non academic) 
Presentation at practitioner oriented conferences/workshops 
Steering committee 

√ 
 
√ 

√ 
√ 
(√) 
√ 

√ 
 
 
√† 

Internal 
validity 

Two-step analysis 
Embedded case study 
Discussions with colleagues 
Coding 

√ 
 
√ 
√ 

 
√ 
√ 
√ 

√ 
 
√ 
√ 

External 
validity 

Replication logic √ (√) (√) 

Reliability Systematic work procedures 
Steering committee 
Passive observation 
Participant observation 
Face-to-face interviews 
Meetings 
Review of documents 
Data documentation on a continuous basis 

√ 
 
√ 
 
√ 
 
(√) 
√ 

√ 
√ 
√ 
√ 
√ 
√ 
√ 
√ 

√ 
√† 
√ 
√ 
√ 
√ 
(√) 
√ 

* Brackets denote that the tactic was used to a limited extent  
† Applies to Paper 5, but not Paper 4 
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3.5 Writing up the papers 
The process of writing up the papers was important and it entailed the difficult task to 
balance, prioritize and select data. In all phases, two kinds of data display procedures were 
particularly important. The first was to utilize techniques such as tables and figures for 
reducing the data, analyzing cross-case patterns and identifying lack of data. The second was 
to write early drafts in order to focus the research and receive rapid feedback. 

Thomas Magnusson co-authored Paper 1 and was responsible for the Sectra case and 
made extensive comments on other parts of the paper. The International Journal of 
Manufacturing Technology and Management has decided to publish Paper 1 following one 
revision (Olausson and Magnusson, 2009). The comments from the reviewers primarily 
revolved around the need to streamline the paper, e.g. there were too many concepts. 

Nicolette Lakemond and Thomas Magnusson co-authored Paper 2, and both made 
extensive comments and adjusted the text. While the former wrote parts of the purchasing 
section of the theoretical framework, the latter collected the data and wrote the Sectra case. 
The Journal of Purchasing and Supply Management has published Paper 2 following three 
major revisions (Olausson et al., 2009). The comments primarily centred on the use of 
concepts and theories, as well as the need for a deeper focus on purchasing. 

Christian Berggren co-authored two papers, i.e. Paper 3 and Paper 5, by providing 
extensive comments and writing parts of the text. While the former has been resubmitted to 
R&D Management following one revision, Paper 5 has been submitted to Journal of Service 
Management. Thomas de Ming co-authored Paper 4, primarily by sharing his experience and 
commenting on this working paper. In addition, Christian Berggren commented on the paper. 

In short, the thesis consists of five papers of which two have been accepted for 
publication, two are under review and one is a working paper (see Table 10). 

Table 10. Overview of papers written 

Paper Title Co-author(s) Status 
1 Manufacturing competencies in high-tech 

NPD: on the impact of vertical integration 
and coordination 

Thomas 
Magnusson 

Accepted for publication in Journal 
of Manufacturing Technology and 
Management 

2 Preserving the link between R&D and 
manufacturing: Exploring challenges 
related to vertical integration and 
product/process newness 

Thomas 
Magnusson 
Nicolette 
Lakemond 

Published in Journal of Purchasing 
and Supply Management, Vol. 15, 
No 2, pp. 79-88 

3 A dilemma of managing challenges in 
uncertain, complex development projects: 
In search of controlled responsiveness and 
flexibility 

Christian 
Berggren 

Under review for publication in R&D 
Management 

4 Dynamic and participatory methods and 
media when working with visualization in 
product development 

Thomas de Ming Working paper 

5 Mechanisms for building capabilities 
required to manage contradictory 
requirements in product development 

Christian 
Berggren 

Under review for publication in 
Journal of Service Management 

 

3.6 Summing up 
The strength of the study is that it rests on a case study approach, combined with the use of 
systematic work procedures, which is appropriate, given the explorative purpose (cf. Yin, 
2003). The data derive from several firms with one extreme case providing the bulk of the 
data as it allows for learning in an area that both warrants further studies and is relevant for 
other manufacturing firms. In short, the research progressed according to the overall plan, but 
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there were a few surprises. First, the importance and challenge of involving field service was 
not really mentioned in the literature found during the initial stages of Phase II, but was 
important for the empirical case. Second, I had planned to use indicators based on quantitative 
figures, but in many instances this turned out to be hopeless. There were several reasons for 
this and some of the most important were that the indicators were not relevant for the firms, 
practical obstacles prevented data collection for the firms, their information systems did not 
allow for easy detraction, and their data were unreliable. I therefore had to rely on relative 
scales. During Phase II, I was able to collect richer data at Micronic and I discovered no signs 
that contradicted the relative scales constructed in Phase I. Third, the fact that an individual 
reviewer for an individual paper can have such a significant influence on the process of 
writing a thesis came something as a surprise. For example, one reviewer argued that a 
particular theoretical lens should be used to analyze the data (i.e. the resource-based view), 
and this came to influence not only Paper 2, but also Paper 1 and the synthesis to some extent. 
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4 Findings from five papers 
In order to expand the analysis of the R&D-manufacturing interface in complex product 
development, this chapter summarizes the findings from five papers. (The papers are available 
in full in Part II Papers, which also includes an ‘Extended case description of Micronic’.) 

As  Table 11 summarizes, the thesis is based on five papers each linking to the purpose 
of the thesis in different manners. All papers include the Micronic case, which is an extreme 
case. It is plausible to assume that an extreme case such as Micronic reveals challenges more 
easily than a typical case does (cf. Flyvbjerg, 2006). The findings from this extreme case 
ought to be of particular relevance for firms that are consistently involved in high-technology 
projects, especially if the projects rely on close cooperation with clients, suppliers and others 
in design and development. The findings may be less applicable to firms acting in very stable 
business environments and developing simple products, since these firms are likely to rely 
largely on routine development and manufacturing processes. 

Table 11. Overview of papers 

Paper Area studied Focus 
1 Outsourcing The impact of outsourcing on interface challenges 
2 Outsourcing The impact of outsourcing and uncertainty on 

interface challenges 
3 Uncertainty and time-criticality Interface challenges and solutions in complex, 

uncertain and time-critical product development 
4 Uncertainty and time-criticality 

(visualization) 
Interface challenges and solutions when working 
with visual management in complex and uncertain 
product development 

5 Field Service Mechanisms for building capabilities required to 
manage conflicting requirements between R&D, 
manufacturing and field service 

 

4.1 Paper 1 – Manufacturing competencies in high-tech product development: on the 
impact of outsourcing and coordination 
Paper 1 investigates the impact of outsourcing on interface challenges, with respect to the 
management of the R&D-manufacturing interface in product development. The paper 
focuses on firms developing complex products in uncertain environments and inquires what 
role manufacturing competencies in the R&D department play for the ability of the firm to 
manage R&D-manufacturing coordination and how the level of outsourcing affects the way 
firms maintain these competencies. 

Based on data on product development in firms with varying levels of outsourcing (i.e. 
from highly internalized manufacturing to completely outsourced), the cross-case analysis 
demonstrates that the way companies manage R&D-manufacturing coordination on an 
operational level varies. The data show that firms which outsource manufacturing often 
struggle to identify, assimilate and exploit knowledge from their suppliers. However, they are 
able to improve their manufacturing competence even when all manufacturing activities are 
outsourced. For example, it may be possible to improve manufacturing competence by 
introducing interactive mechanisms, such as formal training, checklists and supplier visits. 

In comparison, R&D-manufacturing coordination is more frequent in cases when 
manufacturing is internalized and it involves a more elaborate mix of informal and formal 
coordination. It seems as if informal interaction is an integral part of problem solving, while 
formalization is beneficial to ensure that the manufacturing department is involved at an early 



-Findings from five papers- 

 -34- 
 

stage in product development and that a certain degree of interaction takes place. This 
elaborate mix could possibly explain why their R&D departments seem to have a greater 
understanding of manufacturing and explain why their R&D departments are able to more 
easily integrate production-related knowledge into product development. Face-to-face 
interaction may also be important in order to ensure that competence is up-to-date, in 
particular given that research demonstrates that knowledge deteriorates rapidly (Argote et al., 
1990; Nonaka and Teece, 2001; Starkey et al., 2004). However, even firms that internalize 
manufacturing experience interface related coordination problems. Thus, although proximity 
is generally positively related to coordination, it does not guarantee effective coordination. 

To conclude, Paper 1 contributes to the outsourcing debate by answering von Haartman 
and Bengtsson’s (2009) call for further case studies investigating the link between 
outsourcing and manufacturing competencies. For effective R&D-manufacturing coordination 
to take place, it seems necessary that the R&D department possesses certain manufacturing 
competencies, both in terms of understanding the constraints of the manufacturing 
equipment/process, and in terms of understanding the relation between production volumes 
and manufacturing costs. If the R&D department possesses a high skill level in these 
categories, then the design engineers seem to be in a favourable position to develop 
manufacturable designs rapidly and at a low cost. 

4.2 Paper 2 – Preserving the link between R&D and manufacturing: exploring 
challenges related to outsourcing and product/process newness 
Paper 2 expands on the findings in Paper 1 by including the impact of different degrees of 
uncertainty on the management of the R&D-manufacturing interface in complex product 
development. The purpose of Paper 2 is to develop a tentative model that includes interface 
challenges, which are related to different levels of outsourcing and uncertainty. 

Based on data from four cases, the paper develops a tentative model which encompasses 
two kinds of challenges: R&D-manufacturing interface challenges in general and purchasing 
challenges in specific (see  Figure 3 and  Figure 4, respectively). The model shows that a major 
interface challenge is to access manufacturing competence when manufacturing is outsourced 
and uncertainty is high. The high degrees of differentiation and emerging properties in this 
kind of product development mean that the coordination challenge is on a fundamental level, 
i.e. how to design a manufacturable product. Although basic design-for-manufacturing 
guidelines are useful, it is difficult to establish guidelines that encapsulate all the relevant 
manufacturing information due to high uncertainty (cf. Pisano, 1996). In these instances, the 
purchasing function needs to support design engineers, but it is a challenge to understand 
suppliers’ processes. 
 

High Exploit 
manufacturing 
competence 

Access 
manufacturing 
competence 

Uncertainty 

Low-
medium 

Early 
involvement of 
both 
manufacturing 
and suppliers 
 

Receive 
feedback from 
suppliers 

 Low Outsourcing High 

Figure 3 Tentative model of interface challenges* 
* Adapted from Olausson et al. (2009:85) 

High Establish close 
working 
relations 

Understand 
suppliers’ processes 

Uncertainty 

Low-
medium 

Reduce 
variability in 
supplier 
performance 

Establish 
understanding for 
supplier 
coordination 
internally and 
motivate suppliers 

 Low Outsourcing High 

Figure 4 Tentative model of purchasing challenges* 
* Adapted from Olausson et al. (2009:85)  
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Second, firms with an outsourcing strategy that are facing low to medium uncertainty may 
find it easier to maintain an overall understanding of manufacturing, as this allows them to 
design manufacturable products. However, the solutions may be far from optimal from a 
manufacturing perspective, so one challenge is to receive feedback from suppliers. For 
purchasing, one challenge is to establish an understanding internally for tighter supplier 
coordination, as well as to motivate suppliers to participate in product and process 
development. 

Third, for internalized companies facing high degrees of newness, one important challenge 
is to establish how to exploit internal manufacturing and purchasing competence. The subtle 
but significant differences in how R&D, manufacturing and purchasing interpret situations, 
sometimes lead to difficulties in the execution (cf. Dougherty, 1992). The purchasing function 
can act as an important intermediary for supporting R&D and manufacturing, but the high 
degrees of uncertainty makes it challenging to understand suppliers’ processes. 

Fourth, for internalized companies facing low to medium uncertainty, there is one 
challenge of involving both manufacturing and suppliers at an early stage, since design 
engineers are able to generate a manufacturable design. Thus, whereas Bralla (1999) assumes 
that internalization results in greater degrees of concurrent engineering than outsourcing, this 
study shows that internalization does not guarantee early coordination. Since supplier 
performance has a significant impact on key competitive parameters, one purchasing 
challenge is to establish and address the root causes of variability in supplier performance. 

To conclude, Paper 2 demonstrates that outsourcing and uncertainty affect interface 
challenges, the role of purchasing and the characteristics of coordination in complex product 
development. The findings point towards a need to consider carefully how the 
internalization/outsourcing decision affects the manufacturing competencies in-house (cf. 
Takeishi, 2002) that are needed to coordinate R&D and manufacturing. 

4.3 Paper 3 – A dilemma of managing challenges in uncertain, complex development 
projects: In search of controlled responsiveness and flexibility 
The purpose of Paper 3 is to delve into the dilemma of managing the R&D-manufacturing 
interface in complex development projects which are not only time-critical, but are also 
affected by multiple dimensions of uncertainty, i.e. market volatility, technological novelty 
and changing customer specifications. The paper aims to identify managerial challenges and 
approaches for handling this dilemma. Particular attention is directed towards interfaces 
between different specialist groups in this type of complex product development where even 
small changes may have an unpredictable impact (Hobday, 1998; Miller et al., 1995; Prencipe 
et al., 2003). 

While literature on complex and uncertain projects depicts a dichotomy between formal 
and informal ad-hoc methods, respectively (e.g. Shenhar, 1998), this study demonstrates that 
both are required in complex, uncertain and time-critical product development. In line with 
previous research (e.g. Christensen and Kreiner, 1997), Paper 3 stresses that firms in 
uncertain environments must make a trade-off between sticking to formal processes that 
ensure operational efficiency, and responding to changes to ensure that the project is 
successful in delivering useful results for the customer. More specifically, the paper 
introduces a model based on complexity and uncertainty (see  Figure 5). The model bears a 
resemblance to Shenhar and Dvir’s (2007) work, but there are some important differences. 
Shenhar and Dvir argue that product development characterized by complexity, uncertainty 
and time-criticality should be managed using tools such as systems engineering, systems 
integration, configuration management and risk management. However, other studies 
demonstrate that these decomposition tools are useful for handling complexity and identifying 
known risks, but not very effective in uncertain environments where the prerequisites change 
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substantially and where intensive interaction and feed-back loops are required (Loch et al., 
2008; Pender, 2001; Williams, 1999). Thus, Paper 3 argues that the dilemma is handled more 
effectively through a matrix of formal systems, informal interaction and quasi-formalized 
visualization. This kind of matrix has clear connections to a so-called semi-coupled logic, 
which Lindkvist et al. (1998) identify as appropriate in this kind of product development. 

High

Complexity

Low

High

Formal approaches:
Planning, control, 
administration, documentation

Informal, ad-hoc approaches:
Late design freeze, flexibility, 
interactive communication

Controlled responsiveness/flexibility:
Matrix of formal systems, quasi-
formalized visualization and informal 
interaction

Simple approaches:
Task partitioning, compression 
strategies, pre-project planning 
approaches

Low Uncertainty
 

Figure 5 Model of different foci and mechanisms given different degrees of complexity and uncertainty* 
* Adapted version of figure in Paper 3, which is inspired by Lindkvist et al. (1998:943) and Shenhar (1998:44) 

To conclude, Paper 3 demonstrates that firms cannot entirely escape the trade-off 
between efficiency and effectiveness. However, through a dynamic combination of adapted, 
lean versions of mainstream formal methods, quasi-formalized tools for rapid and regular 
interaction, and arenas for informal interaction and exchange, it is possible to handle 
complexity and uncertainty simultaneously in fast-paced projects. Since prerequisites change 
frequently but unpredictably, there needs to be a continual search for controlled 
responsiveness and flexibility. This, in turn, requires in-process mechanisms for feed-back 
and reflection (cf. Jaafari, 2003) so that experience is fed-forward into the next project or to 
continuous operations. Paper 3 therefore argues that firms must allow these kinds of product 
development projects to develop their own repertoire of new tools and templates, supported 
by experienced executives during the execution of the projects. However, to avoid the pitfall 
of single-project learning, i.e. lack of inter-project learning (Prencipe and Tell, 2001), it seems 
necessary to establish a structure and/or processes that evaluate the introduction of such tools 
and templates with the aim of determining whether they should be used in forthcoming 
projects. 

4.4 Paper 4 – Dynamic and participatory methods and media when working with 
visualization in product development 
Paper 4 expands on the findings in Paper 3 by investigating a particular kind of solution for 
handling interface challenges in product development that is characterized by complexity and 
uncertainty, namely visualization. More specifically, the purpose of Paper 4 is to investigate 
pedagogical processes when working with visual management in product development which 
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is characterized by high degrees of complexity and uncertainty. The focus is on challenges 
and solutions when handling interfaces between departments. 

Research shows that visual objects are often crucial for mediating boundaries between 
functions such as R&D and manufacturing in product development (Carlile, 2002), in 
particular in complex product development (Berggren et al., 2008). Building in these findings, 
Paper 4 takes an extended view on visualization by defining it as a dynamic and participatory 
process where multi-dimensional methods and media are used to stimulate multiple senses so 
that project participants can explore and exploit knowledge, and form a shared mental model 
of the project. 

Paper 4 focuses on the impact of two challenges on visualization: physical barriers and 
personal as well as departmental differences. In addition, the paper points to the fact that 
visualization entails risks (Bresciani and Eppler, 2008; Eppler and Platts, 2009), such as the 
following examples: 

1. There could be internal resistance if project members are not included in the actual 
visualization or if the visualization is not adapted to the culture. 

2. It may be time consuming to work with visualization. 
3. It may be necessary to replace old working procedures with the new visualization 

procedures to avoid duplication of work or mismatches between different data records. 
 

By proving practical examples related to these challenges and potential solutions, the 
paper concludes that this kind of product development benefits from quasi-formalized 
visualization in order to achieve controlled variation, flexibility and responsiveness. These 
findings are in contrast to mainstream product development and project management 
literature which has largely turned into an administrative, bureaucratic and planning oriented 
discipline (see Hodgson, 2002; Hodgson and Cicmil, 2006 for a critical review). While the 
project manager has an important pedagogical role in facilitating quasi-formalized 
visualization (cf. Söderlund, 2002), this paper argues that the actual visualizing is a quest of 
co-production between project members from R&D and other departments, and, sometimes, 
people from the line organization. It seems that the characteristics of complex and uncertain 
product development result in a need for interactive, flexible and adaptive methods and media 
when working with visualization. 

4.5 Paper 5 – Mechanisms for building capabilities required to manage contradictory 
requirements in product development 
The purpose of Paper 5 is to explore those organizational challenges involved when 
considering R&D, manufacturing and field service requirements in complex product 
development. The paper investigates how conflicting needs between R&D, manufacturing and 
field service, affect the management of interfaces between these three functions. The data 
derives from a study of two contrasting cases: high-volume production and mature market 
vis-à-vis unit production and uncertain market. 

The findings of Paper 5 demonstrate that it is inherently difficult to expand the R&D-
manufacturing interface to include field service. First, it is challenging to establish and 
quantify the benefits of field service requirements due to the wide variety of tasks and 
problems involved in collecting service data. The implication is that R&D finds it hard to 
prioritize service requirements when they conflict with quantified manufacturing 
requirements. Second, it is challenging to articulate good practices for field service, which 
are sufficiently detailed to be useful in product development. In contrast, the literature on the 
R&D-manufacturing interface provides many so-called best practices (e.g. Bralla, 1999), 
which help to reduce production costs (Boothroyd et al., 2002). However, such practices may 
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be counterproductive for field service (cf. Bogue, 2007). Third, it is challenging to establish 
how to find a balance between conflicting requirements in R&D, manufacturing and field 
service. Previous studies demonstrate difficult trade-offs between R&D and manufacturing 
(Clark and Fujimoto, 1991) and the case findings suggest that the number of conflicting 
requirements increases when field service is also considered. Finding this balance is likely to 
involve initiatives on the part of both project and line organizations to ensure sustainable 
improvements (cf. Prencipe and Tell, 2001). 

Despite the fact that the data derive from contrasting cases, Paper 5 demonstrates that 
firms can handle these challenges by introducing strikingly similar mechanisms, with some 
adaptations on an operational level. Moreover, Paper 5 concludes that geographical distance, 
the number of locations and organizational routines generally favour manufacturing rather 
than service involvement when firms balance conflicting requirements in complex product 
development. 
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5 Conclusions and reflections 
This chapter answers the three research questions below and then provides reflections on 
contingency theory and the resource-based view in research into new product development. 
The chapter ends with concluding remarks on how the thesis contributes to New Product 
Development-literature. 

5.1 Research question 1: How does the level of outsourcing of manufacturing affect the 
management of the R&D-manufacturing interface in complex product development?  
While previous studies show that coordination varies according to the motive for outsourcing 
(Bengtsson et al., 2008; Brown and Eisenhardt, 1995; Christensen et al., 2002; Ulrich and 
Ellison, 2005), the findings of this thesis indicate that outsourcing has a significant impact on 
the management of the R&D-manufacturing interface. The thesis identifies four challenges 
related to the R&D-manufacturing interface (see  Figure 3 on p. 34): 

1. To exploit manufacturing competence (high uncertainty, low outsourcing); 
2. To access manufacturing competence (high uncertainty, high outsourcing); 
3. To involve both manufacturing and suppliers early (low uncertainty, low outsourcing); 
4. To receive feedback from suppliers (low uncertainty, high outsourcing). 

 

Based on the identification of these challenges, this thesis concludes that the level of 
outsourcing affects manufacturing competencies at the focal R&D department (cf. Takeishi, 
2002). The data show that when manufacturing is not located within proximity to the R&D 
unit, firms struggle to facilitate the face-to-face interaction that is needed to receive feedback 
from suppliers and access their tacit manufacturing competence. In short, proximity facilitates 
face-to-face communication, which is an important part of building manufacturing 
competence and reducing equivocality (cf. Becker and Zirpoli, 2003; Daft and Lengel, 1986). 
In situations where manufacturing is outsourced, it is therefore useful to pay extra attention to 
how the focal R&D department can maintain and improve vital manufacturing competencies. 

In addition, the data in this thesis show that the level of outsourcing affects the role of 
purchasing, which is an intermediary between R&D, manufacturing and suppliers in complex 
product development. The findings highlight the fact that it is difficult, but important, to 
ensure that purchasing and/or R&D staff possess a high skill level with respect to two 
categories of manufacturing competencies: the constraints of manufacturing 
equipment/process and the effects of product volumes on manufacturing costs. Ensuring a 
high skill level is likely to improve a firm’s ability to develop manufacturable designs rapidly 
and at low cost. In order to facilitate a high skill level, it seems to be necessary to introduce 
mechanisms such as frequent supplier visits and internal courses in manufacturing.  

In instances of internalization, the short distance results in benefits such as easy access 
to manufacturing competence using informal coordination. This could explain why the 
findings of this thesis showed that the R&D units of these firms could often design a 
manufacturable product without consulting manufacturing. The downside noted is that the 
solutions were not optimal from a manufacturing perspective, and that it is challenging to 
establish an understanding of the needs for early manufacturing involvement and formal 
coordination mechanisms. 

A practical implication of these findings is that managers should carefully consider the 
effects of make-or-buy decisions on R&D-manufacturing coordination and internal 
manufacturing competencies. This is particularly important in situations of high uncertainty, 
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as there is often a need for concomitant product and process development, and direct 
manufacturing involvement in product design (cf. Wheelwright and Clark, 1992). 

To conclude, it is challenging to ensure that firms possess a sufficient level of 
manufacturing competence internally, as it is not a simple task of just buying knowledge, as 
Arnold (2000) suggests. 

5.2 Research question 2: How does the presence of uncertainty and time-criticality 
affect the management of the R&D-manufacturing interface in complex product 
development? 
How to handle complexity and uncertainty in time-critical product development is 
problematic, because they require different approaches (Lindkvist et al., 1998; Shenhar and 
Dvir, 2007). This means that firms face some difficult trade-offs, e.g. between effectiveness 
and efficiency, in particular if the volumes are so low that the volumes inhibit economies of 
scales. Magnusson et al. (2009:3) state that ‘surprisingly, few attempts have been made to 
come up with principles and guidelines that can help managers create organizations that make 
it possible to combine flexibility and efficiency’. More specifically, this thesis has studied 
four challenges in this kind of product development: 

1. To cope with volatile market demands;  
2. To stay at the technological forefront where technology and product development take 

place at the same time;  
3. To respond to rapidly changing customer specifications;  
4. To deal with the implications of very low production volumes of non-standard units. 

 

When implementing solutions to these challenges, the data demonstrate that it is vital 
that these solutions combine controlled responsiveness and flexibility, based on an 
understanding of tradeoffs, interaction, and informed decision-making. This tends to demand 
flexible adaptation and experiential planning (Eisenhardt and Tabrizi, 1995), quite different 
from the linear logic underpinning many mainstream product development tools (Christiansen 
and Varnes, 2008). For example, there are numerous success stories suggesting that tools, 
such as design-for-manufacturing (Boothroyd et al., 2002) and Design Structure Matrix 
(Ulrich and Eppinger, 2003), reduce costs, improve coordination and reduce the number of 
so-called over-the-wall syndromes in product development. However, given the fact that 
many of these tools have been developed in relatively stable, high-volume environments 
(Davies and Hobday, 2005), the findings in this thesis suggest that it is necessary to modify 
such tools when product development is characterized by complexity, uncertainty and time-
criticality. In fact, too much reliance on upfront planning in this kind of development could 
potentially lead to a lack of realism and introduce unreasonable expectations. Since 
prerequisites change frequently but unpredictably in situations of multiple dimensions of 
uncertainty (i.e. market volatility, technological novelty and changing customer 
specifications), the thesis illustrates that it is valuable to ensure that there is a continual search 
for controlled responsiveness and flexibility. This, in turn, requires in-process mechanisms for 
feed-back and reflection (cf. Jaafari, 2003) so that experience is fed-forward into the next 
project or to continuous operations. 

Moreover, while several other studies have identified that top management support is 
vital for success (see Brown and Eisenhardt, 1995 for a literature review), the findings of this 
thesis show that top management in complex, uncertain and time-critical product development 
must not only sanction projects, but also actively take part in the coordination of R&D and 
manufacturing. For example, top management involvement is required because it is both 
difficult and time-consuming for project teams to select and implement appropriate 
mechanisms. This suggests that top management requires deep management experience and 
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knowledge about the product development context and the firm’s operational processes, 
something that is far from the ideal of generalist MBA-managers. One practical example 
noted in this thesis was that top management needed to support project managers actively, as 
these did not have sufficient overview of the company to determine whether it was 
appropriate to implement the new mechanisms or to circumvent rules. In other cases, top 
management active involvement may be needed if the project managers do not have the 
responsibility or mandate to take this kind of initiatives. This is in line with some other 
observations of uncertain product development projects where it has been necessary to do 
things differently to achieve results (Engwall, 2003b). 

Finally, the findings demonstrate that the four challenges create a myriad of day-to-day 
problems at the working level so it seems to be beneficial to introduce methods and media 
that stimulate interaction at this level, where project participants take many important 
decisions. In particular, this thesis argues that an extended view of visualization is useful to 
improve interaction between operative staff, both within the project, and between the project 
and the line organization, so that problems do not crop up over and over again (c.f. Clark and 
Fujimoto, 1991; Prencipe and Tell, 2001). 

5.3 Research question 3: How does the need to consider field service requirements affect 
the management of the R&D-manufacturing interface in complex product development? 
Firms are increasingly trying to integrate service elements into their product deliveries (Artto 
et al., 2008; Windahl et al., 2004). Both this thesis and a few other studies demonstrate that to 
establish structures and processes for involving product-related services in the product 
development process is a highly demanding endeavour (Alderman et al., 2005; Gebauer et al., 
2008). Based on patterns identified in contrasting cases, this thesis reveals three key 
challenges that become particularly obvious when the R&D-manufacturing interface is 
expanded to include field service: 

1. To establish and quantify potential benefits when prioritizing field service 
requirements; 

2. To articulate sufficiently detailed practices for field service that can provide input to 
product development projects; 

3. To set up an organizational structure/process for balancing between conflicting 
requirements in R&D, manufacturing and field service. 

 

The findings in this thesis illustrate the difficulties involved in establishing early service 
involvement in complex product development. It appears to be less demanding to organize 
feedback-loops from problems associated with equipment already installed, than to manage 
feed-forward processes to new product development. 

Many of the solutions identified in this thesis were temporary in nature (i.e. project-
based) rather than repetitive and continuous. For example, one of the most effective initiatives 
was conducted in a specific project and aimed at improving the awareness of service issues at 
R&D and manufacturing (e.g. disassembly activities were conducted in such a way that 
design and manufacturing engineers took part). While temporary initiatives of this kind raised 
the awareness, the effect seems to wear off over time if it is not systematically followed-up 
and repeated, e.g. due to fact that organizations recruit people who have not benefited from 
the temporary initiatives. 

On a general level, the data in this thesis indicate that it is easier to involve 
manufacturing than field service, because manufacturing is generally located in proximity to 
R&D, at fewer locations and can provide quantifiable data more easily. The implication is that 
it is often difficult for project managers to prioritize field service requirements which may 
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increase manufacturing costs. In order to overcome these barriers, the data show that it is 
beneficial to introduce regular and frequent information exchanges of both qualitative and 
quantitative information through cross-functional decision forums. There are two arguments 
supporting this kind of solution. First, this kind of interaction is generally important for the 
R&D department’s ability to build knowledge and awareness about other organizational units 
(cf. Becker and Zirpoli, 2003; Sapsed and Salter, 2004). Second, no single individual or 
department can truly understand the full implication of decisions in complex product 
development (Davies and Hobday, 2005), and communication arenas are beneficial when a 
project team cannot pinpoint all eventualities in advance (cf. Lindkvist, 2005; Söderlund, 
2002). More specifically, it seems beneficial to introduce quasi-formalized visualization in 
order to handle emerging properties. 

5.4 Reflections on methodology and the need to study capabilities in product 
development 
This study partly builds on contingency theory in product development when the thesis 
investigates how different factors influence the management of the R&D-manufacturing 
interface in complex product development. In fact, several other studies demonstrate that 
contingency theory is useful for understanding product development and they conclude that 
successful firms adapt mechanisms according to their specific product development setting 
(e.g. Liker et al., 1999; Shenhar, 1998; Tatikonda and Rosenthal, 2000). Although this makes 
sense intuitively, the thesis contradicts this view by demonstrating how successful firms, in 
spite of very different prerequisites, actually exhibit similar challenges and solutions. The 
mechanisms adopted are in principle similar, but there are differences on an operational level. 
Thus, completely different firms can learn from each other to a greater extent than what is 
normally acknowledged in contingency studies in product development. Moreover, 
contingency based models often argue that there are key factors that influence the 
effectiveness of solutions and that these factors can be evaluated through a pre-project 
analysis (e.g. Shenhar and Dvir, 2007). While this kind of analysis is useful, the findings here 
raise three issues. 

First, contingency models tend to imply that there are distinct challenges and solutions 
closely related to factors, such as complexity and uncertainty. However, this thesis 
demonstrates that the challenges and solutions may be neither distinct nor obvious when firms 
are not situated at the end of the continuum of these factors (e.g. very high complexity or high 
levels of outsourcing). In addition, firms are able to influence the factors by taking different 
strategic decisions. For example, the thesis shows that there are several intermediary levels of 
outsourcing that affect R&D-manufacturing coordination and manufacturing competence 
within R&D organisations, and firms that can influence the competence level. 

Second, firms may find it difficult to evaluate factors at an early stage due to a lack of 
information or knowledge (Galbraith, 1973; Loch et al., 2008). This thesis demonstrates that 
firms operating in uncertain environments must frequently reconsider the choice of which 
mechanisms to use during project execution. One reason is that prerequisites can change and 
important tacit knowledge may not be available in-house (e.g. due to outsourcing) or on site 
(e.g. due to globally dispersed staff). Another reason is that many product development 
projects are ambiguous in the sense that factors such as complexity and uncertainty are not 
easily analyzed. In fact, the selection of mechanisms may have to be reconsidered on 
numerous occasions as the prerequisites change or the project team’s knowledge improves. 

Third, there could be some problems with the way researchers design contingency 
studies in product development. Many case studies rely entirely on qualitative data, which 
means that it is difficult for others to make comparisons with other cases. Other studies are 
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solely based on surveys (e.g. Swink, 1999). While it is standard to discuss response rates and 
problems of bias related to low response frequencies, there are seldom any reflections on the 
quality of the answers actually received, or any checks on the capacity of the respondents to 
actually answer these questions. 

This thesis builds on case studies, but to facilitate comparisons the conducted interviews 
have also included quantitative questions selected and validated in new product development 
surveys, such as ‘the number of components in the product’, ‘percentage new design’ and 
‘percentage unique vs. standard modules’. While these kinds of questions spurred important 
discussions, respondents frequently failed to provide quantitative figures due to reasons such 
as the data were not easily retrievable or the data were not relevant for the firm. In only a few 
instances, the respondents were able to provide answers immediately. This raises questions 
regarding the reliability of quantitative figures provided by questionnaire-based studies. Can 
we really expect respondents to spend as much time as some of the respondents who 
participated in the case studies used in this thesis to find an answer to questions like these? 
Can we expect reliable answers when even the most senior and experienced respondents find 
it hard to answer these kinds of questions? In situations when these kinds of objective data are 
missing, it becomes even more important to work with different kinds of triangulation. First, 
the triangualation of respondents is important since research has shown that individual 
managers’ perceptions may be very inaccurate. In addition, triangualation of data collection 
techniques is valuable since there may be problems associated with specific techniques 
(Starbuck and Mezias, 1996). 

In search for better research designs, this thesis relied on techniques that promoted 
various forms of individual and group reflection in different stages of the product 
development projects, and both quantitative and qualitative questions were asked. For 
example, a technique for project experience review was used that revealed data which could 
not be collected through meetings, interviews or archives, e.g. why events unfolded and how, 
and the interrelation with other events. 

Moreover, this thesis has been inspired by several streams from the broad New Product 
Development-literature. For further research, the findings point in the direction that a 
resource-based view is fruitful as a basis for further exploring capabilities and mechanisms 
for managing the interface between R&D and manufacturing in complex product 
development. First, the findings demonstrate that outsourcing has a greater impact on the 
management of this interface in product development than is generally being acknowledged 
(e.g. Arnold, 2000; Priest and Sánchez, 2001). However, it seems that our collective 
understanding of how mechanisms contribute to integrating dispersed knowledge is still 
limited (cf. Enberg, 2007; Hinds and Kiesler, 2002) 

Second, the findings reveal that it is difficult to tap into the often unique and tacit 
knowledge of field service engineers, as this staff category is globally dispersed and 
encounters a wide range of tasks. Thus, it is difficult to introduce initiatives that raise 
awareness of field service requirements at R&D and manufacturing in both product 
development projects and on a continuous basis. Understanding and implementing 
mechanisms for both feedback and feed-forward processes related to field service is non-
trivial. Further research seems particularly warranted with respect to the link between 
mechanisms and capabilities that is required in order to handle conflicting requirements in 
complex product development. 

To conclude, quantitative data are important for comparing different cases, but practical 
limitations when collecting these kinds of data mean that it may be necessary to rely on 
multiple respondents and data collection techniques. Relying only on quantitative questions in 
questionnaires or qualitative data in case studies could provide unreliable data, at least in 
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complex product development. Thus, to advance future new product development studies, 
there seems to be a need to combine and cross-check methods and measures in new ways. In 
addition, this thesis argues that a resource-based view provides one of the potential theoretical 
lenses for further research into the management of interfaces in new product development. It 
seems that research into the building of organizational capabilities for managing multifaceted 
and dynamic interfaces is of both theoretical and practical importance. 

5.5 Concluding remarks 
The R&D-manufacturing interface is generally studied as a dyadic relation in a given context 
(e.g. Boothroyd et al., 2002). However, by expanding the analysis and considering the impact 
of three areas, the thesis shows that the R&D-manufacturing interface is in fact more dynamic 
and multifaceted than it may appear to be if only R&D and manufacturing requirements in a 
specific setting are considered (e.g. Vandevelde and Van Dierdonck, 2003). In fact, when 
expanding the analysis, it seems that new challenges arise and solutions become far from 
straightforward. The findings suggest that firms are able to learn from each other and 
implement similar solutions, despite acting in different environments. It seems that 
adaptations are primarily needed at the operational level. In addition, as Engwall’s (2003a) 
study demonstrates, it may be of significant importance to consider idiosyncratic factors, such 
as firm history, long-term institutions and simultaneous activities in the project’s 
environment. 

First, there are many barriers to inter-functional coordination, and it is plausible to 
conclude that the level of outsourcing of manufacturing has a significant impact on the 
management of the R&D-manufacturing interface in complex product development. More 
specifically, the combination of outsourcing and internalization creates different challenges, 
but in both situations it appears to be beneficial to introduce solutions that create a 
competence overlap between R&D and manufacturing. Sometimes the purchasing function 
must possess this competence overlap and act as a supporting intermediary between R&D and 
manufacturing, and suppliers. 

Second, while many tools are based on a linear logic, the findings of this thesis support 
the notion that it is more important to introduce solutions that find a balance between control 
and flexibility as well as responsiveness in complex product development that is also 
characterized by uncertainty and time-criticality. Put differently, a semi-coupling logic seems 
to be more appropriate in this kind of product development (e.g. quasi-formalized 
visualization) with the active support from top management. 

Third, while few studies into new product development focus on the need to consider 
field service requirements in product development, this thesis indicates that the identification 
and understanding of conflicting requirements becomes more complicated when not only 
R&D and manufacturing, but also field service requirements are considered. When addressing 
this overall challenge, it seems to be particularly important to introduce a mix of both 
temporary and continuous initiatives which aim at improving the awareness of field service 
requirements at both R&D and manufacturing. 

While a case study design generally implies that it is necessary to generalize the findings 
with caution, there are good reasons for assuming that the findings of this thesis are applicable 
to other cases, since the findings derive their significance from case heterogeneity, where one 
of the firms studied is an extreme case (cf. Cameron, 1998; Patton, 2002). The findings are 
likely to be of particular importance for firms that are involved in complex product 
development, at least as long as they adapt the solutions, on an operative level, to suit the 
firm’s specific prerequisites and context.  
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Interview guide – Phase I (in Swedish) 
The following interview guide was used for Paper 1 and Paper 2. 
 
 
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) 
12. Gjordes en förstudie innan beslut togs att genomföra projektet? (ex. SWOT) 
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? 
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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? 
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? 
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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? 
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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Interview guide – Home (in Swedish) 
The following interview guide was used for Home case study, which appears in Paper 1. 
 
 
Generellt gäller att: 

• Försöka ställa öppna frågor (berätta om…?, hur gjorde ni med …?, beskriv… etc.)  
• Bygga vidare på svaren, ställa uppföljningsfrågor, följa upp intressanta trådar som 

dyker upp under intervjun.  
• Försök koppla till hur det är generellt på företaget (är det just i det specifika projektet 

eller är det vanligt förekommande) 
 

Personlig bakgrund 
• Namn 
• Organisationsbefattning  
• Hur länge har du arbetat på företaget?  
• Har du även haft andra befattningar i företaget?  
• Vad har du arbetat med innan du kom till företaget?  
• Vad har du för utbildning?  

 

Bakgrund till projektet 
• Beskriv produkten som utvecklades  
• När startade projektet?  
• Planerad löptid och budget för projektet, utfall för detta?  
• Varför startades projektet? Marknadsläget/konkurrensbild då beslut om projektstart 

togs, underlag för beslutet  
• Målbild för projektet – kostnadsrationalisering, ny marknad, ny teknik/funktionalitet, 

etc?  
• Projektgruppens sammansättning, storlek, vilka deltog, hur var projektgruppen 

organiserad, ändringar över tiden, lokalisering, etc?  
• Vilken var din roll i projektet?  
• Projektets omgivning – styrgrupp, leverantörer, övrig samverkan internt i 

företaget/med externa intressenter, var användare involverade?, hur?  
 

Projektbeskrivning  
• Projektmodellens utseende då projektet genomfördes? Faser, milstoplar, etc?  
• Beskriv utifrån ditt perspektiv projektet från start tills slut (rita gärna upp en tidsskala 

på ett papper och försök knyta viktiga händelser/beslutspunkter etc. till den).  
o Kritiska aktiviteter, problem och händelser? Vilka var de och när uppstod 

dom? Varför uppstod dom? Hade de kunnat förutses? Hur hanterades de?  
o Viktiga beslutspunkter? När i tiden och vad behandlades och av vem? Var de 

planerade? Om inte – varför uppstod dom?  
• Gränssnitt teknikutveckling - produktutveckling  

o Innehöll produkten någon ny teknik? I vilken grad? Vad för slags teknik (t ex 
elektronik, mekanik, programvara, nytt material, ny design)  
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o När togs beslutet att ta in tekniken i projektet? Av vem? Varför?  
o Varifrån kom tekniken (intern teknikutveckling, befintlig/ny leverantör, 

samarbete med extern part etc.) Hur identifierades tekniken?  
o I vilken grad var tekniken utvecklad/verifierad när den togs in i 

produktutvecklingsprojektet? Hur var den verifierad?  
o Vad innefattade tekniken som fördes in (nya leverantörer, ritningar, fysiska 

komponenter, prototyper, testresultat, ..)?  
o Vilken kunskap hade man eller behövde man för att besluta om att ta in 

tekniken i projektet?  
• Gränssnitt produktutveckling – produktion  (Fas 3)  

o När överlämnades produkten till produktion?  
o Hur skedde överlämningen; vilka olika steg? Förserier, utfallsprov etc?  
o problem i samband med överlämning till produktion?  
o Vad lämnades? Dokumentation?  
o Behov av nya verktyg, leverantörer, utrustning?  
o Behov av modifiering i befintligt produktionssystem? Togs produkten in i en 

befintlig produktionslina eller byggdes en ny?  
o Uppstod några problem i samband med uppstart av produktion? Varför? 

Hantering av detta?  
o Modifiering av produkten utifrån initiala produktionserfarenheter?  
o Vilka var involverade? Kommunikation mellan konstruktörer, 

produktionstekniker, underleverantörer, etc? Hur och om vad?  
 

Projektutfall 
• Var det ett lyckat projekt? Varför, varför inte?  
• Vad är viktigt för att ett projekt skall betraktas som lyckat på företaget?  
• Vilka är de viktigaste lärdomarna från projektet? För dig personligen? För 

organisationen?  
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Interview guide – Sectra (in Swedish) 
The following interview guide was used for Sectra case study, which appears in Papers 1 and 
2. 
 

Personlig bakgrund 
• Utbildning 
• Tid i organisationen och befattningar  
• Tidigare erfarenhet  

 

Bakgrund till projektet 
• Varför initierades projektet? 
• Drivkrafterna bakom projektet? 
• När började tankarna kring projektet ta form? 
• Vad gjordes under förstudien? 

 

Projektbeskrivning 
• Beskriv projektförloppet? 
• Projektorganisationen och dess förändring under projektets gång? 

o # personer? 
o Kompetenser involverade? 
o Vilka kriterier låg till grund för att välja medlemmarna i projektets kärngrupp? 
o Organisationsstruktur? 

• Viktiga/kritiska beslut och händelser i projektet? 
 

Projektledning 
• Modell för produktutveckling och i vilken grad tillämpades den? 
• Upplevda utmaningar/svårigheter i projektet? 
• Hur fungerade kontakter med leverantörer och övriga intressenter? 
• Projektplanering? (budget, tidsramar, etc.) 

o Likheter/skillnader med andra utvecklingsprojekt? 
o Planeringsändringar? Omfattning och relaterat till vad? 
o Medel för att motivera olika medarbetare? 
o Hur hanterades linjeorganisationen? 

• Hur hanterades osäkerheten? 
o Hur bygga in flexibililtet i projektet? 

• Kommunikation 
o Verktyg och omfattning av dessa? (e-mail, skrivna dokument, möten, etc) 
o Fördelar och problem med verktygen? 
o Problem i kommunikationen? (språk, facktermer etc.) 

• Kundmedverkan i projektet? 
o Hur involverades kunder? 
o I vilka faser involverades kunderna, avseende vilka aspekter och på vilket vis? 
o Svårigheter och fördelar/nytta med kundmedverkan?  
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List of codes – example 
The list of theoretically derived codes below was used in the early analysis process of Paper 1 
and Paper 2. 
 

No Construct Measures, indicators 
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 
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