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Abstract 

All companies are dependent on having customers that choose to buy their 
products. These products are the result of the complex New Product Devel-
opment process (NPD). This process involves many different functions and 
people with different backgrounds cooperating with each other. Most end 
customers will not know or care about how the development process was 
carried out. They will only see the quality, price and functionality of the final 
product. In other words, the overall result of the development process.  

This thesis studies quality management in product development from an 
overall perspective and contributes to prior knowledge in three main areas. 
Firstly, by investigating which challenges successful product development 
organizations experience in their everyday work. This was done by case 
studies performed at the product development organizations of ABB, Volvo 
Cars, IKEA Components and Scania. As a result of the case studies, 14 
themes within all 59 organizational needs were identified.  

Secondly, a literature review of the quality management concept Lean 
Product Development (LPD) concept was conducted. Based on the literature, 
a new LPD framework was developed, as the LPD research field has not yet 
agreed on a definition of the concept. This study proposes the following 
definition for Lean Product Development:   

Lean Product Development is a companywide strategy for product develop-
ment aiming to (i) increase value, (ii) decrease waste, (iii) increase flow, (iv) 
decrease sub-optimizations, and (v) build knowledge.  

 
The third contribution was done by making a comparison between the organ-
izational needs of the case study companies and Lean Product Development 
principles, to find out how LPD can support product developing organiza-
tions. LPD was found to give good and/or partial support to 43 out of the 59 
organizational needs identified in the case studies. This means that Lean 
Product Development is an important concept for organizations that wish to 
improve their product development process.  
  



 

 



 

Sammanfattning 

Alla företag är beroende av kunder som köper deras produkter. Dessa pro-
dukter är resultatet av en komplex utvecklingsprocess där olika funktioner 
och människor med olika bakgrund samverkar med varandra. De flesta kun-
der bryr sig mindre om hur produktutvecklingsprocessen såg ut, än om slut-
produktens egenskaper: kvalitet, pris och funktionalitet. Med andra ord: de 
bryr sig om resultatet av produktutvecklingsprocessen som en helhet.  

Den här avhandlingen gör huvudsakligen tre bidrag till tidigare forskning. 
Dels genom att undersöka vilka utmaningar framgångsrika produktutveckl-
ingsföretag upplever i sitt dagliga arbete. Denna del av forskningen baseras 
på fallstudier av produktutvecklingsorganisationerna på ABB, Volvo Cars, 
IKEA Components och Scania. Resultaten från fallstudien sammanfattas 
genom 59 organisatoriska behov fördelade på fjorton teman.  

Det andra huvudbidraget är en litteraturstudie av verksamhetsutveckl-
ingskonceptet Lean Produktutveckling. Tidigare forskning har inte kunnat 
enas om en enhetlig definition av konceptet eller vad det innehåller. Den här 
avhandlingen tar fram ett sammanfattande ramverk som beskriver konceptet 
och föreslår följande definition konceptet Lean Produktutveckling:  

Lean Produktutveckling är en företagsövergripande produktutvecklingsstra-
tegi som syftar till att (i) öka värde, (ii) minska slöseri, (iii) öka flöde, (iv) 
minska suboptimeringar, samt (v) bygga kunskap.  

 
Slutligen bidrar den här avhandlingen till tidigare forskning genom att jäm-
föra de organisatoriska behoven med principerna för Lean Produktutveckl-
ing, för att undersöka hur och i vilken utsträckning konceptet Lean Produkt-
utveckling kan stödja produktutvecklande företag. Konceptet visade sig ge 
helt eller delvist stöd till 43 av de 59 behov som identifierades i fallstudien.  
Det betyder att Lean Produktutveckling är ett viktigt koncept för industrifö-
retag som vill förbättra sin utvecklingsprocess.   
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1. Introduction 

All companies are dependent on having customers choose to buy their prod-
ucts that are the results of a complex product development process. The level 
of the product development process determines the level of the future prod-
uct portfolio and thereby the future success of the company. Improving the 
product development process is thus a highly strategic subject. This thesis 
studies product development from an overall perspective.  

There are two main reasons why an overall perspective is especially im-
portant to product development. Firstly, what the end customers see is the 
combined results from all the different efforts within a development process. 
When customers buy a product, they are less concerned with how the differ-
ent components have been designed or by whom. They want reliable overall 
quality and will hold the producer totally accountable for anything that is not 
up to their expectations (Morgan & Liker, 2006). Very few customers would 
be impressed with a product containing a world class sub component, if the 
overall product performance is not up to par. Therefore, product develop-
ment quality and performance can only be improved with the overall per-
spective in mind.  

The second reason to focus on overall perspective is the complexity of the 
development process. Not only do many products consist of the different 
sub-components that together make up the product. The process itself is an 
interplay between many different people with different backgrounds that 
need to cooperate to make the new product become reality (Eppinger, 2002). 
Without an overall perspective, sub-optimizations easily emerge; arrange-
ments that seem rational on local levels but have no effect, or may even have 
a negative impact, on the big picture (Browning, 2003; Gudem, Steinert, & 
Welo, 2014). Therefore, product development efficiency can only be im-
proved with the overall perspective in mind.  

Product development is an information-heavy process, where a large pro-
portion of the value is in abstract form: knowledge (McManus & Millard, 
2002). This brings about a number of challenges that have to be considered 
when improving a product development process. The process flows in prod-
uct development are typically complex and less stream-lined than process 
flows with physical objects (Mayrl, Mcmanus, & Boutellier, 2013). Each 
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person in the development organization is also typically involved in several 
different value streams (Kennedy, 2003) and the process often run over a 
long periods of time (Mayrl et al., 2013). Consequently, both the value and 
wastes such as queues, are less visible in product development than in many 
other processes (Welo, 2011). Nevertheless, a good overall understanding is 
key to increasing the efficiency of any process (Womack & Jones, 1996), no 
matter how difficult it might be to achieve.  

The objective of keeping an overall perspective on product development 
had a number of consequences for this research project, affecting the re-
search design to the choice of literature. It has guided the design towards a 
wide research problem rather than investigating an isolated method or tech-
nique. It affected the data collection, where the choice of respondents was 
made to reflect the width of competences that affect and are affected by 
product development, rather than the work of technical developers only. The 
roles of the interviewees thus include end customers, suppliers, logisticians, 
production technicians and quality managers, some of which were not even 
officially a part of product development projects. It turned out that they had 
plenty of experience from product development anyway. Consequently, 
when the term “product development organization” is used in this thesis, it 
refers not only to technical developers and other dedicated team members of 
development projects, but to all functions and employees that are directly or 
indirectly involved in, or affected by, the product development process. The 
focus of the data collection was new product development (NPD; the process 
of commercializing discoveries into a concrete product) rather than research 
and development (R&D; basic research and technology development). Rep-
resentatives from the R&D process were included as respondents, but these 
interviews focused on the interface between R&D and NPD projects.  

Lean Product Development (LPD) is a quality management concept for 
product development. LPD has its roots in Japanese quality management 
within product development, in particular the working methods of Toyota 
(Khan et al., 2011). From the beginning, promoting an overall perspective of 
the development process was a core part of the concept, see for instance 
(Clark & Fujimoto, 1991). LPD promotes an overall perspective of the de-
velopment process in several ways: by focusing on process flow rather than 
perfection in details (Reinertsen, 2009), by emphasizing cross-functional 
perspectives of the development process (Morgan & Liker, 2006) and by 
describing the product development as a system (Welo, 2011) where a num-
ber of principles interact with each other (Schipper & Swets, 2010). The 
overall perspective on product development in the LPD concept, and the 
combined focus on customer perceived value (León & Farris, 2011; Morgan 
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& Liker, 2006) and efficient process flows (Reinertsen, 2009) motivated the 
choice of LPD as a literature base for this study.   

1.1 Aims and research questions 
This study aims to build a bridge between product development theory and 
practice. The target audience of the study is both people in industry working 
with product development, and academia. The following research questions 
were studied: 

Research question 1 (RQ1): How do product development organizations in 
industry experience the challenges of their everyday work?  

Research question 2 (RQ2): How can the Lean Product Development con-
cept support an industrial development organization?  

 
The main target audience of RQ1 is the scientific community investigating 
quality management for product development. The case studies are descrip-
tive and contribute with an increased understanding of the challenges that 
development organizations of today stand in front of. RQ1 is answered in 
chapter 3 of this thesis that aims to depict the everyday challenges of an in-
dustrial product development organization as truthfully as possible. Someone 
working within such an organization would already know most of what is 
written in chapter 3 and could expect to find recognition rather than new 
insights in the experiences from the case study companies.  

The second research question targets both industry and academia, but in 
different ways. For people in industry working with product development, 
the study aims to contribute with information on how and when LPD can 
provide support to product development challenges. By connecting organiza-
tional needs to specific LPD principle, rather than only recommending the 
concept at large, this study gives support to companies that wish to custom-
ize an LPD implementation or motivate investments in selected LPD princi-
ples. For academia, RQ2 aims to contribute with a more balanced view of 
LPD, showing that it is indeed an interesting concept to look at, but that it 
does not answer to all challenges a product development organization face. 
RQ2 is answered in the comparison in Chapters 5 and the discussion in 
Chapter 6, using the empirical results from Chapter 3 and the literature 
framework from Chapter 4, see Figure 1 below.  

The literature section in Chapter 4, used as input when answering RQ2, 
also targets both industry and academia. For someone working within an 
industrial product development organization, the LPD framework presented 
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and described in Chapter 4 gives an overview of the concept that can be used 
to introduce LPD to someone new to the concept and provide directions for 
further reading in the different included topics. For the scientific community, 
Chapter 4 contributes by showing how the different groupings in the LPD 
research community relate to each other, and by proposing a common defini-
tion of the LPD concept. This chapter also highlights possibilities for future 
research within the field of Lean Product Development. 

 

 
Figure 1. Overview of where the research questions are answered. 

1.2 Thesis outline 
The remainder of the thesis is structured as follows.  

Chapter 2: Research method presents and motivates the research design 
and methodological choices of the research included in this thesis.  

Chapter 3: Challenges in four Swedish product development organi-
zations presents the empirical results from the multiple case studies. The 
problems and challenges experienced by the interviewees are described and 
summarized into organizational needs for product development organiza-
tions, which answers research question 1. The end of the chapter reviews the 
organizational structure of the case study organizations to evaluate the gen-
eralizability of the case study results.  

Chapter 4: What is Lean Product Development? investigates how the 
Lean Product Development concept has been described in previous research. 
The chapter begins with a historical overview of how the LPD concept has 
evolved from the 1980s to present. This LPD odyssey is followed by a LPD 
framework that relate previous LPD studies to each other and introduces a 
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hierarchy that aims to clarify which parts of Lean Product Development that 
are interchangeable, and which are not.  

Chapter 5: How can LPD support product development needs? com-
pare the organizational needs identified in Chapter 3 with the literature 
framework described in Chapter 4, to find out which organizational needs 
get support from LPD principles, and to what extent.  

Chapter 6: Discussion elaborates on the comparison between the Lean 
Product Development concept and organizational needs by discussing possi-
ble reasons for and the consequences of the results from Chapter 5. Chapters 
5 and 6 together answer research question 2.  

Chapter 7: Concluding remarks summarizes the key points of the thesis 
and highlights some key academic and managerial implications of the re-
sults.  

Appendix I: Case study protocol presents the interview guide that was 
used during the data collection.  

Appendix II: Detailed references of the LPD framework lists the ref-
erences for each value, principle and method of the LPD framework de-
scribed in Chapter 4.  
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2. Research methods 

This chapter  describes the  methodological choices that have been made 
throughout this research project, in other words: what has been done and 
how, and what has not been done and why.  

2.1 Research design 
Though much of the New Product Development process (NPD) can be the 
same from one project to another, each project will also include various de-
grees of unexplored grounds. To bring a product development project to a 
successful close, the organization has to learn things it did not know before, 
often through extensive collaboration between people with different back-
grounds. Human behavior and interactions will therefore have a substantial 
impact on product development performance. For this reason, a qualitative 
research approach1 (Bryman & Bell, 2007; Creswell, 2009) has been used in 
this study.  

The overall research design is composed by a literature review, multiple 
case studies and comparisons of the empirical and theoretical results, see 
Figure 2 below. The literature review was conducted iteratively in parallel 
with the case studies, as recommended by (Bryman & Bell, 2007; Dubois & 
Gadde, 2002), because the knowledge gained from empirical experience 
deepened the understanding of the literature and vice versa. The work in-
cluded in this thesis was also inspired by learnings from a pre-study. 

The following subsections describe the different parts of the study and the 
methods used in more detail. 

                               

 
 
 
1 Qualitative research, a means of exploring and understanding the meaning individuals or 
groups ascribe to a problem, as opposed to: 
quantitative research, a means for testing objective theories by examining the relationship 
among variables. (Creswell, 2009) 
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Figure 2. Overall research design. 

2.2 Case studies 
A case study is an investigation of one (or a few) instances of a particular 
setting or phenomenon (Denscombe, 2010). Case studies promotes in depth 
understanding (Yin 2003) of processes in their natural settings (Denscombe, 
2010) and link causes and outcome (Flyvbjerg, 2011).  

The case studies in this thesis focused on how people working in Swedish 
industry experience challenges in product development. The study was car-
ried out in collaboration with four Swedish product development organiza-
tions. All fieldwork in this thesis, including the first analyze of the case 
study data, was performed jointly by the author and Evelina Ericsson.  

The case study companies 
This section gives a brief introduction to the four case study companies that 
participated in this study.  

 
ABB 
ABB is a pioneering technology leader that works closely with utility, indus-
try, transport and infrastructure. The company’s products cover a wide range 
of different technologies. 2015, the company revenue was $ 35.5B. ABB 
operates in more than 100 countries and employs around 135,000 people 
(ABB Company Website, 2016).  

The case study was performed at one of the Swedish ABB divisions, 
which develops and produces technology devices, mainly to industrial cus-
tomers. The division is autonomous for the most part, but has a close coop-
eration with other divisions and ABB Corporate research. The division has 
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somewhere between 50 and 250 employees, meaning that it can be classified 
as a middle-sized company according to the definitions of the European 
Commission (European Commission, 2016). The studied site works with 
Lean methods in production, but had not tried any Lean or LPD methods in 
the product development organization.  
 
Volvo Cars 
Since the first mass-produced Volvo car rolled off the production line 
in Gothenburg 1927, the Volvo Car Group has delivered a steady 
stream of Volvo models equipped with world-leading innovations. 
Today, Volvo is one of the most well-known and respected car brands in the 
world with sales in about 100 countries and employs 22,500 people world-
wide. 2015, the company revenue was increased to MSEK 164,043, which 
equals slightly more than $ 18.5 B (Volvo Cars Company Website, 2016).  

The case study was carried out at the product development organization 
on the Swedish site in Gothenburg. This part of the organization employs 
around 17,000 people; out of which around 4,000 are involved in R&D. 
Volvo Cars works systematically with quality management in product devel-
opment, using the concept Design for Six Sigma (DFSS). Some pilot studies 
inspired by Lean and LPD had been performed, but at the time of the case 
studies, these trials had only been carried out locally, and in a short duration 
of time.   
 
IKEA Components 
IKEA Components is an affiliated company to IKEA of Sweden that is also 
their main (but not their sole) customer. IKEA Components develops and 
source sub components for furniture and interior decoration, such as assem-
bly kits for flat-packed furniture. The 2015 company revenue was slightly 
more than 2,312 MSEK, which equals around $ 260 M. IKEA Components 
currently employs around 250 people (AllaBolag, 2016).  Though IKEA 
Components is a company standing by itself, it has a close cooperation with 
IKEA of Sweden and shares many of the company values.  

IKEA Component works systematically with quality management with-
out aiming to implement any specific quality management concept. Among 
other things, they have a strong tradition of continuous improvements and 
working with company values.  
 
Scania 
Aiming to be the leader in sustainable transport, Scania delivers customized 
heavy trucks, buses, engines and services to over 100 countries all over the 
world. Scania employs 44,000 people worldwide. The 2015 revenue was 
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around 100.4 BSEK, which equals $ 11.4 B (Scania Company Website, 
2016). 

The case study was carried out on the R&D center in Södertälje, Sweden, 
where about 3,700 people are employed. The quality management of the 
Scania Production System has been inspired by Toyota since the early 90’s. 
Since around 2010, the quality management focus is extended and the same 
values are implemented in the product development organization. Among 
other things, this has resulted in a company-wide visual communication sys-
tem, with pulse meetings and visual boards. Scania has also a long tradition 
of modularization, dating back to the 1960’s (Scania Heritage Stories, 2016).  

Case study design 
Case study designs can be divided into single- or multiple-case designs, and 
holistic or embedded designs; see Figure 3 below. A case study is embedded 
if the analysis includes comparisons between different units within the same 
case. If not, the design is holistic. The holistic design is advantageous when 
the theory or theme underlying the case study is in itself of a holistic nature 
(Yin, 2003). This study used a holistic, multiple-case design. Holistic, since 
no conclusions were drawn in relation to which part of the company the ma-
terial derived from. Multiple-case, since four independent product develop-
ment organizations were studied.   

Figure 3. This study used a holistic multiple-case design.  (Yin, 2003) 
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The four case studies were all a combination of shadowing (Czarniawska, 
2007; McDonald, 2005) and semi-structured interviews (Denscombe, 2010), 
see Figure 4 below. Internal documentation (Yin, 2003) was used when 
needed as a means of double-checking details or validating statements.  

Figure 4. The case studies used a combination of shadowing and semi-structured 
interviews. 

 
The design of the case studies has much in common with a grounded theory2 
approach (Corbin & Strauss, 2008; Denscombe, 2010; Glaser & Strauss, 
1999). The research design was however mainly inspired by case study liter-
ature (e.g. Denscombe, 2010; Eisenhardt, 1989; Yin, 2003; Yin, 2011).  

The following subsections describe the research techniques used in the 
case studies and summarize the case study data.   

                               

 
 
 
2 Grounded theory is a method for deriving theoretical constructs using qualitative data 
analysis (Corbin & Strauss, 2008). 
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Shadowing 
Shadowing is a type of non-participating direct observation (Czarniawska, 
2007). The researcher follows one or several members of the studied organi-
zation over a period of time, observing the behavior and tasks of the studied 
individuals. During the shadowing, the researcher continuously poses ques-
tions to the studied person to reach a high level of understanding for what is 
going on (McDonald, 2005). 

In the case studies, shadowing was used to prepare for and complement 
the interviews. Key roles in the product development were shadowed for 
between four hours and two days. Compared to the shadowing technique 
described by Czarniawska  (2007), this study differs on one important point. 
Where Czarniawska recommend to cover all aspects of the work, we focused 
on interaction, trying to cover as many meetings as possible. Instead of ob-
serving “computer-time”, the studied persons gave a summary of those parts 
of their daily work.  

The purpose with the shadowing was to learn as much as possible about 
the organization; picking up the jargon, understanding the organizational 
structure, identifying the main flows of decisions and information etc. This 
valuable background knowledge prevented the interviews from being inter-
rupted with basic questions beside the topic. For this reason, most of the 
shadowing preceeded the interviews. When needed, additional shadowing 
was used to validate statements from interviews. If a respondent mentioned 
that something worked extremely good/bad, and we had not yet seen proof 
of that, we asked for a study visit. If a respondent mentioned an important 
meeting forum that we had not yet seen, we asked if we could join the next 
meeting.   

McDonald discusses a difficulty with shadowing. After spending some 
time in a case study organization, the researcher “goes native”, starting to 
accept courses of event as natural without questioning them in a scientific 
way. (McDonald, 2005) During the shadowing, I encountered another phe-
nomenon. The first days I spent in each case study organization, I was most-
ly able to notice things that worked well. In this phase, I was really im-
pressed by everything I saw. After a few days, the image of the perfect or-
ganization began to disperse. I do however also recognize what McDonald 
(2005) describe as “going native”, in that I started to feel enough “at home” 
to lose part of my objectivity. This occurred after spending approximately 3 
weeks in the organization. With the exception of additional shadowing dur-
ing the interview, this phase of the data collection was completed at that 
point.  

Yin calls direct observations, of which the shadowing technique is a part, 
time-consuming and costly, compared to for instance interviewing (2003). 
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This would be true if the observations were used as the only means to test a 
hypothesis or collect data for theory building. Combined with interviews and 
used in the purpose of getting a better overall understanding of the studied 
organization however, I consider shadowing to be an efficient method.  

Semi structured interviews  
When conducting a semi structured interview, the researcher has a clear list 
of issues to be addressed and questions to be answered, but is prepared to be 
flexible. The answers of the respondent guide the nature of the interview and 
the order of the questions. The interviewee should also be allowed to talk 
freely about the topics covered by the interview (Denscombe, 2010). Ac-
cordingly, the experiences of the respondents had a large influence over the 
interviews in this study and the exact interview questions differed from in-
terview to interview. The discussion themes were guided by a case study 
protocol, see Appendix I.  

The respondent selection was carried out in collaboration with a reference 
group at each case study organization to assure that no key roles or functions 
were missed. Some respondents were also added in connection with the 
shadowing, to cover as wide a range of roles related to product development 
as possible. The respondent allocation (see Table 1 below) was different on 
each company, which reflects differences in the respective product develop-
ment organizations.  
Each interview lasted for between 45 minutes and two hours. The typical 
interview lasted for about 75 minutes. On ABB, the interviews were record-
ed and transcribed word for word. On Companies B, C and D, the interviews 
were documented through handwritten notes and transcribed with support 
from both notes and remembrance. On all companies, the interview tran-
scriptions were sent to the respondents for validation before the material was 
used in any way. To avoid distracting the interview by pausing and taking 
notes (Blaxter, Huges, & Malcolm, 2006; Kvale & Brinkmann, 2009; Yin, 
2003), the interviews were conducted jointly by me and Evelina Ericsson. 
One of us lead the interview, the other documented the discussion.  

Using or not using recording devises during an interview is a matter of 
personal preference (Yin, 2003). Though audiotaping the interview assure a 
permanent and complete documentation (Denscombe, 2010), relying only on 
notes have potential benefits. The interviewers active listening and remem-
brance may act as a selective filter, not only as a bias, but also to retain the 
meanings that are essential for the topic and the purpose of the interview 
(Kvale & Brinkmann, 2009). I noticed this effect clearly, especially in the 
validation process of the interview transcriptions. The comments from the 
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respondents whose interviews had been audiotaped mainly concerned apolo-
gies for imperfect use of language, even when their reasoning were ambigu-
ous or contained clear logical gaps. The validation process with the respond-
ents whose transcriptions were summaries based on notes and remembrance 
was very different. Their comments related to the content rather than the 
structure of the interview, either by correcting things I had misunderstood or 
added things they had thought about after the interview. This implied that 
my personal interpretations, which equals the first level of data analysis was 
validated. In coding and clustering ambiguous fractions of the audiotaped 
material, I had to rely on my subjective understanding of the material.  

 

Table 1. Respondent allocation for the four companies. 

Position in the organization ABB Volvo 
Cars 

IKEA 
Comp. 

Scania 

Continuous improvement   3   1 
Controlling     1 1 
Customer 1   1   
Customer satisfaction   2     
Market 2 2 1 1 
Middle line management 2 3 2 3 
Production 3     2 
Project management   2 2 2 
Purchasing 2   3 1 
Quality 2 2 3 1 
Technical development 3 4 1 2 
Technical project manage-
ment 

  2 2   

Top management 1 1   1 
Whole-product responsibility 2 1     
Design   1   1 
Total 18 23 16 16 73 
 

A consequence of not recording a majority of the interviews is that the inter-
view transcripts should not be seen as direct quotes from the respondents. 
The content of the statements are valid, but no conclusions should be drawn 
from the precise formulations, as the wordings are mine rather than the re-
spondents’. Translating interview material delimits the way the material can 
be used in a similar way (Kvale & Brinkmann, 2009). All interviews but two 
were conducted in Swedish and translated to English, which  means that the 
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material could not have been used as direct quotes even if the interviews had 
been recorded.  

Summary of case study data 
The material from the case studies is summarized in Table 2 below. 71 out of 
the 73 interviews were held in Swedish. The main part of the interview ma-
terial used in this study has thus been translated from Swedish to English by 
the author. The remaining two interviews were held in English.  

Table 2. Summary of case study data.  

 Number of interviews Days of shadowing 

ABB 18 4 
Volvo Cars 23 13 
IKEA Components 16 9 
Scania 16 15 
Total 73 41 

 
In each case study organization, theoretical saturation (Corbin & Strauss, 
2008; Denscombe, 2010) guided the end of the data collection. This means 
that the iterative interviewing and shadowing was pursued until each new 
interview did not provide any new information (except minor variations on 
topics already discussed by other respondents).  

Validation of case study results 
In the end of each case study, the results were presented to the case study 
organization. This served two purposes: a payback to the organization, as we 
brought together knowledge from different parts of the organization and 
discussed improvement possibilities. From a scientific point of view, this 
presentation and the following discussion served as a validation of the re-
sults, as everyone got the possibility to react on the results and discuss them.  

I do not claim to know everything that is to know about the case study 
organization. However, I know that the way I describe the case study organi-
zations is in line with how interview respondents and the people in my refer-
ence groups view their own organization.  

Analysis of case study data 
The field notes and interview transcripts were compiled in the software 
NVivo (Bazeley, 2007; Creswell, 2009). The material was disassembled 
through coding (Creswell, 2009). Everything that was described as a prob-
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lem, difficulty or challenge was coded into the same category. Positive ex-
amples and things that were described as working out well were also coded 
into separate categories to enable validation by looking for the opposite case 
(Yin, 2003). The coding resulted in 658 problem statement and 223 descrip-
tions of things working well. The large difference between the number of 
positive and negative statements is ascribed to the relative easiness of recog-
nizing problems as compared to things that run smoothly. Several respond-
ents mentioned this phenomenon during the interview.  

The problem statements from the coding was then reassembled using in-
ductive clustering (Denzin & Lincoln, 2008; Yin, 2011), which means that 
they were clustered into thematic groups that were not predefined but 
emerged from the material. This phase resulted in 14 thematic groups, all of 
which were represented by all four case study companies.  

As a way of interpreting the reassembled data, the 14 thematic groups 
were summarized through “individual frustrations” and more general “or-
ganizational needs” (c.f. Section 3). This is in line with what Yin describes 
as interpreting through defining a description plus a call for action (Yin, 
2011).  

Finally, the analysis was concluded by generalization of the results (Yin, 
2011). This was done in two steps. Firstly, by applying generalizing 14 the-
matic categories (c.f. Section 3.15) and secondly by analyzing the generali-
zability of the case study results (c.f. Section 3.16). The above described 
phases correspond to a five-phased cycle for qualitative analysis described 
by Yin (2011).   

2.4 Learnings from the pre-study 
It takes an experienced researcher to perform a high quality case study (Yin, 
2003), but when I started this research journey, I was not. As a first step, I 
therefore conducted a number of smaller studies in order to become familiar 
with different research methods and increase my knowledge about product 
development organizations.  

The following learnings from the pre-study had a major impact on the 
main study:  
 

 When investigating human experiences, it is difficult to assure relia-
bility of the results when using surveys or structured interviews. Dif-
ferent respondents can mean many different things using similar 
wordings, which makes diskussions and follow-up-questions crucial. 
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For this reason, semi-structured interviews was used in the case 
studies (c.f. Section 2.2). 

 When performing interviews, knowledge about the respondent's 
company helps the interviewer to ask better questions and avoid in-
terruptions in the form of unnecessary explanations. For this reason, 
shadowing was included in the case study design (c.f. Section 2.2).  

 People in operating roles often have a different view of how and 
how well a process is working, compared with people in managing 
roles (that often give a more positive description of the process). For 
this reason, multiple respondents representing different hierarchcal 
levels was interviewd for each case study (c.f. Section 2.2). 

 
Table 3 below summarizes the pre-study data. 
 

Table 3. Summary of pre-study data. 

Type of data Nr of respondents/  
participators 

Nr of participating 
organizations 

Semi-structured interviews 12 9 
Semi-structured interviews* 14 3 
Structured interviews* 29 29 
Survey 57 57 
Focus group discussions 22 8 

* = Executed by students, designed and supervised by the author. 

 
Some of the pre-study efforts resulted in peer-reviewed articles (see for in-
stance (Ericsson, Marcks von Würtemberg, & Lilliesköld, 2010; Gingnell, 
Ericsson, Lilliesköld, & Lagerström, 2012a, 2012b; Gingnell, Ericsson, & 
Lilliesköld, 2012; Gingnell, Ericsson, & Sörqvist, 2012; Marcks von 
Würtemberg, Ericsson, & Lilliesköld, 2011; Marcks von Würtemberg, 
Ericsson, & Sörqvist, 2011)),  but the main result of the pre-study was im-
proved quality of the main study.  
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2.5 Validity and reliability 
The major strategy to assure validity and reliability3 in this study has been 
use of multiple sources. All data included in this thesis derives from multiple 
sources, which strengthen the construct validity (Yin, 2003). When possible, 
multiple representatives of a role were interviewed. In all four case studies, 
multiple roles, covering different functions and hierarchical levels of the 
company were interviewed in order to decrease the influence of personal 
opinions. On an overall level, a multiple case design was used, which pro-
vides greater confidence in the findings (Yin, 2012).  

This study relies strongly on the experience of others. Though much has 
been done to assure that the challenge descriptions are in line with the expe-
riences of the studied organizations, this is a descriptive study rather than an 
explanatory study. The cautial relations described in Chapter 3 are all de-
rived from the respondents and have not been tested. In other words: if they 
are wrong, I am wrong. However, this is a delimitation of the study rather 
than a threat to the validity, as research question 1 (c.f. Section 1.1) is of a 
descriptive nature.  

                               

 
 
 
3 Validity, accuracy of the results. 
Reliability, replicability of the results. (Yin, 2003) 
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3. Challenges in four Swedish product 
development organizations 

This chapter presents the results from the four case studies, and gives an 
overall picture of the everyday challenges that the studied product develop-
ment organizations stand in front of. The descriptions in this chapter are only 
examples from the large interview material, but were chosen to give a repre-
sentative picture of the respondents’ experiences and their organizations.  

The case study data from the four case studies was coded together, and 
analyzed for anything the respondents referred to as challenging or problem-
atic. The coded interview excerpts were then sorted into groups using itera-
tive inductive clustering4. The result of this was fourteen thematic groups. 
All fourteen thematic groups have strong representation in all four case study 
organizations. The thematic groups are, in no specific order:  
 

 Strategic directions 
 Prioritizations  
 Goals 
 Performance measurement 
 Qualitative performance management 
 Mutual understanding between functions 
 Understanding the customer 
 Getting a system’s view 
 Process model 
 Process and decision flows 
 Spread of information 
 Knowledge exchange 
 Competence 
 Organizational conditions 

                               

 
 
 
4 Inductive clustering, clustering into thematic groups that are not predefined but emerge 
from the material (Denzin & Lincoln, 2008; Yin, 2011). 
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The interview excerpts included everything from very specific observa-

tions from the respondents’ everyday lives to more general summaries about 
what is required from a successful product development process. To capture 
this diversity, the material in each thematic group was divided into individ-
ual frustrations and organizational needs.  

The individual frustrations are formulated as close to the wording in the 
interview transcriptions as possible, however in condensed form. The below 
example illustrates the way of working.  

Today, prioritizations are made through subjective individual estimates. If 
there is a problem, the team leaders meet the segment responsible. Some-
times all the persons responsible for a market segment have a meeting as 
well, and that is when it becomes difficult to prioritize. Is it the one that 
shouts the loudest that is supposed to win? Which projects are to be priori-
tized, really?  

(Interview transcript, translated from Swedish by the author)  
 
This was condensed into the frustration: “Prioritizations are made through 
subjective estimates” (see Section 3.2). Some of the individual frustrations 
are represented by single respondent statements, others are combinations of 
several similar statements. The group of individual frustrations includes 
statements from all case study organizations, with the exception that IKEA 
Components did not report any frustrations related to their process model 
(see Section 3.9).  

The organizational needs are summaries of needs expressed by at least 
two respondents from at least two different organizations. All case study 
organizations are represented with organizational needs in every thematic 
group.  

Any large case study material could be organized and presented in several 
different ways. Though the fourteen thematic groups are the result of induc-
tive clustering and thus sprung directly from the interview data, the lines 
between the clusters could have been drawn differently. Consequently, part 
of the material in one thematic group will relate to other thematic groups. 
Fewer or more thematic groups could have been created. However, the indi-
vidual frustrations and the corresponding organizational needs would have 
remained the same, as these are formulated close to the interview transcripts 
with the ambition of covering the entire content.  

The following subsections present the clustering results for one thematic 
group at the time. 71 of the 73 interviews were held in Swedish and have 
been translated from Swedish to English by the author. Several measures 
were taken to assure anonymity to the respondents. References to, for in-
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stance, specific departments, projects or components have been replaced 
with more general words such as “the project” and “the product”, and the 
gender of the respondents in the examples below have sometimes been 
changed. As the purpose of this study is to portray general challenges in 
product development, not to describe exactly how these four companies 
work, the record on what example that comes from which company has not 
been included in the text. However, in cases where the results from one of 
the organizations clearly differed from the others, this has been reported.  

3.1 Strategic directions 
The first theme identified in the clustering was the need for strategic direc-
tions. One of the interviewed top managers summarizes the need for a com-
mon strategic direction as follows:  

Everyone has to start working in the same direction. Thereby, a better effect 
can be obtained from the organization than if everyone goes in their own di-
rection. The phenomenon can be explained with common vector geometry, 
where the total organizational effect is the sum of everyone’s achievements. 
If aligned with each other, the many small arrows together becomes a bigger 
force than if they are not. I try to achieve alignment by being consequential in 
how I run the daily work and which signals I send out to my coworkers. 

(Interview transcript, top manager) 
 
Many respondents, representing a large variety of roles did however report 
that they lacked clear enough understanding of the overall strategic direction. 
Without that, they do not know how to act when a conflict arises within a 
project. When things go according to plan, everything is fine, but if not?  

A technical developer at one of the companies describes this conflict as 
ever-present:  

We get a specification; deliver this. Most often, we also get a time when it is 
supposed to be done, and some dedicated resources. All the constraints are 
predetermined, but most often, they are in conflict with each other. There are 
too few people, too little time. 

(Interview transcript, technical developer)  
 
A technical project manager expresses how this conflict is not only a conflict 
within projects, but within the coworkers of the organization:  

I wish that [the PD strategy] was balanced with another dimension, the quali-
ty dimension. To deliver the right product and do it well, not just do it quick-
ly. Now, that is expected to happen by itself. /…/ We talk about this some-
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times, in some forums, but we never talk about the two things [time and qual-
ity] at the same time, and these things do conflict each other. The way it is 
now, this becomes a conflict inside people. 

(Interview transcript, technical project manager)  
 
Several respondents are concerned that the decisions they make without a 
thought-out strategic direction affect the final product in a negative way. 
They are forced into short-sighted lines of actions, cutting times or costs 
even when they suspect that other aspects, such as product quality or the cost 
of the final product might be more important than keeping the project budg-
et. Most often, time is the overruling factor.  

Lack of time closes many doors. Historically, we have often passed through 
project gates by neglecting what is left to do. 

(Interview transcript, quality manager)  
 
In other parts of the organizations, the lack of strategic directions has had 
consequences in terms of products that are not in line with the company 
strategies, or in some cases, not even profitable.  

We have non-profitable products on the market, which make you wonder 
what the strategic process looked like at the time. Why were these products 
developed in the first place? 

(Interview transcript, purchasing manager)  
 
These are a few examples of frustrations that individuals in the case study 
organizations experience due to lack of strategic direction. An extended 
summary of the most common frustrations brought up by the respondents are 
listed in Box 1 below.  

Box 1. Individual frustrations related to strategic directions. 

Individual frustrations 
 

 I do not know what to prioritize when predetermined constraints 
are conflicting.  

 Lack of time forces us to push through bad solutions.  
 We have developed products that nobody wants.  
 We lack products requested by the market.   
 It is difficult for us to meet the target price on new products.  
 Our attention span is too short; we aim high without continuity 

and a long-term plan.  
 Top management is reluctant to reach an agreement about product 

development strategies.  
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How could an organization address these frustrations? A project manager 
with over twenty years of experience connects the excessive focus on time 
with the difficulty of predicting the effect of good quality.  

Out of everything that we want to develop, what is the customer willing to 
pay for? It is difficult to make a business case on quality. What do we gain 
from things gone right? It is difficult, but we have to become better at it. The 
be-all and end-all is to deliver a good product. We have to steer for that in a 
better way. 

(Interview transcript, project manager)  
 
An equally experienced technical developer points out that changing this is a 
matter of working with company values, something that has to be pursued by 
the organization as an entity in order to succeed.  

The important thing is the endurance, to continue over time. /…/ To do things 
well is not necessarily more expensive. It is rather about deciding that it is 
important to do things with care, and to spread that culture. We are not there 
yet. 

(Interview transcript, technical developer)  
 
There is however also more concrete actions than working with values that 
could be taken to facilitate these difficulties. Another experienced project 
manager calls for better knowledge about how his projects relate to other 
ongoing projects, preferably in the form of a roadmap.  

I need to know which other projects will affect mine. Most such things occur 
without notice now. If several projects are in the same development phase at 
the same time, then some functions will be in need of additional support. At 
the end of the day, you need to have knowledge about that, and about the 
company goals already when you initiate a development project. 

 
(Interview transcript, project manager)  

In addition to a better product development roadmap, some respondents ad-
vocated explicit strategic directions for each product or product family. This 
would help people in the organization to take aligned decisions independent 
of each other.  

I wish that we had product strategies that defined the strategic direction for 
each product, and that people in the organization had the freedom to act in 
accordance with these. 

(Interview transcript, controller)  
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The organizational needs that the respondents related to strategic directions, 
or the lack of strategic directions, are summarized in Box 2 below.  

Box 2. Organizational needs related to strategic directions. 

 
 
Several respondents called for a strategic product development roadmap. 
However, such strategic documents already existed in their organizations, 
which indicate that they were either not good enough or not communicated 
well enough.  

None of the respondents in top management positions had any problems 
describing the strategic direction of the company. They were however not 
always aligned with each other. A controller that works close to top man-
agement in his company has been witness to the difficulties top management 
has had in reaching agreements about strategic directions.  

In the working with the prognoses, we try to get the management board to-
gether and have them define the same issues to assure consensus. But the 
group is reluctant to do this, even though it is better now than it has been be-
fore. 

(Interview transcript, controller)  
 
Having a strategic direction is not enough even if it is well aligned with the 
company vision and strategies for target markets. People in different parts of 
the organization need to have a common understanding of the strategic direc-
tion, and understand how this affects their daily work.  

Organizational needs 
 

The organizations need to: 
 

 Assure that future strategic direction is continuously discussed. 
by top management to avoid sudden changes of direction 

 Enable short-term decision making in line with company strate-
gies. 

 Allow and stimulate delegated decision power.  
 Help concerned parties understand how ongoing and future  

projects affect each other. 
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3.2 Prioritizations 
The second theme identified when organizing the case study results was 
guidelines for making good prioritizations. Having strategic directions, as 
advocated for in the previous section, gives one part of this support, and 
helps coworkers in the product development organization to prioritize when 
they have to draw their own conclusions. This is however not enough. Re-
spondents from all case study organizations would like to see more concrete 
guidelines on what to prioritize in pressed situations.  

In a perfect world, when everything goes according to plan, this is not an 
issue, but when projects and tasks take unexpected turns, or when a person 
get charged with more tasks than he or she can handle, support to make good 
prioritizations becomes important.  

Some respondents, like for instance a quality manager at one of the com-
panies, describe themselves as alone in these situations.  

It is difficult to assure that everything that should be done gets done. I do not 
get any help with prioritizations. My boss does not know what I do, really, so 
there is no-one to ask. 

(Interview transcript, quality manager)  
 

At one of the other case study companies, an initiative was recently taken to 
straighten out the priorities between projects. However, this did not have the 
desired effect, since too many projects were considered “top priority”.  

A while ago, top management was going to identify important projects. We 
ended up with 85 top-priority projects. All these could not possibly be han-
dled as top priority.  

(Interview transcript, quality manager)  
 
The result from this drive equaled almost nothing, as the organization did not 
have the capacity to act on all the “top priority” projects, and no support was 
given to prioritize between them.  

In absence of useful guidelines, everyone had to go their own way. Func-
tions that are supporting development projects and work with many projects 
in parallel tend to prioritize acute problems, and tasks that belong to projects 
with a persistent project manager.  

I make the prioritizations myself. I look for: 1) Sense of urgency. Has some-
thing gone wrong? I’d better fix urgent problems first. 2) Tasks that belong to 
the project manager that shouts the loudest. 3) The rest. Unfortunately, that's 
how it works. 

(Interview transcript, controller)  
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For the actual technical development, the determining factor for what to 
prioritize was time.  

We are driven by incidents. This means that things that have already gone in-
to production always have first priority. The project with the nearest date for 
start-of-production comes second, and so on. But what you really would like 
to show is that time invested early in the projects keeps chaos away later on 
in the project.   

(Interview transcript, technical developer)  
 

The respondents were highly aware that close deadlines, or most demanded 
does not always equal most important. Nevertheless, these two mechanisms 
dominated the prioritizations for all four case study companies. Everyone 
that mentioned this was clearly frustrated over finding themselves stuck in 
this behavioral pattern. They fear that the result of this is that the tasks that 
should have been prioritized get neglected, which ultimately leads to new 
products of lower quality.  

These and other frustrations related to prioritizations are summarized in 
Box 3 below.  

Box 3. Individual frustrations related to prioritizations. 

 
Some of these frustrations could be avoided with clearer guidelines on what 
to prioritize, for instance by raising a reasonable amount of projects to high-
priority projects. When looking for root causes for these frustrations, another 
trend appears. The constant need for making prioritizations is due to a 

Individual frustrations 
 

 There is no support for prioritizations.  
 No-one is responsible for prioritizing.  
 Prioritizations are made through subjective estimates.  
 The person screaming out the loudest is the one who gets things 

delivered.  
 Deliveries that are close in time become prioritized.  
 We make wrong prioritizations. 
 I do not have time to do everything that is prioritized.  
 If I am going to do everything that is prioritized I will not have 

time for my ordinary job. 
 Too many projects are running in parallel.  
 We do not know which projects to start.  
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pressed product development organization, where almost all resources are 
overbooked. They try to do too many things at the same time.  

We should not run so many projects at the same time. We should have fewer 
projects manned with more resources. I believe that would be more efficient. 

(Interview transcript, product manager)  
 
A delimitation of the number of ongoing activities, and assuring that the 
ongoing projects are manned up with enough resources would thus also help 
the organization at large to make better prioritizations. The organizational 
needs related to prioritizations are summarized in Box 4 below.  
 

Box 4. Organizational needs related to prioritizations. 

 
If the number of ongoing projects are to be delimited, the important of start-
ing the right projects (and ultimately, to not start un-important projects) be-
comes crucial. This proved just as difficult as prioritizing between tasks. A 
middle line manager at one of the companies describes how the introduction 
of large new development projects in her organization is driven by which 
resources happen to be available, rather than by importance of the projects.  

The transfer between technical research and product development is con-
trolled by resources rather than strategic. When [a large project] had been ini-
tiated, the development organization became filled. Now, we cannot start any 
other projects, no matter how important. 

(Interview transcript, middle line manager)  
 
Just as the technical developers and other development project members 
were concerned about what their choices would inflict on later project phases 

Organizational needs 
 

The organizations need to: 
 

 Assure that prioritizations are made based on strategy rather than 
sense of urgency. 

 Assure that prioritizations are communicated throughout the  
organization. 

 Assure that prioritizations are made in consideration of  
available resources. 

 Delimit the number of ongoing projects and activities. 
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or even the quality of the product, managers were concerned that lack of 
well thought-through prioritizations might be counterproductive for the 
company in the long run.  

To sum up, the importance of having a strategy on how to prioritize was 
acknowledged by respondents from all levels in the case study organizations. 
The need for prioritization support applies to everything from small every-
day tasks, to the startup of huge development projects which involves the 
entire organization.  

3.3 Goals  
The third theme that crystallized when organizing the case study results was 
the importance of goals, and the difficulties associated with working with 
goals in a constructive way.  

In the case study organizations, two aspects of this problem were mani-
fested; difficulties caused by absence of goals, and difficulties on how to 
handle goals in the organization.  

Absence of product development goals were noted on several different 
levels in the organizations; from lack of individual goals, for instance con-
nected to a role or role description, to project and function level. The re-
spondents describe how the lack of clear goals makes it difficult for them to 
make good decisions in their everyday work. 

My role does not have any goals. Are we supposed to win as many orders as 
possible? Are we supposed to concentrate on a few and excel at those? I do 
not know. 

(Interview transcript, controller) 
 
On a project level, most project members agreed to be well informed about 
the technical requirements and time plan for the projects, but these goals 
were considered insufficient.  

For me, the project goals have been rather unclear. I have not known the tar-
get cost of the product or anything like that. There is only a date of delivery 
and a purely technical specification. 

(Interview transcript, development project member) 
 
The reason why time-related goals and a technical specification were not 
considered enough is that these goals often conflict with each other. When 
that happens, other types of project goals; intended market, target product 
volumes, competitor product characteristics to outdo and so on, would help 
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the project members to focus on the right things. Just as in the case of goals 
for individual roles, the respondents wish to be able to decide for themselves 
if the performance level, in this case of projects, is good enough.  

None of the respondents of top management or middle line management 
level mentioned lack of goals on any level as a problem for the organization. 
This indicates that the management is either unaware of the importance of 
having concrete goals on different levels of the organizations, or that the 
goals exist, but that the organizations fail to communicate them.  

Something that all case study organizations have succeeded with is to 
communicate the company visions. Respondents throughout the organiza-
tions were all well aware of the visions. More difficult was however to es-
tablish a way of working towards those visions.  

The company vision is well communicated in the organization, but nobody 
talks about how we are going to get there. There is no plan. I believe it would 
be possible to reach the vision, but if we are going to do that, the activities 
that are going to get us there and the decision process connected to these ac-
tivities need to be clarified. 

(Interview transcript, project manager) 
 
The respondents believe that establishing the vision by connecting other 
goals, more concrete and closer in time, to the vision would help. Similarly, 
several people mentioned the importance of breaking down goals to a level 
where it is possible to relate them to the everyday tasks. For instance, a pur-
chaser wished that the goals relevant to her work were broken down to arti-
cle level, as this is the only way she and her colleagues can evaluate how far 
from the goal they are.      

We have become better at this. Today we do have goals on a general level, 
but it is still poor down in the organization. The goals have not been broken 
down to article level, which makes it really difficult to say anything about our 
performance level. 

(Interview transcript, purchaser) 
 
Another topic of discussion was the ambition level of the goals. Most re-
spondents stated that ambitious goals are considered generally positive. Am-
bitious goals stimulate the organization to deliver its best, and individuals to 
think in different ways. However, in order to be motivating, the organization 
has to have a fair chance of fulfilling the ambitious goal or at the very least 
try to do so. This was not always the case. A continuous improvement coor-
dinator on one of the companies relates how he was given the unrewarding 
task of cutting the lead time of a complex process from 800 days to 200 days 
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within only two months, without getting any strategies or resources to ac-
complish the mission.  

The combination of the goal and the time plan was completely unrealistic. 
With unchanged regular tasks only two hours a week dedicated to process 
improvement, this was not possible to achieve. Setting up such an ambitious 
goal without also creating opportunities to succeed does not acquire credibil-
ity. 

 (Interview transcript, continuous improvement coordinator) 
 
Respondents from other organizations agree that ambitious goals need to be 
accompanied with some kind of support to have a positive effect on the or-
ganization. On an organizational level, it is also important to recognize sig-
nificant improvements, even if they fall short of the ambitious goals. If not, 
the inspiration and challenges coming from working with ambitious goals 
may turn to frustration.  

This and other frustrations related to the use of goals in product develop-
ment are summarized in Box 5 below.  

Box 5. Individual frustrations related to goals. 

 
On an organizational level, it is also important that the goals reflect what the 
company wishes to achieve. An improvement manager was concerned that 
some of the goals used in her organization were misleading. Management 
conveyed the message that goals should be fulfilled at any cost, but the im-
provement manager pointed out that this could not be true.  

We have discussed this internally. Among other things, we have discussed 
the goal we have to sell X number of products. If we do that without making 

Individual frustrations 
 

 There are no goals for product development. 
 Our goals are unclear. 
 We do have a product development vision, but no plan on how to 

reach it. 
 There are no connections between the organizational goals and 

what we develop.  
 The goals are not broken down to component level which makes 

it difficult to know how we perform.  
 The ambition level of the goal is unrealistic when combined with 

the available time.  



 
 
 
 

49

any profit, it is no good anyhow. We need to define what we should follow 
up, things that really lead somewhere. I want to see more intelligent goals. 

(Interview transcript, continuous improvement coordinator) 
 
She argues that without using what she describes as “intelligent goals”, the 
goals do not really reflect what the development organization wishes to ac-
complish. The work with goals is however not done after formulating or 
communicating them. The organization also needs to provide a plan for how 
different parts of the organization should act in order to fulfill the goals.  

Our goal is to grow, and I can agree with that. But we have to do something 
to get there. It is not enough to say it, no matter how many times we repeat it. 
We are falling short there. 

(Interview transcript, production representative) 
 
This is partly a matter of credibility, to prove to the organization that the 
goals have not been set ad hoc, but is part of a thought-through strategy. 
Even more importantly, helping people in the organization to make a con-
nection between goals and concrete action is a condition for giving them a 
fair chance of fulfilling the goal. All four case study organizations had diffi-
culties in making these connections.  

Box 6. Organizational needs related to goals. 

The experiences from the case study organizations indicate that it is im-
portant to have good goals that are broken down and communicated to rele-
vant parts of the organization.  It is however equally important to take action 
in the direction of the goals and give the organization the support to see how 
the goals could be fulfilled, see Box 6 above. Just setting a goal is not 
enough.  

Organizational needs 
 

The organizations need: 
 

 Clear goals that reflects what the development organization wish-
es to accomplish. 

 To assure that the goals are communicated throughout the organi-
zation.  

 To assure that the goals are broken down to local organizational 
levels. 

 To assure that all concerned parties are committed to a strategy 
on how to reach each goal. 
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3.4 Performance measurement 
The forth theme that emerged from the case study material was performance 
measurement. Though there are several difficulties associated with measur-
ing performance, doing so is a natural part of most businesses. In product 
development organizations, the long lead times and high complexity add on 
to general difficulties.  

The difficulties of using performance measurements range from problems 
with getting people to use existing metrics to finding the right things to 
measure and pursuing the measurements in a consequent way.  

In all four case study organizations, the majority of the performance 
measurements efforts were concentrated at the end of the development pro-
jects. Though the organizations had different solutions for the final follow up 
of development projects, all organizations had difficulties in pursuing that 
follow-up.  

We are supposed to follow up the business case six to eighteen months after 
having finished a development project. To my knowledge, this has almost 
never been done. 

(Interview transcript, middle line manager) 
 

Sometimes, the lack of follow-up was explained by reorganizations. The 
person officially responsible for checking in on a product release was new in 
the role, and had not been involved in the development of the product, and 
therefore, lacked background information to draw any conclusions on a fol-
low-up. Other times, the follow up failed because the parties concerned were 
involved in new products to such an extent that they no longer thought about 
the finished ones. The bottom line message was the same: people in the de-
velopment organizations felt that they had more urgent tasks than checking 
the status of long-since finished projects.  

Respondents from all levels of the case study organization also expressed 
a unanimous frustration that a vast majority of the performance measurement 
took place after an event had already taken place. They argued that a more 
proactive approach to performance measurement would be of more use for 
their work, and would therefore be more utilized than the current perfor-
mance metrics.  

Finding proactive measurements or early indicators was generally consid-
ered difficult. Several respondents however referred to this as a cultural 
problem. The reactiveness of the performance measures in use reflected a 
culture of reactiveness in the entire development organization.  
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We are a reactive organization. It is easy to measure a problem after it has al-
ready occurred; we do that to a large extent. But we should (and try to) work 
more with proactive measurement. It is change of the mindset. If we talk 
about concrete measurements, it is difficult; it is hard to find early indicators. 
But very often we know anyway. We have an ostrich-mentality, we bury our 
heads in the sand and hope for a miracle, or that somebody else takes care of 
the problem. The task force leaders should try and create a culture where all 
problems are flagged and handled immediately. 

(Interview transcript, middle line manager) 
 

The cultural dimensions of this problem were confirmed by the fact that 
several ideas of possibly useful early indicators existed in the organizations, 
but had not been tried out. Examples of such early indicators are to measure 
the time between flagged and solved problems, and time of field test starts. 
There were also ideas on using existing measurements, such as deliverance 
accuracy, in a more proactive way.  The difficulties of creating a pro-active 
culture are further discussed in Section 3.5.  

Another frequent comment was that the metrics focused too much on time 
and cost, and too little on quality. A customer to one of the case study organ-
izations called for some way of measuring good-enough quality, but without 
having any concrete ideas on how this could be done. She admitted that her 
organization in turn had the same difficulties in relation to their customers.  

Conceptions of quality are difficult to capture, because it is subjective. We 
measure for instance how much we can pack together, but that is only a small 
part of the experience. Our customers in turn knock on the product, sense it. 
When do we cross the line where the product starts to feel cheap? Those 
things are much more difficult to capture. 

(Interview transcript, customer) 
 
In addition to the lack of proactive metrics and metrics that reflect the quali-
ty dimension of product development, the respondents mentioned frustra-
tions related to how the metrics currently in use were handled. Both multiple 
metric owners and parallel IT systems caused confusion.  

One problem is the conflicts between different system and interested parties. 
The same metric can be owned and defined by different individuals, and ap-
pear in different IT systems. 

(Interview transcript, customer satisfaction representative) 
 

In some cases, the inconsistent definition and use of the metrics corrupted 
the data to the extent than no conclusions of the current or historical perfor-
mance level could be drawn by looking at the measurements. For instance, 
one of the case study organizations tried to evaluate the improvement of the 
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development process by looking at change in project lead times, only to dis-
cover that almost everyone that had used that metric over the years had had 
different definitions of the starting and ending times of development pro-
jects.  

This and other frustrations related to performance measurement are sum-
marized in Box 7 below.  

Box 7. Individual frustrations related to performance measurement. 

 
 
The evidence from the interviews point out a need for better definitions of 
current metrics, and a more balanced set of performance metrics. To become 
balanced, the current set of metrics needs to be supplemented with pro-active 
metrics and metrics focusing on quality rather than time and cost. This situa-
tion is the same for all four case study organizations.  

Defining and complementing the set of metrics would subdue many of 
the above described frustrations. To build a constructive performance meas-
urement culture, it is however also important to make active use of the 
measurements.  

KPI:s can be good to have, but the information needs to be used and worked 
with to become valuable. 

(Interview transcript, middle line manager) 
If the measurement data is not used, the effort to manage and perform the 
measurements becomes an unnecessary burden for the organization to carry.  

All respondents, including high managers, agree that performance meas-
urement is challenging. But as a middle line manager of one of the compa-

Individual frustrations 
 

 We do not measure anything! 
 The existing measurements are not used. 
 The metrics only evaluate things that have already occurred.  
 Most metrics are highly subjective. 
 As we do not know historical results it is impossible to indicate 

improvements.  
 The existing follow-up routines are irrelevant to the product de-

velopment process.  
 One metric can be owned by several persons and spread through 

several systems.  
 Data from measurements is not valuable if we do not take the 

trouble to work with them.  
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nies pointed out, the fact that it is difficult should not entail that they should 
stop trying.   

I am not fond of answers like "it is difficult to measure" or "we do not know 
how to do it". Our company uses measurements and follow up too little, and 
we get away with those kinds of arguments. We should try harder, we are too 
cowardly. 

(Interview transcript, middle line manager) 
 

In the end, a set of metrics that reflect what the organization wishes to ac-
complish would be better support than a set of metrics that reflect what is 
easy to measure.  

The organizational needs associated with performance measurement are 
summarized in Box 8 below.  

Box 8. Organizational needs related to performance measurement. 

 
 
The case study organizations were to a large extent stuck in measuring 
things that were easy to measure, rather than what the development organi-
zation would benefit from knowing. The difficulties with measuring perfor-
mance were described differently within different hierarchical levels in the 
organizations. Middle line managers and top managers talked about a need 
for cultural change. Respondents with more operative roles mentioned lack 
of support in using the metrics in the best possible way. Everyone agreed 
that lack of proactive measurements was by far the biggest problem in their 
performance measurement system.  

To sum up, the will to make more out of the performance measurement 
systems was in place at the case study companies, but people in the organi-
zations need support to pull that off.  

Organizational needs 
 

The organizations need: 
 

 A balanced set of metrics that reflects the critical aspects of the 
process. 

 Proactive performance metrics to support real-time actions. 
 To assure that all concerned parties knows how to interpret and 

use the metrics. 
 An understanding of the current level of performance to validate 

future improvements. 
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3.5 Qualitative performance management 
The fifth of the fourteen themes of the case study material is qualitative per-
formance management. Many things that are essential in product develop-
ment cannot be captured by metrics. These aspects of the development pro-
cess still need to be controlled and managed somehow. Finding a good struc-
ture for qualitative performance management can however be difficult. In 
particular, two issues related to qualitative performance management crystal-
ized; lack of feedback and an inability to act on indications that could not be 
reinforced with numerical facts.  

The picture that emerges from the interview data describes four organiza-
tions that rely heavily on quantitative metrics in the follow-up. Aspects of 
the work that were not covered by the quantitative metrics were to a large 
extent left unattended. As a result of this, many respondents were unable to 
know whether they were doing a good job or not. They described two strate-
gies for handling this; to rely on your own judgment, or navigating by nega-
tive feedback. The latter strategy was the most common.  

You often get negative feedback when something does not work and no feed-
back when it does. The desired outcome results in no comments. But it's a 
difficult balance; I guess that if everything was acknowledged, that would 
take the sting out of the positive feedback. 

(Interview transcript, technical developer) 
 

Though a few persons expressed uncertainty of how much feedback the or-
ganization could handle, a vast majority of the respondents said that more 
feedback, and in particular, more positive feedback would help them in their 
daily work.  

The lack of regular feedback was not limited to individual achievements. 
Respondents working in technical product development advocated more 
feedback about the quality of the final product, such as information about 
which solutions that worked out and why. With the exception of solutions 
that caused serious problems after reaching the customers, this information 
seldom reaches the development teams.  

Respondents throughout the development organizations called for more 
feedback between functions and process steps. Better feedback loops were 
particularly in demand: from market to the development project team, be-
tween project and purchasing, and between early research/technical devel-
opment and development projects.   

 
We miss a feedback loop between trading and product development, 

which is very likely one of the reasons that we sometimes miss our goals. We 
have cases where purchasers and suppliers have indicated very early on that a 



 
 
 
 

55

solution has not worked out, and yet it is pushed through all process steps un-
til we end up with a claim. But the ones who insisted in implementing that 
particular solution never get to know about that. 

(Interview transcript, purchaser) 
 
The lack of feedback resulted in poorer information quality and unexploited 
learning possibilities throughout the organizations. The other major difficul-
ty with quality performance management is however not related to lack of 
information, but with the type of information.  

Respondents in different positions of the case study organizations de-
scribe how they often know about a problem long before its effects are visi-
ble in follow-up mechanisms like quantitative measurements. For instance, 
project managers from all four case study organizations say that they get a 
feeling for how a project is going early on. This feeling is often proved cor-
rect later on in the project. This feeling is however often not considered 
enough to take action. The difficult part is not to identify the problems, but 
to act on problems even when there is no “proof” of their existence. Conse-
quently, problems are often passed on, until a point where the consequences 
become both acute and concrete.  

The organizations were aware of their habit of sending problems forward.  

The fact that we often pass on problems in the process has been known to the 
management board for a long time. The thing is just that nothing has been 
done about it. 

(Interview transcript, technical developer) 

All four case study organizations had this tendency of passing on known 
problems, but to different extents. A top manager in one of the organizations 
describes a culture where going back on an agreement does not have any 
consequences, and future delivery dates are referred to in a vague manner, as 
ambitions rather than sharp deadlines.  

There has been an acceptance in saying that we do our best and finish when 
we finish. It is way too forgiving to not deliver on time. 

(Interview transcript, top manager) 
 
She puts this in connection with a lack of ownership of the tasks.  

There is an attitude that somebody else has pushed too much work upon us, 
work that we will not manage to deliver, and therefore it is not our own fault, 
and not our own responsibility. 

(Interview transcript, top manager) 
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Respondents on more operative roles in the development process however 
feel that it is the management that lack commitment. They wish that manag-
ers and top managers in particular would ask more and better questions 
about the progress of ongoing projects. People in different positions in the 
development process thus believe that other roles are not as committed to the 
work as they are. This feeling is mutual. This situation was noticed in all 
four case study organizations, but was emphasized more by more respond-
ents in organizations that have a more hierarchical organization structure.   

These and other frustrations related to qualitative performance manage-
ment are summarized in Box 9 below.  

Box 9. Individual frustrations related to qualitative performance management. 

 
The aforementioned top manager believes that it is people in managerial or 
leading positions that can change the culture into a situation where everyone 
takes responsibility for their own tasks and trust others to do the same. She 
points out group leaders as having a key role in this. She is however aware 
that driving such a culture change would make heavy demands on individu-
als in leading positions.  

Other respondents also highlight both the importance and difficulties of 
good leadership.  

 

Individual frustrations 
 

 We only measure quantitative aspects of the product development 
process.  

 I do not get any feedback on my work. 
 It is difficult to see and understand the consequences of your own 

work.  
 Overlapping follow-up systems cause extra work.  
 It is way too forgiving to not finish tasks on time and miss a de-

livery. 
 Managers are not committed enough and do not pose the right 

questions.  
 It is difficult for us to act on problems even when we know about 

them.  
 Leadership is difficult. It is challenging having the strength and 

courage to lead and take conflicts every day.  
 We ought to be better at celebrating good initiatives.  
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The difficult thing is the leadership, to manage to lead actively every day and 
dare take a conflict from time to time. 

(Interview transcript, production representative) 
 
They wish that there was more support for people in leading positions. Cur-
rently, many leaders in the organizations are recruited from operative roles 
without experience if leadership. Experienced leaders however also ex-
pressed a wish for better support, arguing that getting input from others and 
getting the opportunity to discuss leadership issues would help them grow as 
leaders and avoid stagnation.  

This and other organizational needs associated with qualitative perfor-
mance management are summarized in Box 10 below.  

 

Box 10. Organizational needs related to qualitative performance management. 

To sum up this section, the case study organizations had a clear desire to 
follow-up qualitative aspects of the product development and getting more 
feedback on their work. In practice however, actions and decisions were 
mainly based on quantitative measurements, or “facts”. Even when for in-
stance a project manager felt sure about what was going to happen, they 
found it difficult to act on upcoming problems only based on a feeling. Both 
top management and operational roles advocated a cultural change, includ-
ing changed leadership and an enhanced feeling of personal commitment to 
the work.  

Organizational needs 
 

The organizations need to: 
 

 Assure short feedback loops between different functions and pro-
cess steps. 

 Assure that leaders on all levels get support and feedback to de-
velop their leadership skills. 

 Assure that everyone knows what to expect in terms of feedback 
and support.  

 Agree on clear consequences when a function departs from estab-
lished agreements. 

 Establish a culture celebrating successes. 
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3.6 Mutual understanding between functions 
The sixth theme that crystallized from the case study material was mutual 
understanding between functions. Many different functions with contrasting 
viewpoints are involved in product development, or become affected by the 
outcome of product development projects. The different perspectives some-
times make it difficult to understand one another enough to be able to per-
form a good job together.  

When talking about the different roles involved in a product development 
project, most of the respondents pointed out that the cooperation did not take 
place on equal terms. A core team, often consisting of technical developers, 
expects to receive supported from other functions. These other functions 
often feel excluded.  

It is too much "we" and "them". This problem is not isolated to development 
projects, but exists between almost all functions. It does however become 
particularly evident in development projects, where some roles work close 
together over a long period of time. 

(Interview transcript, purchaser) 
 

Several of the roles that were supporting, rather than part of the development 
project core team, expressed the feelings that their knowledge and function 
in the project were not viewed with the respect they deserved.  

A production technician suggested that the lack of respect was caused by 
an inadequate understanding of both the importance and workmanship of the 
work of the other functions.  

Many consider their own range to be the most important and think that every-
thing else can be fixed within two minutes. That is not the case, everything 
takes its time. And if something takes more time than predicted, it will affect 
the entire process flow. We lack the insight and understanding of this. 

(Interview transcript, production technician) 
 
The lack of mutual understanding for each other’s work caused a variety of 
frustrations, of which many were related to time management. Functions 
such as purchasing and marketing complained that they got involved in de-
velopment projects far too late. Technical developers and project managers 
on the other hand described how they kept sending invites to early project 
meetings, but that representatives from purchasing and marketing did not 
turn up, something they interpreted as lack of interest. A marketing manager 
assured that this was not the case. However, he and his colleagues were in-
volved in so many different development projects that attending to all meet-
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ings he got invited to would resulting in him not having any time left to do 
his actual job.  
 

As I am involved in many different projects in my role, it becomes too many 
meetings. There are at least one meeting per week and project. /…/ I am in-
volved in around 30 projects, depending on what you define as a project. 

(Interview transcript, marketer) 
 
The tendency to involve some functions too late in the development project 
did not only cause frustration, it also had consequences for the resulting 
product. A purchaser described how late start-up of procurement processes 
result in higher component prices.  

The schedule is often tight when a call for tenders is sent to suppliers. Some-
times they are asked to reply within 3-4 work days. This means that the sup-
pliers have to make a guess. There is no way they can make serious calcula-
tions (which includes contact with tool manufacturers) within that timeframe. 
They thus have to overstate the case. We would probably have gotten a better 
price if we had given them more time.  

(Interview transcript, purchaser) 
 
Other respondents from other case study organizations confirm this relation. 
When too little time is given, either the price goes up or the quality goes 
down. Cutting corners in terms of quality could result in rework or late 
changes later on in the project. It could also have a direct impact on the qual-
ity of the final product. A design manager related how he and his team were 
often forced to deliver solutions of a lower quality than they would like to.  

We are good at delivering on time, as we have the possibility of adjusting the 
quality level after the available time. It is however problematic, as construc-
tion sometimes thinks that our lead time can be reduced to almost nothing. 
But then the quality level is accordingly diminished. 

(Interview transcript, design manager) 
 
In the case of the design manager and his team, they worked around the risk 
of delivering solutions they could not be proud of by working harder. They 
often worked over-time to compensate for the insufficient time they were 
given to deliver a task. The manager tried to communicate this situation to 
project managers and technical developers, but without (yet) achieving the 
desired effects. He explained this as a lack of understanding for what the 
designer’s work involves.  
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Several other respondents, representing different roles in the development 
process had similar experiences of having difficulties communicating their 
needs and conditions to people from other functions. Some respondents sug-
gested that one aspect that added on to these difficulties was the different 
time horizons the respective functions act in.   

We live with so very different time horizons. In the marketing department, 
the customer sets the pace. A customer can call and we have to get someone 
on the spot within hours to discuss their problems. We at product develop-
ment are like tortoises in comparison, it takes us longer time to change direc-
tion and we work with a longer perspective in mind. 

(Interview transcript, product development manager) 
 

Box 11. Individual frustrations related to mutual understanding between functions. 

 
As a result of the different time horizons, one function can believe that they 
meet the needs of another role, when in fact they do not. A production tech-
nician exemplifies with how they once asked a development team to fix a 
problem “immediately”. The team did treat the problem as top priority in 
their process and delivered a solution within a week. During that week how-
ever, thousands of faulty products had already passed the production line. 
The people in the production had expected a solution within hours. They 
thought they had made an agreement, but were speaking different languages, 
where words such as “urgent” and “immediately” meant entirely different 
things.  

This and other frustrations related to mutual understanding between func-
tions are summarized in Box 11 above.  

Individual frustrations 
 

 Many people have unreasonable expectations of others, but not of 
themselves.  

 We think and act too much in terms of “us” and “them”. 
 We should interact more between functions. 
 We get involved way too late.  
 Late input from other functions causes late changes. 
 We are working in completely different time horizons. 
 Often they tell us exactly what to deliver instead of which prob-

lem to solve. 
 It is difficult to know to what extent we could work in parallel.  
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To solve these frustrations, the respondents suggest better insight and a 
clearer understanding of each other’s work situation. Several persons said 
that the best thing would be to offer the opportunity, or even require practi-
cal experience from other process steps.  

Everyone in the development process should have 2-3 weeks of working ex-
perience from each process step. That would be the best, but it is of course 
not so easy to organize. 

(Interview transcript, production technician) 
 
This would however require an organization-wide drive. None of the re-
spondents saw any possibility of organizing such an exchange of practical 
experience on a local level.  

There were however also suggestions that would be possible to imple-
ment more immediately. Another production technician in one of the other 
case study organizations explains several of the frustrations in Box 11 above 
with the way the functions communicate with each other.   

We [production technician and technical developers] should change the way 
we communicate with each other. We often say: "we want this", instead of 
"we would like to solve this problem". The construction department is better 
than us at construction solutions, it is their job. If we make a suggestion that 
is bad from a life cycle perspective, they will (rightly) turn it down. But what 
they don't understand is that the problem that made us make the suggestion is 
real.   

(Interview transcript, production technician) 
 
Other respondents agree that they often jump to conclusions too quickly, 
rather than focusing on describing the problem or requirements. The fact that 
this remains the case though several respondents are aware of the negative 
consequences indicates that support on an organization level might be re-
quired to bring about a change.  

This and other organizational needs related to mutual understanding be-
tween functions are summarized in Box 12 below.  

The call for a better mutual understanding came above all from the func-
tions that see the result of the development process, such as production, pur-
chasing and marketing. All four case study organizations had the same diffi-
culty involving all concerned functions in the product development projects 
on equal terms. Which function or functions were left out differed however 
between the organizations. Functions that were shown to have difficulties 
becoming engaged in the development projects at one or several of the case 
study companies include design, purchasing, marketing, production and 
quality management.  
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Box 12. Organizational needs related to mutual understanding between functions. 

 
On the positive side, both the left out functions and the rest of the develop-
ment organization had noticed the problem and wished to establish a better 
collaboration with each other.  

3.7 Understanding the customer 
The seventh of the fourteen themes identified in the clustering of the case 
study results is the importance of understanding the customer. On this topic, 
major differences were noticed in how the four case study organizations 
worked with customers and customer data. In particular, Volvo Cars stood 
out in this area, having an outspoken strategy on how to handle customer 
information as well as dedicated roles working exclusively with analyzing 
customer data. Irrespective of their current performance level, all four case 
study organizations however identified the understanding of customers as an 
area in which they wanted to improve.  

The three companies with a less developed strategy for working with cus-
tomer data relied to a great extent on the coworkers’ own experiences of the 
product.  

I do not think so much about the end customer, but we are discussing how we 
can improve regarding that. Knowledge about important customer parameters 
would prevent us from going astray, blinded by exciting but irrelevant ideas. 
Today, the customer perspective in the solutions is often approached by dis-
cussing what the project team thinks and what they believe the customer ex-
periences are. But that gives a distorted image. 

(Interview transcript, technical developer) 
 

Organizational needs 
 

The organizations need to stimulate understanding and respect for other 
functions by: 
 

 Assuring that everyone knows how long time different functions 
need to perform their work. 

 Assuring that requirements are focused on “what” and “why” ra-
ther than “how”. 

 Encouraging real-life experience of other functions work (e.g. 
through exchanges, study visits or previous work experience).  
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The company with the most developed strategies for handling customer data 
had also identified this as a potential problem. One of the respondents de-
scribed how everyone in the company had both knowledge and interest 
above average concerning the product and entire line of business, which 
singled them out from a more typical customer.  

One problem is that everyone that work here know so much about our prod-
ucts. We lack in understanding for how "normal" customers experience the 
products. 

(Interview transcript, customer satisfaction responsible) 
 
Using the experiences of the employees can however be a valuable comple-
ment to speaking to the customers, as this is not always enough. As Henry 
Ford presumably5 said; “if I’d asked people what they wanted, they would 
have asked for faster horses.” A head designer in one of the case study or-
ganizations pinpoints the product design as an area where asking for peo-
ple’s opinions are particularly difficult.  

When it comes to design and expressions, asking for people's opinions is not 
a way forward. You have to study people and interpret their reactions. It is 
dangerous to do what the customer tells you, in particular regarding expres-
sions. That leads to conformity, not to innovation. 

(Interview transcript, head designer) 
 
Similar lines of argument were conducted by technical developers. Whereas 
it is important to listen to the customers, they think that true innovations 
come from looking at the technology and explore new possibilities that no 
one had previously thought of. However, none of the case study organiza-
tions claimed to be even close to the point where they listened too much of 
to their customers. In two of the case study organizations, respondents in 
varying roles all agreed that they were rather having a too strong focus on 
technology. A technical developer was concerned that his product develop-
ment team, where most of the team members had a technical background, 
would be tempted to add on functionality that the customers would not be 
interested in.  

                               

 
 
 
5 There are plenty of references to the quote, see for instance (Medinilla, 2014; Merril, 2008; 
Muraya, 2012) I have however not managed to find it in any source published earlier than 
2003 (Sherrington, 2003), which makes me doubt its authenticity. Some claim the quote to be 
false (Neiburger, 2014). Nevertheless, it is a good story with a valid point.  
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There are many decisions to take, about technical solutions, but also about 
appearance, like coloring. A technician doesn’t care if the product is green or 
yellow, take whatever. But if the customer prefers yellow, we would need 
that information from marketing. They should also be more involved in early 
technical decisions, so we don't add too much technology and unnecessary 
functions that that the customer are not willing to pay for. 

(Interview transcript, technical developer) 
 
How to get the balance right between customer demands and technical ad-
vances was an ongoing discussion in all four case study organizations. 
Something that made this even harder was the difficulty to get feedback on 
solutions that the customers appreciated.  

When the product is launched on the market, we get feedback from our sup-
port department about things that did not work out or meet the customers' ex-
pectations. But we have no way of connecting positive customer feedback to 
what we did in the project, when we delivered features that the customer de-
sired. 

(Interview transcript, technical developer) 
 
Negative feedback and reports about problems were much more efficiently 
distributed than positive feedback in all four case study companies. The case 
study organizations experienced the same difficulty internally; the develop-
ment team received feedback when something was not working, but not as 
often when a solution was working well (see further Section 3.5). In the in-
teraction with the customers, both positive and negative comments should be 
forwarded to the development team. Otherwise, they might unknowingly 
change something that the customers appreciate.  

The complex nature of customer satisfaction adds on to the difficulty of 
understanding what parameters of the products that affect what the customer 
think about the product. One respondent working fulltime with customer 
data and customer satisfaction points out that the company risk to loose im-
portant aspects of the customer experience while working with the data.  

Customer satisfaction is a subjective reaction, a feeling within the customer. 
It is based on our complete offer, both what we actually deliver, but also on 
what the customer sees and gets from others. We cut this feeling and distrib-
ute the pieces in the organization, where they are handled in different ways. 
But we have to be aware that in doing so, we lose perspective. There is a gap 
between the true customer satisfaction and the data we are working with. If 
we sum up the pieces, we end up with something else than the customer satis-
faction we started with. This is important to keep in mind. 

(Interview transcript, customer satisfaction responsible) 
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Box 13. Individual frustrations related to understanding the customer.  

 
 
The experience of the customer can never be completely captured by analyz-
ing different aspects of the data, no matter how carefully this is done. The 
same respondents add that they often focus too much of what the customer 
thinks about the product, whereas the product in fact is only a part of the 
complete experience. Sometimes, the customer satisfaction can depend as 
much on other things, such as the reception by service personnel or the user-
friendliness of the user manual, than of the actual product. The above de-
scribed difficulties to understand the customers resulted in a number of frus-
trations among the coworkers of the case study organizations. These are 
summarized in Box 13 above.  

To get the better of these difficulties, several respondents argue that the 
organizations need to change the way they look at and used customer data. 
An experienced project manager would like to alter two aspects of how the 
customer data was used in her organization. First, she would like the organi-

Individual frustrations 
 

 It is easy to lose the understanding of how an average customer 
experiences the product. 

 We make too technically advanced solutions that do not add cus-
tomer value.  

 Our products are often introduced without assuring that the cus-
tomers understand the purpose of the product. 

 We get stuck in what is easy to produce rather than what the cus-
tomers want.  

 If we follow the customer requests to 100% the solution will be 
completely wrong. 

 If we ask what the customer wants, the answer is “everything”.  
 We do not have any customer information at all  
 We do not use information from customer complaints.  
 Available customer data is on the wrong abstraction level.  
 It is difficult to make good customer surveys that are useful in 

different countries and market segments.  
 How can we capture customer opinions about product functionali-

ty that the customer has not yet experienced? 
 There is no way of feeding customer reactions back to concerned 

parts in the organization. 
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zation to attend to the qualitative aspects of the customer experience and 
accept that not everything can be transformed into numbers. Second, she 
would like to increase the level of detail in the data.   
 

We could make more and better use of the customer data we have. Today it is 
often analyzed wrong, or too theoretically. A lot of the material that reaches 
the projects comes in the form of long Excel lists and gap analyses where 
everything, including subjective values, has been transformed to numbers. It 
does not say anything to know that we score 3.6 on a certain parameter. We 
have one department that is much better at working with customer infor-
mation. There you can talk directly to the technician who says: you need to 
alter this component so and so to improve the security level of the project. 
That is the detail level that has to be used if working with customer data shall 
pay off. 

(Interview transcript, project manager) 
 
To capture the qualitative aspects of customer needs, the project manager 
and other respondents state that making sure people in the product develop-
ment get first-hand experience of the life of the customer is a good strategy.  

This and other organizational needs related to understanding the customer 
are summarized in Box 14 below.  

Except that Volvo Cars showed a higher maturity in how they work with 
customer data within the organization, the organizational needs brought up 
by the respondents were similar in all four case study organizations.  

Box 14. Organizational needs related to understanding the customer. 

 

Organizational needs 
 

The organizations need to encourage and enable: 
 

 Real-life experience of product application from the customer’s 
perspective. 

 Competence on how to collect data about customers and competi-
tors. 

 Competence on how to interpret and use customer datas 
 Both customer focused and technology driven product develop-

ment projects. 
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3.8 Getting a system’s view 
The eighth out of the fourteen themes identified when clustering the empiri-
cal results was the importance of getting a system’s view of both the product 
and the process, in other words; to see the overall picture.  

The challenges related to getting a system’s view of the process derived 
from the way product development is collaboration between many different 
people in different functions. Though the four case study organizations had 
chosen different strategies on how to organize the product development ex-
pertise, they all struggled with the same underlying problem; the long dura-
tion and high complexity of a product development project makes it impos-
sible to have all required know-how gathered at the same place at all times. 
A technical developer means that this automatically leads to sub-
optimizations, and other respondents give her right. A middle line manager 
develops the reasoning.  

We are organized so that the final product is assembled by a number of dif-
ferent modules and sub components. But sometimes, the construction de-
partments of the different components are too strong. They get lost in their 
own drainpipe, which causes sub optimizations. 

(Interview transcript, middle line manager) 
 
The sub optimizations that the above middle line manager refers to can for 
instance be to add resources to one part of the project in hope of speeding up 
the pace, but not getting the desired effect, as some other function was the 
actual bottle neck. A technical developer describes this as a common situa-
tion in his organization:   

We overload some key functions, for instance the marketing department. 
Then we believe that things will get better if we toss in more people that pro-
duce constructions. But that is not where the problem is, the problem is the 
rest of the process chain.  

(Interview transcript technical developer) 
 

Another difficulty caused by lack of overview was problems related to hand-
overs.  

I miss a clear signal when the baton is handed over from one function to an-
other. A signal that would say: now we are here and from this point this and 
that role takes over to do such and such activities. Today, that is not out-
spoken.   

(Interview transcript production logistician) 
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Several respondents brought up similar issues, for instance unclear hando-
vers, tasks that were handed over before they were completely finished and 
too many handovers within a project. On one thing they all agreed; the more 
handovers, the more risk and potential problems were introduced to the de-
velopment process.  

Other challenges concerned the difficulty of getting a system’s view of 
the developed product. Without understanding the comprehensive picture of 
the product, it becomes difficult to understand the requirements of the prod-
uct, what parts of the functionality that are important and why.  

People do not get the comprehensive picture of what they are developing. 
They work with a sub component, but where and how will it be used? 

(Interview transcript, quality manager) 
 
As long as the developers lack this understanding of how the sub compo-
nents will be used, they will be reduced to using the exact formulations of 
the requirement specification as their guide, and getting difficulties when 
handling changes.  

A better understanding of the overall picture would be good, so that we could 
deviate from the plan without getting things wrong. But right now, it is very 
difficult to catch sight of the comprehensive picture. 

(Interview transcript, project manager) 
 
A quality manager at another case study company wishes that the require-
ment specification would be formulated differently. In her view, the re-
quirements focus too much on technical details and too little on non-
technical requirements that would help communicate the system’s view that 
she and other respondents advertise the loss for.  

I believe that the requirement specification should be designed differently. 
You could almost take away the technical aspects; they are fairly irrelevant 
for the overall picture. The other aspects are more important really, the tech-
nical perspective can be put on top of that later. 

(Interview transcript, quality manager) 
 
The focus on details rather than on the comprehensive picture made many 
respondents consider it difficult to get a system’s view both of the develop-
ment process and the developed product. As a result of this, they described it 
as difficult to make people take responsibility for anything outside the sphere 
of their specific tasks.  
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You cannot view a development project like: ok, we want this product, so we 
send something around the corner and wait to see what returns in five years. 
It has to be a common responsibility. 

(Interview technical developer) 
 
When passing on tasks without taking overall responsibility, problems are 
often pushed forward in the process. The person that suffers from a problem 
is the one that gets to solve it, rather than the one responsible for introducing 
the problem or the person best equipped to solve it. The respondents did not 
only blame others for not taking overall responsibility for development pro-
jects. Several interviewees admitted that they themselves often conduced to 
passing on problems. They were however not happy about this situation, but 
described this culture of passing on problems as highly frustrating. This and 
other frustrations related to getting a system’s view are summarized in Box 
15 below.  

Box 15. Individual frustrations related to getting a system’s view. 

 
During the interviews, some of the respondents had suggestions that they 
believed would help decreasing the above described frustrations. One of 
them was to minimize the number of handovers during a development pro-
cess. For instance, a middle line manager suggested that the organization 
should require key expertise to promise to stay on their position during the 

Individual frustrations 
 

 There are sub-optimizations.  
 Handovers take place before everything is finished.  
 It is unclear when we get something handed over. 
 There are too many handovers. 
 Requirement specifications are too technical and definite, it is of-

ten impossible to introduce changes even if they would benefit 
the product as a whole.  

 Without understanding the comprehensive picture everyone base 
decisions on gut feeling.  

 We have to be better at considering the comprehensive picture ra-
ther than one issue at the time.  

 We forward problems all the time. 
 The one suffering from a problem is the person who gets to solve 

it.  
 The team spirit – that we develop something together – is  

missing. 
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entire duration of a project. He also believed that staffing important projects 
with experienced personnel would help keep down the number of handovers.  
 

It is important to man prioritized projects with senior coworkers, and to re-
quire that they should stay for the entire duration of the project. 

(Interview transcript, middle line manager) 
 

Except a strategy for keeping down the number of handovers, the respond-
ents called for support to discover and communicate the comprehensive pic-
ture of development projects, something that was currently considered diffi-
cult.  

To create and spread an understanding of the overall picture is very im-
portant. Only that understanding can enable the different sections and func-
tions to take fact-based decisions. Without a comprehensive view, people's 
gut feeling will control the process.  

(Interview transcript, middle line manager) 
 
The organizational needs related to getting a system’s view of the develop-
ment process are summarized in Box 16 below.  

Box 16. Organizational needs related to getting a system’s view. 

 
Worth noting is that respondents from ABB and IKEA Components found it 
equally difficult to handle the challenges related to getting a systems view of 
the development process and developed products, as respondents from Sca-
nia and Volvo Cars, even though they are smaller organizations and develop 
products with a lower level of complexity.  

Organizational needs 
 

The organizations need to assure that everyone: 
 

 Understand the product system as a whole. 
 Understand their own role in the process and how it relates to 

others. 
 Strive to take a personal responsibility for the projects and pro-

cesses as a whole. 
 Strive to solve problems immediately rather than sending them 

forward. 
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3.9 Process model 
The ninth theme that emerged from the interview materials were the discrep-
ancy between the process model and reality. The nature of product develop-
ment entail that new internal or external conditions appear and new 
knowledge is gained during the course of a project, a fact that is not always 
covered by the process models.   

In the ideal world, we would have had a requirement solution covering the 
entire product lifecycle from the beginning. In reality, that is not always the 
case. Sometimes, we forget to specify certain properties, or we don't know 
how to do it, or changed market conditions affect the requirements. 

(Interview transcript, whole-product responsible) 
 
The documented development process models in the case study companies 
did not account for these dynamic aspects of product development, which 
caused problems in the organizations.   

Different development projects also differ from each other in terms of 
scale and complexity. While expressing frustrations caused by differences 
between the documented process model and their everyday reality, the re-
spondents also showed an understanding of the situation, arguing that it 
would be difficult to formulate a process that would suite all projects.  

There are no simple answers when it comes to these kinds of processes. What 
is good for one project would kill another. It all depends on what exactly you 
are developing.  

(Interview transcript, production technician) 
 
Nevertheless, to have a documented process model that was more adaptable 
than the ones currently in use was considered desirable. In particular, the 
respondents mentioned two areas where the gap between the process model 
and their everyday reality became apparent and where a more flexible pro-
cess model would be preferable; first, scalability and second, change man-
agement.  

There is a large variety in the size and complexity of different product 
development projects. The official process models at the case study organi-
zations were designed to suite large projects with a high level of complexity. 
For those projects, the process model was reported to be a good support. 
Some respondents however experienced the process model to be too detailed 
when managing smaller projects.  

For smaller and less complex projects, a number of questions arose. 
Should small follow the same process steps and decision points as larger 
projects? Could some activities be skipped without risking the quality assur-
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ance of the project? If so, which projects would be qualified for a process 
model light?  

These and similar questions occupied respondents on three of the case 
study organizations, and were most apparent at ABB, that had not agreed on 
a strategy for handling small projects.  

We do not have a routine for handling small projects; I am working with that 
right now. Our project management guidelines include a little information 
about which projects that should go through the complete stage gate model: 
in the first place large projects. But when we are making a change on a sub-
component, it falls outside the scope of our management routines. 

(Interview transcript, product family owner) 
 

One of the other case study organizations had a semi-official parallel pro-
cess, quicker and more flexible than the official product development stage 
gate model.  

 

Our development process can be sluggish, if followed to the letter. Some pro-
jects follow an adjusted process, approved by the top management, which is 
more flexible than the complete product development process. 

(Interview transcript, project manager) 
 
This parallel process was used to manage small projects, and also to some 
extent medium-sized high-priority projects. The quality assurance, which 
was otherwise used to motivate the rigidity of the official process model, 
was in this parallel process secured by using highly experienced process 
managers. Thereby, the company argued, the project manager would have a 
good feeling for what would be necessary for the project considering it’s 
unique circumstances, and what would not.  

IKEA Components and Scania used the same overall process model for 
all projects, but made the project managers free to take away activities with-
in each process step that were considered irrelevant.  

The other aspect where the process models fell short was change man-
agement. Nothing in the process model considered that changes almost al-
ways occurred in the development process.  
 

What the product development process model is not so good at is when 
something happens in a project. Nothing in the process considers that re-
quirements can change or tests can fail. 

(Interview transcript, quality manager) 
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Several respondents related to late changes as taking more risk. A project 
manager at one of the companies described two ways that late changes could 
hazard the product quality.  

We have a history of adding changes late in the development projects, caused 
both by new requirements from top management and new solution ideas from 
the project team. The consequence is quality shortcomings. Late changes are 
always a risk for the quality, partly because it's difficult to have time to fully 
assure the quality of the new solution, and partly because you focus too much 
on pushing through the novelties and therefore miss other things. 

(Interview transcript, project manager) 
 
This point of view was common for project managers and people working 
within the projects. Respondents in a manager position insisted to a larger 
extent of the necessity of making changes, also late in the projects. A whole-
product responsible called it unfortunate that project teams were often reluc-
tant to accept late changes.  

Some people at the company have the unfortunate mentality "do not come 
with any new ideas or suggestions, the design has been frozen". But nothing 
is ever completely frozen, even if we would wish to. The later we make a 
change, the harder it is to carry through, but if we have a problem we will 
have to solve it. Then we still need the new ideas, even when the design has 
been "frozen". 

(Interview transcript, whole-product responsible) 
 

Representatives from both viewpoints agreed that changes caused more 
problems the later in the projects they occurred, but found it difficult to find 
time and commitment to work proactively. This and other individual frustra-
tions related to the process model are summarized in Box 17 below.  

The risk associated with changes was considered particularly high if tak-
en without a good enough understanding of the comprehensive picture (see 
further Section 3.8). A technical project manager stated that introducing 
changes without the overall picture in mind risk to stops the entire produc-
tion process.  

Without knowing how a change will affect the big picture, it risks to stop the 
entire production process, which is extremely costly. To use too new tech-
nical solutions in development projects is to take a chance. Yet we do it, 
probably too often. 

(Interview transcript, technical project manager) 
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Box 17. Individual frustrations related to the process model. 

 
The technical project manager were supported by respondents from all case 
study organizations in her conviction that it was best to test new technology 
before applying it in product development projects.  

Another group of requirements on a future improved process model con-
cerned a better distinction between early technical research (R&D) and reali-
zation of commercial solutions (product development). Several respondents 
pointed out the importance of keeping the product development projects as 
clear from basic research as possible.  

We should endeavor to start many research and development projects and 
then use the learnings from them to prioritize between future product devel-
opment projects. Now all R&D projects aim to become product solutions. A 
started product development project should be realized, otherwise something 
is wrong, but in R&D, we should allow ourselves to test things that we later 
chose not to use. But today, it is considered a failure to cancel an R&D pro-
ject. Therefore, it is seldom done. 

(Interview transcript, marketer) 
 
Correspondingly, the respondents also wished that they were more open to 
several different solutions early in the projects, before the design freeze. 

The organizational needs in this section take the form of requirements on 
a better process model for product development, see Box 18 below.  
 

Individual frustrations 
 

 The process model is not scalable. 
 We lack a structure for managing small projects. 
 Noting in the process considers that we often have late changes.  
 We are not allowed to try out ideas without including them in the 

final solution. 
 We should be more open to alternatives early, before the design 

freeze.  
 Sometimes we have the mindset that we cannot include ideas 

that were not part of the initial design, even though the change 
would benefit the final solution. 

 We do not work proactively to avoid pitfalls. 
 It becomes very ceremoniously to change track when we have 

invested time and money on a solution that we could not finalize.  
 What is good for one project would kill another.  
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Box 18. Organizational needs related to the process model. 

 
IKEA Components stood out as having less concerns with their process 
model than the other companies. For instance, none of the respondents from 
that company described any difficulties with scalability of the process mod-
el. They also experienced fewer problems with change management. Neither 
their process model nor their routines for handling late changes differed 
however much from the other three case study organizations. What distin-
guished them from the other companies was instead the adaptable nature of 
the entire organization. Employees at IKEA Components were used to see 
both routines and roles changing several times a year and were used to con-
stantly having to adapt themselves to new circumstances. Change manage-
ment was thus a natural part of the company culture and the everyday-life of 
all employees. I believe that this is what made them more prepared to man-
age changes in the projects. The problems depicted in this section are thus 
manly based from the experience from the other case study companies.    

3.10 Process and decision flows 
The tenth out of fourteen topics derived from the interview data was process 
and decision flows. In a production environment, the process flow consti-
tutes to a large extent of physical artifacts that are moved along the different 
process steps. In product development however, the process flow is more 
abstract and constitutes of tasks and information that moves between func-
tions and phases. As unexpected situations are expected to happen in every 
project, the way decisions are made have a major impact on the process 
flow, wherefore these two flows are examined as one topic.  

Several respondents mentioned that neither they nor the organization at 
last had the ability to look at the development projects as a process flow. 

Organizational needs 
 

The organizations need a process structure that: 
 

 Is scalable. 
 Can manage changes. 
 Supports iterative work. 
 Distinguishes between R&D and product development. 
 Encourage consideration of alternative solutions early in the 

process.  
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Therefore, it was difficult to understand what was obstructing the flow and 
speed up the process. A middle line manager identified the administration as 
a hindering factor, especially when starting new projects.  

The current organization [for managing R&D projects] is way too ungainly. 
It is to a large extent civil disobedience that keeps the system running. The 
administrative decision process is way too slow; it can take a year from idea 
to started project if we follow it completely. The preparations are impeccable, 
but take way too much time.   

(Interview transcript, middle line manager) 
 
Just as in one of the examples described in section 3.9, the organization re-
lied on civil disobedience to work around the official structures in the organ-
ization. The middle line manager took an example of a recent project, where 
the project manager had personally taken the risk of running the administra-
tive process for requesting project upstart in parallel with the actual process, 
which resulted in a product that were release only weeks after the project got 
accepted. Most often however, the long lead-times were not made visible, as 
everyone looked more at their current personal work load than at the process 
as a continuous flow.  

One of the case study organizations (Scania) had an active discussion 
about how to improve the process flow at the time of the case studies. One of 
the difficulties they were struggling with was the form of the internal deliv-
eries. To get a smooth process flow and reduce work load peaks, deliveries 
in small batches and on predictable times would be preferable, but this was 
difficult to achieve in practice. 

Deliveries to us come in mixed forms, sometimes in large batches, sometimes 
in an effort to make a continuous flow. But it is difficult to predict when a de-
livery is on its way. Some things are completely controlled by incidents, such 
as deliveries from help desk. They concern customer cases in need of imme-
diate attendance. But to balance planned work within the department is also 
difficult as we have limited resources. We try however to reallocate the re-
sources based on need. When that is not enough, we work overtime. 

(Interview transcript, technical project manager) 
 

They tried to encourage people to make people decrease the batch sizes in 
the deliveries when possible, but established that some parts of the product 
development were incident driven and therefore difficult to plan.  

At several points during a development project, the ability of making 
good decisions quickly was necessary in order not to obstruct the process 
flow. Here, the case study organizations struggled with different issues. At 
IKEA Components, the decision power was delegated far down in the organ-
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ization, which enabled quick decisions. On the other hand, the project man-
agers did not have a forum to escalate decisions they were uncertain about.  

The business project managers are a bit lost sometimes. There are many sit-
uations where they have to make all the decisions all by themselves. We have 
to look over how, when and by who decisions in the product development 
project should be taken. 

(Interview transcript, quality manager) 
 

Volvo Cars had the opposite problem. With many decision levels and the 
decision authority kept centrally, the project managers sometimes felt im-
peded to take swift action even when needed.  

We have authority to take decision within "given frames", but it is sometimes 
unclear what this means. The different functions have to start a dialogue 
about who has the authority of doing what, which is unclear today. [One of 
the other departments] sometimes refuses to delegate decision power. There 
are some control freaks out there... 

(Interview transcript, technical project manager) 
 
The many decision levels combined with a habit to escalate every important 
decision several levels in the hierarchy sometimes made the decision process 
slow. In an effort to speed up the process, they designed a system of meeting 
forums, where a weekly meeting were held on lowest operating level on 
Mondays, on the next level on Tuesdays and so on. This meant that an item 
could be escalated to top management level within a week. The communica-
tion top-down was more difficult to maintain, wherefore these decisions, 
though thoroughly made, sometimes got lost on the way down.  

The company has many decision levels. Escalating decisions upwards in the 
organization works well, all the way from technical level to top management 
level. Escalating things downwards is however much more difficult. Most of-
ten, you have to ask for yourself: "how did it go with that decision you were 
going to take?" You have to keep a check. It is also common that decisions 
are taken in different forums. Sometimes, I have to run at four different meet-
ings to get information for one same decision. 

(Interview transcript, project manager) 
 
Again, one of the other companies had the opposite problem.  

There is an ok connection from the top downwards. The opposite direction, 
on the contrary, does not work out well. 

(Interview transcript, customer) 
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Box 19. Individual frustrations related to process and decision flows.  
 

 
Despite their different decision processes, all four case study organizations 
experienced difficulties in getting them work smoothly. The frustrations 
related to this are summarized in Box 19 above.  

Respondents from all four case study organizations agreed that it would 
be good to establish which decisions that should be taken in which forums, 
to avoid unnecessary uncertainty in the development process.  
 

Some respondents also called for help to visualize the process flow: 

The overall method support we have is a list of deadlines, not much more, 
maybe because we are such a large organization and it is difficult to know 
your place in the value chain. As soon as you learn that, you also begin to see 
the flow, but that takes time, over a year. It is not that we need more work in-
structions. [...] But it is important that the newly employed get into it right, 
catch site of the process flow. 

(Interview transcript, project manager) 
 
Visualized decision flows could also be of assistance when designing the 
long-term product development roadmap (see also section 3.1). A middle 
line manager in one of the organizations described how a long term plan was 
required in order to avoid peaks in the work load.  

The decision preparation of new projects will only work well if we have a 
long-term overall plan. Mostly it is important to know about future dates for 

Individual frustrations 
 

 It is difficult to get an even work load as work requests always 
come in batches.  

 It is unclear what obstructs the process flow.  
 We have too many decision levels, we discuss the same problems 

several times which makes them more difficult to solve.  
 We have to make quicker decisions and believe in what we are 

doing. 
 We do not dare to make decisions. 
 I am responsible for things over which I have no decision authori-

ties.  
 Too many people have the authority to reject projects if they per-

ceive that they are too busy.  
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start of production and final tests. New projects should be planned so that the 
integration points of different projects will not coincide. Otherwise it will in-
evitably results in major work load peaks. 

(Interview transcript, middle line manager) 
 
Only by looking ahead could the organization enable a continuous flow of 
deliveries in small batches, and thereby a more smooth process flow.  

The organizational needs related to process and decision flows are sum-
marized in Box 20 below.  

Box 20. Organizational needs related to process and decision flows. 

 
In this topic, the case study organizations showed both different approaches 
and different levels of maturity. Scania distinguished itself from the others 
by having a decision process that was as swift as IKEA Components’, with a 
quality assurance comparable with Volvo Cars’ and good communication 
both upwards and downwards like in ABB. This was achieved through a 
company-wide visual planning system of short and frequent stand-up meet-
ings and visual planning boards. Scania had also a more far-reaching internal 
discussion about how a smooth process flow could be achieved.  
 

3.11 Spread of information 
The eleventh theme derived from the case study data was spread of infor-
mation. In the knowledge intense environment of a product development 
organization, having access to the right information at the right time is of 
vital importance to be able to perform a good job. None of the respondents 
were happy with the way information spreading was working in their organi-
zation.  

Organizational needs 
 

The organizations need to: 
 

 Visualize process flows. 
 Encourage evenly distributed deliveries in small batch sizes. 
 Visualize decision paths. 
 Define in which contexts different decisions should be made. 
 Delegate decision power. 



 
 
 
 

80 

A variety of roles, with that in common that they were affected by one or 
several development projects, but not officially a part of the project team, 
reported that they did not get sufficient information.  

If you are not part of the project, but are an affected unit, you don't get suffi-
cient information. 

(Interview transcript, production technician) 
 

Members of development project teams on the other hand, were irritated, as 
they kept sending information and inviting other functions to meeting, with-
out getting any response, something several respondents interpreted as lack 
of interest. A purchaser described the situation like this:  

 

The information is there, in the same way as the [previously mentioned large 
number of] active articles, but it is impossible to get acquainted with every-
thing. We keep getting invited to project meetings, but we have to drop 90 % 
of them due to lack of time. I should guess that only 10% of my time is free 
from meetings anyway.  

(Interview transcript, purchaser) 

This conflict is further pictured in section 3.6. Lack of understanding is however not 
the only problem here. Several respondents described how they were struggling to 
find time to assimilate necessary information. One of the respondents was over-
whelmed by the amount of protocols he was expected to read.  

 The business project managers are positioned very close to each other, so 
they get a lot of cross-talk. That is not the case with the technical project 
managers; they should have a better dialogue. It is difficult to find time to 
read all the protocols we are expected to read, which is problematic as they 
contain information we really need. 

(Interview transcript, technical project management coordinator) 

He tried to communicate to his coworkers which part of the documentation he were 
not yet acquainted with, yet it happened that misunderstandings occurred because 
others assumed he knew things that he at the time did not.  

Uncertainty about who had, or should have certain information was an issue for 
other respondents as well. A technical project manager (from another organization 
than the above) complained about lack of well-defined forums for spreading vital 
information. As a consequence, much of the information was communicated ad hoc: 

Today, stakeholder information is spread ad hoc. It is depending on who gets 
the information in the first place, that person’s knowledge about who could 
be concerned and the individual commitment to communicate the infor-
mation. 

(Interview transcript, technical project manager) 



 
 
 
 

81

 
Several respondents had the feeling that they were expected to be updated on 
more information than they managed. In particular, several respondents felt 
that it was implied that that they should know everything to which they had 
access, even though this was not possible.  

All four case study organizations used IT systems to store various kinds 
of information. These systems were the subject of frustrations for several 
respondents. A purchaser described how it was easier to put new information 
into the IT system than getting relevant information out of it.  

There are many work instructions at the company, but nothing comprehen-
sive, nothing to explain how the work instructions are connected to each oth-
er or a process. The IT system is like a huge black hole where we keep throw-
ing in new descriptions without relating to what is already there. It is like if 
we never do the laundry, only buy new clothes and keep throw them into the 
biggest closet on the planet.   

(Interview transcript, purchaser) 
 
She was not the only person to be discontent with the IT systems, or the 
organization’s use of IT systems. Other concerns dealt with multiple systems 
used in similar purposes, causing extra work when the same data had to be 
logged twice, and a bigger risk to use misleading data.  

This and other frustrations related to spread of information are summa-
rized in Box 21 below.  
The respondents from all four case study organizations were agreed on what 
aspects of spread of information that were unsatisfactory. Several respond-
ents, in particular respondents in operating roles wished to find more time 
efficient ways of getting relevant information than at one hand meetings and 
at the other hand formal documentation such as meeting protocols. A mar-
keter referred to some alternatives that she was using: 

I do not have the possibility to attend all meetings, but there are other ways of 
getting up to date, such as calling or passing by somebody in the project 
check on the particular things that affect marketing. 

(Interview transcript, marketer) 
 

A top manager in the same organization observed another perspective on the 
abundance of meetings. The more time the employees spent in meetings, the 
less time they would have to actually do something, which in time would 
become costly for the organization.  
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Box 21. Individual frustrations related to spread of information. 

 

I believe it is possible to get too much cross functionality. Too many meet-
ings with too many people are not efficient. Something that has happened at 
the company during the last years is that people are attending more and more 
meetings, to get relevant information on something they are covering, or even 
just because it is exciting to hear about other projects and solutions. It is a 
dangerous direction that makes the efficiency of the development organiza-
tion to go down. 

(Interview transcript, production technician) 
 
Even though an almost infinite amount of information could be of relevance 
or interest for someone, it is not possible to have updated information about 
everything, at all times, as there are limits to how much time could be spent 
on processing information.  

This and other organizational needs related to spread of information are 
summarized in Box 22 below.  
 
 
 
 

Individual frustrations 
 

 I lack relevant information for my work. 
 I do not find existing information.  
 There is too much and too detailed information.  
 There are too many different IT systems for documenting infor-

mation. 
 Support systems for documentation are not user friendly.  
 It is difficult to determine which information that is relevant.  
 Our way of spreading information allow different interpretations, 

oral handovers cause ambiguity in the organization.  
 I have to spend too much time in meetings to get access to im-

portant information. 
 Subjective opinions consumes large amount of energy and meet-

ing time. 
 We get information too late.  
 It is difficult to enthusiasm people to look for existing infor-

mation.  
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Box 22. Organizational needs related to spread of information. 

 
The four case study organizations showed a high degree of concordance 
about both frustrations and needs related to spread of information. Though 
acknowledged as an important topic, none of the case study organizations 
had made sufficient efforts in for instance mapping which information a role 
were genuinely in need of. Instead they were acting as if following an infor-
mal policy saying the more information the better.  

3.12 Knowledge exchange 
The twelfth out of fourteen themes derived from the clustering of case study 
data was knowledge exchange. As knowledge can be said to be the capital 
that builds value in product development, strategies for knowledge exchange 
between employees becomes an important question for development organi-
zations, for instance knowledge exchange between newly hired and experi-
enced employees. When the urge to get a cost efficient development process 
increases, it also becomes increasingly important to make use of previous 
experience. This too requires knowledge exchange.  

During the interviews, the respondents expressed frustrations over unsat-
isfactory knowledge exchange. The concerns included making the same mis-
takes over and over again, and solving the same problems several times. A 
purchaser in one of the organizations described how she could go between 
projects running in parallel that were struggling with the same or similar 
problems, yet without sharing experiences with each other.  

As I take part in several projects at the time, I have experienced that two dif-
ferent projects can try to solve the exact same problem. The organization 
around this is weird. Sometime you get across the same problems in projects, 

Organizational needs 
 
The organizations need to: 
 

 Avoid having to update the same information on multiple places. 
 Assure that everyone knows where to find which type of  

information. 
 Assure that key information is received, not only made  

available. 
 Delimit the number of meetings per individual. 
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but when it happens, it does not seem to be any cooperation around these 
parts on management level. 

(Interview transcript, purchaser) 
 

The cross-talk between projects was not non-existent, but ad hoc. Without 
official forums for knowledge exchange, the employees of three of the four 
case study organizations felt that they were to a high extent depending on 
their personal network to catch and spread previous experiences.  

The knowledge exchange is very dependent on individuals. Sometimes, ideas 
are gathered but not used later on because they are difficult to find. The same 
goes for deign sketches. It would be good with a system or library that were 
easy to find your way around in, but to get that, someone would have to be 
responsible for it, because it would be a huge task.  

(Interview transcript, customer) 
 
The dependence of individuals were not as large in Scania, where the visual 
planning system, and in particular the regular stand-up meetings became a 
forum for knowledge exchange. The stand-up meetings caused a higher de-
gree of transparency between the projects. This made for colleagues with 
current or previous experience to find each other. Nevertheless, respondents 
of Scania felt that other aspects of the knowledge exchange were insuffi-
cient. For instance, Scania had recently performed an inquiry about the 
learning curve of new employees and wished to improve the knowledge 
exchange between new and experienced coworkers.   

We need to work on a more efficient acclimatization of new employees. A 
recent survey on how much a mechanic developer knows about tools after a 
year in the organization shows that the knowledge is low. It takes 2-3 years 
before an employee starts to pay back to the organization. In the beginning 
you take more resources than your work pays off.  

(Interview transcript, controller) 
 

Other frustrations were related to reuse of existing solutions, or rather; lack 
thereof. Two of the case study organizations, Companies A and C, described 
sever problems related to an abundance of different component solutions. An 
internal customer at one of the companies had made an effort to investigate 
the number of solutions in circulation in order to bring attention to the situa-
tion.  

Though 90% of the products are about three approximate widths, there are a 
large variety of detailed measures, which altogether make up 625000 possible 
combinations and that for only 325 unique products. That is insane. 

(Interview transcript, customer) 
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Bringing attention to the situation did pay off. At the time of the case study, 
the company was launching a large project aiming to decrease the number of 
active articles drastically.  

At companies B and D, and in particular Scania, worked with a module 
system in order to reuse product solutions, but even there, the respondents 
felt that there was more to be done:  

There is module thinking, but it is more about the possibility to add on func-
tions to an existing system [than reuse solutions]. The thoughts are there, but 
no one ventures to get at it, because it is a heavy task.   

(Interview transcript, technical developer) 
 

This technical developer put her finger on an issue that several respondents 
brought up; reluctance to initiate improvements, as the task would require 
time and resources that they neither had nor expected to get from the organi-
zation. Nevertheless, the company tended to lay the burden of building a 
platform on an existing development project 

Now that the company is going towards platform solutions, it becomes a 
huge investment for the first project that will build the new platform. 

(Interview transcript, technical developer) 
 

Two of the companies were starting to implement platform or module think-
ing at the time of the case studies, and one were in the planning phase of 
doing the same shortly (the fourth company had a well-established modular-
ization system already). None of these three companies had decided on 
which part of the organization would take the initial cost of implementing 
this, which caused frustrations among respondents that feared to get addi-
tional work on top of an already full schedule.  

The plans for implementing modularization also provoked a recurrent 
fear among the respondents: that the increasing demands on efficiency in the 
development process would cause decreased creativity and innovation 
height. Some respondents could not see how creativity could be retained in a 
modular system. A middle line manager refers this attitude to lack of 
knowledge, saying that many of her coworkers confused modularization 
with an extreme form of component standardization.  

We should break down the products to modules based on customer require-
ments and turn them over in our minds. Here, we need support with the 
methodology. Otherwise, we risk getting stuck with sub optimizations and 
fail to find the right clusters and modules. We have had examples of that, 
when we have started on component level, looking at what could be reused. 
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But if we do it like that, we freeze the components, forcing them to stay the 
way they are forever instead of working with modules based on customer re-
quirements. If we start working with this on our own where we are now, we 
are in great risk of only standardizing components, which would be negative. 

(Interview transcript, middle line manager) 
 
She and other interviewees with more knowledge about the differences be-
tween modularization and standardization were instead worried about how 
they would get the rest of the organization to get a better understanding of 
the topic, and how they would approach the difficult challenge of finding the 
right module interfaces. 

The individual related to knowledge exchange are summarized in Box 23 
below.  

Box 23. Individual frustrations related to knowledge exchange. 

 
Some of the above frustrations were formulated as both frustrations and or-
ganizational needs by the respondents. Several respondents returned to the 
fact that there is knowledge that cannot be captured in written form (so 
called tacit knowledge). Exchange of this type of knowledge is not captured 
by traditional documentation such as white books and lessons learned re-

Individual frustrations 
 

 We do not use existing or previous solutions. 
 We do not capture project experiences. 
 We spend time on documenting things that no-one uses. 
 We make the same mistake several times. 
 Knowledge exchange is highly depending on personal network 

and informal communication.  
 Tacit knowledge is difficult to document. 
 Documented knowledge ages quickly.  
 It is difficult to have time to assimilate documented knowledge. 
 Crosstalk between projects and functions is often ad-hoc.  
 We have too many sub-components that serve the same purpose. 
 We need to work more modular, but it is difficult to find the right 

interfaces.  
 The project that develops the first modular solution becomes very 

extensive and hard to manage.  
 I am afraid that increased modularization would result in a less 

creativity.  
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ports. Instead, it requires practical experience. An experienced project man-
ager on one of the companies reasons like this on the matter:  

There are different white book systems, but the best way of working with les-
sons learned is to build up experience, learning by doing, participating in 
consecutive projects. When you are young and ambitious and hungry for a 
career, it is likely that you do exactly what the managers tell you to do, even 
when a more critical approach would have been better. You have to get a line 
in what you are doing and that you cannot make up theoretically. You need 
maturity and experience.  

(Interview transcript, project manager) 
 

For the type of knowledge that is possible to capture in writing, the main 
difficulty was described as making sure that the information gets written 
down and read by the persons that needs the knowledge. A continuous im-
provement manager tried to make his team incorporate all improvements 
directly in the technical documentation, drawings etc. so that the people con-
cerned would get the information without having to find and read additional 
documents.  
 
 

My group tries to bring improvements back to the developing guidelines, 
among other things through the permanent staff in the line. There are re-
quirements about writing lessons learned, but it is much more efficient if you 
could implement changes directly in the carrier of hardware information, 
which is to say drawings, blueprints, technical documentation etc. If not, it 
does not have any effect. 

(Interview transcript, continuous improvement manager) 
 

By including the improvements in directly in the carrier of the hardware 
information, he also decreased the amount of outdated information going 
about.  

The organizational needs related to knowledge exchange are summarized 
in Box 24 below.  

To summarize, respondents on all four case study organizations ex-
pressed an understanding of the importance of a well-functioning knowledge 
exchange. A majority of the respondents also had plenty of ideas on how the 
knowledge exchange could be improved in their organizations. What pre-
vented them from realizing the ideas was lack of time and resources. Im-
provements on the infrastructure for knowledge exchange were expected to 
be made on top of their regular tasks and other improvements. The compa-
nies seems reluctant to invest time and resources in improving the 
knowledge exchange, relying on that it would pay back in due course. This 
was a challenge for all four case study organizations.  
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Box 24. Organizational needs related to knowledge exchange. 

3.13 Competence 
The thirteenth topic identified in the clustering of interview data was compe-
tence, i.e. the importance of having employees with the right skills and 
background at the right places in the organization, and to make the most out 
of the coworkers’ competence.   

Several respondents felt that they could not do justice to themselves, ei-
ther because their full potential were not used, or because they had to per-
form tasks they did not fully master. As an effect of the latter, valuable ener-
gy are removed from the organizations.  

We should put more efforts into fixing boundaries. Today, lot of energy is 
consumed without adding value to the projects when we focus on things out-
side of our competence. 

(Interview transcript, middle line manager) 
 

A technical developer refers the situation to a reluctance to ask for help:  

People do not ask for help. We rely very much on invisible heroes, and eve-
ryone is supposed to know everything. If something is out of my competence, 
I either try to learn it or do it as well as I can anyway. Sometimes, that atti-

Organizational needs 
 

The organizations need to: 
 

 Assure that development teams use or build on previous solu-
tions unless they have good reasons not to do so. 

 Assure that improvements are documented at the source (e.g. in 
drawings or guidelines) rather than in separate documents (e.g. 
lessons learned reports). 

 Encourage and enable increased product variety with decreased 
product complexity. 

 Encourage and enable learning by hands-on experience to accel-
erate creation of tacit knowledge. 

 Encourage and enable mentorship to accelerate exchange of tacit 
knowledge. 
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tude leads to half measures, but at least I did not have to bother somebody 
else. Everyone has lots to do and no one wants to cause somebody inconven-
ience. 

(Interview transcript, technical developer) 
 
Another reason for not asking to help was lack of knowledge about which 
support there was to get. A technical developer commissioned to support 
development project with expertise on quality management tools such as risk 
analysis with FMEA (Failure Mood and Effect Analysis) reported that she 
often was left out from FMEA events, as the project teams were not aware of 
her special competence.  

I am a part of projects (on component level) where I'm supposed to give sup-
port with problem solving and help out on FMEA events as a method expert. 
This is however not always the case. It happens that I am not invited to 
FMEA meetings. As I belong to another department not everyone knows who 
I am and what I can help out with. 

(Interview transcript, quality focused technical developer) 
 
This technical developer and other respondents that had experienced that 
they not able to make full use of their skills and competences both felt frus-
tration for their own part and described it as a waste for the organization.  

This and other frustrations related to competence are summarized in Box 
25 below.  

Box 25. Individual frustrations related to competence. 

Individual frustrations 
 

 My full knowledge potential is not used.  
 Some people do not have the competence that is necessary in 

their role.  
 Specialist competencies become a bottle-neck in the projects.  
 No-one becomes a specialist since everyone is expected to know 

a little bit about everything.   
 Some people do not see the role of their competence in product 

development.  
 We waste a lot of time when assigning people tasks outside their 

competence area.   
 You need a personal network to find the right competences when 

you need help from someone else.  
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One frustration that appeared at three of the four case study companies was 
the high dependence of personal networks. A large organization houses em-
ployees with many different personalities, both outgoing and more introvert 
persons. A technical developer who ranks himself among the latter wished 
that there was some kind of formal competence mapping or similar structure 
that persons with smaller personal network could rely on.  

We talk a lot about the importance to know people, having coffee with them, 
but that need is probably all about a lack of structure. I am not a contact-
seeking person, I do not network so much. I should wish that there were a 
clear structure where you could identify who knows and can do what. 

(Interview transcript, technical developer) 
 
A respondent from one of the other case study companies made the same 
suggestion. He added that this would make it a lot easier for newly employed 
to get into the work, as organizational-wide personal networks takes plenty 
of time to build even for persons with good networking skills.  

A better mapping of the individual competences would also be a help in 
resource allocation. A middle line manager believed that the development 
project would work out better if not only the number of available resources, 
but their competences were considered while planning the projects.  

In an ideal world, we should not only look at the number of available re-
sources, but on exactly which competences that is free at present. We do that 
to some extent, but could be done more. 

(Interview transcript, middle line manager) 
 
Considering individual competences in resource allocation would also be a 
way of visualizing bottle neck competences, i.e. competences where the 
demand is greater than the supply.  

This and other organizational needs related to competence are summa-
rized in Box 26 below.  
All four case study companies said to value the competence of the employ-
ees high, and were both positive and generous in their attitude towards fur-
ther training of the employees. However, more could be done to take ad-
vantage of the competences that the employees already had.  
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Box 26. Organizational needs related to competence. 
 

3.14 Organizational conditions  
The last theme derived from the case study data was organizational condi-
tions for product development. A well-functioning product development 
organization could be organized in different ways. This theme covers issues 
related to what the interviewees experienced as either sub-optimal (or ad 
hoc) organization or poorly communicated organizational structures.  

A group of respondents, representing a variety of roles and from different 
companies expressed an uncertainty about what exactly their roles embraced. 
Consequently they were not entirely sure what was required from them and 
were worried that they were missing things they should be doing. A highly 
experienced production technician observed that important tasks were quite 
often overlooked in the development process.  

As the responsibilities are not always clear, we often drop many of the balls 
we are juggling. It is not specified how the handovers are supposed to take 
place, and who should be speaking to who. 

(Interview transcript, production technician) 
 
One result of the inadequate role descriptions were thus unclear handovers. 
Poorly defined handovers from the project or product perspective has been 
further pictured in section 3.8. Though sometimes getting the same conse-
quences, lack of clearly defined roles are not the same as poor overview of 
project handovers. Most of the respondents that brought up this topic experi-
enced this as a highly personal frustration; not knowing what is expected 
from me.  

Organizational needs 
 

The organizations need to: 
 

 Map the competences in the organization to clarify who knows 
what. 

 Establish a competence balance between deep and general 
knowledge.  

 Encourage training and continuous learning.  
 Consider individual competences when allocating resources. 
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Some respondents also described a difficulty to know what they could 
expect from others.  

This is a known "problem" at the company, everyone is super nice, and we all 
are each other’s buddies. This means it is difficult to demand things, you can 
only ask nicely. If the task not gets done, you can only ask again, even more 
nicely. 

(Interview transcript, technical developer) 
 

He believed that clearer role descriptions would make it easier to ask for 
things without getting the feeling of being rude or unkind.   

Besides the roles, there are other aspects of the organizational structure 
that needs to be clearly defined and communicated. Three out of the four 
case study companies struggled with the balance between the project and the 
line organization. Two of the organizations went so far as saying that there 
project organization could be described as non-existing.   

Our development projects are not really projects, because they do not have 
dedicated resources. We call them projects, but they are run in the line organ-
ization. 

(Interview transcript, production technician) 
 

To choose to run the development projects in the line organizations were not 
considered to be a problem per se by all the respondents speaking about this. 
However, vague authority borders in the line/project matrix caused confu-
sion. As a result, difficult questions were sometimes circulated in the organi-
zation before finally getting resolved.  

Project managers in three out of the four case study companies sometimes 
felt their hands were tied, and that they could not do what they knew would 
be best for the project.  

From the projects' point of view, the line does not deliver on time. The line 
replies that it is because the work orders from the projects are changed all the 
time. We don't get crucial decisions and well-functioning deliveries until we 
are building testable prototypes. As a project, we can only lay orders in good 
time and keep asking the line about it. That is because of the line organiza-
tion, that the projects don't own the budget of the developing resources. That 
is a weakness in the system, as it decreases the projects' possibilities to solve 
problems and make good decisions. 

(Interview transcript, project manager) 
 

Even though the projects sometimes got run over by the line organization, all 
four companies struggled to find time and resources to perform tasks that fell 
outside the scope of development projects.  



 
 
 
 

93

Box 27. Individual frustrations related to organizational conditions. 
 

 
This and other frustrations related to organizational conditions are summa-
rized in Box 27 above. For most of the above described frustrations, the re-
spondents called for better definitions of the roles related to product devel-
opment, and better communication about the current prerequisites.  

As for the concerns related to creativity, the respondents believed the on-
ly solution was to have space and time to work with creative ideas and being 
allowed to try out also solutions that might not lead all the way. Some re-
spondents wished to schedule earmarked time for creativity. A middle line 
manager did not agree:  

According to the coworker survey, we have a creative climate at the depart-
ment, but many claim not to have time to engage in creative activities. Some 
believe that we should schedule creativity time, but I don't think that is a 
good idea, you cannot be creative to order. However, we should become bet-
ter to catch creative ideas and schedule time to develop them further. 

(Interview transcript, middle line manager) 
 

Even though she did not believe in scheduled creativity time, she agreed that 
the company at large had to take its responsibility in not streamlining the 
development organization too much.  

This and other organizational needs related to organizational conditions 
for product development are summarized in Box 28 below.  

 

Individual frustrations 
 

 I do not know what is expected of me, or what I can require from 
others.  

 Who is responsible for the product when the project group has 
been dissolved?  

 There might be someone with holistic understanding of the prod-
uct, but I do not know who it is.  

 It is not possible to be creative on schedule, but there should be 
dedicated time to proceed with creative ideas.  

 The release date restricts the height of innovation.  
 Some tasks are circulated in the organization.  
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Box 28. Organizational needs related to organizational conditions. 
 

 
The organization needs to take responsibility for things in the development 
process that falls outside the scope of individual development projects. Sev-
eral examples from all four case study organizations shows that expecting 
development projects or roles to manage substantial improvement work on 
top of their ordinary tasks does not fall out well.  
 

  

Organizational needs 
 

The organizations need to: 
 

 Assure that the roles are well-defined and clearly  
communicated. 

 Assign a specific role with life-cycle responsibility of each prod-
uct system as a whole. 

 Assure that the responsibility of every critical task is distributed 
to a role or function. 

 Support the development of creative ideas by allowing time and 
resources to do so. 
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3.15 Summary of empirical result 
The previous sections have pictured challenges that the four case study com-
panies experienced in their work with product development. The fourteen 
thematic groups presented in this chapter were derived directly from the 
interview material. Rather than fourteen distinct groups, the topics brought 
forward by the respondents were like a sliding scale. Reasoning on one topic 
always resembled or related to others. As a consequence, the borderlines 
between the categories could have been drawn on other places, resulting in 
more or fewer thematic groups. The order in which the topics were presented 
was chosen to reflect the resemblance between them, so that each topic relat-
ed more to the adjacent thematic groups than to others, see Figure 5 below.  

Figure 5. Gradual transition of the categories. 
 
Among these fourteen topics, three groups of themes could be observed, 
where the topics within each group had more in common among themselves 
than with the others. These groups are pictured in Figure 6 below. In the first 
theme, stretching from “Strategic directions” to “Qualitative performance 
management”, the individual frustrations were caused by an uncertainty of 
the current and expected level of performance, and in which directions the 
respondents should concentrate their efforts. The organizational needs cov-
ered possible ways of clearing up these uncertainties. In other words, this 
first theme is all about understanding what the development organization is 
aiming for, both now and in the future. 
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Figure 6. The fourteen topics constitute three overall groups. 

 

In the second theme, stretching from “Mutual understanding between 
functions” to “Getting a system’s view”, the respondents called for a deeper 
understanding of the development organizations at large. They called for a 
better understanding of other people’s situation, including both customers 
and colleagues from other functions, and a better comprehensive understand-
ing of products and projects. This understanding would help them recognize 
the reasons behind what is going on, thereby decreasing irritation over seem-
ingly illogical choices of paths and enabling better decision making. In other 
words, the second theme focuses on why things happen the way they do in 
the development organizations.  

The third theme covers a variety of topics, with that in common that they 
are related to the execution of the product development and how the infra-
structures in the organization affect the development projects. Underlying 
topics included for instance the design and structure of the decision process-
es and how the different responsibilities were divided over various roles, and 
between development projects and the line organization. In other words, the 
third theme is about how the organization has to do to execute development 
projects. The three themes are pictured in Figure 7 below.  
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Figure 7. The empirical results covers what, why and how in a PD organization. 
 
The biggest differences between the case study organizations were shown in 
the third theme; how. The four companies had at some points choose differ-
ent strategies in there strive to reach their goals. For the themes what and 
why, there was a large degree of concordance between the case study organ-
izations. Though they sometimes differed in amount of experience and level 
of maturity, the respondents brought up similar reasoning.  

All fourteen topics, also the ones in the third group, have coverage in all 
of the case study organizations.  

What, why, how: cornerstones for a sustainable work system 
What, why and how are the cornerstones of the sense of coherence model 
(Antonovsky, Cederblad, Elfstadius, & Lundh, 1991; Antonovsky, 1993) 
that is a theory for explaining well-being in individuals and groups. The 
sense of coherence model can also be used when analyzing or creating sus-
tainable work systems (Uppvall 2009).  

To reach a sense of coherence in an organization, thereby contributing to 
a sustainable work system and personal growth of the employees (Kira, 
2003), the environment has to be experienced as comprehensive, meaningful 
and manageable.  

A comprehensive situation means that the employer gets structured, con-
sistent and clear information about what is to be done (Uppvall 2009).  

A meaningful situation means that the employee feels committed to the 
work and is willing to invest energy into the tasks (Antonovsky et al., 1991). 
The employee needs to perceive the whole work process, and his or her role 
in the overall picture as meaningful (Uppvall, 2009).  Understanding why the 
process and interplay between functions are designed the way they thus help 
creating a feeling of meaningfulness.  
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In a manageable situation, the employee can see that there are sufficient 
resources available to carry out the task and a plan on how to do it, so that 
the employee trusts that the task can be coped with.  

All these three cornerstones must be present synchronously to achieve 
sense of coherence and a sustainable work environment (Antonovsky et al., 
1991). The consequence of the sense of coherence model for this study is 
that the best overall performance will be achieved if none of the fourteen 
topics covered by this chapter should be left too far behind the others. They 
should, as far as possible, be improved together.  

3.16 Generalization of the case study results 
One of the most common objections to case study research is that it is diffi-
cult to know whether or not it is possible to generalize the results (Yin, 
2003). Experience from one organization might not be valid in a company 
with different organizational structure, and thereby different mechanisms for 
communication and quality assurance. This section compares the case study 
companies with common organizational structures, in order to evaluate the 
possibilities to draw general conclusions from the case study results.  

Henry Mintzberg’s organization types 
In the late 1970’s, Henry Mintzberg published an influential study on organ-
izational structures (Mintzberg, 1979). He investigated in detail structural 
elements and contingency factors that affected how companies came to or-
ganize (Mintzberg, 1979) and manage the work (Mintzberg, 1973). Later 
research indicates that a majority of Mintzberg’s propositions are still valid 
in modern organizations (Lunenburg, 2012; Tengblad, 2006).  

According to Mintzberg, there are five typical structural configurations 
(Mintzberg, 1980). The first one, the simple structure describes an organiza-
tion small enough for all employees to know and meet each other face to 
face frequently, in other words where no formalized communication or su-
pervising mechanisms are necessary to control the work. All companies that 
grow larger than that will eventually come to resemble one of the following 
four typical structural configurations (Mintzberg, 1979).  
 

The machine bureaucracy  

In the machine bureaucracy, the work is highly specialized, and the power is 
centralized. There is a sharp distinction between line and staff, and coordi-
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nate the work through extensive process standardization. The machine bu-
reaucracy typically operates on stable markets, using technology that has 
been developed over a long time. Most often, the machine bureaucracy is a 
large company. (Mintzberg, 1979, 1980) The most typical example of ma-
chine bureaucracies are automotive companies (Mintzberg, 1979).  

As Volvo Cars is an automotive company and also shares many of their 
characteristics with this structural configuration, I conclude that the product 
development organization of Volvo Cars is a machine bureaucracy.  
 
The professional bureaucracy  

The professional bureaucracy resembles the machine bureaucracy in its 
overall structure, but the power is more decentralized and the quality of the 
work is assured through training and skill standardization rather than exten-
sive documentation and process standardization. The way the professional 
bureaucracy decentralize both decision power and administrative tasks re-
quire a higher level of mutual adjustment, which means that meeting forums 
need to be established across functions and hierarchical levels. The profes-
sional bureaucracy can be middle sized to large (Mintzberg, 1979, 1980). 

Being an automotive company, it would likely to assume that Scania is a 
machine bureaucracy too. However, their work with visual communication; 
the regular pulse meetings and the companywide system of stand-up meet-
ings visual boars has enabled a higher degree of decentralization and mutual 
adjustment than can be found in a machine bureaucracy. In fact, when com-
paring Scania’s communication and standardization mechanisms with 
Mintzberg’s structural configurations, I conclude that the product develop-
ment organization of Scania is a professional bureaucracy.  
 
The divisionalized form  

The divisionalized form consists of several autonomous units, with a high 
degree of the decision making decentralized at the divisional level. There is 
little coordination among the separate divisions, but results, controlled by 
standardization of output, are reported to the central top management. The 
central headquarters also provide some services to the divisions. At division 
level, the organizations often resemble smaller versions of the machine bu-
reaucracy. (Mintzberg, 1979, 1980) 

Comparing this organizational structure with the case study companies, I 
conclude that the product development organization of ABB is a divisional-
ized form. 
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The adhocracy  

The last organization type is very different from the others. The adhocracy is 
organic rather than bureaucratic, with little formalization of behavior. The 
organization is flat and in change often. The line-staff distinction is blurred 
by partly giving formal authorities to staff personnel, and much of the work 
is done in market based groupings. The aim of the adhocracy is to quickly 
adapt to a changing environment (Mintzberg, 1979, 1980).  

The same attributes characterize IKEA Components, wherefore I con-
clude that the product development organization of IKEA Components is an 
adhocracy.  

Consequences for the generalizability of this study 
On the assumption that organization structures, communication mechanisms 
and strategies for quality assurance are factors that affect how people in an 
organization experience the work, the prospects of drawing general conclu-
sions from this case study are good. Though the four case study companies 
each represent one of the four type organization, the problem description on 
which challenges they experience and how, is still cohesive. This means that 
other organizations that fall under one of the four above described categories 
(or between two of them) could be expected to experience similar challenges 
as the case study companies. Two things are however worth noticing. Firstly, 
that all four case studies were carried out in Sweden (even though the stud-
ied companies are active globally). Potential cultural differences will there-
fore not be covered by this work. Secondly, that the case study companies 
were chosen because of their strong product development traditions and that 
less experienced development organizations consequently are likely to expe-
rience other challenges on top of the once described in this thesis. 

The first research question of this thesis is: how do product development 
organizations in industry experience the challenges of their everyday work? 
The present chapter has approach that question by portraying the challenges 
experienced by four product development organizations. As all possible 
structural configurations for organizations are represented by the case study 
companies, it is reasonable to assume that the results are at least partly valid 
for other product development organizations as well. Research question one 
is thereby answered in full.  
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4. What is Lean Product Development? 

During the past twenty-five years, Lean Product Development (LPD) has 
become an established methodology. Companies in various lines of business 
have dramatically improved their product development performance by 
working with LPD principles (Liker & Morgan, 2011; Oosterval, 2010; 
Schipper & Swets, 2010; Taipale, 2010) and much has been written about 
the concept. There are however several different approaches to the concept 
and no real consensus about how the concept should be defined (Hoppman, 
Rebentisch, Dobrowski, & Zahn, 2011; León & Farris, 2011; Welo, 2011) 
which can be confusing (Pernstål, Feldt, & Gorschek, 2015), especially for 
someone that is familiar with enablers to the concept but not with the con-
cept at large (Karlsson & Åhlström, 1996b; Tortorella, Marodin, Castro, & 
Fogliatto, 2016). In research, the lack of consensus makes it difficult to dif-
ferentiate and compare LPD with other state of the art practices for product 
development.  

This chapter, based on a review of LPD literature (92 journal articles, 7 
book chapters and 23 books), clarifies how the different groupings in previ-
ous LPD research relate to each other. This is done in two steps. An histori-
cal overview of the LPD concept is presented in sections 4.1 and 4.2. The 
remainder of the chapter then presents a comprehensive LPD framework. 
The principles and methods mentioned in the historical overview are further 
explained in section 4.4.  

4.1 The evolution of Lean Product Development 
Some of the methods and ways of thinking in Lean Product Development 
originate back to quality management methods from the 1950’s and even 
earlier. Before the 1980’s however, the methods were mainly promoted indi-
vidually. The overall concept that later became LPD began to take form in 
the 1980’s.  
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80’s and early 90’s: Lean production and Japanese product 
development 
During the 1980’s, the steadily increasing results of the Japanese export in-
dustry caught the attention of the western world. This evoked a global inter-
est in Japanese management methods, Japanese quality management in par-
ticular. The Japanese total quality management (TQM) was characterized by 
combining positive leadership and methods for statistical process control and 
other classic quality management principles advocated by US quality man-
agement gurus such as Shewhart (1931), Deming (Shewhart & Deming, 
1939), and Juran (Juran, 1951, 1964, 1967) with an increased focus on re-
source efficiency and process flow (Sörqvist, 2013). This new way of work-
ing was illustrated with examples from a variety of Japanese companies, 
including Kumatsu (Imai, 1986; Ho, 1999), Nissan (Imai, 1986), Hitachi 
(Imai, 1986), Matsushita (Westbrook, 1995), Kansai Electric (Westbrook, 
1995), Nippondenso (Westbrook, 1995) and Toyota (Ohno, 1988; Shingo, 
1989).  

The term “Lean” was first coined during the MIT international motor ve-
hicle program (IMVP) to describe the new and resource-efficient way of 
working that characterized the successful Japanese companies at the time. 
The term was first published by Krafcik in an article in The Sloan Manage-
ment Review (Krafcik, 1988) and made famous by Womack, Jones and Roos 
in the book The Machine that Changed the World (1990), based on the MIT 
study where Toyota was one of the analyzed companies. Rather than just 
looking at production, the authors took a wider perspective and stressed the 
importance of avoiding the sub-optimizations that would come by trying to 
optimize a few processes without also improving the other parts of the busi-
ness. Consequently, one section of the book described elements of a Lean 
product development process and how that supports Lean in production and 
the enterprise as a whole (Womack, Jones, & Roos, 1990).  

When the Lean concept began its entry into industries in the west, this 
system’s view got lost on the way, and for years, many considered Lean to 
be a method for production. The concept was even called “Lean production”. 
The concept was also promoted as a method of interest primarily for the 
automotive industry and similar businesses, see for instance (Krafcik, 1988; 
Warnecke & Hüser, 1995).  

A number of insightful studies of the Toyota production system (e.g. 
Ohno, 1988; Singo, 1989) shifted the focus from Japanese quality manage-
ment in general to quality management at Toyota. Lean became synonymous 
with the modus operandi at Toyota and the Toyota production system in 
particular.  
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During the same period, an increasing interest was taken in product de-
velopment and its impact on competitive advantage and overall business 
performance (e.g. Clark & Fujimoto, 1991; Cooper & Kleinschmidt, 1995). 
Among the product development researchers, the more general interest for 
Japanese management methods remained. In the late 80s, Kim Clarke and 
Takahiro Fujimoto performed a thorough study, where they compared and 
analyzed product development performance of automotive companies from 
Europe, U.S. and Japan (Clark & Fujimoto, 1989a, 1989b, 1991; Clark, 
1989). Though the Japanese automotive companies did not yet stand out in 
terms of market shares and bottom line results, Clark and Fujimoto showed 
how they outclassed European and U.S. automotive industries on a number 
of performance parameters. The Japanese automotive companies had a sig-
nificant competitive edge in that the product development lead time (meas-
ured from concept phase to product launch) was on average a year shorter 
than for European and U.S. companies. These results were particularly im-
pressive as the Japanese companies at the same time showed better product 
development productivity (fewer engineering hours per project) without 
falling behind in conformance quality (Clark & Fujimoto, 1991). 

This became the starting point of a major interest for product develop-
ment in the Japanese automotive industry, of which Toyota was one of the 
studied companies; see for instance the book Engineered in Japan (Liker, 
Ettlie, & Campbell, 1995). The mindset change that came from benchmark-
ing the Japanese method of developing products included higher levels of 
cross-functional integration and supplier integration. The studies in the  early 
and mid -90s focused on concurrent engineering, supplier integration, cross-
functional integration and set-based design (e.g. Liker, Ettlie, & Campbell, 
1995; Ward, Liker, Cristiano, & Sobek II, 1995).  

Western automotive companies like Chrysler (Jones, 1995; Kamath & 
Liker, 1994) and Renault (Jones, 1995) achieved major improvements with 
inspiration from the Japanese car developers, whereas some other companies 
had difficulties in grasping the nuances of these ideas (Kamath & Liker, 
1994).  

Mid-90’s – 2000: Lean enterprise, Lean thinking and Lean 
Product Development 
In the mid 90ies, Lean researchers raised concerns that the Lean concept was 
too narrowly interpreted. Implementation of isolated Lean techniques will 
not make a Lean organization (Womack & Jones, 1994), nor will a Lean 
focus in the manufacturing process only realize the true potential of the Lean 
concept (Karlsson & Åhlström, 1995; Womack & Jones, 1996; Womack & 
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Jones, 1994). More focus was invested in how to create a Lean enterprise 
(e.g. C. Jones, Medlen, Merlo, Robertson, & Shepherdson, 1999; Womack & 
Jones, 1994).  

In 1996, Womack and Jones published the book Lean thinking, where 
they summarized the Lean philosophy in five seemingly simple steps 
(Womack & Jones, 1996):  
 

1. Identify customer value  
2. Identify the value stream  
3. Let the value flow 
4. Pull don’t push 
5. Pursue perfection.  

 
With examples from everyday life, they showed how these principles could 
work as guidelines outside manufacturing, in both business and private life 
(Womack & Jones, 1996). This book had a major impact of the Lean re-
search, but also on LPD. A considerable number of LPD researchers have 
since used the five Lean principles of Womack and Jones as a starting point, 
translating them into the context of product development (e.g. Haque & 
James-Moore, 2004; Oppenheim, Murman, & Secor, 2011; Pessôa, Loureiro, 
& Murta, 2007; Quadrat-Ullah, Seong, & Mills, 2012; Schuh, Lenders, & 
Hieber, 2008; Wang, Ming, Kong, Li, & Wang, 2012).  

Through the five Lean principles of Womack and Jones, discussions on 
flow entered the LPD research. In many cases however, it was left uncom-
mented how this flow was to be achieved. Two persons that did go into de-
tail were Preston Smith and Donald Reinertsen who discussed how a devel-
opment organization could go from distinct development phases to a contin-
uous flow with overlapping activities (Smith & Reinertsen, 1995). 
Reinertsen later elaborated the argumentation by introducing queuing theory 
and show how managing queues of activities and information is a key to 
product development flow (Reinertsen, 1997). Though both these books 
became widely cited, the big breakthrough of Reinertsen’s ideas in the Lean 
Product Development research community did not come until several years 
later.  

The same year that Lean thinking was published, 1996, Karlsson and 
Åhlström published the results from a case study where they identified sup-
porting and hindering factors when moving towards Lean Product Develop-
ment (Karlsson & Åhlström, 1996b). Through their well-cited article, they 
contributed to widening the focus of LPD from the automotive industry, and 
to establish Lean Product Development as a concept name. Perhaps inspired 
by Karlsson and Åhlström, a number of studies proposed adaptions of the 
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Lean concept for different purposes such as Lean Launch (Bowersox, 1999) 
and Lean Assembly (Baudin, 2002). Though contributing to the general un-
derstanding of enterprise-wide Lean application, none of these became 
equally established as Lean Product Development.  

Entering the new millennium: Waste elimination vs. 
knowledge-driven development  
Up till this point, the Lean and LPD rhetoric had focused on efficiency and 
waste elimination, stressing benefits like shortened product development 
lead times and reduced costs. Standardization, concurrent engineering and to 
some extent modularization or platform development were highlighted as 
methods for achieving those benefits. The discussions on waste elimination 
were often inspired by the established forms of waste in the Lean production 
research; defects, overproduction, transportation, waiting, inventory, motion 
and processing (e.g. Fiore, 2005; Oppenheim, 2004).  

A number of researchers now reacted towards the one-sided focus of 
waste elimination, arguing that the goal should be to maximize value, not 
only minimizing waste (Ballé & Ballé; Browning 2003; Cooper and Edgett 
2005; Reinertsen & Shaeffer 2005) and that the focus on manufacturing 
wastes were misleading.  

While waste in manufacturing often is due to the execution of unneces-
sary activities, waste in product development is more often caused by doing 
necessary activities with the wrong information (Browning, 2003). Kennedy 
(2003) proposed a shift towards knowledge-based engineering focusing on 
what he called the knowledge value stream. The following years, a number 
of LPD studies with knowledge management focus were published (Schipper 
& Schmidt, 2006; Schipper & Swets, 2010; Yang & Cai, 2009). The im-
portance of supporting fast learning cycles, knowledge creation and captur-
ing previous experiences were incorporated in the LPD body of knowledge, 
and has remained in focus in many studies ever since.  

By this time, Lean Product Development had become an established con-
cept that had started to influence adjacent research areas. In the budding field 
of agile software development, Lean development was described as one of 
several agile approaches to software development (Highsmith & Cockburn, 
2002). Lean software development (see for instance Middleton, 2001; 
Poppendieck & Poppendieck, 2003) has much in common with LPD and the 
concepts influenced each other mutually. For instance, Poppendieck and 
Poppendieck introduced waiting and task-swiching as severe wastes in 
product development (2003), ideas that later on returned in more general 
LPD studies (e.g. Fiore, 2005; Letens, Farris, & Aken, 2011; Locher, 2008; 
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Mascitelli, 2007; Mascitelli, 2011; Sebesyén, 2006). The software develop-
ment methodology Scrum (e.g. Schwaber, 2004) were also a precursor to 
LPD in adopting visual planning (visual boards combined with pulse meet-
ings) in product development, something that later on came to be considered 
a core part of LPD.  

2006 – 2010: Visualization, the chief engineer and flow focus 
In 2006, Morgan and Liker caused a paradigm shift in the LPD research 
through their book The Toyota Product Development System. The book is 
the result of an in-depth case study of the Toyota Product Development Sys-
tem (TPDS) and includes both LPD philosophies and descriptions of con-
crete methods and tools. The TPDS is summarized by 13 principles, divided 
into the three categories People, Processes and Tools & Technology 
(Morgan & Liker, 2006). In addition to what had already become established 
parts of LPD, Morgan and Liker identified visual communication and the 
role of the chief engineer as key components of the Toyota Product Devel-
opment System.  

The importance of good communication has been highlighted earlier (see 
for instance (Womack et al., 1990)), but without any specification on how 
this “good communication” could be achieved. Visualization had long been 
considered necessary when implementing Lean in a production environment 
(see for instance (Sohal, Keller, & Fouad, 1989) citing (Schonberger, 1982)), 
but before Morgan and Liker’s book, only a few had suggested that visual 
methods might be a useful also in LPD. Herbig (1998) had pointed out the 
importance of making previous projects “highly visible”, Kennedy (2003)  
that the team activities should be visible to all that could be affected and 
Haque and James-Moore (2002; 2004) had mentioned visual management as 
an enabler for waste elimination but none of them went into detail.  
Morgan and Liker made “align your organization through simple, visual 
communication” one of the 13 LPD principles and described how methods 
such as visual planning and A3 reports could be used in the development 
process (Morgan & Liker, 2006). From this point and onwards, numerous 
researchers consider visual communication to be a core part of LPD (e.g. 
Harkonen, Belt, Mottonen, Kess, & Harri, 2009; Oosterval, 2010; Schipper 
& Swets, 2010).  

Morgan and Liker’s book also became the turning point for another LPD 
element; the chief engineer. The role of the chief engineer has a slightly 
more complicated relation to the previous LPD literature. Already in the 
early 90ies, Clark and Fujimoto (1991) described a role called “heavyweight 
product manager” similar to the chief engineer. When subsequent research-
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ers cited this study, several instead referred to a “heavyweight project man-
ager” (e.g. Ballé & Ballé, 2005; Badr Haque & James-Moore, 2004), thereby 
mixing up two different LPD principles with different purposes. Having a 
“heavyweight project manager” is indeed important in LPD, as decentraliz-
ing control and empowering people in operating roles is a key strategy to 
quality assurance and increased flexibility in both Lean and LPD (e.g. 
Huthwaite, 2004; Karlsson & Åhlström, 1996a; Reinertsen, 2009). A major 
point with the chief engineer role is however to have someone that follows 
the product during its entire life cycle, not only during the development, but 
also through launch, production and future product improvements (Morgan 
& Liker, 2006). A role like this has been described from time to time in pre-
vious LPD research, but with different names. Among other names, it has 
been called “shusa” (Womack et al. 1990), “entrepreneurial team leader 
from end to end” (Cooper & Edgett 2005), “entrepreneurial system designer” 
(Ward 2007) and “chief engineer” (Sobek, Liker & Ward 1998). The publi-
cation of The Toyota Product Development System established “chief engi-
neer” as the name of the role, and contributed to disentangle the previous 
confusions. Ever since, the role has been included in a majority of the studies 
about LPD.  

In 2009, another highly influential book was published; Lean Product 
Development flow – Second generation Lean Product Development by Don-
ald Reinertsen. Though having published similar reasoning earlier 
(Reinertsen & Shaeffer, 2005; Reinertsen, 2005; Smith & Reinertsen, 1995), 
it was with this book they became known to a greater public. By combining 
queuing theory (c.f. Gross, Shortle, Thompson, & Harris, 2008) with product 
development management, he shows how the Lean principles of Womack 
and Jones (1996) can be applied in product development (Reinertsen, 2009).  
Another trend during this period was to investigate the relation between LPD 
and the concept Design for Six Sigma (DFSS) (Byrne, Lubowe, & Blitz, 
2007; Ericsson et al., 2010; Fiore, 2005; Fouquet & Gremyr, 2007; Gremyr 
& Fouquet, 2012; Jugulum & Samuel, 2008; Yang & Cai, 2009).This trend 
was inspired by the increasingly common practice to combine Lean and Six 
Sigma in manufacturing or other executing operations (e.g. Arnheiter & 
Maleyeff, 2005; Pepper & Spedding, 2010). The combination of DFSS and 
LPD did however not get the same breakthrough as Lean Six Sigma.  

2010 and onwards: Current trends in the LPD research 
During the last couple of years, the Lean Product Development research has 
widened, and now includes a number of different movements. One trend is 
to make in-depth studies of separate LPD principles or methods, such as 
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value stream mapping (e.g. Mayrl, Mcmanus, & Boutellier, 2013; Schulze et 
al., 2011) or visualization (e.g. Lindlöf, 2014; Söderberg, 2012). Isolated 
elements of LPD, such as concurrent engineering had been investigated ear-
lier (e.g. Prasad, 1996; Sohlenius, 1992), but now, similar studies to a greater 
extent relate the work to LPD as a concept. LPD is then often represented by 
the 13 LPD principles of Morgan & Liker (2006) or the five Lean principles 
of Womack and Jones (1996b). It has thus become easier to distinguish be-
tween state of the art practices in general and Lean Product Development in 
particular. Contribute to this increased understanding of the LPD concept are 
a number of general LPD frameworks based on reviews on previous LPD 
research (Khan et al., 2011; León & Farris, 2011; Welo, 2011). These studies 
are discussed in more detail in the next section (4.2).  

During the past few years, the interest in empirical studies of LPD outside 
of Japan has increased. Evidence from LPD implementations from specific 
organizations such as Steelcase incorporated (Schipper & Swets, 2010), Har-
ley Davidson (Oosterval, 2010) and Huitale (Taipale, 2010) was published in 
the beginning of the new decade. Later, a number of multiple case studies 
investigated the LPD implementation on different arenas such as the Swe-
dish industry (Gingnell, Ericsson, & Sörqvist, 2012), the Indian manufactur-
ing industry (Kishna Jasti & Kodali, 2014) or the South African automotive 
industry (Mund, Pieterse, & Cameron, 2015). Following this practical inter-
est of LPD, some researchers develop frameworks for implementation for 
LPD (Dombrowski, Ebentreich, & Schmidtchen, 2014; Wang et al., 2012) or 
methods to evaluate the “leanness” of a development organization (e.g. 
Beauregard & Bhuiyan, 2014).   

The last few years, there has also been a renewed interest in how Lean 
Product Development can be combined with Systems Engineering. Oppen-
heim investigate how LPD can be applied in complex development projects 
with high demands on quality assurance, thereby achieving increased effi-
ciency with unaltered or increased robustness (Oppenheim et al., 2011; 
Oppenheim, 2011). Welo and Ringen follow both trends by investigating 
Lean development practices in Systems Engineering companies (Welo & 
Ringen, 2015).  

Another research field that has started to influence Lean Product 
Development is performance measurement and management. Up until ten 
years ago, a majority of the performance measurement research concerned 
organizations in general, see for instance the work of Andy Neely and Mike 
Bourne (e.g. Bourne, Mills, Wilcox, Neely, & Platts, 2000; Bourne, Neely, 
Mills, & Platts, 2003; Neely, Gregory, & Platts, 2005). With the first decade 
of the new millenium came an increased number of studies focusing on 
product development (e.g. Chiesa & Frattini, 2007; Vittorio Chiesa, Frattini, 
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Lazzarotti, & Manzini, 2009a, 2009b; Tatikonda, 2007). This movement has 
now reached Lean Product Development and since 2010, a number of LPD 
focused studies with roots in the performance measurement research domain 
have been published (e.g. Flores et al., 2010; Mascarenhas Hornos da Costa, 
Oehmen, Rebentisch, & Nightingale, 2014). 

In recent years, the overall perspective and waste elimination focus in 
LPD has become a subject of interest for sustainability researchers that have 
investigated the compliance of Lean and green product development. Com-
parisons of the concepts showed that a Lean system does not assure sustain-
ability (Johansson & Sundin, 2014; Verrier, Rose, Caillaud, & Remita, 
2014), but that the concepts complement each other and that LPD can add a 
dimension of economical sustainability to green design (Dhingra, Kress, & 
Upreti, 2014).  

Value focus, customer-defined value in particular, has been a core part of 
Lean and LPD since the mid-nineties. Recently however, the definition of 
value in LPD is being re-examined. In a study from 2015, Siyam et al. ob-
serve that there is a need for a clearer definition of value and propose a per-
formance vs cost approach (Siyam, Gericke, & Wynn, 2015; Siyam, Wynn, 
& Clarkson, 2015). On the other hand, Gudem et al criticize LPD for having 
a too narrow interpretation of customer-defined value, looking too much at 
only the product and too little on the overall customer experience, including 
emotional values (Gudem et al., 2014; Khan et al., 2015). Gudem et al. 
(2014) recommend expanding the definition of value to include the overall 
customer experience and better support innovation (Gudem et al., 2014). 
Other recent studies agree that innovation beyond explicit customer require-
ments needs more focus in the LPD research domain (e.g. Bianchi, Richtnér, 
& Modig, 2014; Helander, Bergqvist, Lund Stetler, & Magnusson, 2015). It 
is likely that both the definition of value and Lean innovation will be sub-
jects of further investigation in the coming years.  

4.2 Summarizing approaches to LPD 
In the last decade, several good studies aiming to summarize the Lean Prod-
uct Development concept have been published. Khan et al. (2011) suggested 
a framework with LPD core enablers supported by techniques and tools. 
Leon and Farris’ literature review resulted in seven LPD knowledge do-
mains, each of which were broken down into principles and concepts (what 
should be done) and tools and technique’s orientation (how can it be done) 
(León & Farris, 2011). Torgeir Welo (2011) summarized the LPD concept 
into six core components, of which the first, “culture” holds the other five 
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together. The primary content elements from these three studies are present-
ed in Table 4 below. All of these three studies are thoroughly made and con-
tributes to the LPD body of knowledge. Each of them has however its limita-
tions.  

Table 4. Structural elements in LPD literature reviews. 

Source Framework levels Content elements on high-
est framework level 

(Khan et al., 
2011) 

- Core enablers 
- Techniques 
- Tools 

- Set-based concurrent 
engineering 
- Value-focus 

  - Chief engineer technical 
leadership 
- Knowledge-focus 
- Continuous improvement 
culture 

(León & Farris, 
2011) 

- LPD knowledge domains 
- Principles and concepts 
- Tools and technique’s  
orientation 

- Performance 
- Decisions 
- Process 
- Strategy 
- Supplier 
- Knowledge 
- Lean 

(Welo, 2011) - Core components - Culture (underlying) 
- User-customer values 
- Knowledge, learning 
- Standardization 
- Management, infrastruc-
ture, organization 
- Continuous improve-
ments 

 
Khan et al. argue that Lean Product Development theory should be based on 
Toyota Product Development, or include the same critical elements as LPD 
on Toyota. Otherwise, they fear that the LPD research would not be well 
enough applied to the unique context of product development, resulting in 
mistakes in both theory and practice. (Khan et al., 2011) In his doctoral the-
sis, Khan elaborates on how this point of view has affected the research de-
sign of the above study. One consequence is that the LPD framework is 
based on Toyota-focused studies only (Khan, 2012). Thereby, a large portion 
of the previous LPD research is excluded from the study, including some 
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researchers deeply rooted in product development practices, such as Donald 
Reinertsen. Also, the study does not mention visualization as an LPD tech-
nique, though visualization has been highlighted by Toyota-focused re-
searchers such as Morgan and Liker (2006). The framework does however 
include the use of A3 reports, which can be classified as a visual tool.  

León and Farris (2011) are more inclusive than Khan in their literature 
study. They used number of citations as selection criteria instead of research 
design. Their LPD framework is based on 55 LPD sources, selected from 
273 publications. Perhaps as an effect of this, their framework is rich in de-
tail. The strength of the study lies in the detailed description of previous 
research for each knowledge domain. However, they do not relate the LPD 
concept to an overall purpose, nor do they discuss how the different 
knowledge domains are interconnected with each other, even though the 
categories are both general and overlapping. For instance, defining a formal 
and high-quality PD process is mentioned as principle in the knowledge 
domain, though there is also a process knowledge domain with similar prin-
ciples. Lean6 is both described as the philosophy that governs the entire LPD 
concept, and as a knowledge domain separate from the others. (León & 
Farris, 2011) To anyone new to the domain, this makes it difficult to distin-
guish between Lean and LPD, and to distinguish LPD from more general 
state of the art product development practices. Consequently, making use of 
the LPD framework of León and Farris requires lots of previous knowledge. 
Indeed, León and Farris themselves conclude that there is a need for a defini-
tion of LPD that better delineates the actual content of the principles and 
practices in the concept (León & Farris, 2011), thereby making it more intui-
tive.  
The study of Torgeir Welo (2011) focuses on overall understanding of the 
LPD concept. Core terms such as value and waste are thoroughly introduced 
and discussed in the context of product development before they are used in 
describing LPD. In addition to the theoretical framework, the study also 
includes an empirical study where three companies identify 2-3 high-
potential areas for LPD implementation. (Welo, 2011) As a theoretical LPD 
framework, the model proposed by Welo has the drawback that it is based on 
only 12 previous sources, without accounting for the selections of these 
sources above others. The limited number of sources is also reflected in a 

                               

 
 
 
6 Here defined as the five Lean principles of Womack and Jones (1996b): define value, identi-
fy the value stream, make the value flow, let the customer pull and pursue perfection (León 
and Farris, 2011).  
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lack of detail in the proposed LPD model. The categories (see Table 4) are 
rather general, and thus not self-explanatory. In contrary to both Khan and 
León and Farris, this model has only one level and does not cover tools or 
techniques other than as occasional examples.  

In creating my own Lean Product Development framework, I tried to take 
inspiration from the strengths of the above models, while change what I re-
gard as shortcomings.  I thus aim to be more complete in my literature base 
than Khan et al. (2011) and Welo (2011), presenting a framework that sum-
marizes the concept also on the highest structural level, while still using 
several different framework levels to facilitate practical application and 
mapping of concrete tools and techniques. I however expect the content in 
my framework to mainly correspond with the above studies. In the following 
subsection, I elaborate on my standpoints and the choices I have made when 
creating my LPD framework.  

4.3 Towards a framework for Lean Product 
Development 
The main focus of the LPD research has shifted over the years, but the way I 
see it, the LPD concept has been extended rather than changed. None of the 
concept elements that were discussed in the early history of LPD have dis-
appeared completely from the discussions, but are still brought up by some 
researchers. Neither do the focus areas from the early and late concept histo-
ry counteract each other. Therefore, my LPD framework aims to include the 
whole history rather than only a subset of the concept. I also wish to clarify 
how different parts of LPD relate to each other.  

The LPD framework is based on a literature review of books and journal 
articles that describe the Lean Product Development concept see further 
Appendix II. All the selected sources were read in its entirety. Not all of 
them claim to give a comprehensive description of the LPD concept. Sources 
that investigate a subset of LPD were included in the study if they mentioned 
Lean Product Development and described at least a part of the concept, as 
they too contribute to the general perception of LPD. Lean and Lean Product 
Development is a philosophy, in the sense that the true potential of the con-
cept cannot be captured entirely by its included methods (Karlsson & 
Åhlström, 1996b). The LPD framework was thus designed with different 
levels, to include both values and concrete methods. Inspiration was taken 
from Johnson and Bröms, who describe the implementation of a philosophy 
as interplay between values, principles, methods and results. They call this 
model Management by means (Johnson & Bröms, 2000), see Figure 8 below. 
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Figure 8. Management by means, as applied by SKF (SKF, 2010) and Scania.  
 
The same structural elements as in the “management by means” model was 
used in the LPD framework. Applied in this study, they were defined as fol-
lows: 
Values: A value guides ruling options and codes of conduct. The set of val-
ues builds the enterprise culture.  
Principles: A principle is an established strategy on how to approach one or 
several values.   
Methods: A method is a well described technique applied to realize a prin-
ciple.  
Results: Results are measurable consequences of the adapted values, princi-
ples and methods.  
 
The following modus operandi was used when creating the framework:  
 

1) First, a draft version of the framework was created based on ten most 
cited LPD sources (Clark & Fujimoto, 1991; Cusumano & Nobeoka, 
1998; Karlsson & Åhlström, 1996b; Jeffrey K. Liker & Morgan, 
2006; Morgan & Liker, 2006; Reinertsen, 2009; Sobek, Liker, & 
Ward, 1998; Sobek, Ward, & Liker, 1999; A. C. Ward, 2007; A. 
Ward, Liker, et al., 1995).  

2) All studies from the literature search (see Appendix II) were then read 
in chronological order. The draft framework was updated and extend-
ed iteratively to include the content of the reviewed literature. 

3) After going through all the sources, the core studies (both the ten 
most cited sources and leading work in the different focus areas) was 
re-read to check the consistency after the changes to the framework.  

4) Finally, the method level in the framework was simplified by exclud-
ing methods without multiple references. (All values and principles 
have multiple references, see Appendix II.) 
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The resulting LPD framework finally came to consist of five different focus 
areas, all of which contained different values, principles and methods. In this 
framework, the results part of the management by means model (see Figure 
8) is represented by performance evaluation and continuous improvements, 
as they are frequently described in LPD literature (see Appendix II) and are 
equally relevant to all focus areas, principles and methods. The structural 
elements of the LPD framework are depicted in Figure 9 below.  
 

Figure 9. Structural elements of the LPD framework.  
 
The following sub-section gives an account for the guidelines I followed 
when creating the different parts of the framework.  

Guidelines for the focus areas and values  
According to Whetten (1989), a good literature review should consider both 
comprehensiveness (are all relevant factors included?) and parsimony 
(should some factors be deleted because they do not add value to the under-
standing?) when deciding what content should be included in a model. The 
aim was therefore to not leave out any major theme in previous literature 
(comprehensiveness), and assure that all elements in the LPD framework 
were derived from multiple sources (parsimony).  

Guidelines for the principles 
The principles were named and described with the intention of not contra-
dicting any leading LPD studies. In naming the principles, leading studies 
within the focus area at hand were given more influence than others. For 
instance, Donald Reinertsen (Reinertsen & Shaeffer, 2005; Reinertsen, 1997, 
2005, 2009; Smith & Reinertsen, 1995), whose main focus and expertise 
relates to increasing product development flow, had a bigger impact on the 
principles related to increasing flow, than Timothy Schipper who describes 
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flow not as a main principle, but as a means for building knowledge 
(Schipper & Schmidt, 2006; Schipper & Swets, 2010). Schipper on the other 
hand, were given more influence than Reinertsen in naming and describing 
fast learning cycles (which Reinertsen calls fast feedback loops) as learning 
cycles and knowledge building were his main focus.  

Completeness and parsimony (Whetten, 1989) were considered at this 
framework level as well. No major themes in previous LPD research should 
fall outside of the principles and all principles should be well covered in 
previous literature. Just like the values and focus areas, the group of princi-
ples together should summarize the LPD concept.  

The lines between the principles could have been drawn differently. I 
have sometimes joined what other researchers describe as two or three prin-
ciples, or distinguished between what other researcher describe as one. 
When I have turned one principle into several, I have done it because it is 
possible to implement one without the other. For instance, many researchers 
describe set-based concurrent engineering as one principle (e.g. Liker & 
Morgan, 2011; Radeka & Sutton, 2007; Sobek, Ward, & Liker, 1999;  
Womack, 2006). In my framework set-based design and concurrent enginee-
ring are two principles, as they can be implemented independently of each 
other and have different main purposes; to increase the quality of the product 
solution (set-based design) and to cut the lead-time of the development pro-
cess (concurrent engineering).  

Correspondingly I have joined together principles that cannot be imple-
mented independent of each other. For instance, I have turned what many 
researchers count as the two principles identify the value stream and level 
out the process flow (e.g. Haque & James-Moore, 2004; Oppenheim, 
Murman, & Secor, 2011; Quadrat-Ullah, Seong, & Mills, 2012; Wang, 
Ming, Kong, Li, & Wang, 2012) into one principle named level out the pro-
cess flow.  

Guidelines for the methods 
If a method was suggested by less than two independent7 researchers or re-
search groups, the method was excluded from the framework. While the 
suggested method might still contain a valuable contribution, it could not be 
considered to be a core part of the Lean Product Development body of 

                               

 
 
 
7 Independent here defined as not being co-authors to each other’s work.  
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knowledge. For instance, classifying Scrum as an LPD method as suggested 
by (Tyagi, Cai, Yang, & Chambers, 2015) is a possible way of relating the 
two concepts to each other. However, Scrum was not included as a method 
in the framework, as no one else made the same suggestion.  

Several of the methods collected in this framework could be used for dif-
ferent purposes and have been described as supporting different principles. 
In order to not make the framework overly complex (and because some 
sources mentioned methods without discussing their purposes), each method 
only appear on one place in the framework. It was positioned under the prin-
ciple to which most sources in previous research made a connection. If none 
of the sources to a method discussed its purpose, I placed the method under 
the principle with which I think it had most in common.  

The methods included in the framework are the least important part of 
LPD. It is possible to work with several methods from all principles without 
being near a complete LPD implementation. This is due to the philosophical 
nature of the concept, which makes it more than its included methods. Cor-
respondingly, an organization can implement Lean Product Development 
without working with any of these methods, if they have other techniques or 
strategies to support the LPD principles. Though some of the methods (for 
instance visual planning and value stream mapping) are well-established in 
the LPD research, the methods as such are exchangeable.  
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4.4 This is Lean Product Development 
Based on the literature review, I propose the following definition for Lean 
Product Development: 

Lean Product Development is a companywide strategy for product develop-
ment aiming at (i) increasing value, (ii) decreasing waste, (iii) increasing 
flow, (iv) decreasing sub-optimizations, and (v) building knowledge.  

 
The five focus areas mark the boundaries of the LPD concept. Anything that 
falls outside the focus areas is not a part of Lean Product Development, with 
the exception of performance evaluation and continuous improvement, 
which should be applied on all focus areas, see Figure 10 below.  

Figure 10. The five focus areas in LPD. 
 
Each of the five focus areas contains a value with underlying principles and 
methods. The following sub-sections describe the elements of the Lean 
Product Development framework. First, through an introduction of the five 
focus areas, then with a closer look at the underlying values, principles and 
methods. A complete account for the references of the framework can be 
found in Appendix II.  

Introduction to the five focus areas in LPD 
This section introduces the five focus areas in Lean Product Development; 
increase value, decrease waste, increase flow, decrease sub-optimizations, 
and build knowledge. The focus areas are not independent of each other. 
Initiatives to increase the flow in an organization would also affect the per-
formance in the other four focus areas, wherefore Lean Product Develop-
ment should be considered in its entirety, even when looking at a sub-set of 
the concept.   
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Increase value 

This is the first focus area in the Lean Product Development framework, see 
Figure 11 below.  

Figure 11. The first focus area in the LPD framework 
 
Understanding of value is an absolute condition for making improvements. 
Learning to see what is and could be value-adding and what is not is there-
fore the starting point of Lean (Womack & Jones, 1996). In the early days of 
Lean Product Development, the concept was more focused on eliminating 
waste than increasing value (e.g. Clark & Fujimoto, 1991; Jeffery K. Liker et 
al., 1995). Since then, the focus of both Lean and LPD has shifted from 
mainly waste and cost elimination to understanding of customer value 
(Gudem et al., 2014).The main strategy to increase value has however re-
mained the same since the early nineties: to frontload the development pro-
cess (Clark & Fujimoto, 1991; Morgan & Liker, 2006; Welo & Ringen, 
2015), in other words to organize the development projects so that a large 
proportion of the work takes place early in the process.  

Decisions made in the early stages of a development project have a large 
impact on the final product. These decisions determine up to 80% of the 
costs in the later stages (Duverlie & Castelain, 1999; Tuna & Windisch, 
2014) and decide the direction of the product solutions. Without frontload-
ing, these decisions are often made based on insufficient or uncertain infor-
mation (Kihlander & Ritzén, 2012; Tuna & Windisch, 2014), as the required 
knowledge are usually gained shortly before product launch when the prod-
uct has been tested and prototyped (Thomke & Fujimoto, 2000; Tuna & 
Windisch, 2014).  

Lean Product Development thus advocates frontloading. This can take the 
form of early testing and prototyping (Anand & Kodali, 2008; Clark & 
Fujimoto, 1991; Morgan & Liker, 2006; Reinertsen, 2005; Schipper & 
Swets, 2010; Srinivasan & Scotland, 2010; Thomke & Fujimoto, 2000; 
Ward, 2007), early problem-solving (Holmdahl, 2010; Schipper & Swets, 
2010; Thomke & Fujimoto, 2000), early knowledge-integration (Tuna & 
Windisch, 2014) or investigating multiple solutions while there is maximum 
design space (Morgan & Liker 2006). Front-loading can also be supported 



 
 
 
 

119

by delaying decisions until more knowledge has been gained (Harkonen, 
Belt, Mottonen, Kess, & Harri, 2009; Kennedy, Harmon, & Minnock, 2008; 
Mascitelli, 2007; Radeka, 2011; Schipper & Swets, 2010). These and similar 
investments in the early phases of the development project are highly likely 
to pay back, both in form of less problems and shorter lead-times, and in 
increased value and higher quality of the final product (Thomke & Fujimoto, 
2000).  

The importance of increasing value rather than only decreasing waste has 
received more attention the last ten years. However, recent research shows 
that this part of the LPD concept is still in need of further development. 
Gudem et al. criticize LPD for tying customer perceived value too strongly 
to product features, even though the quality as perceived by the customer is 
affected by the complete user experience, not only the product as a technical 
artifact (Gudem et al., 2014). A truly Lean system must be capable of max-
imizing emotional value as well as functionality (Gudem et al., 2014).  
From an innovation perspective, achieving pull from the customer as de-
scribed by for instance Womack and Jones (1996b) is not enough, as the 
customer can only account for current, not future needs (Tidd, Bessant, & 
Pavitt, 2005). As of today, the LPD concept includes a few strategies to 
identify unconscious customer needs, including spending time in the cus-
tomers’ environment (Morgan & Liker, 2006). Still, more research is needed 
to conclude how Lean principles can best support innovation (Bianchi et al., 
2014; Gudem et al., 2014; Schuh et al., 2008), thus increasing customer per-
ceived value even more.  

Decrease waste 

This is the second focus area in the Lean Product Development framework, 
see Figure 12 below.  

Figure 12. The second focus area in the LPD framework 
 
Minimizing waste is a core part of Lean (Womack & Jones, 1996). When 
Taiichi Ohno, former vice-president of Toyota, was asked to describe the 
secret behind the Toyota production system he said that everything they are 
doing is looking at the time line, from the moment the customer gives them 
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an order to the point when they collect the cash, then reducing that time by 
taking away anything that does not add value to the process (Bicheno & 
Holweg, 2009). Ohno identified seven waste categories to help identify non-
value-adding activities: over-production, inventory, waiting, transportation, 
motion, over-processing and defects (Ohno, 1988). Different authors have 
later translated the waste categories to make them valid in non-production 
environments such as healthcare (Radnor, Holweg, & Waring, 2012; 
Westwood, James-Moore, & Cooke, 2007) and administration (Keyte & 
Locher, 2004), often accompanied by an eighth category: unused employee 
creativity (Gibbons, Kennedy, Burgess, & Godfrey, 2012; J. Liker, 2004).   

The same waste categories have sometimes been used in the context of 
product development (e.g. Anand & Kodali, 2008; Nepal et al., 2011; 
Oppenheim et al., 2011; Poppendieck, 2011). Others have used the seven 
Lean wastes as inspiration, and then added specific product development 
wastes (Badr Haque & James-Moore, 2002, 2004), or highlighting a subset 
of the seven wastes from Lean production (Fouquet & Gremyr, 2007; 
Gremyr & Fouquet, 2012).  

However, manufacturing and development have a number of inherent dif-
ferences that affect the understanding of waste. In production, the value crea-
tion is connected to physical objects, and waste is most often caused by re-
dundant activities, such as transporting the physical objects more than neces-
sary (Rother & Shook, 2003). In development on the other hand, value crea-
tion is instead associated with learning and information flows (Kennedy, 
2003). Unlike physical objects, information can exist in several different 
forms at once, and can be used and developed simultaneously by different 
teams. Waste in product development is therefore more often associated with 
doing activities using wrong or outdated information rather than doing un-
necessary activities (Gudem et al., 2014). Due to the high information densi-
ty and many hand-overs in product development, much waste also exist in 
interpersonal relationships (Emiliani, 1998). Consequently, adding a process 
step that enables quality assurance of information or supports good commu-
nication could reduce rather than add waste (Oppenheim et al., 2011).  

The abstract qualities of product development value also means that an 
excessive focus on waste-cutting can be associated with dangers. In a recent 
study, Helander et al. (2015) show that increased efficiency by reduced slack 
time and fewer possibilities to skunk-work in development might come at 
the expense of increased knowledge and future innovations, especially if 
these values are not secured in some other way. Decreasing waste is thus a 
more complex matter in product development than in production. In order to 
truly decrease waste and achieve higher product development efficiency, 
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actions need to be taken on several different levels at once, considering other 
values as well.  

In this framework, the focus area “decrease waste” covers the most 
straight forward aspects of waste elimination, but the four other focus areas 
also contribute substantially to waste elimination and increased efficiency. 
This too highlights the importance to not focus only on one LPD value, but 
to consider them all at once.  
 

Increase flow 

This is the third focus area in the Lean Product Development framework, see 
Figure 13 below.  
 

Figure 13. The third focus area in the LPD framework 
 
In his book “The principles of product development flow –Second genera-
tion Lean Product Development”, Donald Reinertsen claims that the domi-
nant paradigm for managing product development is fundamentally wrong. 
The incorrect assumption that the work could be divided into mutually ex-
clusive phases and a misdirected aspiration for efficiency cause a number of 
severe problems, including long lead-times and decreased quality. Instead, 
he suggests a shift towards a more flow-focused paradigm, corresponding to 
the shift towards increased flow that Lean principles have created in the pro-
duction industry. (Reinertsen, 2009)  

Most LPD researchers of today acknowledge the importance of flow fo-
cus. However, many do it by referring to the general Lean principles formu-
lated by Womack and Jones (Womack & Jones, 1996), without touching on 
the special circumstances that affect flow focus in product development (e.g. 
Haque & James-Moore, 2004; Oppenheim, Murman, & Secor, 2011; Pessôa, 
Loureiro, & Murta, 2007; Quadrat-Ullah, Seong, & Mills, 2012; Schuh, 
Lenders, & Hieber, 2008; Wang, Ming, Kong, Li, & Wang, 2012).  

There are a number of fundamental differences between product devel-
opment and manufacturing, some of which makes it more difficult to attain 
efficient and flexible process flows (Welo 2011). One major difference is 
that the process flows in product development are typically more complex 
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and less stream-lined than manufacturing flows (Mayrl et al., 2013). Rather 
than a flow of physical objects, product development flows consists of in-
formation (McManus & Millard, 2002), meaning that both the value and 
wastes such as queues are less visible (Welo, 2011). Each person in the de-
velopment organization is also typically involved in several different value 
streams (Kennedy, 2003) and the process run over a longer periods of time 
(Mayrl et al., 2013). The value streams in product development are thus less 
intuitive and harder to get an overview of as compared with flows in manu-
facturing. The key to understand the more complex development flows, 
thereby enabling improvements of the value streams, is to watch the work 
rather than the worker (Reinertsen, 2009), and follow the emerging product 
on its way through different departments and teams. 

Another challenge for attaining flow in product development is the fact 
that variation is necessary. When Lean is applied in manufacturing, all types 
of process variation is considered negative (Welo, 2011), and reducing pro-
cess variability is a core strategy to increase the process flow (Liker, 2004). 
There are some types of unnecessary variation in product development as 
well, which should be minimized or removed  (Carleysmith, Dufton, & 
Altria, 2009; Harkonen, Belt, Mottonen, Kess, & Harri, 2009; Letens, Farris, 
& Aken, 2011; Liker & Morgan, 2006; Locher, 2008; Morgan & Liker, 
2006; Reinertsen, 2005; Reinertsen, 2009; Schipper & Swets, 2010; Yang & 
Cai, 2009). However, removing all types of variation in product develop-
ment is dangerous and leads to conformance (Bianchi et al., 2014). Without 
variation, there is no innovation (Reinertsen 2009).  

In other words, the same basic principles of flow apply in Lean and Lean 
Product Development, but in LPD, the context of product development 
needs to be considered to understand how these principles could be applied 
in practice.  

This part of the LPD framework includes principles that are directly re-
lated to flow management. Increasing flow is however tightly connected to 
the next focus area: decrease sub-optimizations. Working actively with pro-
cess flows will both result in decreased sub-optimizations and requires that 
the overall picture is kept in mind. Some of the principles for decreasing 
sub-optimizations (in particular cross-functional integration) will thus also 
have a positive impact on the process flow.  

Decrease sub-optimizations 

This is the fourth focus area in the Lean Product Development framework, 
see Figure 14 below.  

In the introduction to the research anthology “Engineered in Japan –
Japanese technology management practices”, the editors summarize what 
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they believe to be the biggest difference between Japanese and U.S. manag-
ers. Whereas U.S. managers focused on individual skills, components, de-
partments and process steps, the Japanese managers focused on the connec-
tions among them (Liker et al., 1995). This overall perspective is an all-
pervading theme in both Lean (e.g. Liker & Franz, 2011) and Lean Product 
Development (e.g. Welo, 2011). The thought of this was not unique for Ja-
pan. The importance of having a systems view was long advocated for by for 
instance the American quality management guru Edward Deming (Liker & 
Franz, 2011). However, Japanese managers were earlier in mastering this in 
practice (Liker et al., 1995).  
 

Figure 14. The fourth focus area in the LPD framework 
 
The more complex a system is, the more tempting it is to divide it into dif-
ferent parts and create local solutions for management and performance 
evaluation, thereby losing the big picture (Poppendieck & Poppendieck, 
2003). Without a system’s view, sub-optimizations emerge; arrangements 
that seem rational on local levels but have no or even a negative effect in the 
big perspective (Browning, 2003; Gudem et al., 2014). It is for instance pos-
sible that cutting the lead-time of one process step have little or even nega-
tive impact on the lead-time of the entire development process (Rother & 
Shook, 2003).  

A product development organization has a number of inherent complexi-
ties that make it difficult to focus on the big picture. One challenge is that 
product development involves many different competencies, meaning that 
several different functions or departments will be involved. This requires 
coordination mechanisms to align the organization and make sure everyone 
is working in the same direction (Mintzberg, 1979), something that threatens 
to become time and resource consuming (Morgan & Liker, 2006). The fact 
that most development organizations run many (sometimes too many) pro-
jects in parallel and that most employees take part in several projects adds to 
this complexity (Sebestyén, 2006). The challenges associated with cross-
functional integration are often related to the fact that different parts of the 
organization have different cultures. One increasingly common challenge in 
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many organizations is to integrate agile software development with less-
than-agile hardware (Mascitelli, 2011).  

Another difficulty is that development projects often run over a long pe-
riod of time. Systems thinking require both a good organization-wide and 
long-term understanding. To achieve this, the focus should be on interrela-
tionships rather than linear cause-effect chains, and long-term processes of 
change rather than on momentary snapshots (Senge, 2006). But to distin-
guish short- from long-term consequences of actions means understanding a 
difficult complexity (Senge et al., 1999). Achieving this is too much of an 
effort to make people rationally convinced to take a long-term view. People 
do not focus on the long term because they have to, but because they want to 
(Senge, 2006). This means that keeping a system’s view and avoiding sub-
optimizations requires a strong and visionary leadership (Morgan & Liker, 
2006), promoting both shared and personal visions (Senge, 2006).  

No matter how difficult it may be, promoting an overall perspective of 
the product development is well worth its efforts, because if no-one else in 
the process see the system’s perspective, the customers will. The end cus-
tomers will not care about which department (or even supplier) that caused a 
problem with the product, nor will they be impressed with a world-class sub-
component if it does not work well together with the rest. They will experi-
ence the product as a whole.  
 

Build knowledge 

This is the fifth and last focus area in the Lean Product Development frame-
work, see Figure 15 below.  

Figure 15. The fifth and last focus area in the LPD framework 
 
In a widespread Harvard Business Review article, Ikujiro Nonaka states that 
in an economy where uncertainty is the only certainty, the only sure source 
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of competitive advantage is knowledge (Nonaka, 20078). Even more crucial 
to the future success of an organization than current knowledge is the ability 
to learn (Dyer & Nobeoka, 2002). This is particularly true for a product de-
velopment organization. Product development takes place under a number of 
uncertain conditions. No-one knows exactly what the final product will look 
like until the project is over; no-one knows exactly how to get there or what 
the market will look like when the product is launched. Innovation is about 
turning these uncertainties to knowledge (Tidd et al., 2005).  

As the value in product development to a large part consists of 
knowledge, managing the knowledge value stream becomes a highly strate-
gic issue (Kennedy, 2003; Radeka, 2011). To succeed, organizations need to 
build in continuous organizational learning (Morgan & Liker, 2006), so that 
every development project starts on a higher knowledge level than the previ-
ous (Kennedy et al., 2008), see Figure 16 below.  

Figure 16. Increasing the organizational knowledge, simplified after (Kennedy et 
al., 2008).  

 
However, successful organizational learning involves several challenges. 
Organizations are like living organisms (Nonaka, 2007), but they can only 
learn through individuals who learn (Oosterval, 2010). As an organism, the 
organization requires shared understanding for company values and where it 
is heading to start the right learning processes (Nonaka, 2007; Senge, 2006). 
As a group of individuals, the organization needs to foster and encourage 
emotional commitment and personal involvement of all employees to get the 
innovative ideas going (Mascitelli, 2000; Nonaka, 2007).  

                               

 
 
 
8 Originally published in 1991.  
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Another challenge is that many organizations have an over-simplified 
view of knowledge and lack understanding of what the company needs to do 
to develop and exploit it (Nonaka, 2007). One common mistake is to focus 
too much on information processing and too little on knowledge creation 
(Nonaka, 1994). In order to truly become a learning organization, knowledge 
creation should be a natural part of the everyday life of all employees 
(Morgan & Liker, 2006) without becoming overly institutionalized 
(Takeuchi & Nonaka, 1986).  

Yet another difficulty is that successful organizational learning requires 
innovative yet coordinated action, where team members and teams can com-
plement each other’s actions (Senge, 2006). This focus area will therefore 
benefit from working with some of the principles supporting Decrease sub-
optimizations, in particular the principles Chief engineer and Visual commu-
nication.  

The focus area Build knowledge in the LPD framework includes princi-
ples that are directly related to building knowledge. As a great deal of the 
value in product development consists of knowledge, this focus area is tight-
ly connected to the focus area Increase value. Building knowledge will un-
mistakably result in increased value. One of the reasons for separating these 
two focus areas is that they represent two different subgroups with relatively 
little overlap in the LPD research domain. The underlying principles of the 
two focus areas bring inspiration for organizational change from two differ-
ent perspectives; engineering practices in the focus area Increase value, and 
social science and theory of knowledge in the focus area Build knowledge.  

Focus area 1: Increase value 
The value and principles of the first focus area in the Lean Product Devel-
opment framework are depicted in Figure 17 below.  

Figure 17. Increase value: value and principles. 
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Secondary connections: Set-based design and early testing and prototyping 
also support the focus area Build knowledge.  
 
The following sub-sections describe the LPD principles related to increasing 
value, and examples of methods that supports the principles.  
 

Customer focus 

Delivering customer-defined value is the most important task of any devel-
opment process. Without doing that, the efforts are wasted (Morgan & Liker, 
2006). Customer focus is thus crucial for the success of product development 
projects (Salomo, Steinhoff, & Trommsdorff, 2003). Accordingly, many 
LPD researchers stress the importance of customer focus and in particular to 
establish what value means to the customers (e.g. Al-Ashaab et al., 2013; El-
Sayed, 2013; Flores et al., 2010; Gudem, Steinert, & Welo, 2014; 
Gurumurthy & Kodali, 2012; Hafer, 2011; Mascitelli, 2007; Meybodi, 2013; 
Oppenheim, 2004; Ringen & Holtskog, 2013; Saunders, Gao, & Shah, 2014; 
Sobek, Ward, & Liker, 1999; Welo, 2011).  
 

Figure 18. The Kano model (Noriaki Kano, 1996; Sörqvist, 2004). 



 
 
 
 

128 

 
However, the customers do not know everything themselves. Only parts of 
requirements on a product represent needs that the customers are actually 
aware of (N. Kano, Seraku, Takahashi, & Tsuji, 1984). Beside the stated 
needs, there are implied needs, and sub-conscious needs that the customer 
are unaware of, but would appreciate to get a respond to nevertheless 
(Noriaki Kano, 1996; Sörqvist, 2004) . The different types of customer needs 
and their relation to customer satisfaction are depicted in Figure 18 above.  

Predicting how future products fulfill future customer needs is even more 
difficult. Customer value is subjective and develops over time (Gudem, 
Steinert, & Welo, 2013). Customer focus by eliciting requirements from the 
customers is therefore far from sufficient to assure a good customer focus in 
development. Too much pull from the customer can even be counterproduc-
tive with respect to radical innovation as customers tend to demand im-
proved versions of already existing technology (Gudem et al., 2014). To 
deliver more than incremental improvements on already existing products, 
the customer focus needs to cover also sub-conscious needs of the custom-
ers. This can for instance be done by interacting with the customer (Sampson 
& Spring, 2001), or spending time in an environment similar to the custom-
er’s (Morgan & Liker, 2006), looking for needs that the customers them-
selves are unaware of. These and other methods that support customer focus 
are listed in Figure 19 below, c.f. Appendix II.  

In spite of the big number of customer-related methods in the LPD body 
of knowledge, and the fact that many LPD researchers emphasis the im-
portance of customer focus, some recent studies criticize LPD for insuffi-
cient understanding of customer value. The customer focus in LPD have 
been said to be based on reasoning rather than observation, to mainly con-
sider the product rather than the entire product experience (Gudem et al., 
2013) and to have too little focus on innovation (Bianchi et al., 2014; Gudem 
et al., 2014). An interesting area for future research would therefore be to 
investigate how customer focus and the understanding of customer value in 
LPD can be expanded and better include innovations and an overall custom-
er experience. 

Nevertheless, customer focus in LPD is not limited to the methods in-
cluded in this framework. Any initiative that contributes to an increased cus-
tomer focus and better understanding of customer needs is in accordance 
with the Lean Product Development philosophy.  
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Figure 19. Methods supporting Customer focus. 
 

Set-based design 

Set-based design is a product development strategy where multiple solutions 
are investigated before the design freeze. Some researchers consider set-
based design to be the main enabler of Lean in product development (Khan, 
2012; Ward, 2007). The opposite of set-based design is to focus the devel-
opment efforts on one or a few product solutions, trying to identify the best 
design as early as possible. This point-based approach involves a number of 
disadvantages. The knowledge level in any project increases over time, 
which means decisions in early stages of the process are made with incom-
plete data and are thus less likely to be successful (Singer, Doerry, & 
Buckley, 2009). Though it sounds like a paradox, delaying decisions can 
make the development process both better and faster (Sobek et al., 1999)  for 
instance by avoiding costly rework late in the process (Al-Ashaab et al., 
2013).  

Instead of choosing one (or a few) solutions in an early stage, the set-
based design process involves to explore sets of alternatives within clearly 
defined sets of constraints (Ward et al., 1995). Focus is then on learning 
more about the product being developed and the various conditions for the 
project. The new knowledge is then used to gradually narrow the set of pos-
sible solutions (Khan, 2012). Before the design freeze, communication and 
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coordination concerning the project covers the entire set of possible solu-
tions and therefore often take the form of intervals. Though this communica-
tion to begin with is less precise (compared to point-based design sketches 
etc.), it is more accurate, and much less likely to be changed afterwards (Al-
Ashaab et al., 2013).  

In order to enable investigation of multiple solutions for complex product 
without causing a longer project lead time, set-based design is often com-
bined with concurrent engineering (c.f. Section 4.4.3). All functions then 
create sets of possible solutions for their subcomponents or parts of the pro-
jects. The mutual compatibility between the different set of solution are 
evaluated on integration events, and helps narrowing down the sets of solu-
tion (Morgan & Liker, 2006; Singer et al., 2009). This process is illustrated 
in  

Figure 20 below. In reality however, more than two functions contribute 
to the intersections.  

 

 

Figure 20. Illustration of set-based design (Khan, 2012; Sobek et al., 1999). 
 
 
 
The LPD literature includes a number of methods that support set-based 
design, see Figure 21 below. 
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Figure 21. Methods supporting Set-based design. 
 
 Most of these methods, such as various kinds of decision matrixes and 
trade-off curves serve as decision support to select (and deselect) solutions. 
Another key is not to make any changes while the design is actually agreed 
upon by all involved functions (Ballé & Ballé, 2005; Gurumurthy & Kodali, 
2012; Ward, Sobek II, Cristiano, & Liker, 1995).  

If applied on local level or in selected projects only, set-based design be-
comes more a method rather than a principle according to the definitions 
used in this study, (see Section 4.3). If applied in large scale however, set-
based design is a principle with the potential of transforming the entire de-
velopment process and company culture of an organization (Ward, 2007). 
Very few companies of today utilize the full potential of set-based design 
(Khan, 2012) and there is little research on actual industrial set-based design 
applications (Al-Ashaab et al., 2013). Case-studies of set-based design, with 
focus on how a transition from a transfer between point-based and set-based 
development can be enable is thus an interesting area for future research.   

The LPD ambition to investigate alternative designs is not limited to the 
methods included in this framework, or even to set-based design. The princi-
ple is more important than the methods, and could be implemented in differ-
ent ways. Any initiative that enables consideration of multiple concepts or 
solutions before the design freeze is in accordance with the Lean Product 
Development philosophy.  
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Early testing and prototyping 

Testing and prototyping has been a natural part of product development for a 
very long time. However, in traditional development process models the 
prototyping has often taken place right before leaving a project phase 
(Schipper & Schmidt, 2006), often late in the project. Some aspects of a 
design do not show until testing the solution in practice (Mascitelli, 2000). 
Saving testing and prototyping until late in the project therefore often causes 
troubles and rework later on (Schipper & Schmidt, 2006). Doing it earlier 
(and recurrent) in the development projects, more value can be captured in 
the projects.  

Complex prototyping should however be avoided early in the process 
(Oppenheim, 2004). In the early stages, low-cost prototyping techniques can 
do just as well, for instance modelling mock-ups products from cheap mate-
rials such as cardboard or foam, to gain fast insights of geometric properties 
(Ward, 2007). Later in the project, when the designs are more refined, the 
prototypes can benefit from also becoming more sophisticated, checking the 
integration of modules and test the system for failure modes (Hoppman et 
al., 2011).   

The LPD methods supporting early testing and prototyping are summa-
rized in Figure 22 below. Virtual prototyping sometimes come with lower 
fidelity than full physical prototypes, they can still identify a significant part 
of product development projects, and at a much higher rate than physical 
prototyping (Thomke & Fujimoto, 2000). Using virtual prototyping is often 
a both cheaper and faster testing method than building physical artefacts, 
wherefore this enables the use of more and earlier prototyping iterations 
(Morgan & Liker, 2006). Virtual prototyping thus contributes to early prob-
lem solving and help frontloading the development process (Thomke & 
Fujimoto, 2000).  

Figure 22. Methods supporting Early testing and prototyping. 
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In Lean and agile software development (e.g. Jim Highsmith & Cockburn, 
2001; Middleton, 2001; Poppendieck & Poppendieck, 2003), early testing 
and prototyping has been integrated in the development project to such an 
extent that the iterative testing partly affect how the product is being devel-
oped. The development is carried out in short sprints of 4-6 weeks, where 
every sprint should result in a testable deliverable, preferably a draft version 
of the entire product (Kniberg, 2015).  

An increasing challenge for many organizations is how to combine the 
development of agile software with less-agile hardware, two areas where the 
development practices have grown rather different from each other 
(Mascitelli, 2011). Through agile methodologies such as XP and SCRUM 
(Kniberg, 2015), software developers are accustomed to making testable 
deliverables frequently, whereas other parts of the organizations often still 
follows a more traditional waterfall-approach (Mascitelli, 2011). An interest-
ing area for future research would therefore be to investigate if and how 
software development practices of creating testable increments early in de-
velopment projects could be translated to hardware development, thereby 
creating a more agile development process.  

The principle early testing and prototyping in Lean Product Development 
is not limited to the methods included in this framework. Any initiative that 
leads to a shift where practical experiences of the developed product takes 
place early in the projects, thereby frontloading the development process, is 
in line with the LPD philosophy.  

Focus area 2: Decrease waste 
The value and principles of the second focus area in the Lean Product De-
velopment framework are depicted in Figure 23 below.  

 

Figure 23. Decrease waste: value and principles. 
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Secondary connections: Standardization also supports the focus area 
Build knowledge. Modularization also supports the focus areas Increase 
value and Build knowledge. Concurrent engineering also supports the 
focus area Decrease sub-optimizations.  
 
The following sub-sections describe the LPD principles related to decreasing 
waste, and examples of methods that supports the principles.  

Standardization 

Morgan and Liker (2006) and many after them (e.g. Khan et al., 2011; 
Tortorella, Viana, & Fettermann, 2015) differentiate between design stand-
ardization, process standardization and engineering skill-set standardization. 
All these three categories contribute in their different ways to waste elimina-
tion in LPD, speeding up the design process while maintaining the reliability 
of the results (Ballé & Ballé, 2005).  

The first type of standardization in LPD is design standardization, which 
means standardization of product components and product architectures 
(Morgan & Liker, 2006). This helps prevent the organization from investing 
time and resources in reinventing solutions that already exists (Yang & Cai, 
2009). This type of standardization can also reduce the total number of com-
ponents in circulation, which decreases the development complexity with 
unaltered possibilities to create variation in the final product (Hoppman, 
Rebentisch, Dobrowski, & Zahn, 2011; Huthwaite, 2004). However, not all 
subcomponents could or should be standardized. These efforts should be 
focused where they make most sense, for solutions that are frequently recur-
ring (Huthwaite, 2004). Engineering practices that supports design standard-
ization include checklists (Ballé & Ballé, 2005; Khan et al., 2011) and part 
catalogues (Fiore, 2003; Jacob & Herbig, 1998).   

The second type of standardization in LPD is process standardization 
(Morgan & Liker, 2006). Though development projects are unique, many of 
the phases and activities that the projects go through are not. Standardizing 
recurring process steps helps to reduce unnecessary process variability 
(Hoppman et al., 2011; Reinertsen, 2009), increase efficiency (Ballé & 
Ballé, 2005; Morgan & Liker, 2006) and serves as a basis for continuous 
improvements (Hoppman et al., 2011; Khan et al., 2011). Methods that sup-
ports this type of standardization include various kinds of templates and 
process descriptions (Mascitelli, 2000, 2007, 2011). Welo and Ringen how-
ever recommend to make standardizing the output deliveries (design stand-
ardization) rather than process standardization the primary focus, in order 
not to risk creating a too rigid structure of activities in the development pro-
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cess (Welo & Ringen, 2015). To avoid over-standardization, it is also im-
portant to update the standards continuously (Schulze & Störmer, 2012), 
viewing them as support rather than incontestable rules.  

The third type of standardization in LPD is skill-set standardization 
(Morgan & Liker, 2006). This is a way for the company to steer the organi-
zation in the desired direction without applying direct control over the em-
ployees (Mintzberg, 1979). If used in a good way, it can create an exchange 
of skills and capabilities across engineering teams and make people grow. 
This type of standardization is powerful but often under-utilized. (Morgan & 
Liker, 2006) It can for instance be supported by employee training (Schulze 
& Störmer, 2012) and cross-functional integration (see further Section 
4.4.5). As Morgan and Liker point out skill-set standardization as under-
utilized in organizations (2006), an interesting area for future research would 
be to investigate how implementation of this specific type of standardization 
could be enabled.  

Figure 24. Methods supporting Standardization. 

The methods in Lean Product Development that supports standardization are 
summarized in Figure 24 above. Standardization in LPD is not limited to the 
methods included in this framework. Any initiative that enables waste elimi-
nation by standardization is in accordance with the Lean Product Develop-
ment philosophy. The contrary; over- or misuse of standardization in a way 
that hinders creativity and innovation is however not supported by LPD.  
 

Modularization 

Modularization means to divide a product system into modules; essential and 
self-contained functional units with standardized interfaces (Miller & Elgård, 
1998), units that are structurally independent of each other, but work togeth-
er (Baldwin & Clark, 2000). Whereas many state of the art practices for 
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product development focus on one project at a time, modularization is about 
balancing what is optimal for the individual projects versus what is optimal 
for the organization as a whole (Cusumano & Nobeoka, 1998). This is inter-
play between modules, products and product systems; see Figure 25 below.  

One isolated project would not benefit from modularization (Miller & 
Elgård, 1998). The effort of creating the modules, in particular the interfaces 
between them, is a resource-demanding task and the project housing these 
efforts is likely to require more time and work than normally (Cusumano & 
Nobeoka, 1998). When the module system is in place however, it gives nu-
merous advantages including improved design flexibility combined with a 
lower design complexity (Harland & Uddin, 2014; Miller & Elgård, 1998). 
This in turn result in shorter time to market and more efficient use of the 
organization’s resources (Harland & Uddin, 2014), combined with a greater 
product variety from the customers’ perspective (Miller & Elgård, 1998). 
Modularization is thus a way of frontloading the development process on a 
multi-project level, investing time and resources in one project in order to 
decrease waste in the following projects, and a core enabler of reuse in LPD 
(Gautam, Chinnam, & Singh, 2007).   

Figure 25. System, products and modules (Miller & Elgård, 1998). 

Modules and platforms are often defined by tangible parts rather than func-
tions (Alblas & Wortmann, 2012) but this does not have to be the case 
(Miller & Elgård, 1998).When defining the modules, focus should be on 
functionality rather than detailed technical requirements (Karlsson & 
Åhlström, 1996b), which open up for a wider range of solutions. To not have 
a too narrow view of what a module has become increasingly important, as 
more and more products consist of a variety of technologies, such as a com-
bination of mechanics and software (Miller & Elgård, 1998).  

The LPD body of knowledge includes some methods that support modu-
larization, see Figure 26 below. These include methods to communicate 
product architectures or comparing similarities and differences between pro-
jects (e.g. Fiore, 2003; 2005).  
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Modularity in LPD research is often described as product platforms com-
bined with modules rather than sheer modularization. Many of the studies 
are focused on the automotive industry (e.g. Ballé & Ballé, 2005; Cusumano 
& Nobeoka, 1998; Morgan & Liker, 2006). An exception is Jensen et al. 
(Jensen, Hamon, & Olofsson, 2009) that use the case of a building system 
(partly adapted from (Lessing, 2006)). Modularity and platform thinking can 
however be of use in almost any organization, even companies producing 
low-volume high-complex products (Alblas & Wortmann, 2012).   

 

Figure 26. Methods supporting modularization. 
 

Though modularity has attracted attention from numerous management re-
searchers during the last decade (Campagnolo & Camuffo, 2010), a majority 
of these studies have been carried out independent of Lean and Lean Product 
Development (see for instance (Campagnolo & Camuffo, 2010; Jiao, 
Simpson, & Siddique, 2007)). An interesting area for future research would 
thus be to update modularization and platform thinking in LPD with the lat-
est trends in research about modular development in general, investigating 
how these findings can support (and get support from) other LPD principles. 
Harland and Uddin took a step in this direction by investigating possible 
effects of modularization in LPD (Harland & Uddin, 2014), but there study 
did not cover qualitative aspects such as enablers for implementation of 
modularization.  

Modularization in LPD is not limited to the methods included in this 
framework. Any initiative that enables modular development or creative 
reuse and improvement of previous solutions is in accordance with the Lean 
Product Development philosophy.  
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Concurrent engineering 

Concurrent engineering (or simultaneous engineering) means running differ-
ent process steps in parallel rather than as a sequence (Karlsson & Åhlström, 
1996). This way of working was a dominating strategy to reduce waste and 
increase efficiency in the early Lean Product Development research (e.g. 
Clark & Fujimoto, 1991; Liker et al., 1995). In these early studies, focus was 
on the possibilities to cut the lead time, thereby reducing waste in the devel-
opment process.  

Karlsson and Åhlström illustrate the definition of concurrent engineering 
with an example. Instead of first developing a product and then a tool to 
manufacture the product, concurrent engineering would be to develop the 
product and the tool in parallel. They point out that the obvious benefit of 
doing so would be shorter development lead time (Karlsson & Åhlström, 
1996). This is however not the only reason to work with concurrent engi-
neering. According to Morgan and Liker, the essence of simultaneous engi-
neering is to bring considerations to the table early in the development pro-
cess, when the options are the most fluid (Morgan & Liker, 2006). Elaborat-
ing on the example from Karlsson and Åhlström, a concurrent engineering 
approach would make it possible for the manufacturing tool developers to 
request and discuss minor design changes that would make the product easi-
er to manufacture, before rather than after the product development team had 
agreed on a final product design.  
 

Figure 27. Methods supporting Concurrent engineering. 
 
Whenever concurrent activities are not coordinated or communicated in a 
good way, it can however become counter-productive (Gautam et al., 2007). 
In the later LPD research has therefore highlighted the need for and possibil-
ities to combine concurrent engineering with other LPD principles. For in-
stance, studies have highlighted the interplay between concurrent engineer-
ing and set-based design (e.g. Harland & Uddin, 2014; Morgan & Liker, 
2006; Oppenheim et al., 2011), concurrent engineering and modular devel-
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opment (Gautam et al., 2007) and simultaneous engineering and cross-
functional integration (Morgan & Liker, 2006).  
Beside the important interplay with other LPD principles, the LPD body of 
knowledge mentions some methods that support concurrent engineering, see 
Figure 27 above.  

Concurrent engineering in LPD is not limited to the methods included in 
this framework. Any initiative that enables parallel work and lead time re-
duction is in accordance with the Lean Product Development philosophy.  

Focus area 3: Increase flow 
The value and principles of the third focus area in the Lean Product Devel-
opment framework are depicted in Figure 28 below.  

 
 

Figure 28. Increase flow: value and principles. 
 
Secondary connections: Level out the process flow and queue management 
also supports the focus area Decrease waste. Batch size reduction also 
supports the focus area Build knowledge. 
 
The following sub-sections describe the LPD principles related to increasing 
flow, and examples of methods that supports the principles. 

Level out the process flow 

A smooth process flow, where the projects and activities are performed in a 
steady pace without interruptions, is the dream scenario for most organiza-
tions. The infrastructure needed to achieve that is a leveled process flow, like 
a wide and even road enables driving. In manufacturing, a key strategy to 
achieve this is to reduce process variation and make sure that all process 
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steps are equally prepared to meet the resource demands (see for instance 
(Liker, 2004; Womack et al., 1990)). As discussed in section 4.4.1, this is 
however more difficult in product development as there is a limit to how 
much the variation could and should be reduced in product development 
(Helander et al., 2015; Reinertsen, 2009; Welo, 2011). What is required from 
different functions will therefore vary over time, which often creates a ca-
pacity mismatch at different points of time (Morgan & Liker, 2006).  

Nevertheless, there are plenty of things that could be done to avoid that 
the projects run into process road-bumps. Reinertsen recommends differenti-
ating between unnecessary and necessary variation and then striving to min-
imize the first and manage the latter (Reinertsen, 2009). Major causes for 
unnecessary variation is rework that does not contribute to new knowledge, 
wherefore use of the LPD principles standardization and modularization (c.f. 
Section 4.4.3) helps leveling out the process flow (Badr Haque & James-
Moore, 2004; Reinertsen, 2009).  

How then could the good variation be managed? A first, but very im-
portant step is to accept that variation exist and always will be a part of 
product development. No matter how carefully development projects are 
planned, there will always be deviations (Munthe et al, 2014). It is much 
better to focus on maintaining flow than try to plan perfectly (Reinertsen & 
Shaeffer, 2005). In practice, this means for instance that there is no use in 
making detailed planning for more than a short time horizon (Reinertsen, 
2009). Even if development organizations do not know which unexpected 
event that will occur in a specific project, it is certain that something un-
planned will happened. A good way to prepare for this expected surprises is 
to include buffers in schedules and budget and give the project team authori-
ty to use these buffers when needed (Kanter, 2006; Reinertsen, 2009). A 
third strategy to managing variation is to make the resources more flexible 
(Morgan & Liker, 2006; Reinertsen, 2009). This could for instance be done 
by cross-training resources (Morgan & Liker, 2006; Reinertsen, 2009) and 
using part-time resources or external satellite suppliers for high-variability 
tasks (Reinertsen, 2009).  

Though everything cannot be planned, development organizations can 
still benefit from aiming for an even inflow of activities (Hoppman et al, 
2011; Reinertsen, 2009). This could be done by active portfolio management 
(Sebestyén, 2006) such as staggering projects, making sure that not too many 
projects go through the same process phases at the same time (Hoppman et 
al, 2011; Ward, 2007). The LPD body of knowledge includes some methods 
that enable to level out the process flow, see Figure 29 below.  
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Figure 29. Methods supporting Level out the process flow. 

In Lean, Value Stream Mapping (VSM) has long been established as the 
primary tool for levelling out the process flow (see for instance (Bicheno & 
Holweg, 2009; Rother & Shook, 2003)). At first it was debated whether or 
not it was advisable to use this method in a product development context. 
Some researchers (e.g. Holmdahl, 2010) argued that the risks of creating an 
excessive efficiency focus and damage the possibilities for creativity and 
innovation was bigger than the potential benefits. Lately however, a large 
number of publications has specifically addressed VSM in product develop-
ment and showed that VSM could indeed be a valuable method also in prod-
uct development (McManus & Millard, 2002; Serrano, Ochoa, & Castro, 
2008). Studies about VSM in product development however mainly focus on 
how the actual mapping could be done (Locher, 2008; Serrano et al., 2008), 
or on how VSM could be used to capture experiences (Mayrl et al., 2013; 
Schulze et al., 2011). Another main purpose of the VSM technique, to sup-
port a transition to a more desirable future state, is partly left unexplored. 
This would thus be an interesting area for future research.  

Flow focus in LPD is not limited to the methods included in this frame-
work. Any initiative that contributes to a more leveled process flow is in 
accordance with the Lean Product Development philosophy.  
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Pull don’t push 

To “pull” means to let the needs of the next process step in line control the 
time and content of the deliveries, instead of pushing deliveries forward in 
the organization based without considering how the deliveries are received 
(e.g. Womack & Jones, 1996b). In a development organization, pull man-
agement can for instance be to make the right information available when 
needed (Ward, 2007) or to make sure that decisions are made when it is best 
for the project rather than after a rigid schedule or decision process ( Hafer, 
2011; Paschkewitz, 2014).  

Pull management help the organization to focus on what is truly im-
portant at the time being (Ward, 2007). This is desirable in any organization, 
but particularly so in product development, where the number of handovers 
typically is large. In fact, pushing too many tasks forward in a development 
organization can result a complete systems breakdown and create a situation 
where nothing ever gets finished. These breakdowns are caused by the num-
ber one flow-related problems in product development: queues (Reinertsen, 
2009).  

Queues have a number of negative consequences for a development or-
ganization (Morgan & Liker, 2006; Reinertsen, 2009). The lead times in-
crease dramatically and the cost goes up as more resources is needed to keep 
track of projects and report status (especially when the lead times are long) 
(Reinertsen, 2009). Queues also increase the impact of unexpected events, 
thereby increasing the risk of the projects. Morgan and Liker build on the 
analogy of the product development process as a road. When an accident 
take place on a road with little traffic, help can get to the scene swiftly and 
the other cars can continue to travel on the other side of the road. If however 
the exact same accident take place when there are already traffic jams and 
queues on the road, there will be a total system congestion, with difficulties 
to help the casualties and the traffic moving at snails’ pace. (Morgan & Lik-
er, 2006) Excessive queues thus leads to even more queues, and this bad 
spiral is the mechanism behind the systems breakdown that Reinertsen 
(2009) describes.  

A common cause for extensive queues is that organizations often wish to 
maximize capacity utilization (Reinertsen, 2009). There is a non-linear rela-
tionship between queue time and capacity utilization and scheduling more 
than 80 % of full capacity is not advisable (Morgan & Liker, 2006; 
Reinertsen, 2009; Yang & Cai, 2009), see Figure 30 below.  
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Figure 30. Capacity utilization vs queue length (Yang & Cai, 2009). 
 
To decrease the queue length and shorten the cycle time, it is therefore rec-
ommended to plan with buffers and limit work in progress (Anand & Kodali, 
2008; Mascitelli, 2011; Reinertsen, 2005; Reinertsen, 2009; Schipper & 
Swets, 2010). The work in progress constraints should be controlled on local 
level (Reinertsen, 2009) to enable more focused work and reduce task-
swiching (Letens, Farris, & Aken, 2011; Mascitelli, 2011), for instance by 
limiting the number of projects per employee (Mascitelli, 2007; Mascitelli, 
2011). Sometimes, these constraints imply that the total number of projects 
running in parallel has to be decreased (Reinertsen, 2009). The interplay 
between queues, lead-time and work in progress constrains was confirmed 
by a study by Gingnell et al, where the average development lead time of an 
organization was shown to decrease with 50 % after a drastic decrease of the 
number of ongoing projects (Gingnell et al, 2014). The LPD literature in-
cludes some methods that enable to level out the process flow, see Figure 31 
below.  

With Donald Reinertsen as a prominent exception, most researchers that 
emphasis the importance of pull management in product development do not 
go into details on how this could be done. It would therefore be valuable if 
more researchers joined the academic discussion of this highly important 
subject. Interesting areas for future research include investigation on how a 
transformation from push to pull management can be enabled in practice.  
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Figure 31. Methods supporting Pull don't push. 
 
Pull management in LPD is not limited to the methods included in this 
framework. Any initiative that contributes to better handovers and considera-
tion of upstream needs in the process is in accordance with the Lean Product 
Development philosophy.  

Batch size reduction 

Batch size reduction in product development can take many forms. It means 
to make small but frequent deliveries rather than large, rare deliveries 
(Reinertsen, 2009), to release relevant information frequent but in small por-
tions (Gremyr & Fouquet, 2012; Reinertsen, 2009) and to make many small 
but quick decisions (Reinertsen, 2009). This principle is by Reinertsen con-
sidered a key strategy to increase flow and manage uncertainty in product 
development. Even if nothing else is done to improve the flow, reduced 
batch sizes can still go a long way (Reinertsen, 2009).  

There are numerous reasons for reducing batch sizes in product develop-
ment. Small batch sizes gives faster feedback and shorter learning cycles 
(Helander et al., 2015; Reinertsen, 2009), thereby supporting learning. At the 
same time, smaller batch sizes reduce the unnecessary variability in the pro-
cess flow and leads to shorter lead-time and less overhead (Reinertsen, 
2009). It also reduces development risk, for instance by promoting early 
discovery of problems and mistakes (Oppenheim, 2004) and by decreasing 
the consequences of failure (Reinertsen & Shaeffer, 2005). But perhaps most 
importantly, reducing batch sized reduces queues in the development process 
and is therefore favorable when trying to optimize the development flow 
(Helander et al., 2015; Reinertsen, 2009). The relation between batch size 
and queues are depicted in Figure 32 below.  
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Figure 32. Batch size affect the queues (Reinertsen, 2009). 

 
On a portfolio level, batch size reduction would mean to execute many small 
projects rather than few huge projects. This gives the same advantages as 
batch size reduction in general; lower risk, reduced queues etc. Just like in 
batch size reduction within projects, this does not necessarily affect the con-
tent of the projects, as large projects could be broken down into several 
smaller ones (Sebestyén, 2006). The LPD body of knowledge includes some 
methods that support batch size reduction, see Figure 33 below.  

Figure 33. Methods supporting Batch size reduction. 
 
One of the most important tools for enabling small batch sizes is cadence, 
the use of a regular, predictable rhythm within the development process 
(Reinertsen, 2009). In practice, cadence could mean to make regular deliver-
ies at predetermined times (Ward, 2007) or to always review drawings at a 
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fixed day every week. This enables batch size reduction, as it encourages 
people to break up the work in chunks that is possible to finish to the next 
delivery or revision. Cadence in turn is enabled by frequent meetings and 
capacity margins (Reinertsen, 2009). 

The principle of batch size reduction is underutilized in most develop-
ment organizations, and product developers are often even unfamiliar with 
the term (Reinertsen, 2009). An exception from this is software develop-
ment, where this has been an established principle for the last decade (see for 
instance Poppendieck & Poppendieck, 2003). An interesting area for future 
research is therefore to investigate how batch size reduction by small, 
frequent deliveries can be enabled in hardware development.  

Batch size reduction in LPD is not limited to the methods included in this 
framework. Any initiative that contributes to decreased batch sizes and 
brings the organization closer to a continuous development flow is in ac-
cordance with the Lean Product Development philosophy.  

Decentralize control 

It has long been known that decentralization makes an organization more 
reactive to changes (e.g. Mintzberg, 1979). As sudden changes and unex-
pected events are to be expected in product development (Ingvarsson 
Munthe, Uppvall, Engwall, & Dahlén, 2014), decentralization of control 
becomes an important means of maintaining flow and creating flexibility in 
the organization (e.g. Anand & Kodali, 2008; Meybodi, 2013;Ward, 2007; 
Welo, 2011). This can for instance be done by empowering the project man-
ager (Ballé & Ballé, 2005; León & Farris, 2011; Hoppman, Rebentisch, 
Dobrowski, & Zahn, 2011; Srinivasan & Scotland, 2010) or the entire pro-
ject team (Anand & Kodali, 2008; Morgan & Liker, 2009), or by encourage 
the individuals in the development organization to take personal 
responsibility over the work (Kennedy, 2003; Khan et al., 2011; Oppenheim, 
2004).  

Top management can sometimes be reluctant to let go of control, but 
most organizations are more willing to give control over resources to people 
that worry about the economic consequences of their decisions. Reinertsen 
therefore recommend framing the actions in a financial context, in other 
words, starting speaking the language of money. A good start is to quantify 
the cost of delay, as this provides a good base for fact-based trade-offs and 
decisions (Reinertsen, 2009). Something else that could facilitate decentrali-
zation is to make clear decision rules and differentiate between different 
types and magnitudes of problems (Kanter, 2006; Reinertsen, 2009). As an 
example, a project manager could get the authority to exceed the budget with 
a certain sum (Kanter, 2006) or make changes that cause a limited delay 
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(Reinertsen, 2009) without asking for permission, but escalate issues that 
exceed these limits (Kanter, 2006; Reinertsen, 2009).  

Another major challenge when decentralizing control is to keep different 
parts of the organization aligned with each other and keep working in the 
same direction (Senge, 2006). Initiatives that lead to a better overall under-
standing of the development process therefore enable decentralized control. 
Other LPD principles such as visual communication and cross-functional 
integration thus support decentralized control. The LPD body of knowledge 
also includes some methods that support decentralized control, see Figure 34 
below.  

Figure 34. Methods supporting Decentralized control. 
 
Highly centralized organizations can sometimes be reluctant to let go of 
control (Reinertsen, 2009). Some interesting areas for future research would 
therefore be to look at organizations where this change has been successfully 
implemented, and to investigate how strictly hierarchical organizations could 
be motivated to pursue this change. 

The aim to make organizations more reactive and flexible in LPD is not 
limited to the methods included in this framework, or even to decentralizing 
control. Any initiative that enables swift action on changed circumstances is 
in accordance with the Lean Product Development philosophy.  

Focus area 4: Decrease sub-optimizations 
The value and principles of the fourth focus area in the Lean Product Devel-
opment framework are depicted in Figure 35 below.  
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Figure 35. Decrease sub-optimizations: value and principles. 
 
Secondary connections: Chief engineer and visual communication also 
support the focus area Build knowledge. Visual communication also sup-
ports the focus areas Increase flow.  
 
The following sub-sections describe the LPD principles related to decreasing 
sub-optimizations, and examples of methods that support the principles.  

Chief engineer 

A chief engineer is a role with personal overall responsibility for a product 
or product system, proposed by for instance Morgan and Liker (2006). De-
scriptions of the role in the LPD literature could easily give the impression 
that the role should be occupied by a superman. A chief engineer should 
have strong technical skills (Marchwinski & Shook, 2003) , exceptional en-
gineering skills (Morgan & Liker, 2006) and be involved in all critical tech-
nical decision that concerns the often complex product (Khan et al., 2011). 
On top of that, the chief engineer should be an exceptional communicator 
(Morgan & Liker, 2006) executing extraordinary leadership (Oppenheim, 
2004); visionary yet practical, innovative yet skeptical of unproven technol-
ogy, intuitive yet grounded in facts (Morgan & Liker, 2006).  

Beside the descriptions of the eligible personal characteristics of the chief 
engineer, there are organizational aspects of the role, tightly connected with 
the purpose of using a chief engineer structure. A chief engineer has personal 
overall responsibility for a product or product system (Morgan & Liker, 
2006). It is the role of a system integrator that leads the integration of differ-
ent components and sub-systems into a functioning concept (Morgan & Lik-
er, 2006; Ward, 2007). As the responsibility extend over the entire life-cycle 
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of the product, the chief engineer also serves as a knowledge bearer (Ward, 
2007). Using a chief engineer structure is thus a way for the organization to 
make sure that someone has the overall performance of a key product or 
product system as their top priority, striving to avoid quick fixes and sub-
optimizations.  

Chief engineers do not manage the engineers working on the project; 
their obligations are tied to the product rather than to the people (Holmdahl, 
2010; Marchwinski & Shook, 2003), being more the leading designer than 
the manager of the project (Sobek et al., 1998). Thereby, the chief engineer 
can avoid at least some of the politics in the organization and focus on what 
is best for the product (Holmdahl, 2010). The lack of direct responsibility 
over people in the organization is one of the reasons that the role requires 
strong leadership skills. Chief engineers have to make sure people want to 
follow their lead. On the other hand, it is very difficult to force people to see 
the big picture; they do not focus on the long term because they have to, but 
because they want to (Senge, 2006). This implies that the chief engineer or 
similar roles would have required a visionary leadership even with different 
authorities in the organization.  

The Lean Product Development body of knowledge mentions a few 
methods that support a chief engineer structure, see Figure 36 below.  

Figure 36. Methods supporting Chief engineer. 
 
Most of the research concerning the chief engineer consists of descriptive 
studies of chief engineer systems already in place, mainly from Toyota (e.g. 
Morgan & Liker, 2006; Nobeoka, 2006 citing (Ikari, 1985)). Much emphasis 
is on personal characteristics of actual chief engineers such as Ichiro Suzuki 
(chief engineer of Toyota Lexus) and Takeshi Uchiyamada (chief engineer 
of Toyota Prius). There is however little support on what a company with 
promising but ordinary humans rather than supermen as employees could do 
to create a chief engineer structure, in particular the leadership aspects. An 
interesting area for future research would therefore be to investigate how the 
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exceptional leadership of a chief engineered could be supported and devel-
oped rather than discovered in an organization.  

The chief engineer structure in LPD is not limited to the methods includ-
ed in this framework. Any initiative that contributes to overall product sys-
tem responsibility, or to help the chief engineers (or similar roles) execute 
developmental leadership is in accordance with the Lean Product Develop-
ment philosophy.  

Cross-functional integration 

Managing product development is all about finding the right balance be-
tween different needs. From an organizational perspective, the organizations 
have to make a trade-off between the needs of the functional organization 
and the cross-functional projects (Cusumano & Nobeoka, 1998). A strong 
functional organization have the advantage that functional specialists can 
share and discuss the latest technology and methods with each other and 
compare functional solutions in different projects (Morgan & Liker, 2006). 
Also, the specialists could more easily be moved between projects, thereby 
using the engineering resources more fully (Reinertsen, 2009). On the down-
side, a strong functional organization makes the engineers more committed 
to the functions than to the projects and products (Morgan & Liker, 2006) 
and disrupt the process flow (Reinertsen, 2009).    

With a strong project organization and co-located cross-functional teams 
on the other hand, promotes alignment to the overall project goals, which 
makes it easier to make good prioritizations and avoid sub-optimizations 
(Hirunyawipada, Beyerlein, & Blankson, 2010), which improves the odds 
for success of the developed product (Love & Roper, 2009; Troy, 
Hirunyawipada, & Paswan, 2008). The downside is that lack of a strong 
functional discipline over time risks depleting the specialized knowledge in 
the organization as the functional specialists do not get the opportunity to 
develop their joint in-depth expertise (Enberg & Bredin, 2015). The chal-
lenge is thus to both maintain and develop specialist competence with suffi-
cient in-depth knowledge and wide knowledge that enable knowledge inte-
gration of competence from different disciplines (Andersson & Berggren, 
2015).  

The Lean Product Development body of knowledge approach this trade-
off by advocating cross-functional integration balanced with functional ex-
pertise (e.g. Harkonen et al., 2009; Morgan & Liker, 2006; Oppenheim et al., 
2011; A. C. Ward, 2007). By integrating rather than coordinating different 
functional aspects of the projects through physical meetings and joint work, 
time consuming planning and liaison functions can be avoided (Karlsson & 
Åhlström, 1996b). To keep the opportunities to develop functional 
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knowledge, the cross-functional teams should not be co-located physically, 
thereby creating an organization where product development team members 
regularly meet both functional colleagues and members of the cross-
functional team (Morgan & Liker, 2006).  

The methods within the Lean Product Development body of knowledge 
that support cross-functional integration are listed in Figure 37 below.  

One of the most prominent LPD methods supporting cross-functional in-
tegration is the use of Obeya rooms, or war-rooms (Khan et al., 2011; León 
& Farris, 2011; Lindlöf, Söderberg, & Persson, 2012; Ward, 2007; Welo, 
2011). The Obeya (Japanese for ”big room”) serves as a planning and com-
munication tool: a place where the project team can gather information about 
the status of the project (Lindlöf et al., 2013) or any information related to 
the project. The Obeya room thus becomes a physical meeting place for the 
cross-functional team, a place that can provide a good project overview and 
help coordinating the project activities (Holmdahl, 2010).  

Figure 37. Methods supporting Cross-functional integration. 
 
Cross-functional integration in LPD is not limited to the methods included in 
this framework. The principle is more important than the methods and there 
are other possible ways of promoting cross-functional integration. Any initi-
ative that supports the balance between cross-functional integration without 
jeopardizing the functional expertise is in accordance with the Lean Product 
Development philosophy.  
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Supplier integration 

The cross-functional focus in Lean Product Development extends outside the 
company borders to include supplier integration. From an overall perspec-
tive, the qualities of the final product will depend not only on the intra-
company product development performance, but also on what the suppliers 
deliver. When Japanese development organizations first began to stand out 
in terms of performance during the 90s, one of the major differences be-
tween Japanese and western development organizations turned out to be the 
way they worked with suppliers (Clark & Fujimoto, 1991; Jeffrey K. Liker, 
Kamath, Wasti, & Nagamachi, 1995). Whereas western companies had a 
one-side focus on getting the lowest price (Clark & Fujimoto, 1991) , Japa-
nese companies looked at several different factors when choosing suppliers 
(Petersen, Handfield, & Ragatz, 2003). Even from a strictly financial per-
spective, choosing the cheapest prize can often be more expensive in the 
long run, if this supplier is not ready to meet all the other both explicit and 
unexpressed requirements (Morgan & Liker, 2006).  

Supplier integration can take many different forms, such as involving the 
suppliers in the design (Dal Forno, Forcellini, Rozenfeld, Mählmann Kipper, 
& Pereira, 2014; Liker, Kamath, Wasti, & Nagamachi, 1995), giving them a 
large degree of freedom to develop a sub-component in parallel with the 
internal development project (Anand & Kodali, 2008; Kishna Jasti & Kodali, 
2014; Liker, Kamath, Wasti, & Nagamachi, 1995) or provide long-term 
contracts so that the supplier can focus more on the actual work instead of 
answering bids (Jeffrey K. Liker et al., 1995). On all levels, the customer-
supplier cooperation should be characterized by black box engineering, i.e. 
focus on functionality rather than detailed technical requirements (Karlsson 
& Åhlström, 1996b).  
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Figure 38. Factors affecting supplier involvement success (Johnsen, 2009). 
 
Several factors have to fall into place in order to achieve successful supplier 
integration, see Figure 38 below. As building deep long-term relationships 
with suppliers takes lots of efforts, a common strategy is to have different 
levels of integration for different suppliers (Kamath & Liker, 1994; León & 
Farris, 2011; Khan et al., 2011; Liker, Kamath, Wasti, & Nagamachi, 1995; 
Morgan & Liker, 2006; Poppendieck, 2011). The levels of integration 
extends from contractors of standard components to a fully developed 
partership, with several steps in between (Morgan & Liker, 2006). The 
different integration levels require different levels of investments from both 
sides, and serve different purposes (Kamath & Liker, 1994). The methods 
within the Lean Product Development body of knowledge that support sup-
plier integration are listed in Figure 39 below.  

Though black box engineering is a key method for supplier integration, 
the same modus operandi can be used internally in a development organiza-
tion (see for instance Oppenheim et al., 2011). Supplier integration in LPD is 
not limited to the methods included in this framework. Any initiative that 
supports early involvement of suppliers and good and good relations to ex-
ternal partners is in accordance with the Lean Product Development philoso-
phy. 
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Figure 39. Methods supporting Supplier integration. 

Visual communication  

Managing a complex product is like conducting an orchestra: it consists of 
many individual parts, but needs to work together like a unit, with a common 
goal (Forsberg, Mooz, & Cotterman, 2000). This requires that the concerned 
parties both have access to the right information and are able to communi-
cate with each other in a good way (Senge, 2006) Visual tools can, if used in 
a good way, form the key part of this communication and help creating a 
transparent process where concerned people quickly can get a good overall 
understanding of the process and the current status of ongoing activities 
(Parry & Turner, 2006; Taxén & Lilliesköld, 2008). In all, visualization is a 
powerful instrument that supports both the information processing and the 
communication aspects of development projects (Lindlöf, 2014). 

Information is crucial in product development, but more communication 
is not always better. What you really want is selective communication that 
gets the right information to the right people at the right time (Morgan & 
Liker, 2006). One of the strengths of visual communication is that it can be 
used to spread a sufficient amount of information and actually decrease the 
need for time-consuming communication. The visualized information be-
comes more accessible, and the development teams get better conditions for 
handling uncertainty and ambiguity (Lindlöf, 2014). Therefore, visual com-
munication holds great potential for avoiding sub-optimizations in product 
development organizations. The goal is to make the system so simple and 
visual that there is no need for complex control (Bicheno & Holweg, 2009).  

One of the core LPD methods for visual alignment of the organization is 
visual planning (e.g. Hines, Francis, & Found, 2006; Holmdahl, 2010; 
Lindlöf & Söderberg, 2011; Mascitelli, 2007; Morgan & Liker, 2006; 
Oosterval, 2010). This methodology consists of two parts, a visual board 
where crucial information such as status and resource allocation is visual-
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ized, and a meeting structure of short but frequent meetings (Holmdahl, 
2010; Lindlöf, 2014; Olausson & Berggren, 2010). This and other LPD 
methods that support visual communication are listed in Figure 40 below.  
 

Figure 40. Methods for Visual communication. 
 
Several of the LPD methods for visual communication have been subjects 
for investigation in different research projects. In particular, much interest 
has recently been taken in A3 reports, the procedure of summarizing differ-
ent types of information on A3 papers (e.g. Raudberget & Bjursell, 2014; 
Sobek & Jimmerson, 2004; Tortorella, Viana, & Fettermann, 2015). One 
reason for the effectiveness of this method is that it does not require any 
major technical resources and can be performed in a very simple way (G. 
Tortorella et al., 2015) at the same time as it constitute a good decision basis 
for both process improvement (Sobek & Jimmerson, 2004) and design 
(Raudberget & Bjursell, 2014) 

Visual communication in LPD is not limited to the methods included in 
this framework. Any initiative that contributes to an increased degree of 
visualization in the organization is in accordance with the Lean Product De-
velopment philosophy.  

Focus area 5: Build knowledge 
The value and principles of the fifth focus area in the Lean Product Devel-
opment framework are depicted in Figure 41 below.  
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Figure 41. Build knowledge: value and principles. 
 
Secondary connections: Fast learning cycles also supports the focus area 
Increase flow. Capture experience and knowledge creation also support 
the focus area Increase value.   
 
The following sub-sections describe the LPD principles related to building 
knowledge, and examples of methods that supports the principles.  

Fast learning cycles 

A necessary condition for learning and personal development is to under-
stand the consequences of actions taken (Senge, 2006). This requires feed-
back. The more time that passes between a cause of events and feedback, the 
more difficult it is to discover causal relations and assure that the feedback 
reach the right persons. A short feedback loop is therefore far more effective 
than a long one, as long feedback loops have a tendency of hiding problems 
(Poppendieck & Poppendieck, 2003).   

From a problem solving perspective, fast learning cycles enhance the lev-
el of the results, as the next impediment cannot be recognized until the cur-
rent ones are resolved (Rother, 2010). In product development, this implies 
that iterative development through fast, recurrent learning cycles can lead to 
much more innovative results than a development project which is planned 
in detail from the beginning (Schipper & Swets, 2010).  

In addition to building knowledge, iterative learning cycles gives fast 
feedback to the organization, which has positive economic effects, as it re-
duces loss from bad outcomes (Reinertsen, 2009) and decrease the amount 
of rework and design loop-backs (Schipper & Swets, 2010; Kennedy, Har-
mon & Minnock 2008). Correspondingly, fast learning cycles also enables 



 
 
 
 

157

exploitation of good outcomes (Reinertsen, 2009), as the ideas can be refined 
and improved iteratively (Helander et al., 2015). The Lean Product Devel-
opment body of knowledge describes a number of methods that supports fast 
learning cycles, see Figure 42 below.  

Figure 42. Methods supporting Fast learning cycles. 
 
Short but frequent stand-up meetings (e.g. Mascitelli, 2007; Morgan & 
Liker, 2006; Poppendieck & Poppendieck, 2003) is a good way to build in 
time for recurring feedback and reflection in the organization. Stand-up 
meetings are often used together with visual planning (see Section 4.4.5) and 
can be used on different hierarchical levels in the organization (Lindlöf, 
2014). On team level, stand-up meetings give all team members an oppor-
tunity to express problems and status of their current activities and delivera-
bles (Lindlöf & Söderberg, 2011). On higher organizational levels, they ena-
bles coordination and feedback between functions (Lindlöf, 2014).  

Early testing and prototyping is by some authors (e.g. Schipper & Swets, 
2010) described as a method for creating fast feedback, and by others (e.g. 
Clark & Fujimoto, 1991) as an independent LPD principle. In this frame-
work it is considered to be an LPD principle in its own right (see section 
4.4.2). But no matter how it is classified, early testing and prototyping is 
indeed a good way of creating fast feedback and increase the learning pace 
in development projects.  

Fast feedback in LPD is not limited to the methods included in this 
framework. Any initiative that contributes to fast and recurring feedback is 
in accordance with the Lean Product Development philosophy.  
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Knowledge creation  

A key to understanding the complexity of knowledge creation is to realize 
that there are different kinds of knowledge that need to be treated in different 
ways. Michael Polanyi (Polanyi, 1966) and many after him distinguish be-
tween tacit and explicit knowledge. Explicit knowledge can be expressed in 
formal language and shared in the form of data, specifications or manuals. In 
contrast, tacit knowledge is personal and hard to formalize, rooted in actions 
and procedures (Nonaka, Toyama, & Konno, 2000).  

Product development relies heavily on experts’ knowledge, which is of-
ten tacit (Mayrl et al., 2013). Many organizations however focus too much 
on information processing (of explicit knowledge) and too little on creating 
and making use of tacit knowledge (Nonaka, 2007).  

Nonaka describes four modes of knowledge creation through conversion 
between tacit and explicit knowledge, see Figure 43 below. He calls the tran-
sition from tacit to tacit knowledge for socialization, from explicit to explicit 
knowledge for combination, from tacit to explicit knowledge for externaliza-
tion, and from explicit to tacit knowledge for internalization (Nonaka, 1994).  
 

Figure 43. Modes of knowledge creation (Nonaka, 1994). 
 
Out of these types of knowledge creation, the ones that involves tacit 
knowledge are the most difficult to achieve, but also the most rewarding 
(Nonaka, 2007). Breakthrough products are often achieved by merging mul-
tiple sources of tacit knowledge (Mascitelli, 2000), but it is not until the 
knowledge is externalized into explicit knowledge that it can be captured in 
requirements and product specifications (Nonaka, 2007). How to create and 
create and transform knowledge, and tacit knowledge in particular, is thus 
critical for the competitive advantage of the organization.  
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Lean Product Development supports all four modes of knowledge crea-
tion: socialization, externalization, combination and internalization (Tyagi, 
2015). The supporting LPD methods are listed in Figure 44 below.  

Figure 44. Methods supporting Knowledge creation. 
 
Much emphasis is on different ways of learning by doing (Morgan & Liker, 
2006; Wangwacharakul, Berglund, Harlin, & Gullander, 2014) such as com-
petitor teardowns (Jacob & Herbig, 1998; Morgan & Liker, 2006) and visit-
ing actual situations first hand (Japanese genchi genbutsu) (Ballé & Ballé, 
2005; Cooper & Edgett, 2005; León & Farris, 2011; Morgan & Liker, 2006; 
Ward, 2007). In order for these and other practical experiences to lead to 
learning, time for reflection is crucial (Garvin, 2000; Morgan & Liker, 
2006). Systematized personal reflection (Japanese hansei) is therefore also 
an important method to support knowledge creation in LPD (Ballé & Ballé, 
2005; Khan et al., 2011; Morgan & Liker, 2006; Quadrat-Ullah, Seong, & 
Mills, 2012).  

Knowledge creation in LPD is not limited to the methods included in this 
framework. Any initiative that contributes to building knowledge, in particu-
lar elicitation of tacit knowledge is in accordance with the Lean Product 
Development philosophy.  

 
Capture experiences 
In addition to the ability to create new knowledge, the knowledge level of an 
organization is dependent of how capable it is to capture experiences. 
Knowledge transfer is therefore a highly strategic question for development 
organizations (Kennedy et al., 2008). Just as with knowledge creation, the 
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mechanisms for knowledge transfer are depending on what form of 
knowledge that is involved, tacit or explicit (Nonaka, 1994).  
Traditionally, most organizations focus too much on spread of information 
(by definition only explicit knowledge) and too little on transferring tacit 
knowledge (Nonaka, 2007). This does not mean that spread of information is 
insignificant. On the contrary, a substantial part of waste in product devel-
opment is caused by performing tasks based on wrong or outdated infor-
mation (Welo, 2011) whereas another major waste category is transfer of 
non-value adding information (Graebsch, Seering, & Lindemann, 2007). 
Assuring that concerned parties have access to the right information at the 
right time is thus a challenge. LPD methods that support this include use of 
internal wiki pages (Schipper & Swets, 2010) and a routine to update 
changes directly in drawings etc. rather than in separate change reports 
(Carleysmith, Dufton, & Altria, 2009).  

Nevertheless, transfer of tacit knowledge is an area of underexploited po-
tential for many organizations (Nonaka, 2007). Lean Product Development 
methods that help capture and spread tacit knowledge include mentorship 
(Goffin & Koners, 2011; Lindlöf et al., 2013) and design team continuity 
(Cusumano, 1994; Cusumano & Nobeoka, 1998; Sobek & Liker, 1998). 
These and other Lean Product Development methods that support knowledge 
transfer are listed in Figure 45 below.  

Figure 45. Methods supporting Capture experiences. 
 
In addition to the methods in this part of the LPD framework, Capture expe-
riences is also supported by other LPD principles, such as Visualization and 
Chief engineer (Lindlöf et al., 2013; Morgan & Liker, 2006), see Figure 46 
below. Visualization (c.f. Section 4.4.5) has the advantage of supporting 
several kinds of knowledge transfer; externalization ((Lindlöf et al., 2013; 
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Whyte, Ewenstein, Hales, & Tidd, 2008), combination (Tyagi, 2015) and 
internalization (Tyagi, 2015).  

 

Figure 46. Other LPD principles that support knowledge transfer, simplified after 
(Lindlöf et al., 2013). 

 
With the exception of the Harvard Business Review article by Nonaka 
(2007), originally published in 1991, the LPD literature includes few con-
crete examples of the role tacit knowledge plays in product development. An 
interesting area for future research would thus be to study break-through 
development projects with focus on the role of tacit knowledge. As the 
knowledge transfer of most organizations are mostly focus on capturing and 
spreading explicit knowledge (Nonaka, Toyama, & Nagata, 2000), it would 
also be interesting to investigate how a focus shift towards transfer of both 
tacit and explicit knowledge could be enabled. These opportunities for future 
research include both the creation and transfer of knowledge.  

Knowledge transfer in LPD is not limited to the methods included in this 
framework. Any initiative that contributes to capturing experiences, in par-
ticular externalization of tacit knowledge is in accordance with the Lean 
Product Development philosophy.  

Performance evaluation for Lean Product Development 
A thorough work with values, concretized into principles which in turn are 
supported by methods will lead to bring about results (Johnson & Bröms, 
2000). It is however important to continuously evaluate whether or not these 
results are the desired ones. Performance evaluation is therefore a part of the 
results level of the LPD framework (see Figure 47 below), underlying all five 
focus areas in the framework.  
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Figure 47. Performance evaluation is a part of the results level of the LPD 
framework.  

 
To have a performance measurement culture has been identified as an im-
portant part of lean transformations (B Haque & Moore, 2004; Letens et al., 
2011). Yet up until ten years ago, the role of performance measurements 
systems in support of product development remained largely unstudied (B 
Haque & Moore, 2004). When entering the new millenium however, a 
number of studies has focused on performance measurement in product 
development, both for product development in general (e.g. Chiesa & 
Frattini, 2007; Vittorio Chiesa, Frattini, Lazzarotti, & Manzini, 2009a, 
2009b; Tatikonda, 2007) and for LDP in particular (Flores et al., 2010; 
Mascarenhas Hornos da Costa et al., 2014).  

Johnson and Sundin found that similar metrics were used in LPD and 
traditional best practice NPD (Johansson & Sundin, 2014). However, when 
working actively with Lean, it is important to also have metrics that visualize 
Lean values such as flow, waste and value (J. Liker & Franz, 2011). A few 
LPD researchers have listed both current and suggested metrics for product 
development performance evaluation, some of which support the five focus 
areas in LPD. Table 5 below presents some examples of such metrics. How-
ever, there is no such thing as a perfect set of metrics suitable for all organi-
zations (Bourne, Neely, Mills, & Platts, 2003; Neely, Gregory, & Platts, 
20059). The set of metrics should be adapted to the specific needs of the or-
ganizations (Neely et al., 2005) and cover a variety of aspects from different 
parts of the organization (Tangen, 2005). Also, it is worth noticing that met-
rics is only one part of a control system (Reinertsen, 2009).  

                               

 
 
 
9 Originally published in 1995.  
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Much of the performance measurement literature, including the small 
subset of LPD focused performance measurement studies, builds on the 
work of Kaplan and Norton and their balanced scorecard approach to per-
formance evaluation (Kaplan & Norton, 1996). Their main point was that a 
performance measurement system should be multi-dimensional, as opposed 
to focusing only on for instance financial metrics. This has later been em-
phasized in numerous studies (see for instance Vittorio Chiesa, Frattini, 
Lazzarotti, & Manzini, 2008; Drongelen & Cook, 1997; Gingnell, Ericsson, 
Lilliesköld, & Lagerström, 2012a, 2012b; Toni & Tonchia, 2001).  

 

Table 5. Examples of metrics supporting the five focus areas in LPD. 

LPD focus area Example metrics Literature source 

Increase value Stakeholder satisfaction 
 
 
Degree of customer 
participation in PD 

(Mascarenhas Hornos da 
Costa et al., 2014) 
(Flores et al., 2010) 

Decrease waste % of design reuse 
 
 
Lead time to market 

(Flores et al., 2010; 
Mascarenhas Hornos da 
Costa et al., 2014) 
(Driva, Pawar, & Menon, 
2000) 

Increase flow Queue size 
Trends in queue size 
Cost of queues 
Batch size 
Number and nature of 
bottle necks 

(Reinertsen, 2009) 
(Reinertsen, 2009) 
(Reinertsen, 2009) 
(Reinertsen, 2009) 
(Mascarenhas Hornos da 
Costa et al., 2014) 

Decrease sub-
optimizations 

Breadth of skill sets (Reinertsen, 2009) 

Build knowledge Feedback speed 
Decision cycle time 

(Reinertsen, 2009) 
(Reinertsen, 2009) 

 
Though managers’ previous interest in financial metrics might now be shift-
ing toward more value-oriented metrics (Mascarenhas Hornos da Costa et 
al., 2014), measurements of qualitative aspects are still in the minority. For 
instance, customer focus in LPD is still guided by quantitative measures of 
customer value, despite evidence that qualitative measures are more signifi-
cant (Gudem et al., 2013).  

There are many ways of categorizing metrics. Except distinguishing be-
tween different content dimensions (e.g. Toni & Tonchia, 2001) and hierar-
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chical levels (B Haque & Moore, 2004), a common division is to distinguish 
between outcome metrics and performance drivers (Kaplan & Norton, 1996).  

Outcome metrics (or lagging indicators) are backwards-looking metrics, 
measured after something has been done (Kaplan & Norton, 1996). 

Performance drivers (or leading indicators) are forward-looking met-
rics, measured during an ongoing process (Kaplan & Norton, 1996). 

For instance, measuring the queue sizes in the development process (see 
Table 5 above) would be a leading indicator for the project lead times, as 
queues have a major impact on the lead time (Reinertsen, 2009). The com-
monly used (Flores et al., 2010) metric lead time of finished projects or ac-
tivities is a lagging indicator.  

The proactive culture that Lean advocates is best supported by leading 
indicators (Oppenheim, 2004) though some outcome metrics are necessary 
to compare current and historical level of performance and thus get decision 
basis for things such as evaluation of improvement efforts.  

Continuous improvements 
Continuous improvement, to constantly strive towards a perfection that can 
never be reached, is an inseparable part of the Lean culture. No matter if it is 
highlighted as a core principle like Womack and Jones (1996), Morgan and 
Liker (2006) and many others or only implied, it is always present.  

In this Lean Product Development framework, continuous improvement 
with support from performance evaluation forms the results level of the LPD 
framework. One reason for combining performance evaluation and continu-
ous improvements is that successful continuous improvements involves the 
use of performance measurements (Welo & Ringen, 2015). Together, con-
tinuous improvements and performance evaluation supports all five focus 
areas in LPD, see Figure 48 below.   

Figure 48. Continuous improvements are the foundation of the LPD framework. 
 
Continuous improvement, including control and quality assurance on one 
hand and development and improvement on the other hand (Sörqvist, 2004) 
involves people throughout the organization in work with everything from 
process development to organizational learning (Welo & Ringen, 2015).  
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Even if an organization worked with all the other LPD elements, without 
a culture of continuous improvements, they would not be truly Lean.  

On their company website, Toyota put it like this:  

“We strive for continuous improvement in everything we do. It's not a motto. 
It's not a mission statement we hang on the wall. It's the way we do 
things. We believe there is no best – only better.” (Toyota, 2016) 

 
In the long run, many small improvement steps will take you further than 
any revolutionary change. To use a classic analogy, it is better to learn how 
to fish than to capture a single one, no matter how big it is (Modig & 
Åhlström, 2012). Working with continuous improvement requires systematic 
efforts over time rather than quick fixes (Welo & Ringen, 2015).  

Summary of the LPD framework 
The Lean Product Development framework is pictured in its entirety on the 
fold-out page at the end of the thesis. The framework consists of the five 
focus areas Increase value, Decrease waste, Increase flow, Decrease sub-
optimizations and Build knowledge. All five focus areas incudes values, 
principles and methods. Underlying all five focus areas is results section 
consisting of Performance evaluation and continuous improvements. In to-
tal, 92 journal articles, 7 book chapters and 23 books were used to create the 
framework. A complete account for the literature references can be found in 
Appendix II.  

For best results, the Lean Product Development framework should be 
viewed and used as a whole. Just like Lean, LPD is more than its underlying 
techniques (Bhasin, 2015). The culture, to involve everyone and striving to 
improve the organization as a whole is an important part of the concept 
(Welo & Ringen, 2015). All LPD principles are interrelated to each other 
and should as far as possible be developed together (Bhasin, 2015; Schipper 
& Swets, 2010) 

In the LPD framework proposed by Khan et al. (c.f. Section 4.2), LPD 
literature without explicit Toyota focus were excluded arguing that use of 
other sources would give deceptive image of LPD and turn the LPD research 
field in the wrong direction (Khan et al., 2011). Comparing that LPD frame-
work with the LPD framework proposed in this study, there is however no 
great difference content-wise. Sources without connections to Toyota con-
tribute with other perspectives, examples and to some extent other methods. 
For instance, while Khan (2012) mentions knowledge/information pull as 
one of the LPD enablers, the work of Reinertsen (2009) contributes with 
more detailed knowledge on how pull in prouduct development could be 
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achieved. At no point in the literature review did one grouping in the LPD 
research field contradict the results of the others on any major point. Khan et 
al. (2011) were thus wrong in assuming that including sources without Toyo-
ta focus in the study would turn the research field in the wrong direction.  

León and Farris (2011) use a wide literature base, although they do not 
fully motivate how they selected the 55 sources used to create the framework 
from the originally found 273 publications they got from the literature 
search. The difficulty with the LPD framework of León and Farris lies in the 
interpretation. Most high level framework elements are so general that they 
would be valid focus areas for all product development organizations, 
whether they are working with LPD or not (e.g. “Decisions” and “Suppli-
ers”). “Lean” is also described as a knowledge domain separated from the 
others (León & Farris, 2011), even though Lean and LPD share the same 
underlying philosophy (Karlsson & Åhlström, 1996b). The highest level of 
the LPD framework presented in this thesis is also general, but still specific 
enough to be a complete summary of the LPD concept. The values are valid 
for Lean in any environment, whereas the principles and methods are 
adapted to industrial product development.  

Comparing the LPD frameworks described in section 4.2 with the present 
study, the LPD framework developed and described in this thesis is more 
complete in detail and reference base than the frameworks of Welo (2011) 
and Khan et al. (2011), and requires less prior knowledge than the frame-
work of León & Farris (2011).  
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5. How can LPD support product development 
needs? 

This chapter will answer research question 2: How can the Lean Product 
Development concept support a development organization? This is done by 
comparing the organizational needs identified in Chapter 3 to the Lean Prod-
uct Development framework described in Chapter 4.  

For each organizational need, all LPD principles were reviewed to find 
out to which extent they provide support for this particular problem. Only 
highlighting something as important is not considered enough to qualify as 
support. In many cases, the studied organizations already had a high general 
awareness of the problem and a wish to change, without managing to do so. 
For instance, many respondents called for a culture where problems were 
solved directly and not forwarded in the organization. This general wish, 
though shared by respondents on different levels in the organizations, was 
not enough to cause a change. The comparison therefore focuses on more 
tangible strategies to meet the organizational needs.  

The support found in the LPD literature were divided into the categories 
“good support”, “partial support” and “indirect support only”, using the def-
initions specified in Box 29 below. The comparison is based on the principle 
level of the LPD framework. The LPD values and focus areas were consid-
ered too general, which would result in a comparison where every focus area 
or value related to every product development need. This would give little 
advice to a company that considers an LPD implementation, and add little 
knowledge about how well the LPD concept is aligned with current organi-
zational needs. However, the results from the review of each organizational 
need are related to focus areas and values in the LPD framework.  

The methods on the other hand are too context specific. As discussed in 
Chapter 4, some of the methods are adapted to a specific industry, whereas 
others are more general. The methods are also interchangeable. Although the 
methods included in this LPD framework are the ones with most coverage in 
the LPD literature, it would be possible to implement all the LPD principles 
and fully work in accordance with the LPD philosophy using mostly other 
methods. However, the methods in the LPD framework is sometimes used as 
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examples in the describing text, as they sometimes provides the concrete 
details needed to qualify as “good support”.  

Box 29. Definitions of the levels of support. 

 
The empirical base for this comparison (c.f. Chapter 3) constitutes of experi-
ences from four product development organizations (ABB, Volvo Cars, 
IKEA Components and Scania). It is important to remember that an organi-
zational need was included in this thesis if at least two of the case study 
companies had experienced the challenge. This means that many of the or-
ganizational needs are derived from two or three, not all, of the studied or-
ganizations.  The case study companies all have their own strengths when 
compared to the LPD principles (c.f. Chapter 4). In some cases, they already 
work actively with some of the LPD principles and methods, and experience 
less of the corresponding organizational needs. As the focus of this thesis is 
to depict general challenges in product development rather than to investi-
gate the detailed way of working of the studied organizations, detailed ac-
counts of the strengths and weaknesses of each company has not been in-
cluded in this thesis.  

The following sub sections describe the results from the comparison be-
tween theory and practice. The sub chapter division follows the fourteen 
themes identified in Chapter 3.  

Good support: The LPD literature includes an awareness of the de-
scribed problem and concrete strategies on how to address it. The de-
scriptions are detailed enough to provide implementation support. At 
least one LPD principle will, if implemented correctly, improve the 
situation significantly.  

Partial support: The LPD literature touches on the described prob-
lem. At least one LPD principle addresses parts of the problem.   

Or: The LPD literature includes an awareness of the described prob-
lem and strategies on how to address it, but the desctiptions are not 
detailed enough to provide implementation support. 

Indirect support only: This organizational need is not a prominent 
part of the LPD literature. All LPD principles can be implemented 
without addressing this particular problem.  

Or: the LPD literature emphasizes the importance of solving this 
problem, but without any concrete descriptions of how this could be 
achieved.  
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5.1 Strategic directions  
The organizational needs related to strategic directions and the degree of 
support from LPD principles are summarized in Table 6 below.  

The organizational need SD1 means to assure that the future strategic di-
rection is continuously discussed by top management to avoid sudden 
changes of direction. Doing this is in line with the Lean Product Develop-
ment philosophy. Unnecessary changes of direction due to lack of a long-
term view is a form of sub-optimizing the work, something that LPD aims to 
decrease. However, no principle in LPD includes any tangible strategy to 
help organizations achieve SD1. This need is therefore not considered to get 
any direct support from LPD.   

Table 6. LPD principles that support strategic directions (SD). 

Organizational need Ref. Supporting  
LPD principle 

Degree of 
support 

The organizations need to… 
 
… assure that the future strategic 
direction is continuously discussed 
by top management to avoid sud-
den changes of direction 

SD1 None Indirect 
only 

 …enable short-term decision mak-
ing in line with company strategies  

SD2 Visual  
communication 
Chief engineer 

Good  
 
Good 

…allow and stimulate delegated 
decision power. 

SD3 Decentralize  
control 

Good 
 

… help concerned parties under-
stand how ongoing and future pro-
jects affect each other 

SD4 None Indirect 
only 

 
SD2 states that the organizations need to enable short-term decision making 
in line with company strategies. The LPD principle Visual communication 
supports this need. One of the most evident effects of visualization is that the 
organization gets aligned and that people in different projects more easily 
can work in the same direction without constant checkups (Forsberg et al., 
2000). The goal is to make the system so simple and visual that there is no 
need for complex control (Bicheno & Holweg, 2009). With such a system in 
place, SD2 would indeed be facilitated. Another LPD principle that supports 
SD2 is Chief engineer. As a chief engineer has personal overall responsibil-
ity of a product or product system, and work as a system integrator (Morgan 
& Liker, 2006), this role will have enough knowledge about the project to 
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understand how quick decisions might influence the project outcome. SD2 is 
therefore considered to get good support from LPD.  

SD3 suggest that delegated decision power should be allowed and stimu-
lated. This organizational need corresponds directly to one of the LPD prin-
ciples, Decentralize control. In the LPD literature, the need for decentralized 
control is motivated by a need for managing uncertain events (c.f. 
Reinertsen, 2009). The LPD body of knowledge describes different ways of 
organizing decentralized control (see for instance Khan et al., 2011; Morgan 
& Liker, 2006) as well as factors that facilitates decentralizations, such as 
clarifying decision rules and differentiate between different types and magni-
tudes of problems (Reinertsen, 2009). SD3 is therefore considered to get 
good support from LPD.  

SD 4 suggests that concerned parties should get help to understand how 
ongoing and future projects affect each other. A highly developed modular 
system (as in the LPD principle Modularization) helps to see how the prod-
ucts relate to each other (Miller & Elgård, 1998). However, modularization 
does not necessarily entail knowledge about how resources in the different 
projects will be affected by other projects, which was a main aspect of SD4 
(see Section 3.1). Though some LPD sources (e.g. Kishna Jasti & Kodali, 
2014; León & Farris, 2011; Sebestyén, 2006) mention multi project man-
agement, the support for SD4 in the LPD literature at large is only of an indi-
rect nature.    

To sum up the theme Strategic directions, LPD gives good support to the 
organizational needs SD2 and SD3, but only indirect support to SD1 and 
SD4 (see Table 6). The supporting LPD principles belong to the focus areas 
Increase flow and Decrease sub-optimizations, see Figure 49 below.  

Figure 49. LPD focus areas that support strategic directions (SD). 

5.2 Prioritizations  
The organizational needs related to prioritizations and the degree of support 
from LPD principles are summarized in Table 7.  
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Table 7. LPD principles that support prioritizations (P). 

Organizational need Ref. Supporting  
LPD principle 

Degree of 
support 

The organizations need to… 
 
… assure that prioritizations are 
made based on strategy rather 
than sense of urgency 

P1 Set-based design 
Pull don’t push 

Partial 
Partial 

 … assure that prioritizations are 
communicated throughout the 
organization 

P2 Visual  
communication 

Good  
 

Pull don’t push Partial 

… assure that prioritizations are 
made in consideration of availa-
ble resources 

P3 Pull don’t push 
 
Batch size reduction 

Good 
 
Partial 

… delimit the number of ongoing 
projects and activities 

P4 Level out the process 
flow 
Pull don’t push 

Good 
 
Good 

 
The organizational need P1 states that prioritizations should be made based 
on strategy rather than sense of urgency. The LPD principle Set-based de-
sign involves exploring multiple solutions while there is maximum design 
space (e.g. Morgan & Liker, 2006). The broader knowledge that is the result 
of set-based design provides a good decision bases for strategic decisions 
and therefore supports P1. However, set-based design could and should not 
be used in all types of projects. Whereas this principle is highly applicable 
for strategic breakthrough projects, it is less suited for smaller projects that 
only tailor existing solutions (A. C. Ward, 2007). Though P1 is an organiza-
tion-wide need, the supporting effect of Set-based design will be limited to 
projects using this principle. P1 is therefore considered to get partial support 
from LPD.  

P1 also gets partial support from the LPD principle Pull don’t push. The 
essence of this principle is to let the needs of the next process step in line 
control when and how something is done and delivered forward (Womack & 
Jones, 1996).  

P2 states that the prioritizations should be well communicated throughout 
the organization. This need gets support from the LPD principle Visual 
communication. One of the purposes with visualization is to assure that the 
right information gets to the right people at the right time (Morgan & Liker, 
2006), which includes prioritizations. Some sources (Mascitelli, 2007; 
Mascitelli, 2011; Oppenheim, Murman, & Secor, 2011; Rossi, Kerga, 
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Taisch, & Terzi, 2012; Schipper & Swets, 2010) also discuss how to visual-
ize prioritizations directly, by for instance must/should/could diagrams 
(Mascitelli, 2007).  

P2 also gets partial support from the LPD principle Pull don’t push. Pull 
management help the organization to focus on what is truly important at the 
time being (Ward, 2007), as it means to let the need of the downstream pro-
cess steps control the deliveries (e.g. Womack & Jones, 1996b). Pull man-
agement thus requires that everyone has a good understanding of prioritiza-
tions. The principle does not give any advice on how to communicate the 
prioritizations, but a pull don’t push culture encourages everyone to be sensi-
tive to the needs of others and amenable to communicated prioritizations.  

P3 states that the organizations need to assure that prioritizations are 
made in consideration of available resources. With the same reasoning as 
above – an increased awareness of the needs of others – P3 gets support 
from the LPD principle Pull don’t push. P3 also gets partial support from 
Batch size reduction. With smaller batch sizes, the lead-time of the activities 
decreases and the feedback in the organization is accelerated (Reinertsen, 
2009), which allows the organization to update plans and resource allocation 
in accordance with present needs. 

Figure 50. LPD focus areas that support prioritizations (P). Dashed line indicates 
partial support.  

 
P4 states that the organizations should delimit the number of ongoing pro-
jects and activities. This gets strong support from the LPD principles Level 
out the process flow and Pull don’t push. Decreasing the amount of work in 
progress and queues in the processes is a main strategy to achieve both a 
better process flow and pull management. In his book The principles of 
product development flow, Donald Reinertsen (Reinertsen, 2009) present 
thorough argumentation for why work in progress should be decreased and 
advice on how to start. Other LPD researchers (e.g. Anand & Kodali, 2008; 
Blog, 2007; Locher, 2008; Mascitelli, 2011; Oppenheim, Murman, & Secor, 
2011; Poppendieck & Poppendieck, 2003; Reinertsen, 2005; Reinertsen, 
2009; Schipper & Swets, 2010) support his line of argument. 

To sum up the theme Prioritizations, LPD gives partial support to the or-
ganizational need P1 and good support to the other needs (see Table 7). The 
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supporting LPD principles belong to the focus areas Increase value, Increase 
flow and Decrease sub-optimizations, see Figure 50. The strongest influence 
comes from the focus area Increase flow. 

5.3 Goals 
The organizational needs related to goals and the degree of support from 
LPD principles are summarized in Table 8 below.  

Table 8. LPD principles that support goals (G). 

Organizational need Ref. Supporting  
LPD principle 

Degree of 
support 

The organizations need… 
 
… clear goals that reflects what 
the development organization 
wishes to accomplish 

G1 Customer focus 
Performance evalua-
tion 
 

Partial 
Partial 

 … to assure that the goals are 
communicated throughout the 
organization 

G2 Visual communica-
tion 
Pull don’t push 
 

Good 
 

Partial 

… to assure that the goals are 
broken down to local organiza-
tional levels 

G3 None Indirect 
only 
 

… to assure that all concerned 
parties are committed to a strate-
gy on how to reach each goal 

G4 Decentralized con-
trol 
Chief engineer 

Good 
 
Good 

 
G1 states that the organizations need clear goals that reflect what the de-

velopment organization wishes to accomplish. One dimension of this is cov-
ered by the principle Customer focus. For instance, Al-Ashaab et al., (2013), 
El-Sayed (2013) and Ryan & Reik (2010) point out the importance of con-
verting the customer needs to measurable targets and use them as goals in 
the development process. It is however likely that the organization also has 
other dimensions as well that the goals would need to cover to reflect what 
the organization wishes to accomplish. Some studies (Cooper & Edgett, 
2005; Reinertsen, 2009) mention the importance of goals in connection with 
performance evaluation and measurement, however with little concrete guid-
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ance on how to do it in practice. G1 is therefore considered to get partial 
support from LPD.  

G2 states that the organizations need to assure that the goals not only ex-
ist, but are communicated throughout the organization. G2 gets good support 
from the LPD principle Visual communication and partial support from Pull 
don’t push. The motivation is similar to the support of the organizational 
need P2 under the theme Prioritization (see Section 5.2).   

G3 states that the organizations need to assure that the goals are broken 
down to local organizational levels. This organizational need is connected to 
the LPD principle Decentralize control, but this principle requires rather 
than supports fulfillment of G3. Keeping different parts of the organization 
aligned with each other and keep working in the same direction is a major 
challenge when decentralizing control (Senge, 2006) and working with goals 
on different hierarchical levels can be one way to achieve alignment, if they 
are accepted on all levels (Mattsson, 2011). The LPD body of knowledge 
does however not discuss how this in turn could be done, wherefore G3 is 
considered to get indirect support only from LPD.  

G4 states that the organizations need to assure that all concerned parties 
are committed to a strategy on how to reach each goal. This need gets sup-
port from LPD in two ways. Decentralized control supports employee moti-
vation and personal commitment (Reinertsen, 2009), which considering that 
the employees have knowledge about the goals (G1 and G2) this will support 
G4. G4 also gets support from the LPD principle Chief engineer as visionary 
leadership and ability to motivate the team are desirable characteristics for 
anyone in this role (e.g. Oppenheim, 2004; Morgan & Liker, 2006).  

To sum up the theme Goals, LPD gives good support to the organizational 
needs G2 and G4, partial support to the organizational need G1, but only 
indirect support to the organizational need G3, see Table 8. The supporting 
LPD principles belong to the focus areas Increase value, Increase flow, De-
crease sub-optimizations and Performance evaluation, see Figure 51 below.  

Figure 51. LPD focus areas that support goals (G). Dashed line indicates partial 
support. 
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5.4 Performance measurement 
The organizational needs related to performance measurement and the de-
gree of support from LPD principles are summarized in Table 9 below.  

Table 9. LPD principles that support performance measurement (PM). 

Organizational need Ref. Supporting  
LPD principle 

Degree of 
support 

The organizations need… 
 
… a balanced set of metrics that 
reflects the critical aspects of the 
process 

PM1 Performance evalua-
tion 

Partial 

… proactive performance metrics 
to support real-time actions 

PM2 Performance evalua-
tion 

Good 
 

… to assure that all concerned 
parties knows how to interpret 
and use the metrics 

PM3 None Indirect 
only 

… an understanding of the cur-
rent level of performance to vali-
date future improvements 

PM4 Performance evalua-
tion 
Visual communica-
tion 

Good 
 
Good 

 
PM1 states that the organizations need a balanced set of metrics that reflects 
the critical aspects of the process. The LPD body of knowledge does indeed 
discuss the importance of having a balanced set of metrics and suggests met-
rics that can be used to evaluate different process aspects with importance to 
a Lean Product Development process (e.g. Flores et al., 2010; (Mascarenhas 
Hornos da Costa et al., 2014). However, there is no such thing as a perfect 
set of metrics suitable for all organizations (Bourne, Neely, Mills, & Platts, 
2003; Neely, Gregory, & Platts, 2005) and every organization therefore have 
to do a great deal of this work themselves. Though the LPD body of 
knowledge is totally aligned with M1, it is thus only considered to give par-
tial support to this need.  

PM2 states that the organizations need proactive performance metrics to 
support real-time actions. LPD researchers such as Reinertsen (2009) and 
Oppenheim (2004) also highlights the importance of this. Several of the LPD 
metrics they suggest (c.f. Section 4.4.7) is of a proactive nature (for instance 
the metrics related to queues) and do indeed support real time actions. M2 
thus gets good support from LPD.  

PM3 states that the organizations need to assure that all concerned parties 
knows how to interpret and use the metrics. Though the importance of good 
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communication and mutual understanding are covered by LPD literature, 
this particular question is not discussed, wherefore M3 is considered to get 
indirect support only from LPD.  

PM4, that the organization need an understanding of the current level of 
performance to validate future improvements, does on the other hand get 
plenty of support from Lean Product Development. This need is the purpose 
of the entire results section of the LPD framework and discussed by plenty 
of researchers under Performance evaluation (c.f. Section 4.4.7). The LPD 
principle Visual communication also gives good support for PM4. One of the 
most common methods for visual communication, visual planning, is often 
used as a tool for status reporting (Lindlöf & Söderberg, 2011) which gives a 
good base for understanding the current level of performance.  

To sum up the theme Performance measurement, LPD gives good support 
to the organizational needs PM2 and PM4, partial support to the organiza-
tional need PM1, but only indirect support to PM3, see Table 9. The support-
ing LPD principles belong to the focus areas Decrease sub-optimization and 
Performance evaluation, see Figure 52 below. The strongest influence comes 
from Performance evaluation in the result level of the LPD framework. 

Figure 52. LPD focus areas that support performance measurements (PM). 

5.5 Qualitative performance management 
The organizational needs related to qualitative performance management and 
the degree of support from LPD principles are summarized in Table 10 be-
low.  

QPM1 states that the organizations should assure short feedback loops 
between different functions and process steps. QPM1 gets support from a 
number of LPD principles. The clearest match is the LPD principle Fast 
learning cycles, where fast feedback (e.g. Reinertsen, 2009) is a part. Some 
methods under Visual communication also give opportunities for short feed-
back loops. For instance, visual planning includes both a visual board, but 
also a meeting structure of short but frequent stand-up meetings (Söderberg, 
2012) which increases the frequency of communication and feedback 
(Lindlöf & Söderberg, 2011). In addition to this, working with Early testing 
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and prototyping results in feedback on the design solutions earlier in the 
projects (Schipper & Swets, 2010). Finally, QPM1 gets partial support from 
Cross-functional integration, as a higher degree of cross functional integra-
tion leads to better communication (and thereby feedback) between functions 
(Morgan & Liker, 2006).  
 

Table 10. LPD principles that support qualitative performance management (QPM). 

Organizational need Ref. Supporting  
LPD principle 

Degree of 
support 

The organizations need to… 
 
… assure short feedback loops 
between different functions and 
process steps 

QPM1 Early testing and 
prototyping 
Visual communica-
tion 
Cross-functional 
integration 
 
Fast learning cycles 
 

Good 
 
Good 
 
Partial 

Good 

 … assure that leaders on all 
levels get support and feedback 
to develop their leadership skills 

QPM2 None Indirect 
only 
 

… assure that everyone knows 
what to expect in terms of feed-
back and support 

QPM3 None Indirect 
only 
 

… agree on clear consequences 
when a function departs from 
established agreements 

QPM4 
 

None Indirect 
only 

… establish a culture to cele-
brate successes 

QPM5 None Indirect 
only 

 
QPM2 states that leaders on all levels should get feedback and support to 
develop their leadership skills. Though the LPD literature, for instance in 
connection with the principle Chief engineer discuss the importance of lead-
ership skills, more focus is on which characteristics good leaders should 
have than on how these skills could be developed (c.f. Section 4.4.5). QPM2 
is therefore considered to not get any direct support from LPD.  

According to QPM3, everyone in the organization should know what to 
expect in terms of feedback and support. This would probably be an indirect 
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result of an extensive LPD implementation, for instance by establishing a 
visual planning system with frequent meetings. However, assuring QPM3 is 
not the main focus of Visual communication (c.f. Section 4.4.5) and there is 
no direct support on where to start working with this in particular issue.  

QPM4 states that the organization should agree on clear consequences 
when a function departs from established agreements. A few LPD research-
ers such as Robert Cooper and Scott Edgett discuss how clear success crite-
ria for could be established each project and recommend to hold the team 
accountable for the results (Cooper & Edgett, 2005). However, this cannot 
be said to be a core part of the LPD body of knowledge, and no LPD princi-
ple is directly related to QMP4. 

QPM5 calls for a culture to celebrate successes. Though celebrating 
achieved goals is sometimes described as a part of Continuous improvements 
(e.g. Jeffrey K. Liker & Franz, 2011), the question on how to assure this 
culture throughout the organization is not discussed. QPM5 is thus consid-
ered to get indirect support only from LPD.  

To sum up the theme Qualitative performance management, LPD gives 
strong and multidimensional support to the organizational need QPM1. 
Though the use of these (and other LPD) principles would have positive side 
effects on the other QPM needs, QPM2-5 were considered to get only indi-
rect support from LPD (see Table 10). The LPD principles supporting QPM 
belong to the focus areas Increase value, Decrease sub-optimizations and 
Build knowledge, see Figure 53 below.  

Figure 53. LPD focus areas that support qualitative performance management 
(QPM). 

5.6 Mutual understanding between functions 
The organizational needs related to mutual understanding between functions 
and the degree of support from LPD principles are summarized in Table 11 
below.  

MUbF1 states that the organizations need to stimulate understanding and 
respect for other functions by assuring that everyone knows how long time 
different functions need to perform their work. This need gets good support 
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from the LPD principle Pull don’t push. The essence of pull management is 
to let the needs of the next process step in line control the time and content 
of the deliveries rather than pushing deliveries forward in the organization 
based without considering how the deliveries are received (e.g. Womack & 
Jones, 1996b). Practicing pull management thus involves a communication 
with the next process step in line that supports MUbF1.  
 

Table 11. LPD principles that support mutual understanding between functions 
(MUbF). 

Organizational need Ref. Supporting  
LPD principle 

Degree 
of sup-
port 

The organizations need to stimulate understanding and respect for other 
functions by… 
 
… assuring that everyone 
knows how long time different 
functions need to perform their 
work 

MUbF1 Pull don’t push 
 
 
 
Concurrent engi-
neering 
Cross-functional 
integration 
Supplier integra-
tion 

Good 

Partial 
 
Partial 
 
Partial 

 … assuring that requirements 
are focused on “what” and 
“why” rather than “how” 

MUbF 2 Modularization 
Supplier integra-
tion 
Set-based design 

Good 
Good 
 
Partial 

… encouraging real-life experi-
ence of other functions’ work 
(e.g. by exchanges, study visits 
or previous work experience) 

MUbF 3 Knowledge crea-
tion 
 

Good 
 

 
MUbF1 also gets partial support from the LPD principles Cross-functional 
integration and Supplier integration. A higher degree of integration and 
collaboration with other functions and stakeholders both within the company 
and among suppliers will bring about a better mutual understanding (Morgan 
& Liker, 2006). However, the main focus for cross-functional integration 
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(and supplier integration) in LPD is to make use of everyone’s competence, 
rather than promoting mutual understanding.  
According to MUbF2, the organizations need to stimulate understanding and 
respect for other functions by assuring that requirements are focused on 
“what” and “why” rather than “how”. This is in line with the LPD philoso-
phy that promotes respect for individuals (Oppenheim, Murman, & Secor, 
2011) and decentralize control (e.g. Anand & Kodali, 2008; Morgan & 
Liker, 2006; Poppendieck & Poppendieck, 2003). In connection with the 
LPD principle Modularization, MUbF2 is more explicitly discussed, as focus 
should be on functionality rather than detailed technical requirements when 
defining modules (Karlsson & Åhlström, 1996b). The LPD principle Suppli-
er integration also supports MUbF2 by advocating black box engineering 
towards suppliers (e.g. Anand & Kodali, 2008; Clark & Fujimoto, 1991), 
which means that the supplier is given the functional and interface require-
ments, but are left free to deliver them in any way they like (Jeffrey K. Liker 
et al., 1995). The importance of focusing on functionality rather than 
detailed solutions is also discussed by researchers that combine Lean 
Product Development with Systems Engineering  (e.g. Oppenheim et al., 
2011; Oppenheim, 2011). Working with the LPD principle Set-based design 
contributes to moving the focus from technical details to constraints and 
intersections (e.g. Morgan & Liker, 2006), which partially support MUbF2. 
All in all, MUbF2 gets good support from LPD. 

MUbF3 states that the organizations need to stimulate understanding and 
respect for other functions by encourage real life experience of other func-
tions’ work. The focus area Build knowledge in the LPD framework (c.f. 
Section 4.4.6), in particular the LPD principle Knowledge creation promotes 
learning through practical experience (Wangwacharakul, Berglund, Harlin, 
& Gullander, 2014) and by seeking to be present at the site where things 
actually happens (Jap. Genchi gemba) (e.g. Cooper & Edgett, 2005; León & 
Farris, 2011; Morgan & Liker, 2006; Ward, 2007). MUbF3 is thus consid-
ered to get good support from LPD.  

To sum up the theme Mutual understanding between functions, LPD pro-
vides good support to the organizational needs MUbF1 and MUbF3, and 
partial support to MUbF2 (see Table 11). The supporting principles comes 
from all five focus areas in the LPD framework, see Figure 54 below.  
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Figure 54. LPD focus areas that support mutual understanding between functions 
(MUbF). Dashed line indicates partial support. 

5.7 Understanding the customer 
The organizational needs related to understanding the customer and the de-
gree of support from LPD principles are summarized in Table 12 below.  

Table 12. LPD principles that support understanding the custumer (UtC). 

Organizational need Ref. Supporting  
LPD principle 

Degree of 
support 

The organizations need to encourage and enable… 
 
… real-life experience of product 
application from the customer’s 
perspective 

UtC1 Customer focus 
 
Knowledge creation 

Good 
 
Partial 

… competence on how to collect 
data about customers and com-
petitors 

UtC2 Customer focus Partial 

… competence on how to inter-
pret and use customer data 

UtC3 None Indirect 
only 

… both customer focused and 
technology driven product devel-
opment projects 

UtC4 Set-based design 
 

Standardization 
Modularization 

Good 

Partial 
Partial 
 

 
The organizational need UtC1 states that the organizations need to encour-
age and enable real-life experience of product application from the custom-
er’s perspective. Customer focus and establishing value from the customer’s 
perspective is one of the core elements of Lean and LPD (Morgan & Liker, 
2006; Womack & Jones, 1996). Several LPD researchers also explicitly ad-
vocate in-field studies (Cooper & Edgett, 2005; Cooper & Edgett, 2008;  
Morgan & Liker, 2006; Radeka & Sutton, 2007). UtC1 is also partly covered 
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by the LPD principle Knowledge creation. One aspect of this principle is the 
importance of incorporating tacit knowledge (Polanyi, 1966) in the devel-
opment process, which is only possible with first-hand practical experience 
(Nonaka, 2007). This first-hand experience can however take many different 
forms, of which practical experience of the product application from the 
customers’ perspective is one. All in all, UtC1 is thus considered to get good 
support from LPD.  

UtC2 states that the organizations need to encourage and enable compe-
tence on how to collect data about customers and competitors. The LPD 
framework includes a number of methods for Customer focus, which in-
volves both customer and competitor data (c.f. Section 4.4.2). Though these 
methods together would have the potential of giving good support to UtC2, 
the descriptions of them in the LPD literature lack in detail and concrete 
examples. Therefore, UtC2 is considered to get only partial support from 
LPD.  

According to UtC3, the organizations need to encourage and enable com-
petence on how to interpret and use customer data. Despite of emphasizing 
the importance of customer focus (e.g. Al-Ashaab et al., 2013; El-Sayed, 
2013; Flores et al., 2010; Gudem, Steinert, & Welo, 2014; Letens, Farris, & 
Aken, 2011; Locher, 2008) LPD does not cover details about how customer 
data can be interpreted, spread and used within an organization.  

Figure 55. LPD focus areas that support understanding the customer (UtC). Dashed 
line indicates partial support. 

 
UtC4 states that the organizations need to encourage and enable both cus-
tomer focused and technology driven product development projects. In LPD, 
this need gets support from the principle Set-based design. When using set-
based design, the different functions focus on what is feasible to do (A. C. 
Ward, 2007) whereas the customer requirements are used as one of the con-
straints (Sobek et al., 1999). Set-based design thus contributes to make both 
new technology and customer needs influence the project outcome. The LPD 
principles Standardization and Modularization could also be used in support 
of U4, as they enable increased product complexity with decreased process 
complexity (Cusumano & Nobeoka, 1998; Morgan & Liker, 2006), which 
can set time for technology development free. It is however possible to use 
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both standardization and modularization without supporting U4, wherefore 
these principles are considered to give UtC4 partial support. 

To sum up the theme Understanding the customer, LPD provides good 
support to the organizational needs UtC1 and UtC4, partial support to the 
organizational need UtC2, but only indirect support to UtC3 (see Table 12). 
The supporting principles comes from the LPD focus areas Increase value, 
Decrease waste and Build knowledge, see Figure 55 above.  

5.8 Getting a system’s view 
The organizational needs related to getting a system’s view and the degree of 
support from LPD principles are summarized in Table 13.  

Table 13. LPD principles that support getting a system’s view (GSV). 

Organizational need Ref. Supporting  
LPD principle 

Degree of 
support 

The organizations need to assure that everyone… 
 
… understands the product sys-
tem as a whole 

GSV1 Visual communica-
tion 
Chief engineer 

Good 
 
Good 

… understands their own role in 
the process and how it relates to 
others 
 
 

GSV2 Pull don’t push 
Visual communica-
tion 
Cross-functional 
integration 

Good 
Good 
 
Good 

… strive to take a personal re-
sponsibility for the projects and 
processes as a whole 

SV3 Pull don’t push 
Decentralized con-
trol 
Visual communica-
tion 

Good 
Good 
 
Good 

… strive to solve problems im-
mediately rather than sending 
them forward 

GSV4 Pull don’t push 
Decentralize control 
Visual communica-
tion 

Partial 
Partial 
Partial 

 
GSV1 states that the organizations need to assure that everyone understands 
the product system as a whole. This organizational need gets support from 
the LPD focus area “Decrease sub-optimizations”, in particular through the 
principles Visual communication and Chief engineer. Visual communication 
promotes this type of holistic understanding, both of the organizational struc-
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ture of the development organization (Mascitelli, 2007; Mascitelli, 2011; 
Ryan & Reik, 2010) and of the current status of each projects (Lindlöf & 
Söderberg, 2011; Parry & Turner, 2006). The role Chief engineer also con-
tributes to this understanding, by having responsibility for a product system 
as a whole and promoting and representing it towards both customers and 
other stake-holders within the organization (Morgan & Liker, 2006; Ward, 
2007).  

According to GSV2, the organizations need to assure that everyone un-
derstands their own role in the process and how it relates to others. This need 
gets support from the LPD principle Pull don’t push. As pull management 
means to let the needs of the next process step in line control the deliveries 
(Reinertsen, 2009; Womack & Jones, 1996b), it promotes close communica-
tion with both the preceding and following process steps, and that for every 
part of the process. A higher degree of cross-functional integration gives a 
better understanding for all the other process steps, not only the proceeding 
ones (Morgan & Liker, 2006). Finally, GSV2 gets support from Visual 
communication, in particular the method visual planning, which promotes a 
better individual understanding of each employees own capacity and reac-
tions in relation to the other persons in the team (Holmdahl, 2010). GSV2 
thus gets good support from LPD.  

GSV3 recommends that the organizations assure that everyone strive to 
take a personal responsibility for the projects and processes as a whole. In-
creased personal responsibility is often a direct consequence of increased 
decentralization (Reinertsen, 2009; Senge, 2006), wherefore the LPD princi-
ple Decentralized control supports GSV3. The better communication with 
consecutive process steps (see above) that comes with pull management 
(Reinertsen, 2009; Womack & Jones, 1996b) contributes to a higher sense of 
personal responsibility by highlighting the consequences of each person’s 
actions (Reinertsen, 2009), as do Visual communication (Parry & Turner, 
2006). All in all, GSV3 gets good support from LPD.   

GSV4 states that the organizations need to assure that everyone strives to 
solve problems immediately rather than sending them forward. GSV4 gets 
support from the same LPD principles as GSV3 (Pull don’t push, Decentral-
ized control and Visual communication), but not to the same extent. Decen-
tralized control can motivate employees to take more personal responsibility 
(Reinertsen, 2009; Senge, 2006), but this is a possible rather than inevitable 
consequence. Likewise, Visual communication makes problems more obvi-
ous and increases the possibility of discovering problems early (Poppendieck 
& Poppendieck, 2003), but does not necessarily assure that the problems get 
solved earlier even if they could be. The increased communication with con-
secutive processes steps that comes with pull management (Reinertsen, 
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2009; Womack & Jones, 1996b), will make it more embarrassing to passing 
on problems and some LDP researchers point out the importance of not pass-
ing on problems (e.g. Welo & Ringen, 2015), but this is not enough to assure 
a fulfillment of GSV4. In the interviews, the respondents generally both 
understood that early problem solving would be better, and wished that the 
company culture of passing on problems were different. Yet they confessed 
to be contributing to this culture (c.f. section 3.8). More substantial support 
is thus needed to come around this problem. Nevertheless, GSV4 is consid-
ered to get partial support from LPD.  

To sum up the theme Getting a system’s view, LPD gives good support to 
the organizational needs GSV1, GSV2 and GSV3 and partial support to the 
organizational need GSV4, see Table 13. The supporting LPD principles 
belong to the focus areas Increase flow and Decrease sub-optimization, see 
Figure 56 below. 

Figure 56. LPD focus areas that support getting a system’s view (GSV). 

5.9 Process model 
The organizational needs related to process models and the degree of support 
from LPD principles are summarized in Table 14 below.  

PrMo1 states that the organizations need a process structure that is scala-
ble. This need is confirmed and discussed by Cooper and Edgett (Cooper & 
Edgett, 2005). Most LPD sources do however not discuss details of how the 
process structure should be designed. Neither are any of the LPD principles 
directly related to PrMo1. The focus is instead on how the performance level 
in terms of for instance flexibility and efficiency can be improved in the 
existing process structure. PrMo1 is therefore considered to get only indirect 
support from LPD.  

PrMo2 states that the organizations need a process structure that can 
manage changes. The LPD body of knowledge does not include any sugges-
tions of exactly how the process should be designed, but there is plenty of 
advice to be found on how organizations can improve their ability to manage 
changes, in particular in the work of Reinertsen (Reinertsen & Shaeffer, 
2005; Reinertsen, 1997, 2005, 2009; Smith & Reinertsen, 1995). For in-
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stance, the LPD principle Process flow gives support on how to reduce lead 
times and thereby becoming more reactive (Reinertsen, 2009), and the prin-
ciple Decentralize control is a way of avoiding long decision paths and al-
low empowered development teams to swiftly react to new information 
(Kanter, 2006). LPD thus gives good support to PrMo2.  

Table 14. LPD principles that support process modell (PrMo). 

Organizational need Ref. Supporting  
LPD principle 

Degree of 
support 

The organizations need a process structure that … 
 
… is scalable PrMo1 None Indirect 

only 
… can manage changes PrMo2 Level out the pro-

cess flow 
Decentralize con-
trol 

Good 
 
Good 

…supports iterative work PrMo3 Early testing and 
prototyping 
Batch size reduc-
tion 
Fast learning cy-
cles 

Good 
 
Good 
Good 

… distinguishes between R&D 
and product development 

PrMo4 None Indirect 
only 

… encourage consideration of 
alternative solutions early in the 
process 

PrMo5 Set-based design Good 

 
PrMo3 calls for a process structure that support iterative work. As mentioned 
above, the LPD body of knowledge does not focus much on detailed re-
quirements for product development process models. However, the idea of 
iterative work is largely supported by LPD. The principle Early testing and 
prototyping aims to allow discoveries about the design to an early stage in 
the process, so that the changes can be implemented within the boundaries of 
the project (Schipper & Swets, 2010). Though the principle Batch size re-
duction mainly results in a better process flow and decreased queues, it also 
supports iterative work (Reinertsen, 2009). Last but not least the principle 
Fast learning cycles is a way of formalizing iterative work (Schipper & 
Swets, 2010). Mascitelli (2011) even propose an iterative process model that 
combines the LPD principles Fast learning cycles and Set-based design. All 
in all, PrMo3 gets good support from the LPD concept.  
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According to PrMo4 the organizations need a process structure that dis-
tinguishes between R&D (i.e. early technical development), and product 
development. Though some LPD researchers point out the importance of 
separating early development and new product development projects 
(Huthwaite, 2004; Oppenheim, 2004) or to assure good handovers between 
R&D and PD (Huthwaite, 2004), detailed characteristics and requirements of 
a process model is not a core part of LPD. Also LPD is more focused on new 
product development rather than early technical development (Holmdahl, 
2010). PrMo4 is thus considered to get indirect support only from LPD.  

PrMo5 states that the organizations need a process structure that encour-
ages consideration of alternative solutions early in the process. This is also 
the main purpose of the LPD principle Set-based design (e.g. Morgan & 
Liker, 2006; Ward, 2007). Early in the set-based design process, a set of 
alternative solutions within defined constraints are explored (A. Ward, Liker, 
et al., 1995). The set of possible solutions is then gradually narrowed by 
investigating and specifying the constraints further (Khan, 2012). The result 
of working with set-based design is that several alternatives are investigated, 
in particular early in the process (Holmdahl, 2010) and set-based design 
therefore gives good support to PrMo5.  

To sum up the theme Process model, LPD gives good support to the or-
ganizational needs PrMo2, PrMo3 and PrMo5, but only indirect support to 
PrMo1 and PrMo4, see  Table 14. The supporting LPD principles belong to 
the focus areas Increase value, Increase flow and Build knowledge, see 
Figure 57 below. 

Figure 57. LPD focus areas that support process model (PrMo).  

5.10 Process and decision flows 
The organizational needs related to process and decision flows and the de-
gree of support from LPD principles are summarized in Table 15 below.  

PDF1 states that the organizations need to visualize the process flows. 
The principle Visual communication support this need, by advocating an 
increased level of visualization to bring about a better understanding of the 
overall process (Parry & Turner, 2006). Mascitelli goes into more detail and 
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discuss different ways of visualizing the workflow (Mascitelli, 2007; 
Mascitelli, 2011). PDF1 thus gets good support from LPD.  

Table 15. LPD principles that support process and decision flows (PDF). 

Organizational need Ref. Supporting  
LPD principle 

Degree of 
support 

The organizations need to … 
 
… visualize process flow PDF1 Visual communica-

tion 
Good 

… encourage evenly distributed 
deliveries in small batch sizes 

PDF2 Level out the pro-
cess flow 
Pull don’t push 
Batch size reduction 

Good 
 
Good 
Good 

… visualize decision paths PDF3 Visual communica-
tion 

Partial 

… define in which contexts dif-
ferent decisions should be made 

PDF4 None Indirect 
only 

… delegate decision power PDF5 Decentralize control 
Chief engineer 

Good 
Partial 

 
PDF2 recommend that the organizations encourage evenly distributed deliv-
eries in small batch sizes. Several principles in the focus area Increase flow 
support this need, in particular Batch size reduction. Donald Reinertsen 
(2009) discusses both reasons to work towards a fulfillment of PDF2 and 
strategies to do it in practice. So do several researchers in the fields of agile 
development and Lean software development, sometimes using the termi-
nology “small batch sizes” (e.g. Poppendieck & Poppendieck, 2003), some-
times by describing the desired continuous work flow (e.g. Kniberg, 2015). 
The principles Level out the process flow and Pull don’t push also supports 
PDF2, for instance by providing understanding of consequences of peaks in 
the work flow and how better communication with the next process step can 
avoid that (Reinertsen, 2009).  

According to PDF3, the organizations need to visualize decision paths. 
Though LPD encourage visualization in general through the principle Visual 
communication, most LPD researchers do not discuss how to visualize deci-
sion flows in particular. However, it is likely that better visual communica-
tion leads to a better general understanding of the decision paths and how the 
organization works anyway (Parry & Turner, 2006). PDF3 thus get partial 
support from LPD.  
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PDF4 states that the organizations need to define in which contexts dif-
ferent decisions should be made. This discussion is often lifted in organiza-
tions when increasing the level of decentralized control (Kanter, 2006; 
Reinertsen, 2009) which is an LPD principle. However, it is rather the case 
that well-defined decision contexts support Decentralized control than the 
other way around. PDF4 is therefore considered to get indirect support only 
from LPD.  

PDF5 states that organizations need to delegate decision power. This on 
the other hand is a direct match to the LPD principle Decentralized control, 
see further Section 4.4.3, wherefore PDF5 gets good support from LPD.  

To sum up the theme Process and decision flows, LPD gives good sup-
port to the organizational needs PDF1, PDF2 and PDF5, partial support to 
PDF3, but only indirect support to PDF4, see Table 15. The supporting LPD 
principles belong to the focus areas Increase flow and Decrease sub-
optimizations, see Figure 58  below. 

Figure 58. LPD focus areas that support process and decision flows (PDF).  

5.11 Spread of information 
The organizational needs related to spread of information and the degree of 
support from LPD principles are summarized in Table 16 below.  

SoI1 states that the organizations need to avoid having to update the same 
information on multiple places. This need gets support from the LPD princi-
ple Standardization, which involves not only product and component stand-
ardization, but also process standardization such as procedures for documen-
tation (Morgan & Liker, 2006). The principle Capture experience includes a 
number of methods that could be used as support to SoI1, such as use of 
internal Wiki pages (Schipper & Swets, 2010) and a routine to update 
changes directly in drawings etc. rather than in separate change reports 
(Carleysmith, Dufton, & Altria, 2009).  

According to SoI2, the organizations need to assure that everyone knows 
where to find which type of information. Though SoI2 is in line with the 
LPD philosophy and its aim to minimize waste (e.g. Harland & Uddin, 2014; 
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Johansson & Sundin, 2014; Siyam, Wynn, & Clarkson, 2015), the question 
of how companies could solve this problem in practice is not discussed in the 
literature, perhaps because solutions to SoI2 would be highly company spe-
cific. SoI2 is thus considered to get indirect support only from LPD.  

Table 16. LPD principles that support spread of information (SoI). 

Organizational need Ref. Supporting  
LPD principle 

Degree of 
support 

The organizations need to… 
 
… avoid having to update the 
same information on multiple 
places 

SoI1 Standardization 
Capture experiences 

Good 
Good 

… assure that everyone knows 
where to find which type of in-
formation 

SoI2 None Indirect 
only 

… assure that key information is 
received, not only made available 

SoI3 Pull don’t push Partial 

…delimit the number of meetings 
per individual 

SoI4 Level out the process 
flow 
Capture experiences 

Partial 
Partial 

 
SoI3 states that the organizations should assure that key information is re-
ceived, not only made available. This is partially supported by the LPD prin-
ciple Pull don’t push. Pull management means to let the needs of the down-
stream process steps control the process (Womack & Jones, 1996). In terms 
of information management, pull means that each process step find or re-
quest updated information when they need to use it, rather than get dumps of 
information at other times (Reinertsen, 2009). Assuming that people working 
in at least one process step needs each piece of key information (and know 
they do), pull management would thus contribute to fulfilling SoI3. Other 
types of key information than information needed to perform a process step 
do however fall outside of this.  

SoI4 recommend the organizations to delimit the number of meetings per 
individual. In order to increase the process flow, Reinertsen recommend to 
delimit the number of projects per employee (Reinertsen, 2009), which 
would indirectly also delimit the number of meetings. Others suggest to use 
written documentation to a higher extent, allowing all meeting time to be 
used to value-adding project work rather than status reporting or information 
spreading (León & Farris, 2011; Sobek & Liker, 1998), which also supports 
SoI4. Other LPD elements however suggest more (but shorter) meetings. 
Though short stand-up meetings (e.g. Mascitelli, 2007; Morgan & Liker, 
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2006; Poppendieck & Poppendieck, 2003) was not the type of meetings 
intended by the respondents while composing SoI4, this need is considered 
to get only partial support from LPD.  

Figure 59. LPD focus areas that support spread of information (SoI). Dashed line 
indicates partial support.   

 
To sum up the theme Spread of information, LPD gives good support to the 
organizational needs SoI1, partial support to SoI3 and SoI4, but only indirect 
support to SoI2, see Table 16. The supporting LPD principles belong to the 
focus areas Decrease waste, Increase flow and Build knowledge, see Figure 
59.  

5.12 Knowledge exchange 
The organizational needs related to knowledge exchange and the degree of 
support from LPD principles are summarized in Table 17 below.  

KE1 states that organizations need to assure that development teams use 
or build on previous solutions unless they have good reasons not to do so. In 
the LPD literature, this is described as one dimension of the principle Stand-
ardization. Several LPD researchers (e.g. Khan et al., 2011; Morgan & Lik-
er, 2006; Welo, 2011) recommend to standardize products and components, 
working with part catalogues (Fiore, 2003; Herbig, 1998) in order to de-
crease the total number of parts (Hoppman, Rebentisch, Dobrowski, & Zahn, 
2011; Huthwaite, 2004; Whitney, 1995; Yang & Cai, 2009). KE1 also gets 
support from the LPD principle Modularization, as modularization means to 
work with standardized interfaces (Miller & Elgård, 1998). All in all, KE1 
gets good support from LPD.  

According to KE2, organizations need to assure that improvements are 
documented at the source (e.g. in drawings or guidelines) rather than in sepa-
rate documents (e.g. lessons learned reports). This is in line with the LPD 
philosophy of minimizing waste by assuring good information flows (e.g. 
Browning, 2003; Clark & Fujimoto, 1991; Kishna Jasti & Kodali, 2014; 
Locher, 2008; Reinertsen, 2005). Having a routine to update changes directly 
in drawings etc. rather than in separate change reports have been suggested 
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by Carleysmith, Dufton, & Altria (2009). However, they do not go into 
detail on what could enable to get such a routine in place. As awareness 
about this possibility did not make any difference in the case study company, 
this was not considered enough to qualify as support, wherefore KE2 gets 
only indirect support from the Lean Product Development concept.  

Table 17. LPD principles that support knowledge exchange (KE). 

Organizational need Ref. Supporting  
LPD principle 

Degree of 
support 

The organizations need to … 
 
… assure that development teams 
use or build on previous solutions 
unless they have good reasons not 
to do so 

KE1 Standardization 
Modularization 

Good 
Good 

… assure that improvements are 
documented at the source (e.g. in 
drawings or guidelines) rather 
than in separate documents (e.g. 
lessons learned reports) 

KE2 None Indirect 
only 

… encourage and enable in-
creased product variety with de-
creased product complexity 

KE3 Standardization 
Modularization 

Good 
Good 

… encourage and enable learning 
by hands-on experience to accel-
erate creation of tacit knowledge 

KE4 Knowledge creation 
Early testing and 
prototyping 

Good 
Good 

… encourage and enable mentor-
ship to accelerate exchange of 
tacit knowledge 

KE5 Capture experiences Good 

 
KE3 recommends organizations to encourage and enable increased product 
variety with decreased product complexity. Just like KE1, this need gets 
good support from the LPD principles Standardization and Modularization. 
When a module system is in place, it allows improved design flexibility 
combined with a lower design complexity (Harland & Uddin, 2014; Miller 
& Elgård 1998), and standardization is a way of reducing the complexity of 
a product system (Morgan & Liker, 2006).  

KE4 states that organizations need to encourage and enable learning by 
hands-on experience to accelerate creation of tacit knowledge. This approach 
to learning is advocated in Lean Product development. Under the principle 
Knowledge creation, methods such as genchi genbutsu (Ballé & Ballé, 2005; 
Cooper & Edgett, 2005; Holmdahl, 2010; Kreafle, 2011; León & Farris, 
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2011; Liker & Morgan, 2006; Morgan & Liker, 2006; Nepal et al., 2011; 
Ward, 2007) and learning by doing (Wangwacharakul, Berglund, Harlin, & 
Gullander, 2014) promotes first-hand experience. The LPD principle Early 
testing and prototyping also support KE4, not only by advocating first-hand 
practical experience (Morgan & Liker, 2006) but also by aiming to get that 
experience as early as possible in the process, so that the enhanced 
knowledge level can benefit the ongoing development project directly 
(Schipper & Swets, 2010). KE4 thus gives good support from LPD.  

According to KE5, the organizations need to encourage and enable men-
torship to accelerate exchange of tacit knowledge. This is a direct match to 
the LPD method mentorship (see for instance Khan et al., 2011; Liker & 
Morgan, 2011; Lindlöf, Söderberg, & Persson, 2012; Nepal et al., 2011; 
Oppenheim, Murman, & Secor, 2011), under the principle Capture experi-
ences. Nonaka (Nonaka, Toyama, & Konno, 2000; Nonaka, 1994, 2007) has 
also investigated how tacit knowledge can be created, used and exchanged in 
the development process, see further Section 4.4.6. 

To sum up the theme Knowledge exchange, LPD gives good support to 
the organizational needs KE1, KE3, KE4 and KE5, but only indirect support 
to KE2, see Table 17. The supporting LPD principles belong to the focus 
areas Increase value, Decrease waste and Build knowledge, see Figure 60 
below. 

Figure 60. LPD focus areas that support knowledge exchange (KE).  

5.13 Competence 
The organizational needs related to competence and the degree of support 
from LPD principles are summarized in Table 18 below.  

C1 recommend companies to map the competences in the organization to 
clarify who knows what. This is in line with the LPD philosophy to make the 
most out of existing resources and avoid unnecessary waste (Helander et al., 
2015; Rossi et al., 2012). The LPD body of knowledge includes some sug-
gestions that relates to C1, for instance recommendations to gather experi-
ences in knowledge databases with signatures to track which role and indi-
vidual that was responsible for what (Carleysmith, Dufton, & Altria, 2009; 
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Gautam, Chinnam, & Singh, 2007; Kennedy, Harmon, & Minnock, 2008; 
Khan et al., 2011; León & Farris, 2011; Morgan & Liker, 2006; Yang & Cai, 
2009). None of the LPD sources does however suggest the type of compe-
tence mapping that C1 refers to, wherefore C1 is considered to get indirect 
support only from LPD.    

Table 18. LPD principles that support competence (C). 

Organizational need Ref. Supporting  
LPD principle 

Degree of 
support 

The organizations need to… 
 
… map the competences in the 
organization to clarify who 
knows what 

C1 None Indirect 
only 

… establish a competence bal-
ance between deep and general 
knowledge 

C2 Cross-functional 
integration 

Good 

… encourage training and contin-
uous learning 

C3 Knowledge creation Good 

… consider individual compe-
tences when allocating resources 

C4 None Indirect 
only 

 
According to C2, the organizations need to establish a competence balance 
between deep and general knowledge. This is thoroughly discussed in LPD 
and several researchers point out the importance of balancing Cross-
functional integration with functional expertise (e.g. Harkonen et al., 2009; 
Morgan & Liker, 2006; Oppenheim et al., 2011; Ward, 2007). Reinertsen 
suggest a t-shaped competence profile, where people in the product devel-
opment process have in-depth knowledge of one subject area combined with 
more general knowledge on a wider range of topics (Reinertsen, 2009). The 
balance between deep and general knowledge could also be supported by 
using a high degree of cross-functional integration, but without co-locating 
the cross-functional development teams, so that the functional specialists can 
continue to learn from each other (Morgan & Liker, 2006).  

C3 states that the organizations need to encourage training and continu-
ous learning. This gets plenty of support by Lean Product Development, both 
on value, principle and method level. Several prominent LPD researchers 
(e.g. Morgan & Liker, 2006; Reinertsen, 2009) discuss the importance of 
training and continuous learning. The LPD principle Knowledge creation 
also includes methods and strategies on how this can be done in practice. C3 
thus gets good support from LPD.  
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C4 suggest that the organizations consider individual competences when 
allocating resources. Several LPD studies discuss the importance of assuring 
that the allocated resources have the right competence for the work. For in-
stance, it is recommended to work with skill-set standardization (Hoppman 
et al., 2011; Morgan & Liker, 2006; Quadrat-Ullah et al., 2012) and cross-
training of employees to get more flexibility when allocating resources 
(Reinertsen, 2009). The LPD strategies to assure this are however on an or-
ganizational rather than individual level, wherefore C4 only gets indirect 
support from LPD.  

To sum up the theme Competence, LPD gives good support to the organi-
zational needs C2 and C3, but only indirect support to the organizational 
needs C1 and C4, see Table 18. The supporting LPD principles belong to the 
focus areas Decrease sub-optimizations and Build knowledge, see Figure 61 
below.  

Figure 61. LPD focus areas that support competence (C).  

5.14 Organizational conditions 
The organizational needs related to organizational conditions and the degree 
of support from LPD principles are summarized in Table 19 below.  

OC1 states that the organizations need to assure that the roles are well-
defined and clearly communicated. This is often a consequence of working 
with the LPD principle Decentralize control, as clear definitions helps top 
management to maintain a certain degree of control even when giving other 
roles a bigger authority (Reinertsen, 2009). It is however possible to imple-
ment decentralized control without working on the role definitions, where-
fore OC1 is considered to get partial support from LPD.  

According to OC2, the organizations need to assign a specific role with 
life-cycle responsibility of each product system as a whole. The role sug-
gested in OC2 is a direct match with the LPD role Chief engineer. A chief 
engineer has personal overall responsibility of a product or product system 
(Morgan & Liker, 2006). The chief engineer act as a system integrator that 
leads the integration of different components and sub-systems into a func-
tioning concept (Morgan & Liker, 2006; Ward, 2007). The responsibility of 
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the role extends over the entire life-cycle of the product (Ward, 2007). LPD 
thus gives good support to OC2.  

Table 19. LPD principles that support organizational conditions (OC). 

Organizational need Ref. Supporting  
LPD principle 

Degree of 
support 

The organizations need to… 
 
… assure that the roles are well-
defined and clearly communicat-
ed 

OC1 Decentralize control Partial 

… assign a specific role with life-
cycle responsibility of each prod-
uct system as a whole 

OC2 Chief engineer Good 

… assure that the responsibility 
of every critical task is distributed 
to a role or function 

OC3 Pull don’t push Good 

… support the development of 
creative ideas by allowing time 
and resources to do so 

OC4 Set-based design 
Knowledge creation 

Partial  
Partial 

 
OC3 states that the organizations need to assure that the responsibility of 
every critical task is distributed to a role or function. Again, this is a direct 
match to one of the LPD principles, namely Pull don’t push. Assuming that a 
task critical to the organization means a task that someone in the organiza-
tion (or a customer) need the result of, pull management will fulfill OC3, as 
pull management means to let the needs of the downstream process steps 
control the process (Reinertsen, 2009; Womack & Jones, 1996).  Lean Prod-
uct Development therefore gives good support to OC3.  

OC4 states that the organizations need to support the development of cre-
ative ideas by allowing time and resources to do so. This organizational need 
gets partial support from the LPD principle Set-based design. In set-based 
design, more time is invested in early phases of the development projects to 
investigate multiple alternatives before the design freeze (e.g. Morgan & 
Liker, 2006; Ward, 2007). This way of working does indeed support OC4. 
The reason that set-based design is considered to give partial rather than 
good support to OC4 is that even in organizations where the set-based meth-
odology is well established, it is not used in every projects (Khan, 2012) and 
the supporting effect will be limited to the roles actually involved in set-
based projects. OC4 also gets partial support from the LPD principle 
Knowledge creation. Several of the suggested methods connected to 
knowledge creation support OC4, for instance hansei reflections (Ballé & 
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Ballé, 2005; Khan et al., 2011; Morgan & Liker, 2006; Quadrat-Ullah, 
Seong, & Mills, 2012) and experimentation (Welo, 2011). These and other 
similar initiatives in LPD are however focused on the core product develop-
ment teams and not to the same extent other roles in the organization, 
whereas OC4 is an organization-wide need. All in all, OC4 gets partial sup-
port from LPD, or rather, good support but with local effect.  

To sum up the theme Organizational Conditions, LPD gives good support 
to the organizational needs OC2 and OC3, and partial support to the needs 
OC1 and OC4, see Table 19. The supporting LPD principles belong to the 
focus areas Increase value, Increase flow, Decrease sub-optimizations and 
Build knowledge, see Figure 62 below. 

Figure 62. LPD focus areas that support organizational Conditions (OC). Dashed 
line indicates partial support.   
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5.15 Concluding the comparison  
During the case studies, see Chapter 3, a total number of 59 organizational 
needs distributed amongst fourteen categories was identified. Out of these, 
33 (56%) get good support from LPD and additional 10 (17%) get partial 
support from LPD. 16 organizational needs (27%) from ten of the fourteen 
categories are left without any direct support from LPD, see Figure 63 below. 
As shown earlier in the chapter, none of the fourteen categories was left 
completely without support from LPD.  

Figure 63. Number of organizational needs that get support from LPD (73%) and 
not (27%). 

 
The LPD framework presented in Chapter 4 includes seventeen principles 
distributed into five focus areas. All the principles correspond with at least 
one organizational need; see Figure 64 on the right. The principles that best 
correspond to the challenges that the product development organizations 
experience are Pull don’t push that supports twelve organizational needs and 
Visual communication that supports eleven organizational needs. Perfor-
mance evaluation, which is not classified as a principle, but as a part of the 
results level of the LPD framework, supports four organizational needs. 
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Figure 64. Number of times each LPD principle corresponds with an organizational 
need. 
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The focus areas that best correspond with the challenges experienced by the 
case study organizations are Increase flow and Decrease sub-optimizations, 
see Figure 65 below. The principles within Increase flow support twenty-five 
organizational needs and the principles within Decrease sub-optimization 
support twenty-two organizational needs. These focus areas are dominating 
because they include four LPD principles when the others have only three, 
and because they together include the three principles that corresponds with 
the most organizational needs (Pull don’t push, Visual communication and 
Decentralize control).  
 

 

Figure 65. Number of times each LPD focus area corresponds with an 
organizational need. 

 
Possible reasons for and consequences of these distributions are discussed in 
the following Chapter 6.  
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6. Discussion 

The results from Chapter 5 show that LPD gives good or partial support to 
73% of the organizational needs identified in Chapter 3 and that LPD thus 
indeed is an important concept for development organizations to look at. 
This chapter aims to elaborate the comparison between the Lean Product 
Development concept and organizational needs further by discussing possi-
ble reasons for and consequences of the results from the previous chapters. 
The present chapter together with Chapter 5 answer research question 2.  

6.1 Waste focus in LPD: theory versus practice 
The five focus areas in LPD were shown to support organizational needs to 
different extents (see Figure 65 in Section 5.15). In size order (with the focus 
area supporting most organizational needs first and the one supporting the 
fewest last) the LPD focus areas are:  
 

1) Increase flow 
2) Decrease sub-optimizations 
3) Increase value 
4) Build knowledge 
5) Decrease waste 

 
LPD is often described as a concept for effective and efficient product de-
velopment, with decrease waste as one of the main objectives (e.g. León & 
Farris, 2011; Yang & Cai, 2009). Considering this, it is interesting that De-
crease waste is the focus area that corresponds with the fewest organization-
al needs (only 9, less than half than Increase flow that supports 25 organiza-
tional needs). One possible interpretation of this is that the organizations are 
already good at working with the principles in the Decrease waste focus area 
(Standardization, Modularization and Concurrent engineering), a reasonable 
interpretation given that these principles have been thoroughly discussed by 
researchers during several decades, in particular Concurrent engineering, 
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which is also the one LPD principle out of all that corresponds with fewest 
organizational needs (only one).  

The interpretation that the lack of perceived challenged is caused by a 
good performance on the topic is however not the whole explanation. 
Though the case study organization did work in parallel to some extent, there 
were also plenty of sequential deliveries where the work with Concurrent 
engineering might have been extended. Despite this, none of the respondents 
expressed a wish to work more with Concurrent engineering techniques, 
even though cutting lead-times was prioritized in two of the four studied 
organizations. Why then is the industry not more interested to improve in the 
use of a principle that is well described in research and so well aligns with 
organizational goals?  

My answer is that the industry, at least the case study organizations in 
this study, is not yet ready to work with more extensive Concurrent engi-
neering than they already do. In a complex development project, increasing 
the amount of parallel work in the process without jeopardizing the quality 
of the product would require a very good understanding of the process, good 
general overview of what is happening throughout the organization and good 
communication between functions. These issues are covered by the LPD 
focus areas Increase flow and Decrease sub-optimizations, namely the focus 
areas that correspond best with the current needs of the case study organiza-
tions. The seeming lack of interest for Concurrent engineering is rather a 
good awareness of the organizations’ abilities and limitations.  

The results from this study thus correspond with Donald Reinertsen’s 
point of view. He argues that flow focus is a better way of approaching LPD 
than waste focus, even when increased efficiency is the ultimate goal (Blog, 
2007). The distribution of the organizational needs across the LPD focus 
areas should however not be seen as static, but as an on-the-spot-account. 
When current issues are resolved, others will emerge. I believe that Concur-
rent engineering is indeed a highly interesting principle for development 
organizations to look at. It is just not the best place to start.  

Successful waste elimination implies a clear distinction between value 
and waste, something that can be difficult in product development where 
both value and waste can take the form of abstract attributes, such as infor-
mation. For this reason, I believe that good knowledge about where in the 
process value is created must be in place before the principles of waste elim-
ination can be fully made use of in practice.  
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6.2 Pull don’t push: a key principle 
What then, would be a good principle to start working with for an organiza-
tion that wishes to approach LPD? The LPD concept works best taken as a 
whole and an organization that wishes to start working with LPD should 
consider all five focus areas within the concept, leaving none of the princi-
ples too far behind the others. Correspondingly, companies have to work 
with organizational needs from a wide range of themes rather than only a 
few to get good results as they are all to some extent dependent of each other 
(c.f. Section 3.15).  

In practice however, it is not possible to solve all problems at once or im-
plement multiple new methods simultaneously. In practice, all organizations 
need to choose a place to start. What starting point that is the best is of 
course dependent of the unique situation of every company, but my personal 
belief is that in many cases, the principle Pull don’t push is a good choice. I 
am going to motivate why I think so.  

The principle in its purest form is very simple: to let the next process step 
in line control what is done and when. Nevertheless, this way of thinking can 
be applied on all levels in the organization and rises questions on both indi-
vidual level (how is this task I am working with affecting others and what do 
they need from me?) and structural level (how are all the process steps relat-
ed to each other and does every activity have a clear “customer”?). It is 
therefore a principle that is equally relevant for all roles in the organization 
and can drive a number of different changes through one cohesive program. 
The way the principle makes people throughout the organization reflect over 
their work also makes it a good driver of culture change, towards a more 
Lean way of thinking.  

All LPD principles are to some extent dependent of and supporting each 
other. This is particularly true for Pull don’t push. Though Pull don’t push 
has been placed in the focus area Increase flow in this LPD framework, 
working with pull management would in fact strengthen all five focus areas 
in LPD. The last process step in line is the end customer, so ultimately the 
customers are the ones that control a pull system, signaling their needs 
through the process one step at a time, resulting in better customer focus and 
increased value. When the needs of the next process step in line is in focus, 
activities with a clear receiver gets automatic priority over tasks with unclear 
purpose, which helps reducing waste. Going towards a pull system will also 
bring bottle necks (process steps where the demand exceeds the delivery 
capacity) to the surface, which helps improve the process flow. A pull sys-
tem also promotes better communication between consecutive process steps. 
This results in more cross-functional focus and ultimately in a better overall 
understanding of the process, which decrease sub-optimizations. The in-
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creased communication between consecutive process steps also provides the 
functions with direct feedback of their work, which help the organization at 
large to build knowledge.  

As a consequence of the versatility of the Pull don’t push principle; it 
gives support to a number of organizational needs within a wide range of 
themes (seven out of the fourteen themes derived by the case study data). 
This means that a company can tackle a variety of problems throughout the 
organization while focusing on one single principle.  

For these reasons, I consider Pull don’t push to be a key principle within 
Lean Product Development and a good place to start working.  

6.3 Visual communication: industry leads, theory 
follows 
Another principle that addresses multiple organizational needs and thus pro-
vides a good starting point for working with Lean Product Development is 
Visual communication. Just like Pull don’t push, Visual communication can 
be applied on different levels in an organization, from daily planning of the 
work in small development teams to company-wide strategic roadmaps and 
status updates (see example in Figure 66 below).  

Figure 66. Example of a company-wide pulse meeting (Kaya, 2012). 
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In Sweden, many development organizations introduce visual planning as a 
first step towards Lean Product Development (Holmdahl, 2010; Söderberg, 
2012). Though visual planning is already a widespread method in practice, it 
was not included in LPD literature until Morgan and Liker published their 
book The Toyota Product Development System ten years ago, which includ-
ed descriptions of Toyota’s visual planning system (Morgan & Liker, 2006). 
Since then, visual communication has been included also in theoretical 
works on LPD. The studies of visual planning and other types of visual 
communication are however so far mainly of a descriptive character, see for 
instance (Lindlöf & Söderberg, 2011; Parry & Turner, 2006). I have not 
managed to find any studies within the LPD domain that aims to explain the 
mechanisms behind visual communication, or developing the methods fur-
ther by for instance pilot projects or experimentation. This is thus an area 
where the industry takes the lead and the research domain follows.  

Nevertheless, the industry is not left without inspiration on how to work 
with visual communication. Whereas many of the LPD principles are specif-
ic for product development, Visual communication is a core principle when 
Lean is applied in producing or executing parts of an organization. In partic-
ular the method visual planning using visual boards and stand up meeting 
can be executed in similar ways in many different environments. Many or-
ganizations, at least in Sweden, have worked with Lean in production before 
starting implementing LPD in the development organization. In these cases, 
the internal experience of visual planning could be used to set up a similar 
system adapted to the product development organization.  

 To work with a variety of visual methods is also a core strategy in Scrum 
and other agile techniques applied mainly in software development. Most 
development organizations of today, even companies in production indus-
tries, have a certain degree of software development. For companies that 
have been working with Scrum or similar methodologies in software devel-
opment, the step to introducing visual planning also in the remainder of the 
development organization is not so big.  

LPD, Lean and Agile development  
The principle Visual communication is an example of where several con-
cepts (Lean/LPD/Scrum/Agile software development etc.) overlap each oth-
er and where the boarders between the concepts are not entirely clear. All 
these concepts not only share some methods, but there are also many similar-
ities in the underlying philosophy of the respective concept. I look at them as 
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different representations of a similar way of thinking, each adapted to their 
specific environment.  

In the literature review, I chose to incorporate some sources from the area 
of Lean Software Development, as they are sometimes cited in LPD studies 
and have influenced the LPD research field (c.f. Section 4.1), but excluded 
other similar agile methods in order to not get too far away from the core of 
the LPD research field. This line could however have been drawn different-
ly.  

I regard the parallel development of these methods as different steps in 
what I believe to be a both positive and necessary direction for the industry. I 
do not think that there are reasons to join these concepts or to focus more 
than necessary on the exact boarders between them. However, the agile 
methods applied in software development have in some respects (such as 
visual planning and incremental product development) come further than 
Lean Product Development, or rather: in some respects, software develop-
ment practices have come further than hardware development in going agile. 
Of course, software and hardware development have different prerequisites 
to work with. Nevertheless, I believe that the software development organi-
zations often have experiences that could be beneficial also in hardware de-
velopment.  

According to my personal experience, software and hardware developers 
have easier to see the differences than the similarities when they look at each 
other’s work and have little interest in benchmarking each other’s practices. 
In particular technicians working with hardware development had difficult to 
see how principles used in software development could be applicable to their 
work. I am however convinced that much could be gained by taking inspira-
tion from agile software development. Capturing experiences from software 
development and adjusting them to a hardware developing environment 
would however require an analysis of both types of work environments, 
something that product developers involved in time-strained projects might 
not have room for. This might thus be a task better suited for researchers 
than for product development organizations.  

Therefore, I consider the benchmark between LPD and agile software de-
velopment to be an interesting area for future research.  
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6.4 Long-term focused LPD principles 
In the case of Visual communication, the industry has taken the lead and the 
research follows, but there are other areas where the state of things is the 
opposite. As discussed earlier (c.f. Section 6.1), Concurrent engineering is 
one such principle. Set-based design is another (and also a principle often 
combined with Concurrent engineering, c.f. Section 4.4.2). Just like Concur-
rent engineering, Set-based design is thoroughly examined and discussed in 
literature and is beyond dispute established as a core LPD principle (c.f. 
Appendix II). Nevertheless, the set-based way of working is only scarcely 
applied in practice, not even in otherwise mature organizations (Radeka, 
2012). Except for a small pilot project in one of the companies, none of the 
case study organizations used set-based techniques, or had any plans to do so 
in the near future. Previous research (e.g. Khan, 2012) has identified similar 
differences between the presence of Set-based design in literature and prac-
tice.  

The reluctance to implement Set-based design is not caused by lack of 
positive examples. Empirical studies of Set-based design implementation 
show drastically improved product quality and better deliverance accuracy 
(e.g. Khan, 2012). The story of the case study respondent that had taken part 
in a set-based project is in line with these results, but nevertheless he doubt-
ed that the company would implement set-based design as a standard way of 
working.  

What then is keeping the industry from applying this evidently successful 
strategy on large scale? I believe the answer to be lack of long-term thinking. 
Set-based design is a technique that requires investments in the beginning of 
a projects and the possible payback does not show until several months later. 
Parts of the payback also come in the form of less problems, late changes 
and rework. And problems, late changes and rework are seldom planned. 
This means that a core part the possible economic benefits of the techniques 
are invisible for everyone that believes that a project will go according to 
plan and within budget. At the end of the day, implementation Set-based 
design is dependent of a top management that is convinced that front-loading 
the development process will pay off in the long run. This conviction seems 
to be rare.  

The LPD principle Modularization entails the same challenge, as the cre-
ation of a module interface or platform is a significant investment and the 
payback will not even show within the same project, but in the following 
ones (Cusumano & Nobeoka, 1998; Miller & Elgård, 1998). Therefore, get-
ting a modular system going is nothing that is easy to get in place through 
local initiatives, but requires a long-term investment. 
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I believe that the implementation of these more advanced LPD principles 
would benefit from a good process flow, which would give the organizations 
more room for proactive work. To support practical application of these 
long-term focused LPD principles, the biggest need for future research is not 
additional positive examples, but studies focusing on how long-term think-
ing can be reinforced in organizations.  

I conclude that implementing principles that requires investments can on-
ly be done if top management believes that it will be an improvement in the 
long run and that this is worth working for.   

6.5 Customer focus in LPD: falling behind  
Another mismatch between theory and practice concerns the LPD principle 
Customer focus. Considering the large amount of LPD researchers that high-
lights the importance of customer focus (c.f. Appendix II), an expected result 
of the comparison in chapter 5 would have been to find that customer related 
organizational needs got good support from LPD, in particular from the 
principle Customer focus. This however, was not the case. The principle 
Customer focus supports only two out of four customer-related organization-
al needs, one of which only partially (c.f. Section 5.7). Looking at all the 
themes, Customer focus only supports three organizational needs altogether, 
which makes it one of the LPD principles least in demand. At the same time, 
one customer-related organizational need was left completely without sup-
port and another one with only partial support from LPD.  

Looking at the content of the LPD principle Customer focus and the 
methods that belong to that principle, many researchers highlights the im-
portance of customer focus, but without going into details on how. My inter-
pretations of the situation is that the performance level of the case study 
organizations have passed what Lean Product Development currently has to 
offer in terms of customer focus. All the case study organizations were 
aware of the importance of customer focus and had, to different extent, or-
ganized themselves to incorporate customers in the development process. 
One of the case study companies had an entire department working with 
customers and customer data. Another case study company had an estab-
lished exchange system where project managers spent up to a whole day 
every week on-site in their main customer’s organization. Though they all 
saw challenges related to customer focus, the customer focus in LPD has 
little to offer that they do not already know.  

Strengthening the customer focus of LPD is crucial, as this is the only 
principle with explicit external focus. Without a deep understanding of the 
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customer, LPD run the risk of becoming a process improvement concept, 
pursuing effective development of products that nobody wants. I do not be-
lieve that this is the intention of any LPD researcher. Lean Product Devel-
opment is and should be a concept for doing the right things right 
(McManus, Haggerty, & Murman, 2007) 

This research validates the standpoint of Welo et al. (Gudem & Welo, 
2010; Welo, 2011) who claim the customer focus in LPD to be insufficient. 
Hopefully, this is an area within Lean Product Development that will be 
further developed in the future. Gudem et al. have started the extension of 
customer focus in LPD, for instance by calling for more focus on non-
functional and innovation (Gudem et al., 2014).  

The customer focus is well-developed in the industry than in the LPD 
concept, but the companies’ still experience customer focus related chal-
lenges. What are missing are details about what and how these challenges 
can be addressed. The LPD concept needs to improve in this aspect to be 
able to support companies in this highly important topic.  

6.6 Build knowledge and performance evaluation: 
current and future areas of interest 
In several of his well-cited articles, Nonaka criticize companies to focus too 
much on information management and too little on knowledge (Nonaka, 
1994, 2007). This turned out to be only partially true at the case study organ-
izations of this study. True, because they did indeed think a lot about how 
they better could handle the abundance of information within the organiza-
tion. Not true, because they were also concerned about how they could en-
courage and enable learning and creation of tacit knowledge (c.f. Sections 
3.11 and 3.12). The focus on knowledge management within the LPD litera-
ture has also increased during the past decade and I believe that this is an 
area that will stay under the spotlight in the coming years, for both industry 
and academia.  

When comparing the LPD framework with product development chal-
lenges, the focus area Build knowledge does not stand out compared with 
Increase flow and Decrease sub-optimizations, nor do the knowledge-
building LPD principles in other focus areas (e.g. Set-based design and Early 
testing and prototyping), c.f. Figure 64 on page 199. Just like in the case of 
the LPD principle Concurrent engineering (see above), I do not interpret this 
as lack of interest, but as something that is difficult to carry through if other 
things are not in place first. A better process flow and fewer queues would 
create more room for knowledge-creating activities in the organizations. 
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When the industry has achieved that, I thus expect additional challenges 
related to learning and knowledge to surface.  

A research area within Lean Product Development that has in a similar 
way become established only recently is measurements and performance 
evaluation for LPD. In the LPD framework presented in this study, this area 
is, together with Continuous improvements, placed as underlying all princi-
ples and focus areas. I have nevertheless chosen to incorporate performance 
evaluation in the comparison, alongside the LPD principles, as some of the 
organizational needs correlated well with the performance evaluation ele-
ments in the LPD literature. Two of the four case study companies also ex-
pressed an explicit wish to improve their performance management and 
measurement systems.  

I regard the relatively new focus on performance measurement in LPD as 
a welcomed addition. Several of the Lean Product Development principles 
bring about substantial changes in the way the product development work is 
organized and require a shift in what is considered value-adding and not. 
Goals and measurements can reinforce both desired and unwanted behaviors 
in an organization (Neely et al., 2005).  

To support an LPD implementation, it is therefore important that the per-
formance evaluation system is aligned with LPD principles. If not, the meas-
urement system threatens to obstruct the implementation.  

6.7 Unsupported organizational needs 
Since the first studies of Lean in product development, the concept has shift-
ed focus several times and expanded substantially. Knowledge management 
and performance evaluations are examples of where the concept as evolved 
substantially in recent years. I believe that this evolution will continue. 
Throughout its history, LPD has been a companywide strategy for product 
development with high ambitions in embracing all types of functions and 
tasks. Nevertheless, there are organizational needs that fall outside the LPD 
concept and that I believe should do so also in the future. No concept could 
or should be the only solutions to all challenges within an organization.  

One group of organizational needs that are not supported by LPD is relat-
ed to HR (Human Resources) organization (e.g. the need to map competenc-
es within the organization). Though LPD include adjacent thoughts (e.g. 
emphasis the importance to develop the skills of the employees continuous-
ly), the administrative aspects of this and other topics are mostly left outside 
the companies. I find this to be a reasonable delimitation of the concept, as it 
would otherwise expand beyond description and also would be more diffi-
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cult to adapt to different organizational structures and specific lines of busi-
ness.  

Other things that mostly falls outside LPD are topics related to the devel-
opment process model. There are some explicit suggestions of process mod-
els in the LPD literature. Mascitelli (2011) suggests a frontloaded process 
model based on iterations of set-based design, and Shipper and Swets (2010) 
that promotes a likewise iterative process modes based on learning cycles. A 
number of researchers also mentions the process model LAMDA (Look-
Ask-Model-Discuss-Act) (Holmdahl, 2010; Kennedy, Harmon, & Minnock, 
2008; Khan et al., 2011; León & Farris, 2011; Wangwacharakul, Berglund, 
Harlin, & Gullander, 2014; Welo, 2011), however without relating the 
LAMDA model to other, more common product development process mo-
dels. 

A more common approach in the LPD literature is to give general rec-
ommendations about for instance frontloading and iterative work, but with-
out promoting a specific process model. From my point of view, the later 
approach is the most fruitful one, as all established development organiza-
tions will already have a process model of some kind, a process model that is 
already adapted to the specific circumstances of the organization and hope-
fully working well. In that case, the old process model could be adapted and 
improved to support process related Lean principles, but without starting 
from scratch. This standpoint of mine was reinforced by the fact that none of 
the proposed process models in the LPD literature could give direct support 
to any of the organizational needs concerning process models that the case 
study companies had.  
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7. Concluding remarks 

The research presented in this thesis contributes to prior knowledge in three 
main areas. Firstly, by describing the challenges in industrial product devel-
opment. This was done through case studies performed at the product devel-
opment organizations of ABB, Volvo Cars, IKEA Components and Scania. 
As a result of the case studies, 59 organizational needs distributed amongst 
fourteen themes were identified. These results are presented in chapter 
three of this thesis.  

The second main contribution of this thesis is a systematic literature re-
view of the Lean Product Development concept. The literature review result-
ed in an LPD framework that describes LPD through five focus areas with 
values, principles and methods. Based on the results from the literature re-
view, I propose the following definition for Lean Product Development:   

Lean Product Development is a companywide strategy for product develop-
ment aiming at (i) increase value, (ii) decrease waste, (iii) increase flow, (iv) 
decrease sub-optimizations and (v) build knowledge.  

 
The literature review and the resulting LPD framework are described in 
chapter four.  

Finally, the present study contributes to prior knowledge by comparing 
the organizational needs with Lean Product Development principles, to find 
out how and in what ways LPD can give support to product developing or-
ganizations. LPD was found to give good and/or partial support to 43 out of 
the 59 organizational needs identified in the case studies, which indicates 
that Lean Product Development is indeed an important concept to consider 
for western industries. The comparison between theory and practice can be 
found in chapters five and six of this thesis.  

The following sub-sections point out academic and managerial implica-
tions of this research.  

  



 
 
 
 

213

7.1 Academic implications 
There are many prior studies of Lean Product Development as a concept, but 
no real consensus over how LPD should be defined or approached. Most 
studies only consider a sub-set of the LPD body of knowledge, such as stud-
ies focusing on Toyota, or studies that adapt Lean principles to a product 
development environment. The division is often motivated by that it would 
be misleading to include other subsets of prior LPD studies. However, this 
research indicates that there is no reason to exclude any part of the LPD re-
search, since they by no means contradict each other. The LPD framework 
and definition proposed in this thesis are based on studies from a variety of 
standpoints about LPD and is nevertheless consistent with studies from all of 
them. When looking at separate LPD studies, it is easy to interpret them as 
conflicting in content. The reason for this is not the different ways of ap-
proaching LPD, but the fact that the concept has evolved over time and has 
come to include much more than it did at first. Different LPD methods (and 
principles) have also been in focus during different periods of time and this 
will also be the case in the future.  

Though there has not been a consensus about exactly how to define and 
describe LPD, researchers from different standpoints agree that LPD is a 
concept based on philosophies and company culture that is more than its 
included methods. As a consequence of this, the different principles in LPD 
are not independent but interact with each other. If a method is difficult to 
implement this might not only be caused by the current principle or method, 
but by what the organization has done and not done with regard to the other 
aspects of LPD (c.f. Sections 6.1 and 6.5). I believe that a better understand-
ing of how the different LPD principles are interrelated with each other 
would greatly increase the utility of in-depth studies of separate LPD princi-
ples and methods. I would thus like to see a better awareness of how the 
current performance level of the industry affect the results in studies focus-
ing on separate LPD elements.  

Another aspect of the overall perspective promoted in Lean Product De-
velopment is long-term thinking. Some of the LPD principles require in-
vestments where the payback is not visible until much later. Also in other 
ways, being a wide and all-embracing concept, LPD implementation is a 
long-term investment that will require many years of dedicated work. An 
important area for future research is therefore to investigate how manage-
ment based on long-term thinking can be supported in development organi-
zations.  

When comparing the LPD principles to current challenges in developing 
organizations, all LPD principles corresponded to at least one organizational 
need. This indicates that LPD is indeed a concept with direct relevance for 
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the industry and that there are reasons to keep studying and developing the 
LPD concept. According to the results from this study, the need for future 
research differs between LPD principles. Some principles, such as Set-based 
design and Modularization are well covered in literature, but only scarcely 
applied in practice. Future research about these areas should focus on im-
plementation, and what development organizations need to master before 
these principles could be successfully implemented. Other LPD principles 
such as Visual communication and Performance evaluation have emerged in 
literature only lately, as a result of implementations in the industry. Here, the 
concept would benefit from future studies focusing on method development 
and mechanisms behind the principles. The most important need for future 
research in LPD however concerns the principle Customer focus, which de-
spite of being highlighted by a majority of LPD researchers failed to fulfill 
customer related organizational needs.  

7.2 Managerial implications 
This research has examined the challenges product developing organizations 
face, studying if and how the concept Lean Product Development (LPD) can 
support these challenges. No one concept could or should be the answer to 
all the challenges an organization face. LPD is no exception; 16 out of the 59 
organizational needs are left without direct support from LPD. Nevertheless, 
according to the results from this study, LPD is indeed an interesting concept 
to take inspiration from, as it supports 43 organizational needs from all the 
fourteen thematic areas identified during the case studies.  

The LPD framework presented in this thesis has different hierarchical 
levels (values, principles, methods and results, c.f. Chapter 4.3). The meth-
ods in LPD are exchangeable. It is perfectly viable to perform a successful 
LPD implementation and work with all LPD principles without using any of 
the methods listed in the LPD framework. They are only examples. One 
reason for this is that most of the LPD principles can be approached and 
applied in many different ways. Another reason is that concrete methods are 
detailed enough to sometimes require adaptation to unique circumstances of 
specific companies or lines of business. I thus recommend organizations that 
wish to work with LPD, to look at the methods and techniques already in 
place in the organization. Which LPD principles do they support and how? 
There is no reason to change more than necessary, or to throw out estab-
lished solutions that work well.  

The values and principles (and through them the five focus areas) are 
however not replaceable. They are all equally important parts of Lean Prod-
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uct Development and interact with each other. None of the five focus areas 
should be left too far behind. Correspondingly, none of the themes for organ-
izational needs identified in the case studies should be left too far behind the 
others, as they too affect each other. In practice however, it is not possible to 
solve all problems at once, or to successfully implement multiple strategies 
simultaneously. The best place to start is of course dependent on the current 
performance level and modus operandi of each company, but I believe that 
in many cases, the best focus areas in LPD to start working with are Increase 
flow and Decrease sub-optimizations. These focus areas includes the three 
principles that would give most “bang for the bucks” in the sense that they 
support multiple organizational needs in a variety of thematic areas (c.f. 
Sections 6.2 and 6.3). Working with Increase flow and Decrease sub-
optimizations also lays a good foundation for applying advanced LPD prin-
ciples such as Set-based design, as they contribute to a better overall under-
standing of the process and promotes commitment in different parts of the 
organization.  

No matter where an organization chooses to start working, a good overall 
understanding of the Lean Product Development concept will be beneficial. 
Some of the LPD principles, as well as the concept at large, will also benefit 
from long-term thinking. Lean Product Development can indeed result in 
increased efficiency and effectiveness of the product development organiza-
tions, but investments of both time and resources are necessary to reach that 
point.  
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Appendix I: Case study protocol 

General questions 
How would you describe your role in relation to the product development 
organization?  

How would you describe the development process? (Use a project as an ex-
ample) 

What do you think is working well in the product development organiza-
tion/projects? Why? 

Where do you see room for improvement in the product development organ-
ization/projects? How and why?  

Information 
Which information do you need in your role? Do you get that information? 
How? 

Which information do you give to others? Which information is asked for?  

How is information exchanged between different roles and functions in the 
development project? 

How are hand-overs managed? 

Customers 
Who is your customer in the development process? Who do you deliver to? 

How is the final customer represented in the development projects?  

How is customer data managed?  

How do you handle changes in the market or customer requirements during 
an ongoing project? 
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Knowledge 
Is there room for learning and reflection? (Both training/education and in 
everyday work) 

How is creativity promoted in the development process? Is there room for 
creativity?  

How do you work with lessons learned (if you do)?  

How are experiences communicated between (ongoing and finished) pro-
jects?  

Performance evaluation 
How would you describe the goals of the development organization? 

How are the goals communicated?  

How do you work with metrics/KPI:s in the development process?  

Are the metrics used in the development process supporting your daily 
work?  

Do you have influence over the goals/measurements used to evaluate your 
work? Can you affect the results? 

Feedback  
How do you know when you do a good job? 

How and when do you get feedback?  

How and when do you give feedback to others?  
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Appendix II: detailed references of the LPD 
framework 

This section is an account of the references to the LPD framework described 
in Section 4. Under each framework element, the sources are listed in alpha-
betical order.  

The references were found through keyword search on “Lean” + “product 
development” and “Lean Product Development” in the data bases Emerald 
Insight, Scopus, KTH Primo and Google Scholar. Additional literature was 
found through backward search (Levy & Ellis, 2006). The resulting 1000+ 
titles were scanned for relevance, on abstract level. All sources that match 
the criteria for selection (books and journal articles that describes LPD or 
“Japanese product development) were included in the framework. The last 
update of the literature list was made in September 2016. In total, 92 journal 
articles, 7 book chapters and 23 books were found relevant. All were used to 
build the LPD framework.  

Values 

Increase customer perceived value by frontloading the 
process 
References:  

Al-Ashaab et al., 2013; Al-Ashaab et al., 2016; Baines, Lightfoot, Williams, 
& Greenough, 2006; Ballé & Ballé, 2005; Clark & Fujimoto, 1991; Cooper 
& Edgett, 2005; Cooper & Edgett, 2008; Fiore, 2005; Flores et al., 2010; 
Ford & Sobek, 2005; Fouquet & Gremyr, 2007; Gudem & Welo, 2010; 
Gudem, Steinert, & Welo, 2014; Harkonen, Belt, Mottonen, Kess, & Harri, 
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2014; Jørgensen & Emmitt, 200911; Kennedy, Harmon, & Minnock, 2008; 
Kishna Jasti & Kodali, 2014; Jugulum & Samuel, 2008; León & Farris, 
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Söderberg, 2011; Mascarenhas Hornos da Costa, Oehmen, Rebentisch, & 
Nightingale, 2014; Mascitelli, 2007; Mascitelli, 2011; McManus, Haggerty, 
& Murman, 2007; Miller, Richmond, & Bowman, 2006; Morgan & Liker, 
2006; Mund, Pieterse, & Cameron, 2015; Oppenheim, Murman, & Secor, 
2011; Pernstål, Feldt, & Gorschek, 2015; Pessôa, Loureiro, & Murta, 2007; 
Radeka, 2011; Radeka, 2012; Radeka & Sutton, 2007; Rossi, Kerga, Taisch, 
& Terzi, 2012; Saunders, Gao, & Shah, 2014; Schipper & Swets, 2010; 
Sebesyén, 2006; Tortorella, Marodin, Castro, & Fogliatto, 2016; Tyagi, Cai, 
Yang, & Chambers, 2015; Venkatamuni & Ramakrishna Rao, 2010; 
Wangwacharakul, Berglund, Harlin, & Gullander, 2014; Ward, Liker, 
Cristiano, & Sobek II, 1995; Welo, 2011; Welo & Ringen, 2015; Yang & 
Cai, 2009 

Minimize waste by working smarter 
References 

Al-Ashaab et al., 2010; Al-Ashaab et al., 2013; Baines, Lightfoot, Williams, 
& Greenough, 2006; Beauregard et al., 2016; Bhasin, 2015; Boes & Kämpf, 
2014; Browning, 2003; Byrne, Lubowe, & Blitz, 2007; Carleysmith, Dufton, 
& Altria, 2009; Clark & Fujimoto, 1991; Cusumano, 1994; Cusumano & 
Nobeoka, 1998; El-Sayed, 2013; Fiore, 2005; Gautam, Chinnam, & Singh, 
2007; Gremyr & Fouquet, 2012; Gudem & Welo, 2010; Gudem, Steinert, & 
Welo, 2014; Gurumurthy & Kodali, 2012; Hafer, 201112; Haque & James-
Moore, 2002; Haque & James-Moore, 2004; Harkonen, Belt, Mottonen, 
Kess, & Harri, 2009; Harland & Uddin, 2014; Helander, Bergqvist, Lund 
Stetler, & Magnusson, 2015; Johansson & Sundin, 2014; Jones, 1995; 
Jugulum & Samuel, 2008; ; Jørgensen & Emmitt, 2009; Kennedy, 2003; 

                               

 
 
 
10 Iterative design 
11 Frontloading by “value specification” 
12 Avoid rework 
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Kishna Jasti & Kodali, 2014; León & Farris, 2011; Letens, Farris, & Aken, 
2011; Liker & Morgan, 2006; Liker & Morgan, 2011; Lindlöf, Söderberg, & 
Persson, 2012; Locher, 2008; Mascitelli, 2007; McManus, Haggerty, & 
Murman, 2007; Meybodi, 2013; Morgan & Liker, 2006; Mund, Pieterse, & 
Cameron, 2015; Nepal et al., 2011; Ni, Fan, Zheng, & Zhang, 2011; 
Oppenheim, 2004; Oppenheim, Murman, & Secor, 2011; Paschkewitz, 2014; 
Pernstål, Feldt, & Gorschek, 2015; Poppendieck & Poppendieck, 2003; 
Poppendieck, 2011; Radeka, 2012; Reinertsen, 2009; Reinertsen & Shaeffer, 
2005; Rossi, Kerga, Taisch, & Terzi, 2012; Schulze & Störmer, 2012; 
Siyam, Wynn, & Clarkson, 2015; Tortorella, Marodin, Castro, & Fogliatto, 
2016; Tyagi, Cai, Yang, & Chambers, 2015; Venkatamuni & Ramakrishna 
Rao, 2010; Ward, 2007; Welo, 2011; Womack & Jones, 1994; Yang & Cai, 
2009 

Manage variation by efficient and flexible value streams 
References 

Beauregard et al., 2016; Blog, 2007; Browning, 2003; Cooper & Edgett, 
2005; Fiore, 2003; Fiore, 2005; Fouquet & Gremyr, 2007; Gremyr & 
Fouquet, 2012; Gurumurthy & Kodali, 2012; Hafer, 2011; Haque & James-
Moore, 2002; Haque & James-Moore, 2004; Harkonen, Belt, Mottonen, 
Kess, & Harri, 2009; Helander, Bergqvist, Lund Stetler, & Magnusson, 
2015; Hoppman, Rebentisch, Dobrowski, & Zahn, 2011; Huthwaite, 2004; 
Johansson & Sundin, 2014; Kishna Jasti & Kodali, 2014; León & Farris, 
2011; Letens, Farris, & Aken, 2011; Liker, Kamath, Wasti, & Nagamachi, 
1995; Liker & Morgan, 2006; Liker & Morgan, 2011; Locher, 2008; 
Mascitelli, 2011; McManus, Haggerty, & Murman, 2007; Morgan & Liker, 
2006; Mund, Pieterse, & Cameron, 2015; Oosterval, 2010; Pernstål, Feldt, & 
Gorschek, 2015; Poppendieck & Poppendieck, 2003; Radeka, 2012; Radeka 
& Sutton, 2007; Reinertsen, 2005; Reinertsen, 2009; Reinertsen & Shaeffer, 
2005; Saunders, Gao, & Shah, 2014; Siyam, Wynn, & Clarkson, 2015; 
Tortorella, Marodin, Castro, & Fogliatto, 2016; Tuli & Shankar, 2016; 
Tyagi, Cai, Yang, & Chambers, 2015; Ward, 2007; Welo, 2011; Womack & 
Jones, 1994; Yang & Cai, 2009 
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Avoid sub optimizations by adopting an overall perspective 
References 

Anand & Kodali, 2008; Boes & Kämpf, 2014; Browning, 2003; 
Carleysmith, Dufton, & Altria, 2009; Clark & Fujimoto, 1991; Cooper & 
Edgett, 2005; Cooper & Edgett, 2008; Hafer, 2011; Haque & James-Moore, 
2002; Haque & James-Moore, 2004; Harkonen, Belt, Mottonen, Kess, & 
Harri, 2009; Hines, Francis, & Found, 2006; Holmdahl, 2010; Johansson & 
Sundin, 2014; Karlsson & Åhlström, 199613; Kennedy, 2003; Kennedy, 
Harmon, & Minnock, 2008; Kishna Jasti & Kodali, 2014; Letens, Farris, & 
Aken, 2011; Liker, Kamath, Wasti, & Nagamachi, 1995; Liker & Morgan, 
2006; Liker & Morgan, 2011; McManus, Haggerty, & Murman, 2007; 
Morgan & Liker, 2006; Mund, Pieterse, & Cameron, 2015; Oosterval, 2010; 
Oppenheim, Murman, & Secor, 201114; Pernstål, Feldt, & Gorschek, 2015; 
Poppendieck & Poppendieck, 2003; Poppendieck, 2011; Reinertsen & 
Shaeffer, 2005; Sobek & Liker, 1998; Tortorella, de Castro Fettermann, 
Almeida Marodin, & Sanson Fogliatto, 2015; Ward, 2007; Welo, 2011; 
Welo & Ringen, 2015;  J. P. Womack et al., 1990; Womack & Jones, 1994; 
J. P. Womack, 2006 
 

Increase the organizational knowledge by developing people 
References:  

Al-Ashaab et al., 2016; Boes & Kämpf, 2014; Carleysmith, Dufton, & 
Altria, 2009; Cooper & Edgett, 2005; Cooper & Edgett, 200815; Flores et al., 
2010; Gremyr & Fouquet, 2012; Gudem, Steinert, & Welo, 2014; Hafer, 
2011; Haque & James-Moore, 2002; Haque & James-Moore, 2004; 
Harkonen, Belt, Mottonen, Kess, & Harri, 2009; Helander, Bergqvist, Lund 
Stetler, & Magnusson, 2015; Herbig, 1998; Holmdahl, 2010; Jauregui-
Becker & Perry, 2016; Jørgensen & Emmitt, 2009; Kennedy, 2003; 
Kennedy, Harmon, & Minnock, 2008; Khan et al., 2011; Kishna Jasti & 
Kodali, 2014; León & Farris, 2011; Letens, Farris, & Aken, 2011;Liker, 
Kamath, Wasti, & Nagamachi, 1995; Liker & Morgan, 2006; Liker & 

                               

 
 
 
13 Described as “strategically managed”; managing through visions and objectives rather than 
detailed specifications.  
14 Integrate Lean and Systems Engineering.  
15 Continuous learning, continuous improvements.  
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Morgan, 2011; Lindlöf & Söderberg, 2011; Lindlöf, Söderberg, & Persson, 
2012; Mascarenhas Hornos da Costa, Oehmen, Rebentisch, & Nightingale, 
201416; Mascitelli, 2011; McManus, Haggerty, & Murman, 2007; Morgan & 
Liker, 2006; Mund, Pieterse, & Cameron, 2015; Nepal et al., 2011; 
Oosterval, 2010; Oppenheim, Murman, & Secor, 201116; Paschkewitz, 2014; 
Pernstål, Feldt, & Gorschek, 2015; Poppendieck & Poppendieck, 2003; 
Poppendieck, 2011; Radeka, 2012; Saunders, Gao, & Shah, 2014; Schipper 
& Schmidt, 2006; Schulze & Störmer, 2012; Sebesyén, 2006; Tortorella, de 
Castro Fettermann, Almeida Marodin, & Sanson Fogliatto, 2015; Tortorella, 
Marodin, Castro, & Fogliatto, 2016; Wangwacharakul, Berglund, Harlin, & 
Gullander, 2014; Ward, Sobek II, Cristiano, & Liker, 1995; Welo, 2011; 
Welo & Ringen, 2015; Yang & Cai, 2009 

Principles and methods 

Customer focus 
References:  

Al-Ashaab et al., 2016; Ballé & Ballé, 2005; Browning, 2003; Clark & 
Fujimoto, 1991; Cooper & Edgett, 2005; Cooper & Edgett, 2008; Fiore, 
2005; Fouquet & Gremyr, 2007; Gautam, Chinnam, & Singh, 2007; Gremyr 
& Fouquet, 2012; Gudem et al., 2013; Gudem, Steinert, & Welo, 2014; 
Gurumurthy & Kodali, 2012; Haque & James-Moore, 2002; Haque & 
James-Moore, 2004; Harkonen, Belt, Mottonen, Kess, & Harri, 2009; 
Helander, Bergqvist, Lund Stetler, & Magnusson, 2015; Herbig, 1998; 
Hines, Francis, & Found, 2006; Holmdahl, 2010; Huthwaite, 2004; Jauregui-
Becker & Perry, 2016; Johansson & Sundin, 2014; Jugulum & Samuel, 
2008; Karlsson & Åhlström, 1996; Khan et al., 2011; Kishna Jasti & Kodali, 
2014; Liker, Kamath, Wasti, & Nagamachi, 1995; Liker & Morgan, 2006; 
Liker & Morgan, 2011; Mascarenhas Hornos da Costa, Oehmen, Rebentisch, 
& Nightingale, 2014; Mascitelli, 2011; McManus, Haggerty, & Murman, 
2007; Meybodi, 2013; Miller, Richmond, & Bowman, 2006; Morgan & 
Liker, 2006; Mund, Pieterse, & Cameron, 2015; Nepal et al., 2011; 
Oppenheim, Murman, & Secor, 2011; Paschkewitz, 2014; Pernstål, Feldt, & 

                               

 
 
 
16 Respect for people.  
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Gorschek, 2015; Poppendieck & Poppendieck, 2003; Quadrat-Ullah, Seong, 
& Mills, 2012; Radeka, 2011; Radeka, 2012; Radeka & Sutton, 2007; 
Ringen & Holtskog, 2013; Ryan & Reik, 2010; Sebesyén, 2006; Tortorella, 
de Castro Fettermann, Almeida Marodin, & Sanson Fogliatto, 2015; 
Tortorella, Marodin, Castro, & Fogliatto, 2016; Venkatamuni & 
Ramakrishna Rao, 2010; Wang, Ming, Kong, Li, & Wang, 2012; 
Wangwacharakul, Berglund, Harlin, & Gullander, 2014; Ward, 2007; Welo, 
2011; Welo & Ringen, 2015; Whitney, 1995; Womack, 2006 

 

Table 20. Methods supporting customer focus 
Method References 
Establish customer value Al-Ashaab et al., 2010; Al-Ashaab et al., 

2013; El-Sayed, 2013; Flores et al., 2010; 
Gudem & Welo, 2010; Gudem, Steinert, & 
Welo, 2014; Gurumurthy & Kodali, 2012; 
Hafer, 2011; Jugulum & Samuel, 2008; 
Lei, Xinguo, Jing, Fanbin, & Dong, 2011; 
León & Farris, 2011; Letens, Farris, & 
Aken, 2011; Locher, 2008; Mascarenhas 
Hornos da Costa, Oehmen, Rebentisch, & 
Nightingale, 2014; Mascitelli, 2007; 
Meybodi, 2013; Mund, Pieterse, & 
Cameron, 2015; Oppenheim, 2004; 
Oppenheim, Murman, & Secor, 2011; 
Paschkewitz, 2014; Pernstål, Feldt, & 
Gorschek, 2015; Quadrat-Ullah, Seong, & 
Mills, 2012; Ringen & Holtskog, 2013; 
Saunders, Gao, & Shah, 2014; Sobek, 
Ward, & Liker, 1999; Venkatamuni & 
Ramakrishna Rao, 2010; Wang, Ming, 
Kong, Li, & Wang, 2012; 
Wangwacharakul, Berglund, Harlin, & 
Gullander, 2014; Welo, 2011  

Voice of the customer Carleysmith, Dufton, & Altria, 2009; 
Cooper & Edgett, 2005; Dal Forno, 
Forcellini, Rozenfeld, Mählmann Kipper, 
& Pereira, 2014; Hines, Francis, & Found, 
2006; Huthwaite, 2004; Johansson & 
Sundin, 2014; Jørgensen & Emmitt, 2009; 
León & Farris, 2011; Mascitelli, 2007; 
Morgan & Liker, 2006; Nepal et al., 2011; 
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Wang, Ming, Kong, Li, & Wang, 2012; 
Yang & Cai, 2009 

Close cooperation with quali-
fied customer 

Clark & Fujimoto, 1991; Fouquet & 
Gremyr, 2007; Gremyr & Fouquet, 2012; 
Haque & James-Moore, 2002; Haque & 
James-Moore, 2004; Jørgensen & Emmitt, 
2009; Karlsson & Åhlström, 1996; 
Mascitelli, 2007; Oppenheim, Murman, & 
Secor, 2011 

Kano diagram Mascitelli, 2007; Venkatamuni & 
Ramakrishna Rao, 2010; Wang, Ming, 
Kong, Li, & Wang, 2012 

AHP (Analytical hierarchical 
process) 

Venkatamuni & Ramakrishna Rao, 2010; 
Wang, Ming, Kong, Li, & Wang, 2012 

Validate top-level require-
ments 

Hafer, 2011; Haque & James-Moore, 2004; 
Mascitelli, 2011; Ni, Fan, Zheng, & Zhang, 
2011 

Frequent customer tests Oppenheim, Murman, & Secor, 2011; 
Poppendieck & Poppendieck, 2003 

Representing the customer Anand & Kodali, 2008; Ward, 2007; Welo 
& Ringen, 2015 

In-field studies Cooper & Edgett, 2005; Cooper & Edgett, 
2008;  Morgan & Liker, 2006; Radeka & 
Sutton, 2007; Welo & Ringen, 2015 

Fill user gaps Mascitelli, 2007; Mascitelli, 2011; Ringen 
& Holtskog, 2013; Schipper & Swets, 2010 

Value breakdown structure Pessôa, Loureiro, & Murta, 2007; Ringen 
& Holtskog, 2013 

Value engineering Johansson & Sundin, 2014; Jugulum & 
Samuel, 2008; Mascitelli, 2007; Mascitelli, 
2011; Ni, Fan, Zheng, & Zhang, 2011; 
Wang, Ming, Kong, Li, & Wang, 2012 

Kansei engineering Gautam, Chinnam, & Singh, 2007; 
Venkatamuni & Ramakrishna Rao, 2010 

SIPOC (Supplier-Input-
Process-Output-Customer) 
scoping  

Carleysmith, Dufton, & Altria, 2009; 
Locher, 2008 

Scenario brainstorming Fiore, 2005; Kishna Jasti & Kodali, 2014; 
Mascitelli, 2007 

Robust design Oppenheim, 2004; Oppenheim, Murman, 
& Secor, 2011; Paschkewitz, 2014 
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Avoid low-value features Cusumano & Nobeoka, 1998; Mascitelli, 
2007; Mascitelli, 2011; Poppendieck, 2011 

 

Set-based design 
References:  

Al-Ashaab et al., 201018; Al-Ashaab et al., 201318; Al-Ashaab et al., 201618; 
Anand & Kodali, 2008; Baines, Lightfoot, Williams, & Greenough, 200618; 
Ballé & Ballé, 200518; Dal Forno, Forcellini, Rozenfeld, Mählmann Kipper, 
& Pereira, 201418; Flores et al., 201017; Ford & Sobek, 2005; Gautam & 
Singh, 2008; Gudem, Steinert, & Welo, 2014; Haque & James-Moore, 2002; 
Haque & James-Moore, 2004; Harkonen, Belt, Mottonen, Kess, & Harri, 
200918; Harland & Uddin, 201418; Helander, Bergqvist, Lund Stetler, & 
Magnusson, 201518; Hines, Francis, & Found, 200618; Holmdahl, 2010; 
Hoppman, Rebentisch, Dobrowski, & Zahn, 2011; Huthwaite, 200418; 
Johansson & Sundin, 2014; Kennedy, 2003; Kennedy, Harmon, & Minnock, 
2008; Kerga, Akaberi, Tasich, Rossi, & Terzi, 2012; Khan et al., 201118; 
Kishna Jasti & Kodali, 2014; León & Farris, 2011; Letens, Farris, & Aken, 
201118; Liker & Morgan, 201118; Locher, 200818; Mascitelli, 2007; 
Mascitelli, 2011; Morgan & Liker, 200618; Mund, Pieterse, & Cameron, 
201518; Nepal et al., 201118; Oosterval, 2010; Oppenheim, 2004; Oppenheim, 
Murman, & Secor, 201119; Paschkewitz, 201420; Pernstål, Feldt, & Gorschek, 
2015; Pessôa, Loureiro, & Murta, 200718; Poppendieck & Poppendieck, 
2003; Quadrat-Ullah, Seong, & Mills, 201218; Radeka, 2011; Radeka, 201218; 
Radeka & Sutton, 200718; Raudberget, 201018; Rossi, Kerga, Taisch, & Terzi, 
201218; Saunders, Gao, & Shah, 201418; Schipper & Schmidt, 200618; Siyam, 
Wynn, & Clarkson, 201518; Sobek, Ward, & Liker, 199918; Srinivasan & 
Scotland, 2010; Tortorella, de Castro Fettermann, Almeida Marodin, & 
Sanson Fogliatto, 201518;  Tortorella, Marodin, Castro, & Fogliatto, 201618; 
Tyagi, Cai, Yang, & Chambers, 201518; Ward, 200718; Ward, Liker, 
Cristiano, & Sobek II, 199518; Wang, Ming, Kong, Li, & Wang, 201218; 
Wangwacharakul, Berglund, Harlin, & Gullander, 2014; Ward, Sobek II, 

                               

 
 
 
17 “Explore alternative solutions” 
18 Set-based design described as a part of set-based concurrent engineering.  
19 “Look at a broad range of solution sets” 
20 ”Concurrent set-based design.” 
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Cristiano, & Liker, 1995; Wasim et al., 201318; Welo, 2011; J. P. Womack, 
200618; Yang & Cai, 2009 
 

Table 21. Methods supporting set-based design 
Method References 
Trade-off curves Al-Ashaab et al., 2016; Carleysmith, 

Dufton, & Altria, 2009; Holmdahl, 
2010; Kennedy, 2003; Kennedy, 
Harmon, & Minnock, 2008; Khan et 
al., 2011; Kishna Jasti & Kodali, 
2014; Morgan & Liker, 2006; Mund, 
Pieterse, & Cameron, 2015; 
Paschkewitz, 2014; Radeka, 2012; 
Raudberget, 2010; Rossi, Kerga, 
Taisch, & Terzi, 2012; Tortorella, de 
Castro Fettermann, Almeida 
Marodin, & Sanson Fogliatto, 2015;  
Ward, 2007; Wasim et al., 2013 

Decision matrixes  Carleysmith, Dufton, & Altria, 2009; 
Khan et al., 2011; Mascitelli, 2007; 
Morgan & Liker, 2006; Mund, 
Pieterse, & Cameron, 2015; Ward, 
2007 

Limit curves Kerga, Akaberi, Tasich, Rossi, & 
Terzi, 2012; Khan et al., 2011; 
Oosterval, 2010; Radeka, 2012; 
Rossi, Kerga, Taisch, & Terzi, 2012  

Concept selection matrix Khan et al., 2011; Schipper & Swets, 
2010 

Delay decisions21 Harkonen, Belt, Mottonen, Kess, & 
Harri, 2009; Kennedy, Harmon, & 
Minnock, 2008; León & Farris, 
2011; Mascitelli, 2007; Pernstål, 
Feldt, & Gorschek, 2015; 
Poppendieck & Poppendieck, 2003; 
Radeka, 2011; Radeka, 2012; 

                               

 
 
 
21 …but deliver fast.  
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Schipper & Swets, 2010 
Establish feasibility before com-
mitment 

Al-Ashaab et al., 2016; Mascitelli, 
2007; Quadrat-Ullah, Seong, & 
Mills, 2012; Raudberget, 2010 

No changes after concept approval  Al-Ashaab et al., 2013; Al-Ashaab et 
al., 2016; Ballé & Ballé, 2005; 
Gurumurthy & Kodali, 2012; 
Kamath & Liker, 1994; Kishna Jasti 
& Kodali, 2014; Ward, Sobek II, 
Cristiano, & Liker, 1995 

Differentiate concept, system and 
detailed design 

Ford & Sobek, 2005; Khan et al., 
2011; Mascitelli, 2007; Schipper & 
Schmidt, 2006 

Integration events Al-Ashaab et al., 2016; Holmdahl, 
2010; Kennedy, Harmon, & 
Minnock, 2008; Oosterval, 2010; 
Oppenheim, 2004; Oppenheim, 
Murman, & Secor, 2011; Schipper & 
Schmidt, 2006; Schipper & Swets, 
2010; Tortorella, de Castro 
Fettermann, Almeida Marodin, & 
Sanson Fogliatto, 2015 

Design concept matrix   Al-Ashaab et al., 2013; Tortorella, 
de Castro Fettermann, Almeida 
Marodin, & Sanson Fogliatto, 2015 

 

Early testing and prototyping 
References:  

Anand & Kodali, 2008; Blog, 200722; Clark & Fujimoto, 1991; Cooper & 
Edgett, 2005; Cooper & Edgett, 2008; Ford & Sobek, 2005; Garcia, Radous, 
Krol, Bosek, & Baeten, 2016; Gautam, Chinnam, & Singh, 2007; Haque & 
James-Moore, 2002; Helander, Bergqvist, Lund Stetler, & Magnusson, 2015; 
Herbig, 1998; Hoppman, Rebentisch, Dobrowski, & Zahn, 2011; Kennedy, 
Harmon, & Minnock, 2008; Khan et al., 2011; Kishna Jasti & Kodali, 2014; 
                               

 
 
 
22 Rapid prototyping 
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León & Farris, 2011; Mascitelli, 2007; McManus, Haggerty, & Murman, 
2007; Morgan & Liker, 2006; Mund, Pieterse, & Cameron, 2015; 
Oppenheim, Murman, & Secor, 2011; Paschkewitz, 2014; Poppendieck, 
2011; Radeka, 2012; Reinertsen, 2005; Schipper & Schmidt, 2006; Schipper 
& Swets, 2010; Srinivasan & Scotland, 201022; Thomke & Fujimoto, 2000; 
Tortorella, de Castro Fettermann, Almeida Marodin, & Sanson Fogliatto, 
2015; Wang, Ming, Kong, Li, & Wang, 2012; Ward, 2007; Ward, Liker, 
Cristiano, & Sobek II, 1995; Welo & Ringen, 2015; J. P. Womack, 2006; 
Yang & Cai, 2009 

 

Table 22. Methods for early testing and prototyping 
Method References 
Virtual prototyping Anand & Kodali, 2008; Ballé & 

Ballé, 2005; Cusumano, 1994; Dal 
Forno, Forcellini, Rozenfeld, Letens, 
Farris, & Aken, 2011; Mählmann 
Kipper, & Pereira, 2014; Hoppman, 
Rebentisch, Dobrowski, & Zahn, 
2011;  Khan et al., 2011; McManus, 
Haggerty, & Murman, 2007;  Mund, 
Pieterse, & Cameron, 2015; Thomke 
& Fujimoto, 2000; Tortorella, de 
Castro Fettermann, Almeida 
Marodin, & Sanson Fogliatto, 2015 

Low-cost prototyping Hoppman, Rebentisch, Dobrowski, 
& Zahn, 2011; Ward, 2007 

Model-based simulation Morgan & Liker, 2006; Yang & Cai, 
2009;  

Prototyping as manufacturing re-
hearsals/ production simulation 

Clark & Fujimoto, 1991; Kishna 
Jasti & Kodali, 2014 
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Standardization 
References:  

Anand & Kodali, 2008; Ballé & Ballé, 2005; Carleysmith, Dufton, & Altria, 
2009; Cooper & Edgett, 200523; Fiore, 2003; Fiore, 2005; Flores et al., 2010; 
Fouquet & Gremyr, 2007; Garcia, Radous, Krol, Bosek, & Baeten, 2016; 
Gautam, Chinnam, & Singh, 2007; Gremyr & Fouquet, 2012; Gurumurthy & 
Kodali, 2012; Haque & James-Moore, 2002; Haque & James-Moore, 2004; 
Harkonen, Belt, Mottonen, Kess, & Harri, 2009; Harland & Uddin, 2014; 
Herbig, 1998; Holmdahl, 2010; Hoppman, Rebentisch, Dobrowski, & Zahn, 
201124; Huthwaite, 200425; Johansson & Sundin, 2014; Jones, 1995; 
Kennedy, Harmon, & Minnock, 2008; Khan et al., 2011; Kishna Jasti & 
Kodali, 2014; Kreafle, 2011; León & Farris, 2011; Liker & Morgan, 2006; 
Liker & Morgan, 2011; Locher, 2008; Mascitelli, 2007; Mascitelli, 2011; 
McManus, Haggerty, & Murman, 2007; Morgan & Liker, 2006; Mund, 
Pieterse, & Cameron, 2015; Nepal et al., 2011; Oppenheim, Murman, & 
Secor, 2011; Pernstål, Feldt, & Gorschek, 2015; Quadrat-Ullah, Seong, & 
Mills, 2012; Radeka, 2012; Rossi, Kerga, Taisch, & Terzi, 2012; Sebesyén, 
2006; Sobek & Liker, 199826; Tortorella, de Castro Fettermann, Almeida 
Marodin, & Sanson Fogliatto, 2015; Wang, Ming, Kong, Li, & Wang, 2012; 
Welo, 2011; Welo & Ringen, 2015; Whitney, 1995; Yang & Cai, 2009  

 

Table 23. Methods for standardization 
Method References 
Checklists Al-Ashaab et al., 2013; Ballé & 

Ballé, 2005; Carleysmith, Dufton, & 
Altria, 2009; Holmdahl, 2010; 
Kennedy, Harmon, & Minnock, 
2008; Khan et al., 2011; León & 
Farris, 2011; Mascitelli, 2007; 
Morgan & Liker, 2006; Mund, 
Pieterse, & Cameron, 2015; Nepal et 
al., 2011; Radeka, 2012; Rossi, 
Kerga, Taisch, & Terzi, 2012; 

                               

 
 
 
23 Only in appendix: ”How Toyota uses their seven principles of Lean NPD” 
24 Process standardization + product variety management.  
25 “When it makes sense”.  
26 Standards should be changed/updated when needed! 
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Schipper & Swets, 2010; Tortorella, 
de Castro Fettermann, Almeida 
Marodin, & Sanson Fogliatto, 2015; 
Tyagi, Cai, Yang, & Chambers, 
2015; Wasim et al., 2013 

5S Carleysmith, Dufton, & Altria, 2009; 
Fiore, 2005; Meybodi, 2013; 
Quadrat-Ullah, Seong, & Mills, 2012 

Part catalogues Fiore, 2003; Herbig, 1998 
Poka yoke Al-Ashaab et al., 2010; Garcia, 

Radous, Krol, Bosek, & Baeten, 
2016; Morgan & Liker, 2006 

 

Modularization 
References:  

Anand & Kodali, 2008; Ballé & Ballé, 200527; Cusumano, 1994; Cusumano 
& Nobeoka, 1998; Fiore, 2003; Fiore, 2005; Gautam, Chinnam, & Singh, 
2007; Gautam & Singh, 2008; Gurumurthy & Kodali, 201227; Haque & 
James-Moore, 200228; Haque & James-Moore, 2004; Harkonen, Belt, 
Mottonen, Kess, & Harri, 2009; Harland & Uddin, 2014; Hoppman, 
Rebentisch, Dobrowski, & Zahn, 2011; Huthwaite, 2004;25 Jones, 1995; 
Jugulum & Samuel, 2008; Karlsson & Åhlström, 1996; Khan et al., 2011; 
Kishna Jasti & Kodali, 2014; León & Farris, 2011; Liker & Morgan, 2011; 
Mascitelli, 2011; Oppenheim, 2004; Oppenheim, Murman, & Secor, 2011; 
Paschkewitz, 2014; Poppendieck & Poppendieck, 2003; Radeka, 2012; 
Rossi, Kerga, Taisch, & Terzi, 2012; Sebesyén, 2006; Wang, Ming, Kong, 
Li, & Wang, 2012; Whitney, 1995  
 

Table 24. Methods for modularization 
Method References 
Incremental product development Cusumano & Nobeoka, 1998; 

Gautam & Singh, 2008; Hines, 
Francis, & Found, 2006; 

                               

 
 
 
27 Platform organization 
28 “Black-box engineering” (citing Karlsson & Åhlström) and “modularization” 
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Poppendieck, 2011; Radeka & 
Sutton, 2007; Whitney, 1995 

Interface definition Cusumano & Nobeoka, 1998: 
Mascitelli, 2011; Wang, Ming, 
Kong, Li, & Wang, 2012 

K4 (kozokeikaku) Holmdahl, 2010; León & Farris, 
2011; Morgan & Liker, 2006 

Simplify product architecture Huthwaite, 2004; Whitney, 1995 
 

Concurrent engineering 
References:  

Al-Ashaab et al., 201029; Al-Ashaab et al., 201329; Al-Ashaab et al., 201629;  
Anand & Kodali, 2008; Ballé & Ballé, 200529; Clark & Fujimoto, 1991; 
Cooper & Edgett, 200523; Cusumano, 1994; Cusumano & Nobeoka, 1998; 
Ford & Sobek, 200529; Fouquet & Gremyr, 2007; Gagnon, 1999; Gremyr & 
Fouquet, 2012; Gurumurthy & Kodali, 2012; Haque & James-Moore, 2002; 
Haque & James-Moore, 2004; Harkonen, Belt, Mottonen, Kess, & Harri, 
200929; Harland & Uddin, 201429; Helander, Bergqvist, Lund Stetler, & 
Magnusson, 201529; Herbig, 1998;  Hines, Francis, & Found, 200629; 
Hoppman, Rebentisch, Dobrowski, & Zahn, 201130; Huthwaite, 200429; 
Johansson & Sundin, 201431; Karlsson & Åhlström, 1996; Kennedy, 2003; 
Khan et al., 201129; Kishna Jasti & Kodali, 2014; León & Farris, 2011; 
Letens, Farris, & Aken, 2011; Liker & Morgan, 201129; Locher, 2008; 
Meybodi, 2013; Morgan & Liker, 200629; Mund, Pieterse, & Cameron, 
201532; Nepal et al., 2011; Ni, Fan, Zheng, & Zhang, 2011; Oppenheim, 
Murman, & Secor, 2011; Paschkewitz, 201433; Pernstål, Feldt, & Gorschek, 
2015; Pessôa, Loureiro, & Murta, 200729; Quadrat-Ullah, Seong, & Mills, 
201229; Radeka, 201229; Radeka & Sutton, 200729; Raudberget, 201029; Rossi, 
Kerga, Taisch, & Terzi, 201229; Schipper & Schmidt, 200629; Siyam, Wynn, 
& Clarkson, 201530; Sobek, Ward, & Liker, 1999; Srinivasan & Scotland, 
2010; Tortorella, de Castro Fettermann, Almeida Marodin, & Sanson 
                               

 
 
 
29 Concurrent engineering described as a part of set-based concurrent engineering.  
30 Simultaneous engineering.  
31 Parallel activities.  
32 Mention both ”set-based concurrent engineering” and ”concurrent engineering”.  
33 “Concurrent set-based design”. 
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Fogliatto, 2015; Tortorella, Marodin, Castro, & Fogliatto, 201629; Tyagi, Cai, 
Yang, & Chambers, 201529; Wang, Ming, Kong, Li, & Wang, 201229; 
Wangwacharakul, Berglund, Harlin, & Gullander, 2014; Ward, 2007; Ward, 
Liker, Cristiano, & Sobek II, 1995; Ward, Sobek II, Cristiano, & Liker, 
1995; Wasim et al., 201329; Welo, 2011; Whitney, 1995; J. P. Womack et al., 
1990; J. P. Womack, 200629 

 
 

Table 25. Methods for concurrent engineering 
Method References 
Iterative die development Clark & Fujimoto, 1991; Reinertsen, 

2005; Ward, Sobek II, Cristiano, & 
Liker, 1995; Whitney, 1995; J. P. 
Womack et al., 1990 

Early manufacturing process plan-
ning 

Al-Ashaab et al., 2016; Sobek, 
Ward, & Liker, 1999; Welo & 
Ringen, 2015 

 
Level out the process flow 
References:  

Al-Ashaab et al., 2010; Anand & Kodali, 2008; Bhasin, 2015; Blog, 2007; 
Boes & Kämpf, 2014; Browning, 2003; Carleysmith, Dufton, & Altria, 
2009; Cooper & Edgett, 2005; El-Sayed, 2013; Fiore, 2003; Fiore, 2005; 
Flores et al., 2010; Fouquet & Gremyr, 2007; Garcia, Radous, Krol, Bosek, 
& Baeten, 2016; Gudem & Welo, 2010; Gudem et al., 2013; Gudem, 
Steinert, & Welo, 2014; Gurumurthy & Kodali, 2012; Hafer, 201134; Haque 
& James-Moore, 2002; Haque & James-Moore, 2004; Harkonen, Belt, 
Mottonen, Kess, & Harri, 2009 Hines, Francis, & Found, 2006; Holmdahl, 
2010; Hoppman, Rebentisch, Dobrowski, & Zahn, 2011; Johansson & 
Sundin, 2014; Kishna Jasti & Kodali, 2014; Lei, Xinguo, Jing, Fanbin, & 
Dong, 2011; León & Farris, 2011; Letens, Farris, & Aken, 2011; Liker & 
Morgan, 2006; Lindlöf & Söderberg, 2011; Locher, 2008; Mascarenhas 
Hornos da Costa, Oehmen, Rebentisch, & Nightingale, 2014; Mascitelli, 
200735; Mascitelli, 2011; McManus, Haggerty, & Murman, 2007; Meybodi, 
2013; Miller, Richmond, & Bowman, 2006; Morgan & Liker, 2006; Mund, 

                               

 
 
 
34 Through learning.  
35 Bottleneck elimination 
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Pieterse, & Cameron, 2015; Nepal et al., 2011; Oppenheim, 2004; 
Oppenheim, Murman, & Secor, 2011; Pessôa, Loureiro, & Murta, 200736; 
Oosterval, 2010; Paschkewitz, 2014; Pernstål, Feldt, & Gorschek, 2015; 
Poppendieck & Poppendieck, 2003; Poppendieck, 2011; Quadrat-Ullah, 
Seong, & Mills, 2012; Radeka, 2012; Reinertsen, 2005; Reinertsen, 2009; 
Reinertsen & Ryan & Reik, 2010; Saunders, Gao, & Shah, 2014; Schipper & 
Schmidt, 2006;  Schipper & Swets, 2010; Shaeffer, 2005; Srinivasan & 
Scotland, 2010; Tortorella, de Castro Fettermann, Almeida Marodin, & 
Sanson Fogliatto, 2015; Tuli & Shankar, 2016; Tortorella, Marodin, Castro, 
& Fogliatto, 2016; Tyagi, Cai, Yang, & Chambers, 2015; Wang, Ming, 
Kong, Li, & Wang, 2012; Wangwacharakul, Berglund, Harlin, & Gullander, 
2014; Ward, 2007; Welo, 2011; Womack & Jones, 1994; Yang & Cai, 2009 
 

Table 26. Methods for leveling out the process flow 
Method References 
Value stream mapping Anand & Kodali, 2008; Carleysmith, 

Dufton, & Altria, 2009; Cooper & 
Edgett, 2005; Dal Forno, Forcellini, 
Rozenfeld, Mählmann Kipper, & 
Pereira, 2014; El-Sayed, 2013; Fiore, 
2003; Flores et al., 2010; 
Gurumurthy & Kodali, 2012; Haque 
& James-Moore, 2002; Haque & 
James-Moore, 2004;  Hines, Francis, 
& Found, 2006; Khan et al., 2011; 
Kishna Jasti & Kodali, 2014; Lei, 
Xinguo, Jing, Fanbin, & Dong, 2011; 
León & Farris, 2011; Letens, Farris, 
& Aken, 2011; Liker & Morgan, 
2011; Locher, 2008; Mascitelli, 
2007; Mascitelli, 2011; (Meybodi, 
2013); Morgan & Liker, 2006; Nepal 
et al., 2011; Oppenheim, 2004; 
Pernstål, Feldt, & Gorschek, 2015; 
Poppendieck & Poppendieck, 2003; 
Radeka, 2012; Radeka & Sutton, 

                               

 
 
 
36 “Value creation activities sequencing”.  
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2007; Schipper & Swets, 2010; 
Tortorella, Marodin, Castro, & 
Fogliatto, 2016  

Workload levelling Flores et al., 2010; Garcia, Radous, 
Krol, Bosek, & Baeten, 2016; 
Hoppman, Rebentisch, Dobrowski, 
& Zahn, 2011; Lindlöf & Söderberg, 
2011; Morgan & Liker, 2006; 
Radeka, 2012; Tortorella, de Castro 
Fettermann, Almeida Marodin, & 
Sanson Fogliatto, 2015; Tuli & 
Shankar, 2016 

Synchronize work flow Boes & Kämpf, 2014; Kishna Jasti & 
Kodali, 2014; Letens, Farris, & 
Aken, 2011; Liker & Morgan, 2011; 
Nepal et al., 2011; Oppenheim, 
2004; Oppenheim, Murman, & 
Secor, 2011; Radeka, 2012; 
Reinertsen, 2005; Reinertsen, 2009; 
Ryan & Reik, 2010;  

Cadance Boes & Kämpf, 2014; Gurumurthy 
& Kodali, 2012; Helander, 
Bergqvist, Lund Stetler, & 
Magnusson, 2015; Jauregui-Becker 
& Perry, 2016; Khan et al., 2011; 
Kishna Jasti & Kodali, 2014; León & 
Farris, 2011; Letens, Farris, & Aken, 
2011; Mascitelli, 201137; Nepal et al., 
2011; Oosterval, 2010; Oppenheim, 
2004; Radeka, 2012; Reinertsen, 
2005; Reinertsen, 2009; Ryan & 
Reik, 2010; Schipper & Swets, 2010; 
Tortorella, de Castro Fettermann, 
Almeida Marodin, & Sanson 
Fogliatto, 2015; Tortorella, Marodin, 
Castro, & Fogliatto, 2016; Ward, 

                               

 
 
 
37 “Allegro ma non troppo” 
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2007 
Multi-skilled engineers Karlsson & Åhlström, 199638; 

Harkonen, Belt, Mottonen, Kess, & 
Harri, 2009; Herbig, 1998; Kishna 
Jasti & Kodali, 2014; Mascitelli, 
2007; Morgan & Liker, 2006; 
Poppendieck, 2011; Reinertsen, 
2009; Reinertsen & Shaeffer, 2005 

Updated process model Cooper & Edgett, 2005; Letens, 
Farris, & Aken, 2011; Liker & 
Morgan, 2011; Mascitelli, 2007; 
Mascitelli, 2011 

Acceptance quality level Reinertsen, 2009; Whitney, 1995 
Lead time as a driver Clark & Fujimoto, 1991; Locher, 

2008 
Cause and effect matrix Fiore, 2005; Nepal et al., 2011 
Heijunka box of projects Kishna Jasti & Kodali, 2014; Nepal 

et al., 2011 
 

Pull don’t push 
References:  

Al-Ashaab et al., 2010; Al-Ashaab et al., 2013; Anand & Kodali, 2008; Boes 
& Kämpf, 2014; Byrne, Lubowe, & Blitz, 2007; Carleysmith, Dufton, & 
Altria, 2009; El-Sayed, 2013; Fiore, 2005; Gudem & Welo, 2010; Gudem et 
al., 2013; Gudem, Steinert, & Welo, 2014; Gurumurthy & Kodali, 2012; 
Hafer, 201139; Haque & James-Moore, 2002; Haque & James-Moore, 2004; 
Holmdahl, 2010; Huthwaite, 2004; Jauregui-Becker & Perry, 2016; 
Johansson & Sundin, 2014; Jugulum & Samuel, 2008; Kreafle, 2011; Khan 
et al., 2011; León & Farris, 2011; Letens, Farris, & Aken, 2011; Locher, 
2008; Mascarenhas Hornos da Costa, Oehmen, Rebentisch, & Nightingale, 
2014; Mascitelli, 2007; Mascitelli, 2011; McManus, Haggerty, & Murman, 
2007; Meybodi, 2013; Morgan & Liker, 2006; Nepal et al., 2011; Oosterval, 

                               

 
 
 
38 Described as “strategically managed”; managing through visions and objectives rather than 
detailed specifications.  
39 Pull: the signal to learn more.  
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2010; Oppenheim, 2004; Oppenheim, Murman, & Secor, 2011; Paschkewitz, 
2014; Pernstål, Feldt, & Gorschek, 2015; Pessôa, Loureiro, & Murta, 2007; 
Poppendieck & Poppendieck, 2003; Poppendieck, 2011; Radeka, 2012; 
Radeka & Sutton, 2007; Reinertsen, 2005; Reinertsen, 2009; Reinertsen & 
Shaeffer, 2005; Schipper & Swets, 2010; Tortorella, de Castro Fettermann, 
Almeida Marodin, & Sanson Fogliatto, 2015; Tortorella, Marodin, Castro, & 
Fogliatto, 2016; Tuli & Shankar, 2016; Tyagi, Cai, Yang, & Chambers, 
2015; Wang, Ming, Kong, Li, & Wang, 2012; Ward, 2007; Welo, 2011; 
Yang & Cai, 2009 

Table 27. Methods for pull don't push 
Method References 
Queue management Blog, 2007; Carleysmith, Dufton, & 

Altria, 2009; Haque & James-Moore, 
2004; Helander, Bergqvist, Lund 
Stetler, & Magnusson, 2015; 
Holmdahl, 2010; Kishna Jasti & 
Kodali, 2014; Letens, Farris, & 
Aken, 2011; Locher, 2008; 
Mascitelli, 2007; Mascitelli, 2011; 
Morgan & Liker, 2006; Poppendieck 
& Poppendieck, 2003; Poppendieck, 
2011; Radeka, 2012; Reinertsen, 
2005; Reinertsen, 2009; Reinertsen 
& Shaeffer, 2005; Schipper & 
Schmidt, 2006; Yang & Cai, 2009 

Plan below full capacity Blog, 2007; Helander, Bergqvist, 
Lund Stetler, & Magnusson, 2015; 
Holmdahl, 2010; Mascitelli, 2011; 
Oppenheim, Murman, & Secor, 
2011; Reinertsen, 2009; Yang & Cai, 
2009 

Just in time decisions Gurumurthy & Kodali, 2012; Hafer, 
2011; Mascitelli, 2011; Morgan & 
Liker, 2006; Paschkewitz, 2014; 
Sebesyén, 2006 

Pull planning Haque & James-Moore, 2002; 
Poppendieck & Poppendieck, 2003; 
Reinertsen, 2009; Ward, 2007 

Kanban Boes & Kämpf, 2014; Meybodi, 
2013; Morgan & Liker, 2006; 
Oppenheim, 2004; Pernstål, Feldt, & 
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Gorschek, 2015; Reinertsen, 2005; 
Reinertsen, 2009 

High-quality information flow Beauregard et al., 2016; Browning, 
2003; Clark & Fujimoto, 1991; 
Haque & James-Moore, 2002; 
Kishna Jasti & Kodali, 2014; Locher, 
2008; McManus, Haggerty, & 
Murman, 2007; Poppendieck & 
Poppendieck, 2003; Reinertsen, 
2005; Tortorella, de Castro 
Fettermann, Almeida Marodin, & 
Sanson Fogliatto, 2015 

Multi project management Cusumano & Nobeoka, 1998; 
Kishna Jasti & Kodali, 2014; León & 
Farris, 2011; Sebesyén, 2006; 
Tortorella, de Castro Fettermann, 
Almeida Marodin, & Sanson 
Fogliatto, 2015   

Deliverance accuracy Browning, 2003; Locher, 2008 

Batch size reduction 
References:  
Anand & Kodali, 2008; Beauregard et al., 2016; Blog, 2007; Carleysmith, 
Dufton, & Altria, 2009; Fouquet & Gremyr, 2007; Gremyr & Fouquet, 2012; 
Haque & James-Moore, 2004; Helander, Bergqvist, Lund Stetler, & 
Magnusson, 2015; Holmdahl, 2010; Kishna Jasti & Kodali, 2014; León & 
Farris, 2011; Letens, Farris, & Aken, 2011; Liker & Morgan, 2006; Liker & 
Morgan, 2011; Locher, 2008; Mascitelli, 2011; Meybodi, 2013; Morgan & 
Liker, 2006; Oppenheim, Murman, & Secor, 2011; Poppendieck & 
Poppendieck, 2003; Poppendieck, 2011; Radeka, 2012; Reinertsen, 2005; 
Reinertsen, 2009; Reinertsen & Shaeffer, 2005; Schipper & Schmidt, 2006; 
Schipper & Swets, 2010; Yang & Cai, 2009; Ward, 2007 

 

Table 28. Methods supporting batch size reduction 
Method References 
Limit work in progress Anand & Kodali, 2008; Blog, 2007; 

Helander, Bergqvist, Lund Stetler, 
& Magnusson, 2015; Holmdahl, 
2010; Locher, 2008; Mascitelli, 
2011; Morgan & Liker, 2006; 
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Oppenheim, Murman, & Secor, 
2011; Poppendieck & Poppendieck, 
2003; Radeka, 2012; Reinertsen, 
2005; Reinertsen, 2009; Schipper & 
Swets, 2010 

Reduce task-switching Fiore, 2005; Letens, Farris, & 
Aken, 2011; Locher, 2008; 
Mascitelli, 2007; Mascitelli, 2011; 
Poppendieck & Poppendieck, 2003; 
Sebesyén, 2006 

Reduce non-value adding varia-
tion 

Carleysmith, Dufton, & Altria, 
2009; Flores et al., 2010; Fouquet 
& Gremyr, 2007; Harkonen, Belt, 
Mottonen, Kess, & Harri, 2009; 
Letens, Farris, & Aken, 2011; Liker 
& Morgan, 2006; Locher, 2008; 
McManus, Haggerty, & Murman, 
2007; Morgan & Liker, 2006; 
Reinertsen, 2005; Reinertsen, 2009; 
Reinertsen & Shaeffer, 2005; 
Schipper & Swets, 2010; Srinivasan 
& Scotland, 2010; Yang & Cai, 
2009 

Avoid unnecessary handovers Gautam, Chinnam, & Singh, 2007; 
Locher, 2008; Poppendieck & 
Poppendieck, 2003 

Funnel portfolio management Cooper & Edgett, 2005; Garcia, 
Radous, Krol, Bosek, & Baeten, 
2016; Letens, Farris, & Aken, 2011; 
Mascitelli, 2011; Radeka, 2011 

SMED (Single Minute Exchange 
of Die) 

Al-Ashaab et al., 2010; Morgan & 
Liker, 2006 

Delimit nr of projects per employ-
ee 

Beauregard et al., 2016; Helander, 
Bergqvist, Lund Stetler, & 
Magnusson, 2015; Holmdahl, 2010; 
Mascitelli, 2007; Mascitelli, 2011;  
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Decentralize control 
 

References:  

Anand & Kodali, 2008; Bhasin, 201540; Boes & Kämpf, 201440; Clark & 
Fujimoto, 1991; Cooper & Edgett, 2005; Cusumano, 1994: Cusumano & 
Nobeoka, 1998; Gagnon, 1999; Haque & James-Moore, 2004; Herbig, 1998; 
Holmdahl, 2010; Hoppman, Rebentisch, Dobrowski, & Zahn, 2011; 
Huthwaite, 2004; Johansson & Sundin, 2014; Kennedy, 2003; Khan et al., 
2011; Kishna Jasti & Kodali, 2014; León & Farris, 2011; Letens, Farris, & 
Aken, 2011; Liker & Morgan, 2006; Liker & Morgan, 2011; Mascitelli, 
2007; Morgan & Liker, 2006; Mund, Pieterse, & Cameron, 2015; 
Oppenheim, Murman, & Secor, 2011; Meybodi, 2013; Pernstål, Feldt, & 
Gorschek, 2015; Poppendieck & Poppendieck, 2003; Poppendieck, 2011; 
Reinertsen, 2009; Reinertsen, 2005; Reinertsen & Shaeffer, 2005; Sobek & 
Liker, 1998; Tortorella, de Castro Fettermann, Almeida Marodin, & Sanson 
Fogliatto, 201541; Tortorella, Marodin, Castro, & Fogliatto, 2016; Ward, 
2007; Welo, 2011; Welo & Ringen, 2015 
 

Table 29. Methods supporting decentralized control 
Method References 
Heavyweight project manager Ballé & Ballé, 2005; Cusumano & 

Nobeoka, 1998; León & Farris, 
2011; Letens, Farris, & Aken, 2011; 
Haque & James-Moore, 2004; 
Hoppman, Rebentisch, Dobrowski, 
& Zahn, 2011; Johansson & Sundin, 
2014; Mund, Pieterse, & Cameron, 
2015; Srinivasan & Scotland, 2010 

Personal responsibility Cooper & Edgett, 200542; Cooper & 
Edgett, 200842; Gautam, Chinnam, & 
Singh, 2007; Jauregui-Becker & 
Perry, 2016;  Kennedy, 2003; Khan 
et al., 2011; Letens, Farris, & Aken, 

                               

 
 
 
40 Empower the team.  
41 Employee empowerment. 
42 ”Accountability”. 
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2011; Oppenheim, 2004; Pernstål, 
Feldt, & Gorschek, 201543; 
Srinivasan & Scotland, 2010; J. P. 
Womack et al., 1990 

Teams of responsible experts Al-Ashaab et al., 2016; Cooper & 
Edgett, 2005; Karlsson & Åhlström, 
199644; Mund, Pieterse, & Cameron, 
201544; Tortorella, Marodin, Castro, 
& Fogliatto, 2016; Ward, 2007 

Schedule buffers Karlsson & Åhlström, 1996; 
Mascitelli, 2011; Reinertsen, 2009 

Target costing Gautam & Singh, 2008; Jones, 1995; 
Mascitelli, 2007; Ni, Fan, Zheng, & 
Zhang, 2011; Wasim et al., 2013 

Negotiable scope  Poppendieck & Poppendieck, 2003; 
Reinertsen & Shaeffer, 2005 

Update requirements Carleysmith, Dufton, & Altria, 2009; 
Reinertsen & Shaeffer, 2005 

Rapid local adjustments Kishna Jasti & Kodali, 2014; 
Reinertsen, 2009 

 

Chief engineer 
References:  

Al-Ashaab et al., 201045; Baines, Lightfoot, Williams, & Greenough, 2006; 
Ballé & Ballé, 2005; Clark & Fujimoto, 199146; Cooper & Edgett, 200547; 
Flores et al., 2010; Ford & Sobek, 2005; Haque & James-Moore, 2002; 
Harkonen, Belt, Mottonen, Kess, & Harri, 2009; Holmdahl, 2010; Hoppman, 
Rebentisch, Dobrowski, & Zahn, 2011; Jauregui-Becker & Perry, 201645; 
Johansson & Sundin, 2014; Kennedy, 2003; Kennedy, Harmon, & Minnock, 
2008; Khan et al., 2011; Kishna Jasti & Kodali, 2014; León & Farris, 2011; 
Letens, Farris, & Aken, 2011; Liker & Morgan, 2006; Liker & Morgan, 
                               

 
 
 
43 Empower the team.  
44 Heavyweight team structure. 
45 Enterpreneural system designer.  
46 ”Heavyweight product managers” with life-cycle responsibility 
47 ”Enterprenureal team leader from end to end”   
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2011; Lindlöf, Söderberg, & Persson, 2012; Morgan & Liker, 2006; Mund, 
Pieterse, & Cameron, 2015; Nepal et al., 2011; Oppenheim, 2004; Pernstål, 
Feldt, & Gorschek, 2015; Quadrat-Ullah, Seong, & Mills, 2012; Radeka & 
Sutton, 2007; Rossi, Kerga, Taisch, & Terzi, 201248; Saunders, Gao, & Shah, 
2014; Schipper & Schmidt, 200649; Sobek & Liker, 1998; Tortorella, de 
Castro Fettermann, Almeida Marodin, & Sanson Fogliatto, 2015; Tortorella, 
Marodin, Castro, & Fogliatto, 2016; Tyagi, Cai, Yang, & Chambers, 2015; 
Wang, Ming, Kong, Li, & Wang, 2012; Wangwacharakul, Berglund, Harlin, 
& Gullander, 2014; Ward, 2007; Ward, Sobek II, Cristiano, & Liker, 1995; 
Welo, 2011; J. P. Womack et al., 199050; J. P. Womack, 2006 
 

Table 30. Methods supporting a chief engineer structure 
Method References 
Committed leadership Khan et al., 2011; León & Farris, 2011; 

Mascitelli, 2011; Morgan & Liker, 2006; 
Oppenheim, 2004; Schulze & Störmer, 2012 

Coaching leadership Holmdahl, 2010; Morgan & Liker, 2006;  
Schulze & Störmer, 2012; Wangwacharakul, 
Berglund, Harlin, & Gullander, 201451 

Hoshin kanri Al-Ashaab et al., 2016; Gurumurthy & Kodali, 
2012; Hoppman, Rebentisch, Dobrowski, & 
Zahn, 2011; Liker & Morgan, 2006; Mascitelli, 
2011; Morgan & Liker, 2006; Mund, Pieterse, 
& Cameron, 2015; Quadrat-Ullah, Seong, & 
Mills, 2012; Tortorella, de Castro Fettermann, 
Almeida Marodin, & Sanson Fogliatto, 2015  

 
  

                               

 
 
 
48 Called chief engineer, but described as a strong project leader 
49 No explanation, just mentioning.  
50 ”Shusa” 
51 Particularly in the form of “management by means”, see (Johnson & Bröms, 2000) 
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Cross-functional integration (balanced with functional 
expertise) 
References:  

Al-Ashaab et al., 2016; Anand & Kodali, 2008; Clark & Fujimoto, 1991; 
Cooper & Edgett, 2005; Cooper & Edgett, 2008; Cristiano, Liker, & White, 
2000; Cusumano & Nobeoka, 1998; Flores et al., 2010; Fouquet & Gremyr, 
2007; Gurumurthy & Kodali, 2012; Hafer, 2011; Haque & James-Moore, 
2002; Haque & James-Moore, 200452; Harkonen, Belt, Mottonen, Kess, & 
Harri, 2009; Herbig, 1998; Hines, Francis, & Found, 2006; Hoppman, 
Rebentisch, Dobrowski, & Zahn, 2011; Jauregui-Becker & Perry, 2016; 
Johansson & Sundin, 2014; Jones, 1995; Jørgensen & Emmitt, 2009; 
Karlsson & Åhlström, 1996;  Kennedy, 2003; Khan et al., 2011; Kishna Jasti 
& Kodali, 2014; León & Farris, 2011; Letens, Farris, & Aken, 2011; Liker, 
Kamath, Wasti, & Nagamachi, 1995; Liker & Morgan, 2006; Liker & 
Morgan, 2011; Lindlöf & Söderberg, 2011; Mascitelli, 2007; Meybodi, 
2013; Morgan & Liker, 2006; Mund, Pieterse, & Cameron, 2015; Nepal et 
al., 2011; Oosterval, 2010 ; Oppenheim, Murman, & Secor, 2011; Pernstål, 
Feldt, & Gorschek, 2015; Poppendieck & Poppendieck, 2003; Poppendieck, 
2011; Radeka, 2012; Ringen & Holtskog, 2013; Rossi, Kerga, Taisch, & 
Terzi, 2012; Saunders, Gao, & Shah, 2014; Schipper & Schmidt, 2006; 
Sebesyén, 2006; Sobek & Liker, 1998; Tortorella, de Castro Fettermann, 
Almeida Marodin, & Sanson Fogliatto, 2015; Tortorella, Marodin, Castro, & 
Fogliatto, 2016; Wangwacharakul, Berglund, Harlin, & Gullander, 2014; 
Ward, 2007; Welo, 2011; Womack & Jones, 1994; J. P. Womack et al., 1990 
 

Table 31. Methods for cross-functional integration 
Method References 
Obeya rooms, “war-rooms” Garcia, Radous, Krol, Bosek, & 

Baeten, 2016; Helander, Bergqvist, 
Lund Stetler, & Magnusson, 2015; 
Hoppman, Rebentisch, Dobrowski, 
& Zahn, 2011; Johansson & Sundin, 
2014; Khan et al., 2011; León & 
Farris, 2011; Liker & Morgan, 2006; 
Liker & Morgan, 2011; Lindlöf & 

                               

 
 
 
52 Including integration of technical systems 
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Söderberg, 2011; Lindlöf, 
Söderberg, & Persson, 2012; 
Meybodi, 2013; Morgan & Liker, 
2006; Mund, Pieterse, & Cameron, 
2015; Oppenheim, 2004; Oosterval, 
2010; Tyagi, Cai, Yang, & 
Chambers, 2015; Ward, 2007; Welo, 
2011 

Quality function deployment Al-Ashaab et al., 2013; Anand & 
Kodali, 2008; Carleysmith, Dufton, 
& Altria, 2009; Cristiano, Liker, & 
White, 2000; Locher, 2008; Fouquet 
& Gremyr, 2007; Hafer, 2011; 
Haque & James-Moore, 2002; Haque 
& James-Moore, 2004; Huthwaite, 
2004; Johansson & Sundin, 2014; 
Jones, 1995; Khan et al., 2011; 
Kishna Jasti & Kodali, 2014; León & 
Farris, 2011; Letens, Farris, & Aken, 
2011; Mascitelli, 2011; Ni, Fan, 
Zheng, & Zhang, 2011; Paschkewitz, 
2014; Tortorella, de Castro 
Fettermann, Almeida Marodin, & 
Sanson Fogliatto, 2015 

FMEA (Failure Mode and Effect 
Analysis) 

Al-Ashaab et al., 2016; Anand & 
Kodali, 2008; Fouquet & Gremyr, 
2007; Garcia, Radous, Krol, Bosek, 
& Baeten, 2016; Haque & James-
Moore, 2004; Johansson & Sundin, 
2014; Letens, Farris, & Aken, 2011; 
Mascitelli, 2007; Mascitelli, 2011; 
Paschkewitz, 2014; Radeka, 2012; 
Wang, Ming, Kong, Li, & Wang, 
2012 

Design for assembly Al-Ashaab et al., 2013; Anand & 
Kodali, 2008; Haque & James-
Moore, 2004; Huthwaite, 2004; 
Kishna Jasti & Kodali, 2014; 
Mascitelli, 2007; McManus, 
Haggerty, & Murman, 2007; 
Paschkewitz, 2014; Radeka & 
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Sutton, 2007 ; Wang, Ming, Kong, 
Li, & Wang, 2012; Whitney, 1995 

Design for manufacturing Al-Ashaab et al., 2013; Al-Ashaab et 
al., 2016; Anand & Kodali, 2008; 
Ballé & Ballé, 2005; Haque & 
James-Moore, 2004; Huthwaite, 
2004; Jørgensen & Emmitt, 2009; 
Kishna Jasti & Kodali, 2014; Locher, 
2008; Mascitelli, 2007; McManus, 
Haggerty, & Murman, 2007; 
Paschkewitz, 2014; Radeka, 2011; 
Radeka & Sutton, 2007; Wang, 
Ming, Kong, Li, & Wang, 2012; 
Welo & Ringen, 2015; Whitney, 
1995 

3P (Production preparation process) Locher, 2008; Mascitelli, 2007; 
Mascitelli, 2011 

Written communication León & Farris, 2011; Mund, 
Pieterse, & Cameron, 2015; Sobek & 
Liker, 1998 

Nemawashi (consensus) Morgan & Liker, 2006; Mund, 
Pieterse, & Cameron, 2015 

Ringi Khan et al., 2011; Morgan & Liker, 
2006; Mund, Pieterse, & Cameron, 
2015 

 

Supplier integration 
References:  

Al-Ashaab et al., 2016; Anand & Kodali, 2008; Ballé & Ballé, 2005; Clark 
& Fujimoto, 1991; Cusumano, 1994; Cusumano & Nobeoka, 1998; Dal 
Forno, Forcellini, Rozenfeld, Mählmann Kipper, & Pereira, 2014; Fiore, 
2005; Flores et al., 2010; Fouquet & Gremyr, 2007; Gagnon, 1999; Gremyr 
& Fouquet, 2012; Gurumurthy & Kodali, 2012; Haque & James-Moore, 
2002; Haque & James-Moore, 2004; Harkonen, Belt, Mottonen, Kess, & 
Harri, 2009; Holmdahl, 2010; Hoppman, Rebentisch, Dobrowski, & Zahn, 
2011; Huthwaite, 2004; Johansson & Sundin, 2014; Kamath & Liker, 1994; 
Karlsson & Åhlström, 1996; Khan et al., 2011; Kishna Jasti & Kodali, 2014; 
León & Farris, 2011; Liker, Kamath, Wasti, & Nagamachi, 1995; Liker & 
Morgan, 2006; Liker & Morgan, 2011; Mascitelli, 2007; Meybodi, 2013; 
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Morgan & Liker, 2006; Nepal et al., 2011; Oppenheim, Murman, & Secor, 
2011; Pernstål, Feldt, & Gorschek, 2015; Poppendieck, 2011; Quadrat-Ullah, 
Seong, & Mills, 2012; Rossi, Kerga, Taisch, & Terzi, 2012; Saunders, Gao, 
& Shah, 2014; Srinivasan & Scotland, 2010; Tortorella, de Castro 
Fettermann, Almeida Marodin, & Sanson Fogliatto, 2015; Tortorella, 
Marodin, Castro, & Fogliatto, 2016; Wangwacharakul, Berglund, Harlin, & 
Gullander, 2014; Ward, 2007; Ward, Liker, Cristiano, & Sobek II, 1995; 
Welo, 2011; J. P. Womack, 2006 
 

Table 32. Methods for supplier integration 
Method References 
Target pricing53 Herbig, 1998; Holmdahl, 2010; León 

& Farris, 2011; Liker, Kamath, 
Wasti, & Nagamachi, 1995; 
Poppendieck & Poppendieck, 2003; 
Ward, Liker, Cristiano, & Sobek II, 
1995 

Black-box parts Anand & Kodali, 2008; Clark & 
Fujimoto, 1991; Gurumurthy & 
Kodali, 2012; Kamath & Liker, 
1994; Kishna Jasti & Kodali, 2014; 
Liker, Kamath, Wasti, & 
Nagamachi, 1995; Liker & Morgan, 
2011; Tortorella, Marodin, Castro, & 
Fogliatto, 201654 

Different supplier levels Kamath & Liker, 1994; León & 
Farris, 2011; Khan et al., 2011; 
Liker, Kamath, Wasti, & 
Nagamachi, 1995; Morgan & Liker, 
2006; Poppendieck, 2011 

 
  

                               

 
 
 
53 The same methodology can be used internally, and is then often called target costing.   
54 Also black box engineering of internal deliveries.  
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Visual communication 
References:  

Boes & Kämpf, 201455; Byrne, Lubowe, & Blitz, 2007; Dal Forno, 
Forcellini, Rozenfeld, Mählmann Kipper, & Pereira, 2014; Flores et al., 
2010; Fouquet & Gremyr, 2007; Hafer, 2011; Garcia, Radous, Krol, Bosek, 
& Baeten, 2016; Haque & James-Moore, 2002; Haque & James-Moore, 
2004; Harkonen, Belt, Mottonen, Kess, & Harri, 2009; Helander, Bergqvist, 
Lund Stetler, & Magnusson, 2015; Herbig, 199856; Hines, Francis, & Found, 
200657; Holmdahl, 2010; Jauregui-Becker & Perry, 2016; Johansson & 
Sundin, 2014; Kennedy, 200358; Kennedy, Harmon, & Minnock, 2008; 
Kishna Jasti & Kodali, 2014; Kreafle, 2011; Liker & Morgan, 2006; Liker & 
Morgan, 2011; Lindlöf & Söderberg, 2011; Lindlöf, Söderberg, & Persson, 
2012; Locher, 2008; Mascitelli, 2007; Mascitelli, 2011; Morgan & Liker, 
2006; Nepal et al., 2011; Oosterval, 2010; Oppenheim, Murman, & Secor, 
2011; Paschkewitz, 2014; Pernstål, Feldt, & Gorschek, 2015; Poppendieck & 
Poppendieck, 2003; Radeka, 2011; Radeka, 2012; Saunders, Gao, & Shah, 
2014; Schipper & Schmidt, 2006; Schipper & Swets, 2010; Sebesyén, 2006; 
Siyam, Wynn, & Clarkson, 2015; Tortorella, de Castro Fettermann, Almeida 
Marodin, & Sanson Fogliatto, 2015; Tortorella, Marodin, Castro, & 
Fogliatto, 2016; Tyagi, Cai, Yang, & Chambers, 2015; Wangwacharakul, 
Berglund, Harlin, & Gullander, 2014; Ward, 2007; Welo, 2011; Welo & 
Ringen, 2015; Yang & Cai, 2009 
 

Table 33. Methods for visual communication 
Method References 
Visual planning Helander, Bergqvist, Lund Stetler, & 

Magnusson, 2015; Hines, Francis, & 
Found, 2006; Holmdahl, 2010; 
Johansson & Sundin, 2014; Lindlöf 
& Söderberg, 2011; Mascitelli, 2007; 
Mascitelli, 2011; Morgan & Liker, 
2006; Oosterval, 2010; Radeka, 2012 

Visual boards Haque & James-Moore, 2004; 

                               

 
 
 
55 Transparency.  
56 Highly visible previous projects.  
57 Connects visualization with organizational learning.  
58 “The teams activities should be visible to all that could be affected”.  
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Holmdahl, 2010; Lindlöf & 
Söderberg, 2011; Mascitelli, 2007; 
Mascitelli, 2011; Morgan & Liker, 
2006; Nepal et al., 2011; Oosterval, 
2010; Poppendieck & Poppendieck, 
2003; Radeka, 2011; Radeka, 2012; 
Schipper & Swets, 2010; Sebesyén, 
2006 

A3 reports Al-Ashaab et al., 2013; Holmdahl, 
2010; Johansson & Sundin, 2014; 
Kennedy, Harmon, & Minnock, 
2008; Khan et al., 2011; León & 
Farris, 2011; Liker & Morgan, 2011; 
Lindlöf & Söderberg, 2011; Lindlöf, 
Söderberg, & Persson, 2012; 
Mascitelli, 2011; Morgan & Liker, 
2006; Mund, Pieterse, & Cameron, 
2015; Nepal et al., 2011; 
Oppenheim, Murman, & Secor, 
2011; Quadrat-Ullah, Seong, & 
Mills, 2012; Radeka, 2011; Radeka, 
2012; Radeka & Sutton, 2007; 
Saunders, Gao, & Shah, 2014; 
Schipper & Swets, 2010; Siyam, 
Wynn, & Clarkson, 2015; Sobek & 
Liker, 1998; Tortorella, de Castro 
Fettermann, Almeida Marodin, & 
Sanson Fogliatto, 2015; Tyagi, Cai, 
Yang, & Chambers, 2015; 
Wangwacharakul, Berglund, Harlin, 
& Gullander, 2014; Welo, 2011; 
Yang & Cai, 2009 

Results visualization Haque & James-Moore, 2004; 
Locher, 2008; Oppenheim, Murman, 
& Secor, 2011 
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Visualize prioritizations Mascitelli, 200759; Mascitelli, 201159; 
Oppenheim, Murman, & Secor, 
2011; Rossi, Kerga, Taisch, & Terzi, 
2012; Schipper & Swets, 2010 

SWOT analysis Gurumurthy & Kodali, 2012; Letens, 
Farris, & Aken, 2011 

 

Fast learning cycles 
References:  

Blog, 2007; Carleysmith, Dufton, & Altria, 2009; Cooper & Edgett, 2005; 
Hafer, 2011; Helander, Bergqvist, Lund Stetler, & Magnusson, 2015; 
Holmdahl, 2010; Huthwaite, 2004; Kennedy, Harmon, & Minnock, 2008; 
Khan et al., 2011; León & Farris, 2011; Letens, Farris, & Aken, 2011; Liker 
& Morgan, 2011; Mascitelli, 2011; Morgan & Liker, 2006; Oosterval, 2010; 
Oppenheim, Murman, & Secor, 2011; Pernstål, Feldt, & Gorschek, 2015; 
Poppendieck & Poppendieck, 2003: Poppendieck, 2011; Radeka, 2012; 
Raudberget, 2010; Reinertsen, 2005; Reinertsen, 2009; Reinertsen & 
Shaeffer, 2005; Schipper & Schmidt, 2006; Schipper & Swets, 2010; 
Schulze & Störmer, 2012; Sebesyén, 2006; Thomke & Fujimoto, 2000; 
Tortorella, de Castro Fettermann, Almeida Marodin, & Sanson Fogliatto, 
2015; Wang, Ming, Kong, Li, & Wang, 2012; Ward, 2007 
 

Table 34. Methods supporting fast learning cycles 
Method References 
Frequent stand-up meetings Holmdahl, 2010; Mascitelli, 2007; 

Morgan & Liker, 2006; Mund, 
Pieterse, & Cameron, 2015; 
Poppendieck & Poppendieck, 2003; 
Radeka, 2012; Sebesyén, 2006 

Iterative learning cycles  Oppenheim, 2004; Poppendieck & 
Poppendieck, 2003; Radeka, 2012; 
Schipper & Schmidt, 2006 

Iterative planning Boes & Kämpf, 2014; Oppenheim, 

                               

 
 
 
59 Must/should/could diagram 
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Murman, & Secor, 2011; 
Poppendieck & Poppendieck, 2003; 
Schipper & Schmidt, 2006 

Spiral development Cooper & Edgett, 2005; Cooper & 
Edgett, 2008; Jørgensen & Emmitt, 
2009; León & Farris, 2011; Letens, 
Farris, & Aken, 2011; Oppenheim, 
Murman, & Secor, 2011 

LAMDA (Look-Ask-Model- Di-
cuss- Act) 

Holmdahl, 2010; Kennedy, Harmon, 
& Minnock, 2008; Khan et al., 2011; 
León & Farris, 2011; Radeka, 2012; 
Wangwacharakul, Berglund, Harlin, 
& Gullander, 2014; Welo, 2011 

PDCA (Plan-Do-Check-Act) Garcia, Radous, Krol, Bosek, & 
Baeten, 2016; Khan et al., 2011; 
Liker & Morgan, 2006; Liker & 
Morgan, 2011; Morgan & Liker, 
2006; Mund, Pieterse, & Cameron, 
2015; Tyagi, Cai, Yang, & 
Chambers, 2015; Welo, 2011; Welo 
& Ringen, 2015 

Knowledge creation 
References:  

Al-Ashaab et al., 2010; Al-Ashaab et al., 2013; Cooper & Edgett, 2005; 
Gremyr & Fouquet, 2012; Gudem & Welo, 2010; Helander, Bergqvist, Lund 
Stetler, & Magnusson, 2015; Herbig, 1998; Holmdahl, 2010; Khan et al., 
2011; Kishna Jasti & Kodali, 2014; León & Farris, 2011; Letens, Farris, & 
Aken, 2011; Liker & Morgan, 2006; Liker & Morgan, 2011; Lindlöf, 
Söderberg, & Persson, 2012; Locher, 2008; Mascitelli, 2011; Morgan & 
Liker, 2006; Nepal et al., 2011; Oosterval, 2010; Oppenheim, Murman, & 
Secor, 2011; Quadrat-Ullah, Seong, & Mills, 2012; Radeka, 2011; Radeka, 
2012; Radeka & Sutton, 2007; Tortorella, de Castro Fettermann, Almeida 
Marodin, & Sanson Fogliatto, 2015; Tortorella, Marodin, Castro, & 
Fogliatto, 2016; Wangwacharakul, Berglund, Harlin, & Gullander, 2014; 
Ward, 2007; Welo, 2011; Welo & Ringen, 2015; Yang & Cai, 2009 
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Table 35. Methods for knowledge creation 
Method References 
Genchi gemba (go and see) Ballé & Ballé, 2005; Carleysmith, 

Dufton, & Altria, 2009; Cooper & 
Edgett, 2005; Holmdahl, 2010; 
Kreafle, 2011; León & Farris, 2011; 
Liker & Morgan, 2006; Morgan & 
Liker, 2006; Mund, Pieterse, & 
Cameron, 2015; Nepal et al., 2011; 
Radeka, 2012; Ward, 2007 

5 why analysis Anand & Kodali, 2008; Carleysmith, 
Dufton, & Altria, 2009; Khan et al., 
2011; Mascitelli, 2007; Mascitelli, 
2011; Morgan & Liker, 2006; Mund, 
Pieterse, & Cameron, 2015; 
Oppenheim, Murman, & Secor, 
2011; Tortorella, de Castro 
Fettermann, Almeida Marodin, & 
Sanson Fogliatto, 201560; Tyagi, Cai, 
Yang, & Chambers, 2015; Ward, 
2007; Welo & Ringen, 201560 

Learning by doing Morgan & Liker, 2006; Schulze & 
Störmer, 2012; Wangwacharakul, 
Berglund, Harlin, & Gullander, 2014  

Functional specialists Ballé & Ballé, 2005; Hoppman, 
Rebentisch, Dobrowski, & Zahn, 
2011; León & Farris, 2011; Letens, 
Farris, & Aken, 2011; Liker & 
Morgan, 2011; Morgan & Liker, 
2006; Sobek & Liker, 1998; 
Tortorella, de Castro Fettermann, 
Almeida Marodin, & Sanson 
Fogliatto, 2015; Wang, Ming, Kong, 
Li, & Wang, 2012  

Specialist career path Ballé & Ballé, 2005; Hoppman, 
Rebentisch, Dobrowski, & Zahn, 

                               

 
 
 
60 Root cause analysis 
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2011; Kennedy, 2003; Morgan & 
Liker, 2006; Oppenheim, Murman, 
& Secor, 2011; Srinivasan & 
Scotland, 2010; Ward, 2007 

Design team continuity Cusumano, 1994; Cusumano & 
Nobeoka, 1998; Sobek & Liker, 
199861 

Hansei reflections Ballé & Ballé, 2005; Khan et al., 
2011; Morgan & Liker, 2006; Mund, 
Pieterse, & Cameron, 2015; Quadrat-
Ullah, Seong, & Mills, 2012; 
Tortorella, de Castro Fettermann, 
Almeida Marodin, & Sanson 
Fogliatto, 2015 

Competitor tear-downs Herbig, 1998; Morgan & Liker, 
2006; Mund, Pieterse, & Cameron, 
2015; Radeka, 2012; Tortorella, de 
Castro Fettermann, Almeida 
Marodin, & Sanson Fogliatto, 2015 

Benchmarking Garcia, Radous, Krol, Bosek, & 
Baeten, 2016; Tuli & Shankar, 2016 

Identify missing knowledge Hafer, 2011; Mascitelli, 2011; 
Radeka, 2012 

 

Capture experiences 
References:  

Al-Ashaab et al., 2013; Baines, Lightfoot, Williams, & Greenough, 2006; 
Boes & Kämpf, 2014; Carleysmith, Dufton, & Altria, 2009; Cooper & 
Edgett, 2005; Dal Forno, Forcellini, Rozenfeld, Mählmann Kipper, & 
Pereira, 2014; Fiore, 2005; Gagnon, 1999; Gudem & Welo, 2010; Hafer, 
2011; Haque & James-Moore, 2002; Harkonen, Belt, Mottonen, Kess, & 
Harri, 2009; Helander, Bergqvist, Lund Stetler, & Magnusson, 2015; 
Holmdahl, 2010; Hoppman, Rebentisch, Dobrowski, & Zahn, 2011; 
Huthwaite, 2004;  Jauregui-Becker & Perry, 2016; Jørgensen & Emmitt, 
                               

 
 
 
61 Team members are eventually moved strategically to broadening the competence.  
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2009; Kennedy, Harmon, & Minnock, 2008; Khan et al., 2011; Kishna Jasti 
& Kodali, 2014; León & Farris, 2011; Liker & Morgan, 2006; Liker & 
Morgan, 2011; Lindlöf, Söderberg, & Persson, 2012; Locher, 2008; 
Mascitelli, 2007; Morgan & Liker, 2006; Oppenheim, 2004; Oppenheim, 
Murman, & Secor, 2011;  Radeka, 2012; Reinertsen, 2005; Rossi, Kerga, 
Taisch, & Terzi, 2012; Schipper & Schmidt, 2006; Schipper & Swets, 
201062; Sebesyén, 2006; Thomke & Fujimoto, 2000; Tortorella, de Castro 
Fettermann, Almeida Marodin, & Sanson Fogliatto, 2015; Tortorella, 
Marodin, Castro, & Fogliatto, 2016; Wasim et al., 2013; Welo, 2011; Welo 
& Ringen, 2015 
 

Table 36. Methods for capture experiences 
Method References 
Mentorship Khan et al., 2011; Liker & Morgan, 

2011; Lindlöf, Söderberg, & 
Persson, 2012; Morgan & Liker, 
2006; Nepal et al., 2011; 
Oppenheim, Murman, & Secor, 
2011; Tyagi, Cai, Yang, & 
Chambers, 201563; Quadrat-Ullah, 
Seong, & Mills, 2012  

Functional schools Kennedy, 2003; Morgan & Liker, 
2006; Womack & Jones, 1994 

Know-how databases Carleysmith, Dufton, & Altria, 2009; 
Garcia, Radous, Krol, Bosek, & 
Baeten, 2016; Gautam, Chinnam, & 
Singh, 2007; Kennedy, Harmon, & 
Minnock, 2008; Khan et al., 2011; 
León & Farris, 2011; Morgan & 
Liker, 2006; Mund, Pieterse, & 
Cameron, 2015; Tortorella, de 
Castro Fettermann, Almeida 
Marodin, & Sanson Fogliatto, 2015; 
Yang & Cai, 2009 

Lessons learned Al-Ashaab et al., 2016; Dal Forno, 

                               

 
 
 
62 Capture ideas as they occur.  
63 Apprenticeship.  



 
 
 
 

272 

Forcellini, Rozenfeld, Mählmann 
Kipper, & Pereira, 2014;  

Post mortem reports Cooper & Edgett, 2005; Oppenheim, 
Murman, & Secor, 2011; Quadrat-
Ullah, Seong, & Mills, 2012; 
Thomke & Fujimoto, 2000 

Pre-project coordination Oppenheim, Murman, & Secor, 
2011; Thomke & Fujimoto, 2000; 
Welo & Ringen, 2015 

 

Performance evaluation 
References:  

Al-Ashaab et al., 2010; Al-Ashaab et al., 2013; Al-Ashaab et al., 2016; 
Anand & Kodali, 2008; Bhasin, 2015; Cooper & Edgett, 2005; Cooper & 
Edgett, 2008; El-Sayed, 2013; Flores et al., 2010; Gudem et al., 2013; Hafer, 
2011; Herbig, 1998; Hines, Francis, & Found, 2006; Hoppman, Rebentisch, 
Dobrowski, & Zahn, 2011; Huthwaite, 2004; Johansson & Sundin, 201464; 
Kishna Jasti & Kodali, 2014; León & Farris, 2011; Letens, Farris, & Aken, 
2011; Mascarenhas Hornos da Costa, Oehmen, Rebentisch, & Nightingale, 
2014; Mascitelli, 2007; Mascitelli, 2011; Mynott, 2012; Nepal et al., 2011; 
Oppenheim, 2004; Oppenheim, Murman, & Secor, 2011; Poppendieck & 
Poppendieck, 2003; Radeka, 2011; Raudberget, 2010; Reinertsen, 2009; 
Reinertsen & Shaeffer, 200565; Ryan & Reik, 2010; Tortorella, de Castro 
Fettermann, Almeida Marodin, & Sanson Fogliatto, 2015; Welo, 2011; Welo 
& Ringen, 2015; Yang & Cai, 2009 
 
  

                               

 
 
 
64 ”Similar to metrics found in traditional best practice NPD” 
65 Control the right parameter 
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Continuous improvements 
References:  

Al-Ashaab et al., 2010; Al-Ashaab et al., 2013; Al-Ashaab et al., 2016; 
Anand & Kodali, 2008; Bhasin, 2015; Boes & Kämpf, 2014; Carleysmith, 
Dufton, & Altria, 2009; Cooper & Edgett, 2008; El-Sayed, 2013; Flores et 
al., 2010; Fouquet & Gremyr, 2007; Garcia, Radous, Krol, Bosek, & Baeten, 
2016; Gautam & Singh, 2008; Gremyr & Fouquet, 2012; Gudem & Welo, 
2010; Gudem et al., 2013; Gudem, Steinert, & Welo, 2014; Haque & James-
Moore, 2002; Holmdahl, 2010; Hoppman, Rebentisch, Dobrowski, & Zahn, 
2011; Johansson & Sundin, 2014; Karlsson & Åhlström, 1996; Khan et al., 
2011; Kreafle, 2011; León & Farris, 2011; Letens, Farris, & Aken, 2011; 
Liker & Morgan, 2006; Liker & Morgan, 2011; Lindlöf, Söderberg, & 
Persson, 2012; Locher, 2008; McManus, Haggerty, & Murman, 2007; 
Mascarenhas Hornos da Costa, Oehmen, Rebentisch, & Nightingale, 2014; 
Mascitelli, 2007; Mascitelli, 2011; Meybodi, 2013; Morgan & Liker, 2006; 
Mund, Pieterse, & Cameron, 2015; Mynott, 2012; Nepal et al., 2011; 
Oppenheim, 2004; Oppenheim, Murman, & Secor, 2011; Paschkewitz, 2014; 
Pernstål, Feldt, & Gorschek, 2015; Pessôa, Loureiro, & Murta, 2007; 
Quadrat-Ullah, Seong, & Mills, 2012; Radeka, 2012; Radeka & Sutton, 
2007; Ringen & Holtskog, 2013; Rossi, Kerga, Taisch, & Terzi, 2012; 
Saunders, Gao, & Shah, 2014; Schulze & Störmer, 2012; Siyam, Wynn, & 
Clarkson, 2015; Tortorella, de Castro Fettermann, Almeida Marodin, & 
Sanson Fogliatto, 2015; Tuli & Shankar, 2016; Tyagi, Cai, Yang, & 
Chambers, 2015; Wang, Ming, Kong, Li, & Wang, 2012; Wangwacharakul, 
Berglund, Harlin, & Gullander, 2014; Welo, 2011; Welo & Ringen, 2015; 
Womack & Jones, 1994 
 


