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Abstract

Companies consider product development (PD) their competitive lever to survive in a
technology-fuelled and fast-paced environment. Lean Product Development (LPD) is a
promising concept currently being adopted by companies focusing on maximising customer

value, shortening lead times, and reducing costs in PD.

This research initially concentrates on developing a comprehensive LPD framework which
subsumes existing concepts and supersedes them by including findings from the wider PD
research area. The investigation then leads into understanding the highly-interwoven, yet under-
investigated, character of LPD to pave the way for its implementation into the complex
knowledge-based PD environment. The deduced systematic implementation plan, which both
provides an appropriate level of detail and accounts for the inherent complexities of LPD,

supports companies in their struggle to embrace Lean practices in PD.

The LPD framework is developed by employing a content analysis of existing concepts and
integrating insights from the wider PD environment. The relationships between the
framework’s elements are investigated using the results of a self-administered questionnaire
embedded in a cross-sectional research design and complemented by the fruitful discussions
found in literature. The insights into the inner workings of the framework are subsequently

appropriated to formulate general recommendations and an effective implementation plan.
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1 Introduction

This first chapter initially contextualises the inquiry at hand by summarising the research
background and rationalises its direction of investigation through identifying current gaps in
contemporary LPD literature. Embedded in literature, the following section formulates the
general directions of this study in form of objectives which are subsequently refined into three
research questions this research seeks to thoroughly address. The remaining two sections in this
chapter outline the focus and scope of this investigation and lay out the remainder of the work

at hand.

1.1 Research Background and Motivation

Driven by changes in the internal and external business environment, academics and
practitioners have developed a number of concepts to support organisations concentrating on
PD as their lever to maintain competitiveness in a fast-paced and complex environment
(Ahmadi et al., 2001). The LPD approach is currently increasingly focused and adopted by
companies concentrating on maximising customer value, shortening lead times, and reducing
costs in PD processes (Ledn and Farris, 2011). The fundament for this approach to managing
and structuring innovation projects has been by Clark et al.’s (1987) study of Japanese PD
practices (Hoppmann, 2009). The concept, however, is largely implicit at the pioneering
Japanese automobile manufacturer Toyota thus required a great level of understanding,
abstraction, and interpretation (Morgan and Liker, 2006). The development of LPD greatly
reflects the gradually increasing understanding of Japanese development practices and the
adaption to the changes in the business environment as it progressively adjusted its focus and

widened its scope. The initial rather rudimentary understanding for the Japanese high



productivity level in PD (cf. Clark and Fujimoto, 1989b; cf. Clark et al., 1987; cf. Cusumano
and Nobeoka, 1992; cf. Karlsson and Ahlstrom, 1996; cf. Womack et al., 1990) slowly began
to be translated in increasingly holistic concepts (cf. Brown, 2007; cf. Fiore, 2005; cf.
Hoppmann, 2009; cf. Krumm and Schittny, 2013; cf. Mascitelli, 2011; Morgan and Liker, 2006;
cf. Ward et al., 2007). These Western interpretations of Toyota’s and, to a smaller degree, other
Japanese companies’ development practices have been moulded over the years into increasingly
comprehensive development systems which the remainder of this work will refer to as LPD
frameworks. The most established LPD frameworks which are based on a sound empirical basis
and offer a distinct degree of originality! are summarised in Figure 1. The frameworks and the
individual components they comprise of, are listed according to their publication

chronologically from left to right.

! There are a number of LPD frameworks which do not meet these criteria. Kennedy (2003), for example, is largely
based on Allen Ward’s ideas about LPD who mentored Michael Kennedy. In addition to Kennedy’s (2003) lacking
originality, his publication is exclusively based on his experiences at his workplace, Texas Instruments, and to a
lesser degree based on his consultancy work. Other examples include, but are not limited to, Mascitelli (2011),
Radeka (2013), and Reinertsen (2009). Their exclusion, however, should not be understood as a judgement of their
quality but merely as decision based on the criteria set for this work.



1 Strong Project Leadership Supplier Customer Value Use of Design Sets |Entrepreneurial Strong Project Strategic
Manager Involvement Definition System Designer Manager Positioning
2 Supplier Integration |Teamwork Simultaneous Front-loading Information and Teams of Specialist Career Clear Prioritisation
Engineering Process Flow Responsible Experts [Path
3 Cross-functional Communication Cross-functional Leveled Process Continuous Set-based Workload Leveling |Roadmapping
Teams Teams Flow Improvement Concurrent
Engineering
4 Overlapping Phases [Simultaneous Functional Standardisation Process Monitoring |Cadence, Pull, Flow |Responsibility- Product
Development Integration based Planning and |Architecture Design
Control
5 Heavyweight Team |Chief Engineer Value Stream Cross-project Product Range
Structure System Mapping Knowledge Transfer |Optimisation
6 Strategic Balance Functional |Standardisation Simultaneous Design Space
Management Expertise and Cross- Engineering Management
functional
Integration
7 Technical Expertise [Concurrent Design Supplier Integration |Value Stream
Optimisation
8 Supplier Integration Product Variety Data Consistency
Management
9 Continuous Rapid Prototyping, [MultiProject
Learning and Simulation and Management
Improvement Testing
10 Build a Culture of Process Innovation
Excellence Standardisation Controlling
11 Adapt suitable Set-based Release Engineering
Technology Engineering
12 Communication Continuous
Improvement
13 Integrate Tools

Figure 1: LPD frameworks

The early frameworks of Clark et al. (1987), Womack et al. (1990), Karlsson and Ahlstrém
(1996), as well as Ward (2007)2 only consist of a number of LPD elements which, as the
discussion in section 2.3.1 will highlight, are at best loosely connected. While Brown (2007)
offered rich insights into LPD in their benchmark study, it was Morgan and Liker’s (2006)
publication which marked a new era of comprehensive LPD frameworks consisting of closely
connected and interdependent elements. But even the more developed and inclusive

frameworks of LPD differ significantly in their focus and scope (Leon and Farris, 2011).

2 Ward’s (2007) publication is based on a manuscript from 2001 and was posthumously published by his son and
work colleagues.



Hoppmann et al. (2011) as well as Schuh et al. (2008a), who have made significant
contributions to the LPD research community, report a lack of a generally accepted LPD
framework which might be attributed to the number of different frameworks, their changing
focus and scope, and generally to their constantly evolving nature. This lack creates ambiguity
among academics and practitioners and represents a major impediment to advancing this
nascent research area (Hoppmann et al., 2011; Schuh et al., 2008a) and thwarts the
implementation efforts of companies striving to introduce LPD principles in their product
development (Hoppmann, 2009). In an attempt to tackle this issue, Hoppmann et al. (2011)
summarised and merged the most established LPD frameworks into one concept. Their work,
however, bears two major limitations. The results presented by Hoppmann et al. (2011) are
entirely based on Hoppmann’s (2009) Diploma thesis which is usually prepared over the course
of six months and therefore naturally constraint in its resources. The second major limitation,
most likely a consequence of the limited time available, is the exclusive focus on LPD literature.
The LPD research area only sprang into existence with the discovery of superior Japanese
development practices in the late 1980’s (cf. Clark et al., 1987) and can therefore still be
considered to be in its infancy. Hence, the sole focus on LPD literature means concentrating on
a fairly narrowly defined population while excluding the fruitful discussions and insights of the
larger PD community (Hoppmann et al., 2011). In conclusion, the lack of a widely-accepted
LPD framework which not only consolidates the most established and recent existing LPD
frameworks but also integrates the findings of the wider PD research area constitutes a major
opportunity for advancing the LPD research to overcome the current ambiguity among

practitioners.

Next to a lacking consensual framework, LPD literature suggests that many companies

encounter great difficulties when introducing LPD (Hoppmann, 2009; Leon and Farris, 2011,



Schuh et al., 2008b). Although an increasing number of companies is focusing on implementing
LPD since they have identified PD as a key to defining customer value and recognised the large
potential for improving their performance in terms of time, cost, and quality, many still struggle
to find a systematic approach to introducing Lean principles in their PD environment
(Hoppmann et al., 2011; Karlsson and Ahlstrém, 1996; Leén and Farris, 2011; Schuh et al.,
2008b). The transfer of Lean Thinking, the driving logic behind Lean, into the tightly-
interwoven and complex knowledge-based product development environment has proven far
more difficult than altering the easier to grasp material-based production processes (Morgan
and Liker, 2006). Aside from the inherent difficulties of such implementation efforts, LPD
literature suggests three main reasons why businesses struggle to implement LPD. Firstly, as
previously mentioned, there are a number of LPD frameworks which greatly vary in the number
of elements and the concepts they represent. This greatly varying focus and scope of current
frameworks creates uncertainty among companies about the individual model’s suitability for
their business requirements (Leon and Farris, 2011). In addition to the strongly varying LPD
frameworks, the interrelationships between the single components which make up a LPD
framework remain under-investigated (Le6n and Farris, 2011; Hoppmann et al., 2011). As a
consequence, Hoppmann et al. (2011) urge the research community to conduct empirical
research into the relationships of the individual LPD components at a system level which would
allow the formulation of an effective implementation order. Lastly, there is currently no
quantitative empirical study on LPD implementation with the notable exception of Hoppmann
(2009). Existing implementation recommendations are mostly limited to non-specific aspects
of change management, which neither take the inherent complexity of a LPD framework into
account nor provide sufficient detail to enable practitioners in their efforts (Kennedy, 2003).

Furthermore, these recommendations are all tailored towards the individual LPD frameworks



and therefore cannot be understood as general guidelines to introducing LPD. In addition, all
but Hoppmann (2009), lack a quantitative base for their implementation recommendations as
they are mostly based on mere intuition since they were often treated as an accessory to the
formulation of an LPD framewaork or were simply built around best practices identified in small
case studies thus lack generalisability (Hoppmann, 2009). Since Hoppmann’s (2009) first study
in this area is strongly tailored towards his framework bearing the previously discussed major
limitations, his quantitative exploratory investigation into defining implementation
recommendations provides a good starting point in terms of providing measurement items and
constructs. The need, expressed by Ledn and Farris (2011) as well as Hoppmann et al. (2011)
in a later publication, to develop an implementation plan which is appropriate in its level of
detail, considers the intricate interrelationships of an LPD framework, and is aligned with the
urgently needed comprehensive and coherent framework which goes beyond the narrow LPD
research area and incorporates aspects from the wider PD field, remains an important

opportunity to advance LPD research.

To summarise the aforementioned discussion, LPD has been recognised to yield great potential
for PD performance and is therefore increasingly attracting attention from academia and
industry alike. The lack of an inclusive and consensual framework, the missing understanding
of its inner workings, as well as the poor availability of well-founded implementation
recommendations pose major obstacles to the advancement of the LPD research frontier and

businesses eager to drive effectiveness and effectivity in PD.



1.2 Research Objectives

The proposed research follows Hoppmann et al. (2011) and Ledn and Farris’ (2011) call and

addresses the previously briefly outlined and in the literature review more detailed described

gaps.

(1) Development of a comprehensive LPD framework which not only subsumes existing
concepts but supersedes them by including approaches from the wider product

development research community.

The inclusion of other research areas concerned with the study of PD would help this nascent
but rapidly evolving research area to establish itself and find its position in the wider product
development research area. Having defined an integrative framework and described their

components in detail, the research then focuses on its second objective.

(2) The investigation of the relationships between the single components within the
proposed LPD framework through the analysis of empirical data collected in a

questionnaire and enriched by findings in LPD literature.

The second objective allows gaining insights into the interplay within the LPD framework, the
different understandings of LPD the companies have developed over the years as well as the
experiences with the introduction of LPD. The knowledge gained throughout this process forms

an essential stepping stone to address the third and last objective.

(3) The development of an empirically as well as theoretically grounded systematic
implementation plan which not only provides an appropriate level of detail but also

takes the inherent complexity and nature of a LPD system into account.



1.3 Research Questions

After having previously rationalised and contextualised the topic and provided some direction
through formulating objectives, the research process now asks for research questions. The
research questions translate gaps identified in Hoppmann et al. (2011) and Ledn and Farris
(2011) into a clearly defined and specific set of interrogative statements that will direct the
investigation at hand (White, 2009). The questions directly correspond to the previous sections
as they restate each of the three aims and objectives but take them to a more specific level

(Punch, 2005; White, 2009).
1. What constitutes a coherent and comprehensive LPD framework?

Following de Vaus’ (2001) typology, this first question can be characterised as descriptive. By
comparing existing LPD frameworks and including best practices and other insights from the
wider PD research area, answering this question will make ‘sure about the fact and dimensions
of the phenomenon’ (de Vaus, 2001, p.2) under investigation. The answer to the first research
question is crucial to the following second one as it, among other things, determines and

describes which elements a LPD framework constitutes of.
2. How do the single LPD components affect each other?

The second research question serves a descriptive as well as explanatory purpose and directs
the inquiry to the interaction of the single elements. The findings of this second research

question will form the basis and strongly contribute to addressing the last research question.
3. How can organisations effectively implement the LPD framework?

The third question seeks to describe and prescribe an effective implementation order. This last

research question will be addressed together with the previous one by analysing the data



collected using a questionnaire and by combining the findings of the second research question

with further insights gained from literature.

Each of the previously formulated questions divides the inquiry in individual, distinguishable
elements which will be answered or, as the case may be, appropriately addressed in a sequential
order. This consecution is vital as each subsequent question is based on the findings of the
previous. In few words, the research at hand seeks to paint a clear picture of an all-
encompassing LPD framework, explain how its single components interact, and derive an

effective implementation plan.

1.4 Scope

The focus of the investigation, as expressed in the research objectives and research questions,
has been defined in direct response to the research needs identified in contemporary LPD
literature. This section narrows down the scope of the inquiry by establishing a border between
the central object of this research and the methods, concepts, and other research areas it has

contact points with.

The sole focus of this inquiry is LPD. The forthcoming discussions will therefore refrain from
considering competing approaches to organising and managing PD such as quality function
deployment, agile product development, etc. A comparison with these strategies, a discourse
on their advantages and disadvantages, an investigation into their driving logic, as well as any
other conceivable discussion surrounding LPD and another competing approach lies outside the

scope of this inquiry.



The framework proposed in this study is independent of a company’s innovation strategy
whether it is a product-market-focussed strategy, an opportunity-risk-focussed strategy, a time-
based (industry- and competitor-focussed) strategy, a proactive strategy, or any other type of
strategy which does not fall into Ahmed and Shepherd’s (2010) generic typology. Their

discussion will therefore not be part of this work.

The investigation into LPD is predominantly conducted on a strategy-level which focuses on
structure and organisational characteristics and not on operational aspects which would include
methods and tools a company might want to employ to enable and facilitate LPD on the ‘shop

floor’. References to insightful publications, however, will be provided throughout the work.

Further, the investigation at hand seeks to detach itself from the organisational structure the
proposed LPD framework might be embedded in. Although LPD has largely been developed at
Toyota which uses a complex form of matrix structure, sometimes referred to as multinational
design (cf. Robbins and Judge, 2013), the Lean way of structuring, organising, and coordinating
the functions involved in PD has proven in the field to be compatible with other organisational
structures as well. Thus the forthcoming discussion frees itself from the complexities of
organisational structures in an attempt to maintain general applicability and a high degree of

compatibility with other organisational forms.

The dataset analysed and interpreted by this research is collected in the automobile industry in
which LPD has its origins. The automobile industry has been selected for the survey not only
because LPD has been developed at an automobile manufacturer but also because the originally
Japanese development practices have been quickly adopted by Western car companies which
sought to close the wide development performance gap. Therefore the automobile industry is

expected to yield good empirical results as well as deep insights into LPD. In addition, the
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author’s personal background provides a firm understanding of the industry which further added
to choosing the automobile industry over other potentially insightful industries such as
consumer electronics, aerospace, defence, or software development which have been excluded

from this investigation.

In the course of this inquiry, especially when discussing the elements of the proposed LPD
framework in chapter 3, there will be numerous contact points with other research areas such
as project management, supply chain management, organisational learning and knowledge
transfer, and countless more, which would justify conducting research projects in their own
rights. Due to the predominantly theoretical approach to answering the first research question
and the large amount of research areas LPD overlaps with, the discussions about the LPD
elements need to be conducted with great discipline not only to maintain the original LPD

character of these elements but also to keep the investigation focused on its research object.

The forthcoming LPD framework is informed by a number of existing frameworks which
outline the LPD elements by describing their key characteristics. These frameworks are chosen
according to a number of criteria which are explained in detail in section 3.1.2. LPD frameworks

not meeting these criteria are excluded from this inquiry and will not be discussed in any detail.

As previously outlined, the LPD framework developed in the course of this investigation is
based on existing frameworks and subsequently enriched by tapping into recent findings in the
corresponding research areas. This investigation does not seek to transfer the guiding principles
underpinning the Lean philosophy into product development anew — a process which has taken

the pioneers of LPD decades.
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1.5 Thesis Outline

In the course of this first chapter, the research background has been outlined to contextualise
the work at hand and several gaps have been identified which currently form the research
frontier in the nascent LPD research area. The research opportunities have been translated into
objectives to provide general guidance and a firm direction. These objectives were subsequently
restated into three concise research questions which give this study a clear purpose and aim to
work towards to. In an effort to paint a clear picture of this inquiry, the remaining sections of
the first chapter have delineated the study from other research areas, concepts, and methods and

lastly laid out the remainder of the thesis.

The second chapter forms the theoretical foundation by mapping and assessing relevant areas
of Lean, product development, and Lean Product Development. Accordingly, the chapter is
divided into three parts to provide a clear structure. The first section in the literature review
chapter discusses in detail the roots of Lean to establish a firm understanding of the internal and
external environment in which Lean has been developed and how this management approach
has evolved over time to adapt to an increasingly dynamic landscape. This first section further
seeks to eliminate any confusion about the Lean approach by outlining the most contemporary
interpretation of Lean thus illustrating the current research frontier. After this historical
approach to discussing Lean, the focus shifts to its target dimensions and the Lean principles
which provide guidance for companies striving towards Lean goals. These first three sections
are followed by a discussion about the key concepts of value and waste to further strengthen
the understanding of Lean while providing a contrasting picture to their interpretation in the
knowledge-based PD environment. The second part of the literature review summarises the

most important changes in the business environment and how companies have altered their
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development practices to cope with these external changes. The following section investigates
PD through a process lens by discussing the most established development process models. The
last section in this second part of the literature review presents the findings of contemporary
best practice studies to, in summary, paint a brief but comprehensive picture of how companies
have developed over time and arrived at their current way of organising and structuring their
PD efforts. The last part in the chapter fully concentrates on the topic at hand — LPD. The central
object of research is introduced with a detailed discussion of its evolution and how this
development has impacted on LPD frameworks which can be understood as the manifestation
of the understanding of LPD. In the course of this discussion, the research gaps, which the work
at hand has been built around, are assessed in more detail to establish a firm basis for the
remainder of the study. The remaining two sections focus on the LPD key concepts value and
waste to further the understanding of the driving logic behind this approach and pave the way
for a comparison with the interpretation of these concepts with the ones from the material-based

Lean environment.

After the study and its most relevant areas have been firmly embedded in literature, the third
chapter seeks to comprehensively address the first research question — what constitutes a
coherent and comprehensive LPD framework? In an effort to systematically approach this
question, the chapter starts off by introducing and discussing the existing LPD frameworks
which will inform the framework proposed in this work. The subsequent section lays out the
methodology which has been employed to develop the LPD framework presented and discussed
in much detail in the second part of this chapter. This second part is subdivided into nine
sections which each presents a detailed discussion of the key features and characteristics
making up the elements which form the LPD framework. These nine LPD elements are not only

informed by the previously discussed existing frameworks but also by contemporary research
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in the corresponding fields as well as the best practice studies introduced in the literature review
to extend this nascent research area beyond its current boundaries. The resulting LPD
framework subsumes existing frameworks and extends them by including the findings and
fruitful discussions from the numerous research areas it overlaps with. The last section in this
tripartite chapter shifts the focus from the individual LPD elements to their relationships and

interdependencies to explore the inner workings of the proposed framework.

Once the theoretical foundation has been laid and the first research question addressed by
establishing a coherent and comprehensive LPD framework, the fourth chapter controversially
discusses the methodology underlying this research. The chapter initially elucidates the
research design providing the logical structure of the investigation which most appropriately
addresses the research gap within the constraints of this study. The following chapter discourses
on research philosophy and concludes by making a personal stand in this debate to control for
potential influences from this metaphysical direction, contextualise the employed research
methods, and make the work generally easier accessible for the reader. After questions about
ontology, epistemology, axiology, and rhetoric have been put to rest, the subsequent section
discusses both quantitative and qualitative methods before transitioning to the main research
method — the questionnaire survey. Within this last part of the methodology chapter, the reader

is acquainted with the sample, the sampling strategy, and the design of the questionnaire itself.

At the outset of chapter five, the insights of the descriptive analysis are organised in three
sections which initially account for the demographic aspects of the sample, then present the
implementation status of LPD, and conclude with a more detailed portray of the usage of LPD
elements. Following the disclosure of the collected data, the subsequent section delves into the
dataset to investigate the current usage of LPD elements, also referred to as ‘Leanness’, to shade

light on influencing factors which promote or impede the introduction of LPD practices in
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product development. The next section scrutinises the inner workings of the proposed
framework through investigating correlating elements, conducting an exploratory factor
analysis to identify clusters of correlation, and finally adding causality to the previously
undirected relationships by including the responses to the influence matrix of the survey. The
understanding of the interrelationships informs the implementation recommendations detailed
in the last section. This last section brings together the understanding of the inner workings of
the LPD framework with the survey items which inquired into the introduction of LPD
development and potential problems associated with it. Throughout the chapter, the findings
are synthesised with theory so that the empirical results directly lead into a fruitful discussion
on the current status of LPD, the inner workings of the proposed framework, and lastly the
implementation recommendations. Discussing the latter two effectively answers research
questions two and three which inquired about the relationships between the individual LPD

elements and asked for effective, empirically-grounded implementation recommendations.

The work at hand concludes by initially providing a research summary which revisits the most
important aspects of this inquiry. The chapter then translates the research findings into
contributions to both academia and industry before highlighting the limitations of this study

and expressing opportunities for future inquiries into LPD.
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2 Literature Review

The following chapter maps and assesses the topics Lean, product development, and LPD to
contextualise the research and identify existing gaps in the literature. It is organised in three
parts to provide a more thorough and clearly arranged literature review. The first part takes a
historical approach and summarises past and recent developments to firstly eliminate the
confusion related to Lean and secondly illustrate the current research frontline. It will also
discuss the targets of Lean, its principles and how they have changed over time as well as the
concepts value and waste which are essential to a sound understanding of Lean and its driving

forces.

The second part on PD summarises the most significant changes in the business environment
and their influence on development practices. Subsequently, it will detail the most established
PD process models and complement the previous two sections by presenting the most recently
identified best practices to paint a comprehensive picture of how companies have arrived at

their current way of structuring and organising their PD efforts.

The last part begins with the introduction of LPD and a detailed description of its evolution and
then focuses on the most relevant gaps to this research. The remaining two sections will discuss
LPD’s core concepts value and waste which allows for a comparison with the corresponding
concepts in the material-based Lean production environment and further strengthen the

understanding of LPD’s driving logic.
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2.1 Lean

The first section of the tripartite literature review details the Lean approach as it can be found
in many manufacturing companies around the world. Initially, the first section maps the
evolution of Lean starting with its origins, the Toyota Production System (TPS), its abstraction
and translation into what was later coined Lean or Lean Production, and finishing with more
contemporary but less discussed interpretations of this management philosophy. After
describing Lean in its historical context, the subsequent section addresses the targets or
objectives of Lean. Once it has been established where Lean comes from, what it is, and what
it is trying to achieve, section 2.1.3 deals with the philosophical guidelines, often referred to as
Lean principles, which provide guidance in Lean efforts and facilitate the communication of
this approach. The section on Lean as employed in a predominantly material-based environment
finishes by describing the concepts value and waste which are considered key concepts in this

management approach.

2.1.1 Evolution of Lean

The adverse economic conditions in post-war Japan in the 40s which demanded the profitable
production of a great variety of new models in small volumes sparked the development of what
will be later known as the TPS (Cusumano, 1985; Fujimoto, 1999; Ohno, 1988). Constrained
by financial capabilities (Fujimoto, 1999), limited by material shortages and subjected to
intense domestic rivalry (Hines et al., 2004), Toyota introduced its production system to gain
international competitiveness in the automobile industry. Toyota’s production system was no
sudden creation but the result of decades of largely trial and error development between the late

40s and 70s (Ohno, 1988; Holweg, 2007). Although some elements of the TPS have been
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introduced earlier (Cusumano, 1985; Toyota Motor Corporation, 1988), most aspects were
pioneered and implemented by Taiichi Ohno who is widely recognised as the original founder
of Toyota’s system of production management (Cusumano, 1985; Fujimoto, 1999; Monden,

1983; Ohno and Kumagai, 1980; Pegels, 1984; Shingo, 1988, 1989; Sugimori et al., 1977).

Pushed by basic material shortages and rising commodity prices in the aftermath of the oil crises
in the 1970s (Schonberger, 1982a), Western automobile manufacturers largely renewed their
product mix and entered direct competition with small Japanese automobiles (Fujimoto, 1999).
In these conditions, when Toyota was earning exceptionally large profits while its competition
was struggling in a weak economic situation, TPS started gaining the attention of Western
researchers and practitioners (Fujimoto, 1999; Lander and Liker, 2007; Ohno, 1988; Shingo,
1989). Consequently, Sugimori et al. (1977) and Ohno and Kumagai (1980), all Toyota
employees, authored the first academic papers on TPS in English. In subsequent years, a small
study group published a number of books (cf. Hall, 1983a; cf. Monden, 1983; cf. Schonberger,
1982a) and articles in academic (cf. Hall, 1983b; cf. Schonberger, 1982b, c, 1983a, b; cf.
Schonberger and Gilbert, 1983 ) and practitioner journals (cf. Monden 1981a, b, c, d; cf. Nakane
and Hall, 1983) to explain the superior quality level and productivity rates. These quite narrowly
inventory-focused contributions were complemented in subsequent years by copious
publications which explored the wider organisational aspects (cf. Cusumano, 1985; cf. Imai,
1986; cf. Japan Management Association and Lu, 1989; cf. Ohno, 1988; cf. Shingo, 1983, 1988,
1989). For a more detailed review of the early TPS body of knowledge see Holweg (2007),
Sohal et al. (1989) and Waters-Fuller (1995). These early works have been vital first step as
they codified the basic components of TPS, which have been deliberately left implicit to secure

Toyota’s competitive advantage (Bozdogan, 2010).
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‘Lean Production’, the more generic term describing the Western interpretation of Toyota’s
productions practices, was coined by Massachusetts Institute of Technology (MIT) researcher
Krafcik in 1988 and found widespread acceptance through the landmark publication ‘The
machine that changed the world” by Womack et al. (1990). In Holweg’s (2007) view, the
success of the book can be largely credited to its non-technical language, its system view
bringing together previously loosely connected but in far more detail described techniques and
practices, the contrast it was able to provide to Western performance and practices and maybe
most importantly its timing. Despite being awarded ‘Business Book of the Year’ by the
Financial Times, sales were slow in the beginning and only started picking up after a feature
story in the practitioners’ journal Automotive News in 1991 coinciding with a growing crisis
in Detroit’s automobile industry. The book condensed the findings of MIT’s global automotive
industry study ‘International Motor Vehicle Program’ (IMVP) which set out to measure the
performance differences between the West and Japan. The insights gained in this
comprehensive study delivered the indisputable message that the Lean approach to managing
and organising production yields better performance. Based on their insights, the authors further
claim that the practices and techniques that make up TPS are not limited to Toyota’s
organisation context or the Japanese culture but are applicable to Western countries and
companies (Womack and Jones, 1996a; Holweg, 2007). Although previous publication already
detailed the core elements of Lean, it was to a large extent Womack et al.’s (1990) non-technical
and easily readable publication which triggered a paradigm shift in Western manufacturing
companies away from mass production towards Lean practices (Parry and Graves, 2008). In an
effort to overcome the limitations, such as insufficient compatibility with Western managerial
practices or a limited applicability to only a very specific range of activities, and support

implementation efforts, a group of researchers, companies, and industries made substantial
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efforts to develop Lean further. Consequently, the scope of the Lean approach progressively
widened (Womack and Jones, 1996b). Particularly notable in this context is Womack and
Jones’ (1996b) work. Having gained the industries’ interest, they started their own consulting
business to disseminate the Lean idea and support practitioners who provided valuable input
and constantly tested the concepts’ boundaries, especially in terms of implementability.
Womack and Jones (1996b) reacted on practitioner requests by summarising the Lean
philosophy in five guiding principles (see section 2.1.3). This newly found understanding
restated the TPS framework to improve the compatibility of Lean with established Western

management styles (MIT, 2000).

In addition, the value stream® concept, which represents a core method in Lean, evolved beyond
its origins in the production environment (cf. Hines and Rich, 1997; Rother and Shook, 2003).
This advancement was largely made possible through Rother and Shook’s work on a tool to
map the value stream and afforded the link between Lean and the supply chain, helping to
integrate upstream suppliers and customer-focused downstream activities (Hines et al., 2004).
The idea of a value stream provided a way of thinking which allowed shifting the focus from
an inner departmental optimisation, typical to the so called ‘over the wall’ approach where a
department was only concerned for what happened within its limited sphere of responsibility
without much consideration for other involved up and downstream activities, to a more holistic

thinking which concentrates on optimising the value creation process as a whole. This important

% The value stream concept should not be confused with Porter’s value chain concept. The idea of the value stream
concept includes all activities from start to end product and seeks to improve and optimise the entire set of activities
from the stakeholder’s point of view. In contrast, Porter’s value chain concept tends to aggregate a certain set of
activities such as marketing, sales, or production and seeks for opportunities to maximise profits and how the rest
of the company can be orchestrated to support this endeavour (Womack and Jones, 1996b).
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concept helped Lean to grow beyond its initial main area of focus, manufacturing, into a more
company-wide approach to restructuring and refocusing a firm’s primary activities. Value
Stream Mapping (VSM), a tool to meaningfully visualise a value stream for optimisation, also
marks an important stepping stone as it helped the Lean approach to develop beyond the
automobile industry (Freudenberg, 2012). Meanwhile, extensive studies were carried out on
transferring Lean principles to other industrial sectors, including aerospace (e.g. Murman et al.,
2002), automobile distribution (e.g. Reichhart and Holweg, 2007), health care (e.g. Bridges,
2006; e.g. de Koning et al., 2006) and grocery retailing (Holweg, 2007; e.g. Womack and Jones,

2005).

In the US aircraft and aerospace industry, the increasing globalisation, end of the Cold War, as
well as maturity of various core products created a completely new market environment and
challenged established business models in the 90s (Bozdogan, 2010; Murman et al., 2002). This
development led to a paradigm shift away from performance towards affordability on which
the industry reacted with a prolonged period of streamlining operations, consolidation and
realignment. But since these measures have proven insufficient, the industry began to focus on
process management to improve effectiveness and efficiency (Bozdogan, 2010). MIT’s Lean
Aircraft Initiative* (LAI) responded to these developments and adapted Lean for the aircraft

and, in subsequent years, aerospace industry (Murman et al., 2002). Although the newly defined

4 The name of the 1993 founded Lean Aircraft Initiative evolved corresponding to its focus to Lean Aerospace
Initiative in 1996 and was renamed again in 2007 to Lean Advancement Initiative to reflect the interest from a
wide range of industries.
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principles were developed in the aerospace and aircraft industry, the authors claimed their

transferability to other industries (Murman et al., 2002).

Building on the LAI’s research and including the insights of a large set of case studies,
Nightingale and Srinivasan (2011) took the Lean approach to the next level. LAI’s extensive
studies not only concentrated on Murman et al.’s (2002) customer-focused strategic level but
also on the techniques, methods, and tools to operationalise this contemporary comprehension
of Lean. Nightingale and Srinivasan (2011) followed the LAI’s vision to empower ‘enterprises
to effectively, efficiently, and reliably create value in complex and rapidly changing
environments’ (Lean Advancement Initiative, 2012, p.2) and refined Murman et al.’s (2002)
work® and developed seven principles of Lean enterprise transformation. This newly gained
understanding of Lean should help companies in their entirety to constantly transform to keep
the internal structures aligned with the external business environment (Nightingale, 2009).
Nightingale and Srinivasan (2011) thereby seek to overcome a major limitation of traditional
Lean, the strong emphasis on the shop-floor level, and fully elevate it to a company level
(Nightingale and Srinivasan, 2011). Their newly defined principles have been firstly presented
in 2009 (cf. Nightingale, 2009) and were later made available to a wider audience in the
comprehensive publication ‘Beyond the Lean Revolution’ (cf. Nightingale and Srinivasan,
2011). The authors assert to have developed a domain independent framework comprising of
principles, methods, and tools which support companies in the continuous alignment of their

processes in order to meet strategic targets most effectively and efficiently (Nightingale, 2009).

5 Nightingale took over after LAI co-director Murman retired in 2002 and from then on drove this long-term
research project.
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As the foregoing discussion illustrates, the Lean concept has undergone major developments
since Western researchers began abstracting Toyota’s production system in 1977. Since then,
the Lean approach was ceaselessly developed further to enhance its applicability to
contemporary Western managerial practices and operational techniques. Lean began to grow
beyond production and gradually extended its focus by integrating functions such as
accounting, supply chain management, and administration. Simultaneously, Lean gained hold
in other industrial sectors, such as health care, service, and electronics, nurturing its continuing
evolution. Figure 3 builds on Holweg’s (2007) Lean research and dissemination time line and

summarises the Lean evolution by contrasting major publications and key events.
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Key events Major publications

1940 1977: Sugimori et al. publish the first
academic paper on Toyota
Production System (TPS)

1945: Toyota restarts car production

1950: Labour strikes bring Toyota near
bankruptcy. Founder Kiichero Toyoda
hands over to his cousin Eiji Toyoda

1945

1978: Ohno publishes ‘Toyota Production
System’ in Japanese

1955: Toyota builds annually 23,00 cars,
while Ford exceeds 8,000 per day

1950
1981: Monden publishes several articles on
TPS in Industrial Engineering
1973: First oil crisis 1955
1982: Schonberger publishes ‘Japanese

1979: Second oil crisis Manufacturing Techniques’

1960
1979: International Vehicle Program (IMVP)
is founded at MIT

1983: Monden publishes ‘ The Toyota
Production System’

1965

1984: Toyota enters joint venture with GM 1983: Hall publishes ‘Zero Inventories’

1986: IMVP begins its global benchmarking
study in the automobile industry

1970 1985: Cusumaqo publishes ‘The Japanese
Automobile Industry’

1994: IMVP starts second round of the
global assembly plant study

1975 1990: Womack et al. publish ‘The machine
that changed the world’

2000: Global assembly plant study goes in

1996: Womack and Jones publish ‘Lean
) 1980
the third round

Thinking’

2003: Toyota takes over Ford’s position as
second largest vehicle manufacturer
in the world

1998: Cusumano and Nobeoka publish
‘Thinking Beyond Lean’

—— 1998: Kochan et al. publish ‘After Lean
2006: Toyota surpasses GM and becomes Production’
the world’s largest car manufacturer
2002: Murman et al. publish ‘Lean

Enterprise Value’

—————

2004: Liker publishes ‘The Toyota Way’

2005: Womack and Jones publish ‘Lean
Solutions’

—— 2011: Nightingale and Srinivasan publish
‘Beyond the Lean Revolution’

Figure 3: Lean timeline (adapted from Holweg, 2007)

The Lean approach has been continuously developed over time and is still being refined today
(Bozdogan, 2010; Hines et al., 2004; Monden, 1983). Consequently, researchers and
practitioners alike often struggle with recognising Lean in its contemporary form (Hines et al.,
2004; Hoppmann, 2009; Shah and Ward, 2007). Since Lean originates in a production-based

environment and was initially labelled ‘Lean Production’, it is typically associated with and
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mentally confined to production (Bicheno, 2004). According to an interview with the Lean
pioneers Womack, Jones and Krafcik in 2013 the term Lean Production was meant to contrast
this new approach with General Motor’s established mass production system which included
elements of product development, purchasing, customer relations, etc. and not confine it to one
department of a company. The world, however, took the authors literally and perceived it to be
restricted to production processes and started building on and developing this concept by largely
focusing on manufacturing. In addition, nurtured by the initial crude understanding of TPS,
Lean is frequently reduced to a mere set of tools rather than perceived as a holistic approach to
transform the company (Lean Enterprise Academy, 2013). A firm understanding of Lean, its
core elements, and the involvement of all employees, however, is vital when applying the Lean

idea to new industrial sectors and other domains.

2.1.2 Lean Targets

Under occupation after World War I, Toyota was restricted in the prices for automobiles by
the Price Control Ordinance and later Price Control Order and was facing a raging inflation
(Cusumano, 1985; Sumiya, 2004; Toyota Motor Corporation, 1988). Although demand slowly
began to increase, the devaluation of the money and Toyota’s struggle to be paid by their
customers was so severe that the company was only able to survive through plunging into
enormous debts (Toyota Motor Corporation, 1988). Reingold (1999) reports, that the
company’s cash flow was so horrendous that at one point in 1948 Toyota’s debt exceeded its
total capital value by eight times. The financial situation brought the company to the verge of
bankruptcy (Toyoda, 1987). To make matters worse, Toyota was afflicted by severe problems

to achieve an acceptable productivity level. Seeking a way out, the company initiated a number
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of measures which, amongst others, triggered the development of the TPS (Ohno and Kumagai,
1980; Toyota Motor Corporation, 1988). Meanwhile, Toyota restructured its product portfolio
to make the transition from the low variety high volume truck production in wartime economy
to wide variety small volume post-war passenger car production (Cusumano, 1985; Fujimoto,
1999; Ohno and Kumagai, 1980; Toyota Motor Corporation, 1988). Ohno (1988) summarised
the situation objectively stating the ‘problem was how to cut costs while producing small
numbers of many types of cars’ (Ohno, 1988, p.1). This notion partially translates into the TPS’
core objective to cut costs through constant and thorough waste elimination (Monden, 1983;
Ohno, 1988). Elaborating on this objective, Ohno (1988) equates the cost reduction aspect with
production efficiency which will be later picked up by Womack and Jones (1994, 1996a,
1996b). Toyota’s strong focus on cost reduction, corresponding in this context to waste
elimination, not only allowed offering their products at competitive prices thus successfully
challenged the Western mass production paradigm but also helped to drastically reduce lead-
times and increase production flexibility. This in turn has a number of positive side effects
including higher quality, better customer responsiveness, and resource utilisation (Bicheno,
2004; Fiore, 2005; Liker, 2004). Monden (1983), for instance, partly picks up these side effects
and defines them as sub-goals which are strongly interrelated with the primary objective of cost

reduction.

As Western researchers and practitioners start codifying Toyota’s production system, MIT
researcher Krafcik (1988) aptly expressed the core objective naming the Western interpretation
of TPS ‘Lean Production’. Lean since the production system continuously cuts away excessive
thus wasteful activities leaving the company on a higher productivity level with the same or

lower resource input; therefore the notion ‘more with less’. Womack et al. (1990) and Womack
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and Jones (1994, 1996a, 1996b) adopted the main goal of the original TPS and made waste

elimination the primary target of Lean.

Adding to this core objective, academics and researchers typically refer to the logic through
which a company may achieve this target: pushing efficiency and effectiveness in the
company’s value stream by reducing waste and rearranging all value-creating activities in a
steady flow to the customer (cf. Womack and Jones, 1994, 1996a, 1996b). In other words, Lean
Thinking® provides a systematic concept to identify value, line-up the value-creating activities
most efficiently, uninterruptedly execute these activities when they are requested, and
constantly improve them. In short, Lean strives to promote customer value while increasing
efficiency and effectiveness in the company’s value stream by eliminating waste (Womack and
Jones, 1996b). This driving logic, however, should not be considered as targets of the traditional
Lean approach. Accordingly, other benefits a company might expect to realise, if leaving the
mass production mentality for the Lean approach behind, typically include, in addition to the
previously mentioned, increased workforce productivity, more transparent processes, lower
inventory levels, shorter time-to-market, reduced scrap, closer supplier relationships, and
improved responsiveness to changes in the business environment (MIT, 2000). These beneficial
side-effects, however, should not be viewed as targets of Lean but as logical consequences of
the underlying logic that leads to the elimination of waste. For a more comprehensive list of

potential benefits refer to Bhasin and Burcher (2006). The wide array of benefits covering all

6 Womack and Jones (1994, 1996b) define Lean Thinking as the business logic driving the Lean approach.
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three, time, cost, and quality, constitutes the main reason for companies to embrace Lean

(Hoppmann, 2009).

The initial exclusive focus on waste elimination, to be equated with TPS’ original target of cost
reduction, nurtured a misinterpretation of Lean with alarming consequences; the IMVP’s third
automobile study identifies a notable number of companies employing Lean exclusively to
reduce costs, even if cutting into quality. This narrow-minded employment prompted in a
number of cases negative associations of Lean with flattening organisational hierarchies and
cutting costs at the expense of employees (Hoppmann, 2009; Murman et al., 2002). Particularly
the latter is considerably problematic since it causes resistance among the employees whose
contribution is vital to successful Lean efforts (Murman et al., 2002; Womack and Jones,
1996b). Albeit being true to the core objective of cost reduction, presumably through putative
waste elimination, this narrow interpretation of Lean does not apply the driving logic of
maximising value through increasing efficiency and effectiveness in the entire value stream to
arrive at this goal. This clearly demonstrates how the whole Lean concept is often insufficiently

understood.

Murman et al. (2002) who adopted and redefined the Lean principles for the aerospace and
aircraft industry tackled this detrimental development by emphasising the significance of value
creation. This step was perceived necessary to address constraints of the original concept which
set a systematic focus on eliminating waste without equally concentrating on creating value

(Murman et al., 2002).

Marking the most recent major development of the Lean approach, Nightingale and Srinivasan
(2011) kept this increased focus on creating value but refined the main objective of Lean. The

MIT researchers complemented Lean by integrating the systematic elimination of
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organisational misalignments and including the achievement of strategic objectives as a main
priority to help leveraging Lean to a strategic, company-wide concept (Nightingale and

Srinivasan, 2011).

Having undergone much change over time, Lean is prone to be misunderstood. In fact, the large
majority of literature from both academia and industry still focuses on Lean as it was initially
interpreted by Womack and Jones in 1996. Consequently, there is a danger of misinterpreting
the ideas and objectives of Lean and therefore of choosing a concept for the wrong purpose or

at least reducing it to its very basics.

2.1.3 Lean Principles

Lean is promoted by a large array of practitioners and researchers as a total approach (cf.
Browning, 2003; cf. Convis, 2001; cf. Elliott, 2001; cf. Liker, 2004; cf. Meier, 2001; cf.
Nightingale, 2011; cf. Sanchez and Pérez, 2001; cf. Shingo, 1989; cf. Womack and Jones,
1996a, b). This more recent understanding of Lean stands in stark contrast to its early
interpretations as a set of tools and practices which has often been attempted to be only partially
implemented and typically from the bottom up in a method-driven approach (Hines et al, 2004).
However, it soon became apparent that the full benefits can only be reaped if Lean is
implemented on more than just the shop-floor level (Convis, 2001) and not just driven from the
bottom up by implementing a number of tools and practices (Nightingale, 2011). In an attempt
to better understand and communicate Lean, the system has been broken down in a varying
number of layers (cf. Baines et al., 2006; cf. Convis, 2001; cf. Liker, 2004; cf. Pullin, 2002).
Albeit Lean varies in the number of layers it consists of, all constructs include philosophical

guidelines and a class for tools or processes. Although it has been debated that Lean constitutes
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for a business philosophy (Lewis, 2001), as proposed by Ohno (1988) and Womack and Jones
(1994, 1996a, 1996b), the vast majority of researchers promote to view Lean as a philosophy
which includes a number of concepts (Bhasin and Burcher, 2006; Convis, 2001; James, 2005;
Liker, 2004; Nightingale, 2011; Pullin, 2002). Despite this well-established differentiated view
on Lean, there are still many discussions of academics and practitioners which fail to recognise
the different levels of Lean and often reduce it to a set of tools which only reflects the crude
early understanding of this approach. The philosophical guidelines, usually referred to as
‘principles’, serve to provide direction in the daily ‘chaos’ (Bicheno, 2004; Karlsson and
Anlstrom, 1996; Liker, 2004; Murman et al., 2002; Olexa, 2002a, b); they guide into a direction
rather than an end state (Karlsson and Ahlstrém, 1996) and are made actionable by the methods

and tools provided.

Term Definition
% Target = Customer Achievement of customer satisfaction by identifying and
o = Value delivering customer value.
D =
2 £ . Procurement of objectives corresponding with customer
g . = Effectiveness -
% Principles i} needs and the strategic targets of the company.
[0
a Efficiency thlmal use qf all resources directly or indirectly invested
= in value creation.
© . . . . .
> . Statements which provide guidance in the pursuit of the
L Principles - .
3 target dimensions.
c . . .
o A systematic technique or procedure for conducting
I specific tasks, typically involving various steps.
3
o

A facilitator or enabler for the use of a method such as
an design evaluation form or piece pf software.

Figure 4: Layers of Lean

The generic depiction of Lean in Figure 4, representing the various layers of Lean, shows on
the first level of the pyramid common goals defining the target dimensions which are pursued
by the items on the levels below. Previously described as the logic behind Lean, i.e. Lean

Thinking, the common goals are all aligned to the one overarching main target of waste
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elimination. Beneath the target layer are the guiding principles which seek to provide guidance
when striving towards these goals. On the third level follow methods and techniques which
provide actionable procedures for the pursuit of tasks and activities. The bottom layer is made
up of tools which facilitate and enable the use of methods. Within the scope of the work at hand,
the operational level of Lean with all its well-known methods and tools such as just-in-time,
value stream mapping, just-in-time, zero inventories, 5S, visual management and many more’,
will not be discussed since, as pointed out in section 1.4, they all fall into the operational level
thus are strongly inherently limited with regards to their transferability into the knowledge-

based environment of product development.

After MIT’s five-year IMVP landmark study and several confirmatory benchmarking studies
(Andersen Consulting Group, 1993; Boston Consulting Group, 1993; IBM Consulting Group,
1993), the message that Lean vyields superior performance quickly spread in industry.
Unequivocally, researchers hereby attach great importance to the book ‘The machine that
changed the world’ published by the three MIT researchs Womack et al. (1990) which reached
a wide audience with its non-technical and easily readable character (Holweg, 2007).
Subsequently, two of the book’s authors went into consultancy to aid companies seeking to
embrace Lean. During their consultancy workshops, Womack and Jones were facing
practitioners who took their work to a pragmatic and user-oriented next level (Womack and

Jones, 1996b).

7 For a good overview of existing Lean methods and tools refer to Bicheno (2004).
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Womack and Jones (1996b) acted upon their input by summarising the Lean philosophy in five
guiding principles (see Figure 5). According to the authors, this was no easy task since most
Lean techniques have been developed from the bottom up and in most cases tailored towards
activities specific to the individual departments. Although by time of publication many Lean
techniques have already been explained in detail (cf. Cusumano, 1985; cf. Hall, 1983a, b; cf.
Imai, 1986; cf. Japan Management Association and Lu, 1989; cf. Monden 1981a, b, c, d, 1983;
cf. Nakane and Hall, 1983; cf. Ohno, 1988; cf. Ohno and Kumagai, 1980; cf. Schonberger,
1982a, b, c, 1983a, b; cf. Schonberger and Gilbert, 1983; cf. Shingo, 1983, 1988, 1989; cf.
Sugimori et al., 1977), the system which ties them all together was largely implicit (Womack
and Jones, 19964, b). This lacking understanding of Lean as an integrative and holistic system
led in many instances to the formation of isolated islands of efficiency and effectiveness.
Without implementing Lean as a whole, these companies often struggled to sustain their Lean
efforts and never came close to reaping the full array of benefits this approach offers (Womack
and Jones, 1996b). Womack and Jones (1996b) expressed their framework in five principles to
redefine Toyota’s practices and increase their compatibility with established Western

managerial approaches (MIT, 2000).
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Principle Tasks Result

= Determine customers Precise specification of value
= Analyse perceived value from a customer point of view

\ 4

= |dentify all value-adding and
non-value adding activities

= Map value stream

= Eliminate type two muda

Entirely mapped value stream

\ 4

= Align all activities Continuous flow of all value-
= Harmonise the value stream adding activities

\ 4

= Specify each activity’s up- and
downstream customer Customer triggers all processes
= Deploy signalling methods in the entire value stream

\4

= Make processes transparent

= Create a structure and culture
which promotes continuous Continuous increase in
bottom-up improvement efforts effectiveness and efficiency

»
»

Figure 5: Summary of Womack and Jones’ (1996b) Lean principles (Freudenberg, 2012)

Challenged by economic and political developments described in section 2.1.1, Murman et al.
(2002) redefined the original Lean principles for the aerospace and aircraft industry (see Figure
6). On this endeavour, the authors emphasised the core theme of ‘Lean Enterprise Value’ to
extent the focus and scope of Womack and Jones’ (1996b) principles. Murman et al. (2002)
shift the initial focus on waste elimination towards creating value for not just the customers in-
and outside the company but all relevant stakeholders. Moreover, the scope is widened through
redefining the Lean principles to improve their applicability at a company level. Despite the
claim of full applicability to the entire company, Womack and Jones’ (1996b) initial
understanding of Lean predominantly concentrated on methods and tools specifically designed

for the manufacturing environment. Murman et al.’s (2002) promoted enterprise perspective
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lifts Lean out of its traditional production environment to a company level to enable exerting

influence on the complete value stream and systematically addressing not only the

interdependencies of internal structures but also the interconnections with the external

environment. This newly found understanding of Lean was not simply created by the array of

MIT researchers who have contributed to the publication of Murman et al. (2002) but was

developed over many years of research in the unique environment provided by the LALI. In the

LAI, universities, companies, and government agencies collaborated on an international level

to continuously develop Lean further and disseminate this managerial approach to all industrial

sectors (Murman et al., 2002).

Principle Tasks

= |dentify the right value stream
= Improve flow across all activities
= Establish supporting structures

Result

Balanced increase in
effectiveness and efficiency

\4

= |dentify relevant stakeholders
= Create robust value propositions
= Deliver promised value

\ 4

Customer-focused value
delivery

= Assign responsibilities and
establish structures across the
entire enterprise

Lean initiative is supported at all
levels across the whole
company

= Analyse internal structures,
processes, and interfaces

= Assess interdependencies with
the external environment

Management of internal and
external interdependencies

\ 4

= Introduce encouraging work
practices

= Foster a shared vision and mission

= Establish structures and methods ~

\ 4

Highly interactive and
collaborative workforce

L

Figure 6: Summary of Murman et al.’s (2002) Lean principles (Freudenberg, 2012)
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Driven by LAI’s mission to assist large and complex companies in their organisational
restructuring efforts (Lean Advancement Initiative, 2012), Nightingale and Srinivasan (2011)
refined on Murman et al.’s (2002) work and developed their seven principles of Lean Enterprise
Transformation (see Figure 7). The idea behind Lean Enterprise Transformation is to combine
Lean with established models for organisational change thus take Lean’s flexibility and
responsiveness to an organisational level and support businesses in their restructuring efforts in
an increasingly dynamic environment (Nightingale and Srinivasan, 2011). While Murman et
al.’s (2002) redefined understanding of Lean sought applicability on a company level,
Nightingale and Srinivasan’s (2011) publication provide the means in form of methods and
techniques which make the new principles actionable. The authors integrate the two established
approaches of continuous and episodic organisational change into one concept to satisfy a
company’s stakeholder needs. Continuous change, often effectuated through bottom-up
continuous improvement initiatives or employee suggestion systems concentrates on optimising
local aspects of a company while episodic change represents a reaction to severe changes in the
internal or external business environment and is typically triggered top-down. The combination
of both change paradigms with the Lean approach strive to deliver Lean improvements on a
company scale. The seven Lean principles promoted by Nightingale and Srinivasan (2011) seek
to overcome the shortcomings of local improvement efforts by proactively bringing effective

organisational change and systematically leveraging the stakeholders’ value propositions.
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Principle Tasks Result

= Asses the enterprise’s core Understanding of enterprise’s
competencies and capabilities functionality and constraints

\ 4

= Distribute leadership

» Clearly communicate objectives AL @i 2 [enlae i

\ 4

» Analyse and prioritise stakeholders

= Distribute value fairly Stakeholders and their needs
= Constantly monitor stakeholders are precisely specified

= Align all activities to stakeholders Efficient customer-focused
» Optimise resource utilisation processes

\ 4

» Define system boundaries
= Map structures, processes, and

policies Awareness of internal and
= Determine interdependencies external interdependencies
= Stabilise value stream Stable flow-oriented
= Make value-adding activities flow organisational structure

\ 4

» Engage at all levels

= Create a context and culture that
supports continuous learning Continuous organisational

= Establish formal structures evolution at all levels

»
L

Figure 7: Summary of Nightingale and Srinivasan’s (2011) Lean principles (Freudenberg, 2012)

Albeit the notion of principles may suggest a clear division of the Lean approach into a number
of elements, the individual principles should not be considered isolated or independent and
therefore not attempted to be introduced as such. On the contrary, the principles, which provide
the philosophy behind the Lean approach, are tightly connected and often have synergetic
effects which further supports the idea of treating them as an interconnected system of

reinforcing elements (Hoppmann, 2009). Just as the Lean concept has been constantly
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developed further over time, the Lean principles reflecting the changing focus and scope of the
Lean philosophy developed. Another aspect of this development that needs careful
consideration during any debate is the differentiation between the Lean paradigm and its target
dimensions, and the principles, methods, and tools related to it (Baines et al., 2006). A clear
picture can be only drawn if considering the development of the Lean idea and distinguishing

between the different levels.

214 Value

In the original Lean, value is defined as the inherent worth of a product as perceived from the
customer point of view (Womack and Jones, 1996b), reflected in the price a company can ask
for (Porter, 1985), and the size of the market demand (Marchwinski et al., 2008). In
manufacturing, a company creates value through a number of activities for which some the
customers are willing to pay for (value-added) and others which necessarily result from current
work conditions (non-value-added) (Marchwinski et al., 2008; Ohno, 1988; Womack and Jones,
1996b). The value of a product is enhanced by optimising time, cost, and quality along the

whole value stream (Hines et al., 2004).

The initial set of principles by Womack and Jones (1996b) defined value solely through the
customer’s lens. The customer in the Lean system, however, is not just the external customer
but also the downstream customer within the company. When specifying customer value,
Womack and Jones (1996b) recommend ignoring existing technologies and assets to avoid
essential misjudgements. Such misjudgements may include prioritising shareholder demands
over customer needs, attempts to maximise asset utilisation, or integrating an unnecessary

amount of technical features into a product. According to Womack and Jones (1996b), these
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distortions can be largely overcome if starting the process with capturing an exact definition of
what the customer is willing to spend money on, of what he values. As the same authors remark,

delivering ‘the wrong good or service in the right way is muda’ (Japanese for waste) (Womack

and Jones, 1996b, p.19).

After having specified value, the company needs to produce and deliver the customer value
which translates into manufacturing and delivering the desired product at the right price, place,
and time (Oakland, 2003). This ambitious target requires the entire company and all its involved
functions to realign all activities to the end customer who is willing to pay for their efforts. Yet,
not every department may grasp the definition of customer value and instead may develop their
own notions of value such as maximising asset utilisation, advancing careers, driving profits,
etc. These, from a company point of view, quite selfish interpretations of value are prone to
contradict with each other and often do not serve the best interests of the company (Womack
and Jones, 1996a). Consequently it does not suffice to just grasp the idea of what the customers’
value, their requirements, preferences, and expectations also have to be communicated along
the whole value stream. The task of capturing, disseminating, and delivering customer value
becomes even more challenging if a company operates in a heterogeneous market with a diverse

set of customers (Hoppmann, 2009).

Addressing unfavourable developments of organisations which used the Lean approach
exclusively to reduce costs sometimes even at the expense of quality, Murman et al. (2002)
stressed the significance of value creation. Additionally, in an attempt to lever Lean to a
company level, Murman et al. (2002) shifted the focus away from the internal downstream and
paying external customers to all relevant stakeholders. Consequently, a company embracing a
more contemporary understanding of Lean not only seeks to deliver value to the customer, but

also to all other relevant stakeholders such as its workforce, shareholders, suppliers, and maybe
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even partners, and local communities. Lingering on this idea, this rethinking implies that
stakeholder value cannot be exclusively increased by optimising the traditional time, cost, and
quality triangle. A company is now required to deliver intangibles to other interest parties such
as employees by increasing job satisfaction through job enrichment, for example by assigning
additional responsibilities, creating learning opportunities, etc. (cf. Herzberg, 1968).
Maximising profit for shareholders, increasing job satisfaction and creating learning
opportunities for employees become of relative equal importance when applying Lean from
Murman et al.’s (2002) perspective. Albeit not returning profits in a clear cut way sold products
do, Murman et al. (2002) regard addressing the latter mentioned more intangible stakeholder
issues as very important since they benefit the company indirectly in various ways. Business
strategists Porter and Kramer (2011; 2015) base their hotly debated concept of shared value on
a similar idea. The authors define shared value as ‘policies and operating practices that enhance
the competiveness of a company while simultaneously advancing the economic and social
conditions in the communities in which it operates’ (Porter and Kramer, 2011, p.66). Analogue
to Murman et al. (2002), Porter and Kramer (2015) regard social problems as opportunities to

create a competitive advantage and realise business innovation.

Nightingale and Srinivasan (2011) retain the understanding of stakeholder value and make the
stakeholders, who provide value to and derive value from the company, the centre of
organisational change. Their continuous engagement with the company needs be procured by
reasonably delivering on their needs and expectations (Nightingale and Srinivasan, 2011). As
previously stated by Murman et al. (2002) and according to Philips et al. (2003), stakeholders
are not of equal importance to a company and the value they receive is normally not uniformly
apportioned (Gibson, 2000). Analogue to Murman et al. (2002), Nightingale and Srinivasan

(2011) recommend to determine all relevant stakeholders, prioritise them according to their
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importance to the company, and capture their idea of value by performing a stakeholder analysis
using employee surveys, market analyses, and other techniques for capturing the necessary
information. Since value is not equitably shared among the stakeholders, the authors emphasise
finding a fair balance to procure the stakeholders’ continued engagement in the company.
Similar to other managerial concepts, the target needs to be the constant increase in stakeholder
value. Considering the dynamic nature of stakeholders, Nightingale and Srinivasan (2011)
advise to continuously monitor all relevant stakeholders following their initial assessment.
Newly emerging stakeholders as well as changing value perceptions such as environmental
sustainability or social responsibility need to be identified early since they quickly lead to

fundamental changes in the business environment.

2.1.5 Waste

The concept of waste is often referred to in the Lean context with the word muda (Japanese for
waste) and is consensually defined as all elements which only absorb costs without adding value
(Bicheno, 1998; Imai, 1997; Morgan and Liker, 2006; Ohno, 1988; Womack and Jones, 1996b).
Toyota’s Chief Engineer Taiichi Ohno strongly influenced the understanding of waste by
categorising all forms of wasteful activities found in manufacturing into seven groups (Figure
8). This understanding of waste became commonly known as the ‘seven wastes’ (cf. Bicheno,
2004; cf. Hines and Rich, 1997; cf. Macomber and Howell, 2004; cf. Marchwinski et al., 2008;
cf. Murman et al., 2002; cf. Rother and Shook, 2003; Shingo, 1989). Ohno’s (1988) seven waste
categories consist of defects in products, unnecessary movement of people, unwarranted
transport of goods, overproduction of goods, inventories of parts and products waiting for

further processing, unnecessary processing, and waiting of employees for an upstream process
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to finish. The categories, however, were often perceived as too narrowly defined to the
manufacturing environment in which Ohno (1988) created this taxonomy. Consequently, a
number of researchers and practitioners added extra types of waste to adapt this concept for

their purposes. Figure 8 offers a number of examples from different industries.

Not industry specific/general

- e -

:'l Not Listening | |

: | Not Speaking

- -

1
1 | Structural Inefficiencies
1

: | Opportunity Costs

Nightingale and Srinivasan (2011)

Construction

Koskela (2004)

Consultancy

Emiliani (1998)

Figure 8: Waste categories

Overproduction
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Transportation
Overprocessing
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( 1
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1 1
|| Inappropriate Systems | "
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1 | Wasted Energy and Water | 1
1
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Prouty (2008)
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Looking closer at the different waste categories it becomes apparent that for most cases® the

core remains the seven waste types initially defined by Ohno (1988).

Based on Ohno’s (1988) observations but regardless of the taxonomy, Womack and Jones
(1996b) further distinguish between activities which do not add value but are required to
maintain operations (type one muda) and those which are not adding value and are not
necessarily required and can therefore be immediately eliminated (type two muda)
(Marchwinski et al., 2008; Womack and Jones, 1996b). The former type of wasteful activities
may not create value for the customer but could help the company controlling and managing
their activities or are simply unavoidable with current production assets or technologies, such
as the collection of performance data or the quality control after certain process steps (Bicheno,
2004; Marchwinski et al., 2008). Type one muda is easy to add but hard to remove and hence
should be prevented where possible or reduced to a minimum through automation,
simplification, standardisation, and the application of suitable technologies (Bicheno, 2004).
Type two muda, on the other hand, is typically easier to detect and remove and therefore should
be the starting point for waste elimination initiatives as their removal greatly helps to picture
the value stream and offers quick wins (Bicheno, 2004; Marchwinski et al., 2008; Womack and

Jones, 1996b).

Regardless of the evolutionary stage of Lean, the elimination of waste is regarded as a key

factor within the Lean concept to achieve the core objective cost reduction (Monden, 1983;

8 In addition to the complementing waste categories mentioned in Figure 8, Bicheno (2004) translates the seven
wastes exclusively for services into duplication, unclear communication, delay, opportunity lost, unnecessary
inventory, unnecessary movement, and errors.
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Ohno, 1988; Sugimori et al., 1977). Ohno (1988) even goes as far as characterising Lean as ‘a
method to thoroughly eliminate waste and enhance productivity’ (Ohno, 1988, p.54). And as
waste elimination not only cuts costs but also reduces lead times (Ohno, 1988), it is considered
to be far more important than driving process efficiency (Bozdogan, 2010). Although this focus
has gradually shifted towards value creation, waste and its removal maintained a prominent role

in the contemporary perception of the Lean concept (see section 2.1.2).
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2.2 Product Development

This second section of the literature review starts off by providing a detailed account of the PD
environment in its historical context and how managerial practices and organisational structures
have adapted to cope with these changes. This first part provides a firm foundation for as to
how and why companies have arrived at today’s prevalent structures and management practices.
The subsequent section explains and discusses the three most predominant product
development process models currently in use across industries. The last part of this section
introduces current best practices and presents a number of examples to pave the way for their

implementation into the theoretical framework developed in chapter 3.

2.2.1  Product Development Context and Management Responses

Research and development has been the focus of academic research for many decades and has
been investigated in different contexts and ever changing economies and environments
(Nobelius, 2004). Throughout the transition from the 1950s booming markets to today’s
fiercely competitive global business environment, the way in which companies organise and
manage their PD activities has been subject to major changes (Christensen, 2002; Larson, 2007,
Nobelius, 2004; Rothwell, 1994; Takeuchi and Nonaka, 1986; von Zedtwitz et al., 2004). In an
attempt to make sense of these changes, numerous researchers have categorised relatively
distinct features and patterns in PD into evolutionary phases, often referred to as ‘generations’
(e.g. Ahmed and Shepherd, 2010; e.g. Amidon Rogers, 1996; e.g. Miller and Morris, 1999; e.g.
Niosi, 1999; e.g. Rothwell, 1994; e.g. Roussel et al., 1991). Although this taxonomy bears
limitations as it tends to generalise or oversimplify many aspects and overall seeks to define

distinct time periods which in reality have no clear-cut boundaries, the concept of generations
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is easy to understand and communicate. Hence it is implicitly used in the remainder of this
section to describe the business environment, the changes it has undergone over time, and the
main features companies have adapted to cope in a constantly evolving market. Each paragraph
will start by detailing the most distinct features of the corresponding phase and finish with the
managerial practices and techniques which have been predominantly adapted to deal with the
previously described changes in the business environment. It shall be noted, however, that often
a company cannot be placed in a single generation due to its diverse character, age,

demographics, research intensity, the industry it operates in, and so forth (Nobelius, 2004).

Triggered by two major oil crises in the 1970s, organisations throughout the world had to cope
with a high degree of inflation, increasingly saturated markets, and growing unemployment.
These market changes gave rise to a wave of consolidation and rationalisation across industries
(Rothwell, 1994). Resulting resource constraints made it increasingly important to control and
reduce costs (Miller, 1999) thus necessary to eliminate wasteful activities on a process level
(Galbraith, 1973) and overall increase the success rate of time and cost-intensive innovation
projects (Rothwell, 1994). A number of studies investigating the development process (e.g.
Cooper, 1980; e.g. Langrish et al., 1972; e.g. Myers and Marquis, 1969; e.g. Rothwell, 1976;
e.g. Szakasits, 1974; e.g. Utterback et al., 1975) enabled companies to abandon the often
employed ‘strategy of hope’, in which PD was largely intuitive and isolated, and transform their
development processes into a number of manageable and repeatable activities aligned with
organisational targets (Amidon Rogers, 1996; Research Technology Management, 2011;
Roussel et al., 1991). A main feature of this new innovation process was a strong formal link
between marketing and PD that allowed tying development capabilities closer to customer
needs (Cooper, 1979; Dunn and Harnden, 1975; Gupta et al., 1986; Hauser and Clausing, 1988;

Hutt and Speh, 1984; Nobelius, 2004; Rothwell et al., 1974; Xie et al., 1998).
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After a period of economic recovery and with the emergence of a new generation of information
technology-based (IT) equipment, such as CAD supported engineering, companies reset their
focus to global manufacturing strategies to cope with increasingly internationalised markets
and ever fiercer growing competition (Ahmed and Shepherd, 2010; Bessant, 1991). In reaction
to a growing global economy and in pursuit of a working global strategy, many small (Rothwell,
1991) and large companies began forming strategic alliances (Contractor and Lorange, 1988;
Dodgson, 1994; Hagedoorn, 1990), often supported and encouraged by local governments
(Rothwell and Dodgson, 1992). This situation was intensified by increasingly shortened product
lifecycles and a growing awareness of superior Japanese PD performance which allowed
companies, such as Honda, Nissan, Sony, and Toyota, innovating more effectively and
efficiently than their Western competitors (Clark et al., 1987; Cusumano and Nobeoka, 1992;
Rothwell, 1994). Especially the Japanese automotive industry served as a benchmark industry
for the new time-based development paradigm (Clark et al., 1987; Clark and Fujimoto, 1991b;
Cusumano and Nobeoka, 1992; Stalk, 1988). Time-to-market was recognised as a rich and
untapped source of competitive gain (Burt and Soukup, 1985; Smith and Reinertsen, 1991;
Stalk, 1988) which was mainly accessed through integration and parallelisation (Ahmed and
Shepherd, 2010; Nobelius, 2004; Rothwell, 1994; Takeuchi and Nonaka, 1986). The integration
efforts went far beyond the previously clearly defined interfaces between marketing and
development: horizontally, it now encompassed integrating all involved functional
departments, now also including purchasing (Burt and Soukup, 1985; Fox and Rink, 1978),
engineering (Takeuchi and Nonaka, 1986), manufacturing (Dean and Susman, 1989; Whitney,
1988), as well as finance (Smith and Reinertsen, 1991) and vertically closely interacting with
and integrating suppliers at an early stage in the development process (Liker et al., 1996;

Rothwell, 1994). The second salient feature of Japanese companies is the parallel rather than
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sequential execution of processes (Ahmed and Shepherd, 2010; Rothwell, 1994). Translated
into concepts, this approach to PD became known as simultaneous engineering, concurrent
engineering, or set-based concurrent engineering (SBCE) (Ward et al., 1995). A clear

differentiation between these three terms will be made in detail in section 3.2.3 and 3.2.5.

Under the pressure of a growing number of regulations, shortening product lifecycles, and
technological advancements, especially in information and communication technology, the task
of managing an increasingly complex process for more and more sophisticated products in a
globalised world became more and more difficult (Jelinek et al., 2012; Jelinek and Bean, 2010).
These developments eroded the boundaries between functional departments and the outside
world even more and made the management of interfaces and coordination of activities a key
role of PD (Amidon Rogers 1996; Jelinek et al., 2012; Nobelius, 2004). After the previous
horizontal integration of all involved functional departments, companies now strive to increase
their vertical integration by closely interacting with customers, competitors, distributors, etc.
(Amidon Rogers, 1996; Nobelius, 2004). This vertical integration and the remaining
commitment for strategic networks as coping mechanisms to compete in an increasingly
consolidated, dynamic and internationalised business environment is enabled and supported by
the advancements in information and communication technology which allow collaborating
across geographic boundaries and accessing the global talent pool (Jelinek et al., 2012). All of
the previously mentioned developments only heightened the importance of the already widely
adapted features, such as integration and parallelisation, and only nurtured the need for short,
effective, and efficient development cycles (Rothwell, 1994). The advent of modern
information and communication technology and the increasing computerisation allow for the
electronification of the entire development system. Traditional face-to-face interaction was

largely replaced by parallel processing through electronic means and the sharing of knowledge
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in the spirit of a collaborating and learning organisation greatly stimulated by advancing
technology (Ahmed and Shepherd, 2010). Previously tacit knowledge became a new asset
which needed to be made explicit and managed to make the most out of an ‘e-integrated’

development process (Amidon Rogers, 1996).

Throughout the previous decades the complexity of the PD process as well as the products
under development has continuously risen. One of the more recent drivers for complexity
includes the challenging desire of today’s customers for customised products which meet their
individual and unique needs (Ahmed and Shepherd, 2010; Schuh, 2013). Other drivers in a
horizontally and vertically integrated company operating in a global market include the fact
that, compared to the early days, numerous more aspects have to be considered (e.g. after-
market, environmental, industrial design, interoperability) and more actors have to be interacted
with (e.g. purchasing, marketing, manufacturing, finance, customers, suppliers, distributors,
partners, and competitors) while maintaining an effective and efficient product development
process delivering products at the intended quality in a set timeframe. Nobelius (2004, p.374)
further points out that the ‘need for taking more aspects into account is driven by product and
technology complexity; the demand to cooperate with more actors is driven by larger
technological investments and rational specialization; and the necessity of efficient and
effective commercialization of new technology is driven by rate-of-return demands and the cost
of being late’. Beyond these challenges, companies have to continuously renew and expand
their product portfolio through incremental innovation as well as develop and open up new
markets with breakthrough innovations. All these changes and developments render the
likelihood of a single company possessing all these capabilities and content to satisfy the unique
demands of their customers very low (Ahmed and Shepherd, 2010). Although many companies

in the past have coped with this situation by acquiring the necessary capabilities and knowledge
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by imitating competitors, constructing networks and strategic alliances as well as strategically
acquiring new firms (Chesbrough, 2006), a number of factors, such as the increasing number
and mobility of skilled workers as well as availability of venture capital, have eroded the
underpinnings of the traditional closed innovation model and compelled companies to strive
towards a more open and flexible approach of innovation (Chesbrough, 2003; Gassmann and
Enkel, 2004). Chesbrough (2006) explains open innovation as the antithesis to the traditional
closed innovation model which sought through vertical integration to internally develop,
produce and distribute new products. In one sentence, the author defines open innovation as
‘the use of purposive inflows and outflows of knowledge to accelerate internal innovation, and
expand the markets for external use of innovation, respectively’ (Chesbrough, 2006, p.1).
According to Ahmed and Shepherd (2010), open innovation evolved from partners in networks
and strategic alliances who willingly participated in shared product development projects.
Within the open innovation model it can be further distinguished between an outside-in, inside-
out, and a coupled process. Companies choosing an outside-in process integrate external
knowledge through joint ideation processes with customers and suppliers, joint business
developments, acquiring intellectual property licenses, venturing, spin-ins, and acquisitions.
Companies adopting an inside-out process externalise their knowledge through making use of
product development services, licensing-out, spin-offs and divestments. This approach is often
adopted since the company possessing the idea or knowledge needs to develop and
commercialise their product faster than they internally could or simply because it lacks the
required capacities and capabilities to do so. A coupled process in open innovation is a
customised combination of both inside-out and outside-in processes tailored towards the
requirements of a company (Gassmann and Enkel, 2004). While some authors argue that open

innovation merely represents and repackages past findings and concepts, in short is just ‘old
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wine in new bottles’ (Trott and Hartmann, 2009), it offers in its current interpretation and
today’s business environment significant benefits. Possibly most noteworthy is a successful
adopter’s ability to leverage external PD capabilities enabling the company to extend its
capabilities and reach for new ideas and technology while concentrating its own resources to
in-house development projects. As a consequence, companies can greatly enhance their internal
development performance and grow their revenue through selling and licensing-out of

otherwise unused intellectual property (Ahmed and Shepherd, 2010).

2.2.2 Process Overview

Companies increasingly focus on PD as their competitive lever in a complex, fast-paced and
highly-competitive world (Ahmadi et al., 2001; Cooper, 1990; Sheu and Lee, 2011). Nepal et
al. (2011) identify a well working PD process as a key to survival of manufacturing companies
in a global economy. Process models have been determined to play a significant role in this
context (Yadav et al., 2007). Implicit or informal processes often lead to unreliable and
inconsistent decisions, which in turn drive costs and typically significantly increase time-to-
market (Ahmed and Shepherd, 2010). The literature offers myriad models to structure product
development (cf. Cooper, 1983; cf. Saren, 1994). But despite the large academic interest in PD
structures, the important issue of how companies should go about implementing contemporary
product PD remains largely under-investigated. Considering the diversity of companies and
industries as well as the inherent intricacies of PD processes, Calantone et al. (1995) and
Harmancioglu et al. (2007) assert that there is no general solution to this problem. To address

the issue of implementation, the following discussion reviews the most established
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development process models in order to be able to later detach itself from the numerous process

models and break them down into basic generic components common across PD models.

The predominant solution of best practice companies for structuring development activities and
most widely used form of PD process is the traditional and sequential Stage-Gate®® System
(Cooper et al., 2004c; Hauser et al., 2006) which is sometimes also referred to as the waterfall,
phase-gate or life-cycle process (Unger, 2003). This generic system for structuring product
development found great attention during the late 1980s and early 1990s during which it was
implemented by many industries (Holmes and Campbell, 2004; Nepal et al., 2011). Although
phase models have been around for decades, it was not until 1957 when Johnson and Jones
(1957) firstly presented the notion of stages and fix decision points. Gate systems of various
forms became common practice in PD and Cooper (1990) presented his Stage-Gate® system
with gates serving as screening and decision making procedures (Christiansen and Varnes,
2009). The Stage-Gate® model divides the PD process into a number of discrete stages in which
the actual development activities are carried out and gates at which the quality of the work is
assessed with a set of deliverables (Cooper, 1990). Upon positive review during the screenings,
the PD project moves from one phase to the next. During the individual stages, when the actual
development is carried out, there might be many iterative loops necessary until the development
project meets the screening criteria. Should the product in development find itself unable to
meet the screening criteria at some point or the activities in one phase fundamentally alter the

inputs or outputs from a previous stage, the project is either discarded or has to iterate back

® This term is a registered trademark of the Product Development Institute (http://www.prod-dev.com), co-founded
by Dr Robert G. Cooper and Dr Scott J. Edgett.
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across phases. The latter mentioned cross-phase iterations are often very time-consuming and
usually generate expensive rework. This inflexibility to cross phase boundaries is a major
disadvantage, especially if product specifications are poorly understood at the outset of the
project or change throughout it (Unger, 2003). The Stage-Gate® model also proves
disadvantageous if a company prioritises speed and time-to-market over quality control and
additional features (Ahmed and Shepherd, 2010; McConnell, 1996; Rosas-Vega and Vokura,
2000). The mentioned disadvantages, however, can also serves as the Stage-Gate® model’s
strengths in a different situation. This is particularly true when technical risk is high thus where
there is a high need for documentation and quality control and when project requirements are
well understood in the beginning. Rigid product specifications provide a clear focus and allow
all involved parties to work towards a well-defined goal. In a stable project environment where
the need for quality control and error-avoidance is high, for example technology for nuclear
reactors or space exploration, the traditional sequential Stage-Gate® is a very attractive choice

(Unger, 2003).

Depending on size and risk of a development project as well as the company or division, a
Stage-Gate® system typically comprises of three to seven stages (Cooper, 2008). The standard
model, however, consists of five stages and five gates as depicted in Figure 9 (Ahmed and

Shepherd, 2010; Cooper, 1990).
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Figure 9: Typical Stage-Gate® model (Cooper, 1990)

The spiral model as depicted in Figure 10is a risk-driven approach that breaks the overall
development project into multiple mini projects which span across several development phases
(McConnell, 1996; Unger, 2003). Each mini project or iteration focuses on one or more risks
until all major risks have been addressed. After all the major risks, whether they be poorly
understood specifications, technological problems, etc., have been dealt with, the spiral model
resembles in its last loop the Stage-Gate® model without the often as burdensome perceived
need for excessive documentation (Boehm, 1986, 1988; McConnell, 1996). Proponents of the
spiral model assert that the early and systematic elimination of all major risks reduces expensive
and often time-intensive rework, therefore reducing overall development time and cost. The
radial dimension in Figure 10 represents the cumulative costs while the angular dimension
stands for the individual stages of the development project. The project starts in the middle of
the spiral with a commitment for the first iteration and the determination of objectives,
alternatives and possible constraints. As it spirals outwards it moves through the next phases
during which alternatives are evaluated, risks identified and resolved, the actual development

work is carried out and the verification of the next-level product begins. The iteration concludes
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with the planning of the next phase before

it starts over again tackling the next major risk. As

the development project is spiralling outwards and coming with each loop closer to a

satisfactory end-state, the costs for the proj

ect increases (Boehm, 1988; Unger, 2003).
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Figure 10: The Spiral product development model (adapted from Boehm, 1988)

Boehm (1988) developed the spiral model to address the software industry’s problems with the

prevalent waterfall or Stage-Gate® model. The author made a conscious effort to go away from
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the document-driven waterfall approach towards a model that is more flexible, especially with
regard to cross-phase iterations, and generally more suited for a risky dynamic environment
with uncertain starting conditions or changing project requirements (Boehm, 1988; Gilb, 1988).
It is under these vague and unpredictable conditions in which the development team operates
in ‘white space’? with the stakeholders where the spiral model plays to its full strength (Boehm,
1988; Ahmed and Shepherd, 2010). The model, however, comes not without its shortfalls. Since
the spiral model is a more complex version of the waterfall model it evolved from, it requires
more administrative attention and experience to drive a development project successfully
through the phases of the model. It is also with its strong emphasis on risks that the spiral model
heavily relies on the risk assessment expertise of the development team. And although this
model frees up valuable time and flexibility by going away from the document-driven screening
gates, it is the lack of documentation which can have severe negative effects (Boehm, 1988).
These include but are not limited to the inability for inexperienced developers to adequately
review aspects of the project, a lacking transparency as well as a severely hampered ability to
learn from previous projects and reuse already accumulated knowledge. In a relatively stable
market environment and a project in which product features can be clearly defined and
specifications determined early on, the spiral model would fold right away into a traditional
waterfall model since it leaves out the initial risk eliminating loops and directly arrives in the

last most outer iteration of the model (Boehm and Bose, 1994).

10 The ‘white space’ represents an area of opportunity where neither the stakeholder nor the developers understands
the need or how it can be appropriately addressed (Ahmed Shepherd, 2010).
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The last predominantly employed process model is a concurrent relative of the sequential Stage-
Gate® or waterfall model, the development funnel (see Figure 11) (Ahmed and Shepherd, 2010).
Among its most prominent features, the development funnel starts out with a number of
different ideas or possible solutions which are evaluated and pursued in parallel and screened
in regular intervals until they converge into a single product. In the beginning, the product ideas
start with very few detailed requirements and a high degree of uncertainty. As soon as those
ideas enter the development funnel, they are equally exposed to the exacting scrutiny of the
concept definition and evaluation phase. In this stage of the development project, the financial
investment to evaluate and correct the different ideas is at its lowest point while the degree of
freedom is at its maximum. As the project progresses and the company commits to a design
option, the costs are largely determined by the design choice while the degrees of freedom
quickly go down and the costs of correcting significantly rise (Boehm, 1981; Thomke and
Fujimoto, 2000). Based on this rationale, companies employing this process model shift a lot
of their efforts to the early stages of product development. As with the sequential Stage-Gate®
model, the individual ideas in the development funnel are examined according to their projected
financial, technical, and marketing performance in regular intervals at predefined screening
points to determine whether to internally proceed with or terminate an idea (Ahmed and
Shepherd, 2010). Clark and Wheelwright (1993) identify three major challenges when
transitioning from a traditional sequential model to the development funnel. The first is to open
up the development process to a large array of ideas. A development funnel can only work
effectively if the company makes efforts to expand its knowledge base and seeks access to new
information in order to stimulate the ideation process thus increase the number of new product
ideas. Mining research laboratories, making use of university relationships, involving

marketing and manufacturing, collaborating with suppliers and customers, and generally
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adopting aspects of an outside-in open innovation process often yield a great number of inputs.
After widening the mouth of the development funnel, the second challenge lies in gradually
narrowing the funnel’s neck (Clark and Wheelwright, 1993). Management has to ensure a
detailed enough investigation of the ideas to enable the review boards to make a choice based
on hard facts without over-burdening the development teams in the early stages while keeping
the workload in subsequent phases steady (Schuh, 2013; Ward et al. 1995). The German
researchers Schuh et al. (2007) have demonstrated that in most development projects a design
option is selected too early, inviting problems caused by eliminating solutions based on
intuition, perception, and experience. To avoid this problem, product ideas are typically
evaluated using checklists and are often supported by a business case to ensure its consistency
with the company’s financial and strategic goals while making the best use of its development
resources (Ahmed and Shepherd, 2010; Clark and Wheelwright, 1993). The last major
challenge lies in ensuring that the pursued ideas deliver on the objectives which have been
agreed upon when the development project has been approved. This fairly general challenge is
applicable to all development projects independent of the process model employed and
according to Clark and Wheelwright (1993, p.295) ‘...considers how and when product or
process specifications should be developed, when they should be modified, and how the process

can be managed...’.
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Figure 11: Development funnel (adapted from Ahmed and Shepherd, 2010; Clark and Wheelwright, 1993)

It is important to highlight that the above presented generic process models cannot simply be
applied but need to be tailored to the needs of a company and their strategic aspirations
operating in a specific business environment and industry and should be further adapted to the
needs of the development project (Ahmed and Shepherd, 2010). Products a company is very
familiar with, products which will only see incremental changes to it or those which are
inherently easy to develop do not require the scrutiny of a full blown development process. It
is only when a company steps out of its comfort zone and delves into the unknown or seeks
developing highly complex or otherwise particularly demanding products that a fully-fledged

process model finds justification in terms of the time and money invested.

All three of the presented process models serve a company to ensure their products are brought
to market on time, overall increase business performance by keeping development cycles short

and reduce costs while managing the development projects consistent to an agreed business
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plan in accordance with the strategic targets of the company. Independent of the process model

employed, Ahmed and Shepherd (2010) have determined a number of distinct components they

all generally share:

2.2.3

A structured development process serving as a framework for all development activities
and tasks and which further sets all evaluation criteria for the screening phases,
determines schedules as well as primary tasks and allocates at least all the critical
resources.

A team of senior managers who oversee ongoing and future development projects by
setting priorities, generally resolving issues and particularly across projects as well as
making go/no-go decisions

Cross-functional development teams empowered by a ‘product champion’, well
supported by resources, operating towards clear goals and reporting to the all-
overseeing board of senior executives

Fixed and formal review points representing major decision points in the process and
defining the most significant milestones at which the board of senior managers decides

on resources, funding and project schedules proposed by the cross-functional teams

Best Practices in Product Development

Based on Camp’s work (1989) at Xerox, who is often referred to as ‘the father of benchmarking’

(Nelson, 2008), Kahn et al. (2012, p.180) define best practice as ‘technique, method, process,

or activity that is more effective at delivering a particular outcome than any other technique,

method, process, or activity within that domain’. Many companies seeking to improve their

development processes turn to identifying and adopting best practices to replicate the success
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of best performing organisations (Dooley et al., 2002). Since product development performance
has been recognised as a key factor to overall business performance, a number of studies (e.g.
Cooper, 1995, 1998; e.g. Dixon and Duffey, 1990; e.qg. Little, 2005; e.g. Paulk, 1993) have been
undertaken to determine best practices across industries. Most noteworthy among recent studies
are Markham and Lee’s (2013) publication delivering the results of the Product Development
and Management Association’s (PDMA\) latest large-scale study from 2012%, Cooper et al.’s
(20044, b, c) work reporting American Productivity and Quality Center’s (APQC) study'? on
performance and best practices in PD as well as Kahn et al.’s (2012) article. The latter seeks to
compliment previous large-scale studies through qualitatively examining what PD practitioners
perceive as best practices as compared to what has been identified in previous quantitative
investigations to constitute superior methods, techniques, processes, and activities. In addition
to these academic studies, best practices can be easily accessed by companies through
professional networks and associations, private research as well as contingent workers such as
freelancers, temporary contract workers, consultants and other independent professionals who
either have specialised in providing best practices or have been exposed to them thus

accumulated relevant knowledge (Matusik and Hill, 1998).

It shall be noted at this point, that the remainder of this section only presents a part of those best

practices which fall into the scope of this work as detailed in section 1.4. Hence, it will exclude

11 The PDMA has investigated best practices in PD for over 20 years starting with its first research project
published by Page in 1993. Since the first round, the PDMA has gradually expanded the breadth and depth of their
studies and published the results of the second study in Griffin (1997) and of the third round in Barczak et al.
(2009).

12 APQC’s latest study from 2010, published in detail in Edgett (2011), could not be accessed due to resource
limitations posed to this work.
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best practices discussing tools and practices on an operational level, such as Markham and Lee’s
(2013) portfolio management tools, social media tools to gather technical information and solve
problems, market research tools, etc., as well as those which do not sit well with the core

character of this work, including for example environmental sustainability aspects.

The best practices presented in the following only serve as examples at this point and will not
be further discussed here. This section is intended to provide some context and pave the way
for the integration of the findings of the best practice studies into the LPD framework discussed
in chapter 3. Table 1 presents an excerpt of the identified 131 best practices while Appendix A
provides a full account of Markham and Lee (2013), Cooper et al. (2004a, b, ¢) and Kahn et
al.’s (2012) best practices relevant to this work. These will be incorporated into the discussion
about the different elements of the framework presented in the next chapter to enrich the nascent
LPD research with most recent findings from the broader and well-researched product

development area.

62



Strategy

Strategy

Strategy

Clearly defined and organisationally visible PD
goals

The organisation view s PD as a long-term
strategy

PD goals are clearly aligned w ith organisation
mission and strategic plan

PD projects and programmes are review ed on
a regular basis

Opportunity identification is ongoing and can
redirect the strategic plan real time to respond
to market forces and new technologies

Use specialised global PD tools

Manage transnational transfer of ideas

Manage multinational PD project teams

Manage PD idea creation globally

Develop global sustainable advantages
Leverage the firm's unique ability

Global collection of the voice of the customer
Leverage the firm's global assets

Manage the firm's global PD portfolio
Segment/select market, design positions
Leverage the firm's organisational culture

Global competition

PD plays a role in business goals

Strategic arenas are defined

Clearly defined PD goals

Long-term commitment to PD

Strategic buckets of resources

Product roadmap in place

Climate and culture

Climate and culture

Climate and culture

Top management supports the PD process

Management rew ards and recognises
entrepreneurship

Cross-functional teams underlie the PD
process

PD activities are intrafuntionally coordinated by
formal and informal communication

Failure is understood

Managers establish objectives

Objectives in performance review

Recruiting parameters in innovation potential

Effective communication externally

Innovation and risk-taking are valued

Open to constructive conflict

Effective communication internally

Climate supports entrepreneurship and
innovation

Product champions recognised/rew arded

PD team is rew arded/recognised

Employees understand PD process ideas-to-
launch

Open communication among employees
across functions/locations

Business climate is not risk averse - invest in
future some projects

No punishment for product failure
Resources available for creative w ork

Skunkw orks and unofficial projects
encouraged

Time-off for creative w ork

New product idea suggestions

rew arded/recognised

New product idea suggestion scheme in place

Process

Development Tools

Process

A common PD process cuts across
organisational groups

Go/no-go criteria are clear and predefined for
each review gate

The PD process is flexible and adaptable to
meet the needs, size, and risk of individual
projects

The PD process is visible and w ell
documented

The PD process can be circumvented w ithout
management approval

Author's note: Considers only operational
aspects which lie beyond this resaerch's
scope.

Emphasis on pre-development homew ork

Project performance measurement

Process performance measurement

Tough and demanding go/no-go decision
points

Table 1: Excerpt of best practices in PD
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While the sheer definition of best practices presented at the outset of this section suggests their
generalisability by pointing out their superiority over other techniques, methods, processes, or
activities, some researchers argue that they vary from company to company and evolve over
time in the context of their business environment (Murray et al., 2002). Davidson et al. (1999)
and Loch (2000) are more specific in concluding that, while it is important to have best practices
in place, their success is mainly determined by how they are adapted to the individual company
and its strategic innovation needs. Consequently, companies seeking to improve their
development performance will likely be unable to reap the full rewards of best practices if they
are not tailored towards their specific needs. Barczak et al.’s (2006) study’s results provide
further cause for caution when adapting best practices by concluding that for-profit organisation
best practices might not be well-suited for non-profit organisations. Notable differences for
non-profit companies include, but are not limited to, a stronger focus on the ideation process
rather than concentrating on the subsequent phases such as concept development, project
analysis, and business evaluation. Non-profit organisations also place a heavy emphasis on
flexibility, the organisation’s mission, the powerful influence of sponsors, and typically

struggle in assessing their development programmes long-term success (Barczak et al., 2006).
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2.3 Lean Product Development

This last section of the literature review discusses in detail LPD and its two core concepts.
Initially, the first section discusses the evolution of LPD starting with its abstraction and
translation into what became known as LPD and finishing with most recent developments of
this management philosophy. The detailed review of LPD from its first identification by
Western researchers to today’s research frontiers paints a comprehensive picture of this nascent
research area. After putting LPD into its historical context, the following section addresses the
important concept of ‘value’, how it can be defined in product development and identified to
serve its purpose in the LPD approach. The last part comprehensively reviews LPD’s second
core concept ‘waste’. Since LPD focuses on maximising value and minimising waste, this last
section goes into great detail on how the ‘waste’ concept has been translated into the PD
environment and names a number of examples to make this concept more tangible in a

knowledge-based context.

2.3.1 Evolution of Lean Product Development

As researchers and practitioners alike became increasingly aware of the superiority of Japanese
manufacturing practices (see section 2.1.1 for more detail), their interest in Eastern product
development techniques was sparked. Aware of the crucial influence of product development
performance on competitiveness, Harvard researchers Clark, Chew and Fujimoto laid the basis
for LPD with their 1987 (Clark et al., 1987) published study ‘Product Development in the World
Auto Industry’ (Hoppmann, 2009). Their comparative study of 29 PD projects clearly
concluded that Japanese automobile manufacturers outperform the competition in North

America and Europe by far, especially in engineering hours and development lead time (Clark
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et al., 1987). Looking through a process lens, they required a smaller input to achieve a greater
output and therefore must have a more effective and/or efficient PD process. The authors
hypothesised the reason to lay in a strong supplier involvement in the development process, the
role of a powerful authoritarian project manager steering multifunctional teams and the
increased utilisation of overlapping development phases (Clark et al., 1987). Although some of
these ideas have been recognised before, they were now aggregated under one common

heading, Lean Product Development (Karlsson and Ahlstrom, 1996).

Driven by changes in the business environment, time-to-market was recognised as a rich and
untapped source of competitive gain (Burt and Soukup, 1985; Smith and Reinertsen, 1991)
which translated into a paradigm change in product development. Especially the Japanese
automotive industry served as a benchmark industry for the new time-based research and
development paradigm (e.g. Clark et al., 1987; e.g. Cusumano and Nobeoka, 1992; e.g. Stalk,
1988). Inspired by a number of studies on the innovation process (Rothwell, 1994), companies
abandoned the often employed largely intuitive and frequently too unfocused push strategy and
transformed their development processes into a number of manageable and repeatable activities
aligned with organisational targets (Amidon Rogers, 1996; Research Technology Management,

2011).

Increasingly aware that Japanese companies were using their techniques to push their
competitive advantage — time — (Burt and Soukup, 1985; Smith and Reinertsen, 1991; Stalk,
1988) and driven by the market forces, academia and industry set out to investigate the
particulars of Japanese development practices. After Clark et al.’s (1987) initial attempt to
explain Japanese PD productivity superiority, Womack et al. (1990) conducted further studies
to identify the reasons for the significant performance difference between Lean and traditional

PD. While the publication of ‘The machine that changed the world’ had a strong impact on
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Western production methods, it also coined the term ‘Lean Product Development’ and
identified four basic design methods that contribute to Japanese superior performance: a
powerful project leader, fully committed team members, simultaneous development, and early
communication (Womack et al., 1990). Subsequent research paid much attention on the concept
of overlapping stages, simultaneous development as well as the identification and development
of promising methods to shorten time-to-market (Hoppmann et al., 2011; Liker et al., 1996).
Cusumano and Nobeoka (1992) exemplified the concept of overlapping development activities
with the on average early start of Toyota’s advanced engineering (development of major
functional parts) within only one month of starting the concept-generation phase and four
months before product planning. Clark et al.’s (1987) hypothesis that overlapping development
stages significantly affect lead times was confirmed by subsequent studies by Clark and
Fujimoto (1989b), Cusumano and Nobeoka (1992) as well as Fujimoto, 1989 (Hoppmann,

2009).

The result was the expansion of the characteristics previously identified by Womack et al.
(1990). Liker et al. (1996) and Ward et al. (1995), however, partly questioned the role of
simultaneous engineering in Japanese PD since Toyota neither intensely communicated its
development efforts with its suppliers nor collocated its teams. After experimenting with
automating design processes (Ward and Seering 1989a, b) as well as conducting detailed
investigations into Toyota’s PD practices, Ward et al. (1995) developed the concept of set-
based concurrent engineering (Hoppmann, 2009; Hoppmann et al., 2011). The theory describes
Toyota’s counter-intuitive approach of considering a broad range of possible designs and
delaying certain decisions until empirical data allows for an informed decision. This approach,
although looking wasteful at first sight, yields high efficiency and performance (Ward et al.,

1995) and was an important impulse for researchers to revise and expand existing LPD
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concepts. A key development in subsequent years was the transition of the understanding of
LPD as a mere set of tools to a coherent concept. Among the most significant concepts that
emerged are those of Morgan and Liker (2006), Ward et al. (2007), Schuh et al. (2008b)*® as
well as Hoppmann et al. (2011). Table 2 lists the most established concepts and their core

elements but without going into a detailed discussion of the single components.

1 Strong Project Leadership Supplier Customer Value Use of Design Sets |Entrepreneurial Strong Project Strategic
Manager Involvement Definition System Designer Manager Positioning
2 Supplier Integration |Teamwork Simultaneous Front-loading Information and Teams of Specialist Career Clear Prioritisation
Engineering Process Flow Responsible Experts [Path
3 Cross-functional Communication Cross-functional Leveled Process Continuous Set-based Workload Leveling |Roadmapping
Teams Teams Flow Improvement Concurrent
Engineering
4 Overlapping Phases [Simultaneous Functional Standardisation Process Monitoring |Cadence, Pull, Flow |Responsibility- Product
Development Integration based Planning and |Architecture Design
Control
5 Heavyweight Team |Chief Engineer Value Stream Cross-project Product Range
Structure System Mapping Knowledge Transfer|Optimisation
6 Strategic Balance Functional |Standardisation Simultaneous Design Space
Management Expertise and Cross- Engineering Management
functional
Integration
7 Technical Expertise |Concurrent Design Supplier Integration |Value Stream
Optimisation
8 Supplier Integration Product Variety Data Consistency
Management
9 Continuous Rapid Prototyping, |Multi Project
Learning and Simulation and Management
Improvement Testing
10 Build a Culture of Process Innovation
Excellence Standardisation Controlling
11 Adapt suitable Set-based Release Engineering
Technology Engineering
12 Communication Continuous
Improvement
13 Integrate Tools

Table 2: Existing LPD frameworks and their elements

13 Schuh et al.’s (2008b) work was later extended and the revised framework published in an article by their
colleagues Krumm and Schittny (2013). The full framework in its last development stage along with its key
concepts was subsequently published in Schuh (2013).
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As Table 1 illustrates, the existing LPD frameworks differ significantly in their focus and scope
(Ledn and Farris, 2011). The lack of a generally accepted concept creates ambiguity in the
comprehension of LPD, represents a severe obstruction for advancing this nascent research area
(Hoppmann et al., 2011; Schuh et al., 2008a), and hinders practitioners in their implementation
efforts (Hoppmann, 2009). In an attempt to solve this problem, Hoppmann et al. (2011)
consolidated the most established frameworks in one overarching concept. Their research,
however, bears a number of limitations. First and foremost, data was exclusively drawn from
LPD literature without considering the rich and fruitful discussion centring around product
development and innovation management or, more generally spoken, the wider product
development research area. A first investigation in this direction has shown that there is a
significant overlap in practices and techniques. Under consideration of the latest developments
of the Lean concept, findings in these areas, such as the best practices presented in section 2.2.3,
could provide an important input for the LPD research stream. Hoppmann et al.’s (2011) focus
on LPD literature, however, links their study empirically to a rather small sample of a quite
narrowly-defined population and excludes perspectives from the wider research and
development community (Hoppmann et al., 2011). Further limiting the aforementioned study
is its consideration of Schuh et al.’s (2008) framework which has undergone significant changes
and developed into one of the most elaborate frameworks and has been published in its latest if
not final stage in Schuh (2013). A second major limitation bears the research setting in which
the study has been conducted. Although partly carried out at the well renowned MIT,
Hoppmann et al.’s (2011) study was entirely based on Hoppmann’s diploma thesis (Hoppmann,
2009) thus naturally constrained in its resources. Without questioning the quality of their work,
it is the author’s impression that the previously described task requires an academic

investigation based on long-term considerations without the constraints of an in average six
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months diploma thesis. Or put differently, Hoppmann et al.’s (2011) exploratory study asks to
be reconsidered on a broader basis and extended beyond its limitations. Therefore, current
research urgently calls for a comprehensive comparison of existing concepts including
perspectives from the wider PD research community and considering recent developments in
the previously described Lean research area (Hoppmann et al., 2011; Ledn and Farris, 2011).

This call is answered by the first research question the work at hand seeks to thoroughly address.

In addition to the lack of a consensual framework, evidence suggests that many companies
struggle to implement LPD (Hoppmann, 2009; Le6n and Farris, 2011; Schuh et al., 2008b).
Although the application of Lean practices to product development is increasingly focused by
organisations since PD plays a key role in defining customer value and yields great potential
for improvement in terms of time, cost, and quality, many companies have yet to find a
systematic approach to LPD implementation (Hoppmann et al., 2011; Karlsson and Ahlstrém,
1996; Leo6n and Farris, 2011; Schuh et al., 2008b). The transferral of Lean Thinking into a
highly complex and interwoven knowledge-based environment such as PD, however, is far
more difficult than changing material-based production processes (Morgan and Liker, 2006).
But apart from the inherent difficulties of such a transformation process, the reasons why
practitioners struggle to implement Lean Thinking can be reduced to three main factors. Firstly,
as mentioned previously, there is currently no consensual LPD framework. The availability of
a number of frameworks that greatly differ in the number and kind of elements they consist of
and the emphasis they are putting on the single elements creates much uncertainty among
practitioners about the models’ suitability for their business needs (Leon and Farris, 2011).
Secondly, the relationships between the single LPD elements remain severely under-
investigated (Leon and Farris, 2011; Hoppmann et al., 2011). Consequently, Hoppmann et al.

(2011) urgently call for empirical research on the component interdependencies at a system
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level that would allow formulating general recommendations for an effective implementation
order. The investigation into the interrelationships and interdependencies between the

individual LPD elements constitutes the second gap this research is addressing.

And thirdly, except for Hoppmann’s (2009) diploma thesis, there is no generalisable
quantitative empirical study on the introduction of LPD. Existing approaches are mostly limited
to general change management aspects (Kennedy, 2003) thus lack a sufficient level of detail or
neglect the highly interwoven character of a LPD system. Furthermore, these implementation
recommendations are often based on intuition as they were only treated as an add-on to the
description of LPD elements or were built around best practices identified in case studies and
thus lack generalisability (Hoppmann, 2009). And, to be remembered, all these implementation
recommendations are solely tailored towards the individual understanding and interpretation of
the LPD model and therefore specific to the corresponding model. The need, expressed by Ledn
and Farris (2011) as well as Hoppmann et al. (2011), to develop generalisable implementation
recommendations based on an all-encompassing LPD framework, which has been uplifted by
the input from the wider PD research area, and a sound understanding of inner workings of a
highly-dynamic and tightly-interwoven LPD framework constitutes the third and last research

objective this study is seeking to address.

The research at hand addresses these intrinsically tied three hindering factors by a thorough
investigation based on a broad literature base and analysing with generalisable primary data

collected using a questionnaire.
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2.3.2  Value in Product Development

Product development spans across a range of functions and defines the gap between market
opportunity and start of production (Browning, 2003). Its objective is to transform a large
variety of ideas and expectations in a constrained environment into a marketable product
(Radeka, 2013; Reinertsen, 1999). Under the pressure of today’s business environment this
must be achieved as cheaply and as quickly as possible (Ahmadi et al., 2001; Cooper, 1990;
Sheu and Lee, 2011). In an effort to meet these requirements, scholars in the LPD research area
suggest focusing on minimising waste (Hines and Rich, 1997; Haque and James-Moore, 2002;
Haque, 2003; Oppenheim, 2004) or maximising value (Browning, 2000, 2003; Ward, 2007) to
drive effectiveness and efficiency under the Lean paradigm in product development (Le6n and
Farris, 2011). Without taking such an absolute position, it can be argued that it does not really
matter whether a company focuses on enhancing value or decreasing waste, as the result would
still be the relative increase of value and the relative decrease of waste at the same time. Taking
this thought a step further, it is probably the right mix of value enhancing and waste reducing
activities that must be found to give consideration to the strongly varying organisational

conditions.

Nonetheless, a company needs to deliver sufficient value relative to its competitors to have an
edge in the marketplace (Radeka, 2013). Therefore an organisation needs a working definition
of value to guide their efforts (McManus, 2005). The definition of value in product development,

however, strongly varies across the literature!* (cf. Chase, 2001). Common themes across these

14 Chase (2001) discusses a range of definitions in detail.
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definitions are customer orientation and reasonable resource employment. But the sole focus
on the end customer has proven insufficient in a marketplace shaped by an increasing number
of interest groups (Browning, 2000). Just as Lean has shifted its focus towards all key interest
groups (see section 2.1.1 on Lean targets), stakeholder theory, which discusses and advocates
‘legitimate interests of all appropriate stakeholders’ (Donaldson and Preston, 1995, p.67), has
left its mark in product development. Entering the challenging complex and often conflicting
arena of multiple stakeholders in product development has proven beneficial for companies
(Talke and Hultink, 2010; Wind and Mahajan, 1987). Although the incorporation of customers
and other market issues has received much attention (Adams et al., 1998; Kahn, 2001;
Moorman, 1995; Schuh et al., 2008b), the integration of the voice of stakeholders and how
companies can deal with the tension that will arise from conflicting interests in the PD context
remains severely under-investigated (Driessen and Hillebrand, 2013). Driessen and Hillebrand
(2013), who are a notable exception, suggest that companies should systematically identify key
stakeholders for product development, implement and use mechanisms to coordinate market
and nonmarket stakeholder issues, and employ prioritisation principles which assure that issues
are addressed accordingly. This process has to be constantly repeated as the composition of
stakeholders and their idea of value constantly changes (Browning et al., 2002; Chase, 2001;

Nightingale and Srinivasan, 2011; Slack, 1999).

After knowing what is expected from the final product, i.e. having defined value from the
stakeholders’ point of view, product development now has to bring this idea to life in the most
effective and efficient way. Hereby, the dependencies among the individual activities within
product development define a more or less rigid sequence (Burns and Stalker, 1961; Clark and
Wheelwright, 1993; Nightingale, 2000). This network of activities forms a ‘problem-solving

and knowledge-accumulation process’ (Browning et al., 2002, p.444) in which one activity
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creates the input for the subsequent activity (Eppinger et al., 1994). Unlike in manufacturing,
in product development value is added by creating and meaningfully processing information
that in the end will amount to the ‘recipe’ for the final product; the creative and iterative process
culminating in a feasible, marketable, and manufacturable product which addresses stakeholder
needs while coping with an increasingly dynamic business environment. The key to a Lean
product development process is to holistically optimise the productivity of all value creating
activities which, among other things, is a function of the quality of information being used and

created (Browning, 2003).

2.3.3  Waste in Product Development

Negele et al. (1999) characterise product development processes as dynamic, iterative,
innovative, creative, closely coupled, interdisciplinary, very parallel, communication and
planning intensive, risky, and uncertain. Consequently, there is a large array of factors that
might affect the successful outcome of a PD project. Taking the Lean perspective, performance
is to a large degree directly depending on waste (Hines and Rich, 1997; Haque and James-
Moore, 2002; Haque, 2003; Oppenheim, 2004; Pessoa et al., 2008) and its presence a symptom
of one or more processes offering potential for improvement with regard to effectiveness and
efficiency (Oehmen and Rebentisch, 2010). According to a number of studies, predominantly
conducted in the aerospace and defence industry, 60-90% of the total charged time is being
wasted, with around 60% idle tasks at any given time (Browning, 1999, 2000; Chase, 2001;
Graebsch et al. 2007; Joglekar and Whitney, 1999; McManus, 2005; Millard, 2001,
Oppenheim, 2004). While some of these studies show lacking scholarly rigour, they are

sufficiently consistent to offer a comfortable degree of confidence (Oppenheim, 2004).
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Regardless of the exact number of wasted time, it is apparent that product development has

much to gain by specifically addressing waste.

In its core, waste in PD is no different to waste in any other function: it is ‘all elements [...]
that only increase cost without adding value’ (Ohno, 1988, p.54). While this overarching notion
holds true, there are fundamental differences between material-based processes such as
manufacturing and knowledge-based processes such as PD. In production, raw materials and
parts are physically transformed whereas in product development it is predominantly the
meaningful processing of information that creates value (Oehmen and Rebentisch, 2010; Ward,
2007). In respect of this intrinsic difference, a number of researchers have applied themselves
to investigating the Lean concept of waste in the PD context (e.g. Anand and Kodali, 2008; e.g.
Bauch, 2004; e.g. Graebsch, 2005; e.g. Graebsch et al., 2007; e.g. Kato, 2005; e.g. McManus,
2005; e.g. Millard, 2001; e.g. Morgan 2002; e.g. Morgan and Liker, 2006; e.g. Pessoa et al.,
2008; e.g. Pessoa et al., 2009; e.g. Slack, 1999; e.g. Ward, 2007). Some researchers directly
applied Ohno’s (1988) seven waste categories to product development (e.g. Fiore, 2005; e.g.
McManus, 2005; e.g. Millard, 2001; e.g. Morgan and Liker, 2006; e.g. Womack and Jones,
1996b), whereas others adopted this material-based taxonomy and extended it by various
categories (e.g. Bauch, 2004; e.g. Kato, 2005; e.g. Pess6a et al., 2009; e.g. Slack, 1999) or even
went as far as completely replacing them (e.g. Morgan, 2002; e.g. Ward, 2007). Some typical
examples are presented in Figure 12. Overall, the product development waste typologies do not
deviate from Ohno’s (1988) way of thinking about waste but reflect the particularities of a

knowledge-based process (Pessoa et al., 2008).
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Figure 12: Example of waste categories in product development

In an attempt to condense previous work in this field, Oehmen and Rebentisch (2010) subsumed
existing waste categories in eight different classes in their extensive 2010 study. Although some
authors (e.g. Mascitelli, 2007) doubt the usefulness of such categories as every company offers
a unique set of challenges, they are often perceived as helpful means to challenge established
ways of thinking and sharpen the awareness for suboptimal conditions. Oehmen and
Rebentisch’s (2010) most recent work in this area drew on an extensive literature review by
Pessoa, Serring and Rebentisch (Pessoa et al., 2008; Pessoa et al., 2009) and developed a new
taxonomy which classifies waste into ‘overproduction of information’, ‘over-processing of
information’, ‘miscommunication of information’, ‘stockpiling of information’, ‘generating
defective information’, ‘correcting information, waiting of people’, and ‘unnecessary
movement of people’. For a more detailed discussion of waste in product development and
some detailed examples refer to the work of Bauch (2004), Graebsch (2005), Graebsch et al.

(2007), Oehmen and Rebentisch (2010), and Slack (1999).
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2.4 Concluding Remarks

The foregoing literature review has been organised in three sections, Lean, product
development, and Lean Product Development, to provide a clearly structured and detailed
discussion of the theoretical concepts which have a direct impact on the remainder of the work

or have been considered vital for a deep reaching understanding.

The discussion centring around the evolution of Lean has shown how companies in post-war
Japan were forced to make the most of what they had. The adverse market conditions of an
economy ridden by scarcity and Toyota’s resolve to compete in the automotive industry on a
global scale gave rise to the Toyota Production System. After many years of development, this
implicit system has gained Toyota a significant competitive advantage which has firstly been
recognised by Western academics and practitioners in the late 70s and early 80s. Intensive
studies of Toyota’s practices led to the gradual abstraction and adaptation of TPS and became
widely known as Lean or Lean Production. Since its widespread adoption in the Western
economies, Lean has spread beyond the automotive industry and further increased its scope and
reach. These developments have changed the face of Lean which, amongst others, is reflected
in its changing target dimensions, evolving principles, and developing concepts of value and
waste. While the principles of modern day Lean reflect its status of a company-wide system
with a far deeper reach and broader scope compared to its initial interpretation (cf. Womack et
al., 1990), the target dimensions have drifted away from its sole focus on waste elimination and
included value creation as well as eliminating organisational misalignments and securing
strategic objectives. Simultaneously, the idea of value as understood from the end customer’s
point of view has developed into a stakeholder affair and now seeks to meet the demands of not

just the customers but also the shareholders including workforce, partners, and other interest
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parties of significant stance. In the course of Lean’s adoption in industries outside the
automotive industry, the scope of waste has grown beyond the seven wastes to fulfil a changing
set of requirements. The entire discussion on Lean intended to paint a comprehensive picture
of this widely-adopted approach to lay a firm foundation for the inquiry into its offspring, LPD,
provide a point of reference and comparison, and to contextualise the environment of the

research object under investigation.

The subsequent section on product development shifted the focus away from the material-based
production environment and discussed the internal as well as external factors which have
shaped PD. In an attempt to lead a comprehensive discourse on today’s managerial practices, a
historical approach was taken to chronologically discuss the changes in business environment
and how companies have adapted to cope with a constantly evolving market. Throughout this
discussion, there were numerous implicit touching points with LPD such as the adoption of the
time-based paradigm in the 70s, the horizontal integration of all involved functions, or the
vertical integration of customers, suppliers, and distributors. After having arrived at today’s
main market forces and how they have shaped contemporary PD practices, the emphasis was
placed on modern development processes and more precisely the detailed discussion of the
Stage-Gate® process, spiral model, and development funnel. While the discussion of
contemporary managerial development practices and techniques yielded a point of comparison
and contextualised Lean development practices discussed at a later point, the review of the most
established development processes lays the foundation for a number of subsequently addressed
concepts such as concurrent engineering, set-based design, and front-loading. The section on
general product development aspects concluded in identifying a number of large