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Abstract: Lean development is a promising approach in new product 
development (NPD). However, despite the successful application of lean 
thinking and its principles to manufacturing, the adoption of the lean approach 
to product development is a quite novel undertaking. In this paper, we develop 
and test hypotheses pertaining to the elimination of waste, which is one of the 
major objectives of lean management. In particular, our study focuses on the 
question: What management factors are enablers for the elimination of waste in 
the context of NPD? We identified: 

1 employee training 
2 coaching 
3 constructive failure treatment as effective means. 

Furthermore, implications for management practice are considered. Testing our 
hypotheses, we refer to data from 108 firms in the automotive supplier industry 
in German-speaking countries, i.e., Germany, Austria, Switzerland and 
Liechtenstein. 
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1 Introduction 

Currently, new products are vital to the long-term survival and prosperity of companies 
(Cooper and Kleinschmidt, 1990). Moreover, as Peter Drucker stated, for some scholars 
an enterprise’s fundamental choice can be reduced to ‘innovate or die’. Increasingly, 
being successful is not dependent on a single successful product, but the continuous 
development of outstanding products – great quality products with compelling customer 
value, and extraordinary efficiency (Wheelwright and Clark, 1995). In addition to 
strategic and organisational options, one of the most important drivers for repeated new 
product success is an efficient development process (Cooper and Kleinschmidt, 1995). 
Process management aims at the creation of such a process. It entails practices such as 
mapping and structuring development activities, improving them, and linking them 
(Benner and Tushman, 2003; Salomo et al., 2007). Process management changed the 
former view of organisations as a collection of departments with separate functions and 
outputs to a view of them as systems of interlinked processes that cross functions and link 
organisational activities (Benner and Tushman, 2003). In particular, researchers and 
practitioners alike have been focusing on value-adding activities, pursuing the objective 
of efficiency with faster product development, fewer engineering hours, improved 
manufacturability of products, etc. (Brown and Eisenhardt, 1995). 

However, in the course of a firm's development project, more than just defined  
value-adding activities are performed. As a recent study revealed, around 50% of the 
costs incurred in new product development (NPD) tend to be spent on wastes which 
occur due to non-value-adding activities during the development process (Kearney, 
2003). Other sources declare that many development efforts’ value-added time is as low 
as 5% of the total cycle time [Garvin, (1998), p.35; Kato, 2005; McManus, 2004). With 
these pre-conditions, it is hard to succeed on the competitive market. Among other things, 
lean development has recognised this large potential. By approaching the development 
process holistically, and mapping and managing non-value-adding activities (i.e., wastes) 
as well, it offers a new and promising perspective. Overall, while process management 
addresses potential non-value-adding activities by designing the process as perfectly as 
possible, lean development attacks them by analysing the processes as they are 
performed, and detecting and deleting non-value-adding activities. 

In their seminal work Womack and Jones (1997) argued for an application of lean 
management organisation wide. But lean management has been applied mainly in 
manufacturing and “[t]he application of the lean principles to new product development 
is a novel undertaking” [Haque and James-Moore, (2004), p.2]. This is reflected in the 
literature on lean product development, which is not as widespread as the lean production 
and manufacturing literature respectively (Baines et al., 2006). 
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Figure 1 Development of lean development literature1 (see online version for colours) 
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Overall, lean development aims to “[…] develop a seamlessly flowing product 
development value stream with minimal waste […]” [Anand and Kodali, (2008),  
p.196]. 

There are a number of authors who have identified types and categories of wastes in 
NPD such as, for example, rework due to changing priorities or requirements, redundant 
development, unclear decision criteria, and a lack of required information (Anand and 
Kodali, 2008; Bauch, 2004; Morgan, 2002; McManus, 2004). Consequently, researchers 
have been able to investigate the composition of the obstacles blocking the seamless flow 
of projects through the development process. Moreover, research has been done on the 
causes of these obstacles, i.e., on waste and effective methods and tools to omit this 
waste. 

Nevertheless, there are still management and leadership questions without a clear 
answer. One such question is: Who should remove the waste? The literature provides 
mixed answered. While some authors argue for a task force (Cooper, 2008; Kearney, 
2003), others plead for the involvement of all employees (Liker, 2004; Liker and Meier, 
2007). The resulting questions are now: How will these people initially be enabled to do 
so? How will they be enabled to do so in the long run? What are the critical  
pre-conditions? This paper will shed light on these questions and contribute to finding 
answers. 

Our article is structured as follows: The next section presents the definition of waste, 
its identification, and elimination. In addressing the previously posed management 
questions, three important management factors – employee training, coaching, and 
constructive failure treatment – are introduced. Hereafter, hypotheses are developed. The 
research methods and empirical results are subsequently presented. This is followed by a 
discussion of the results and their implications for management. In the final section, the 
study’s limitations and directions for further research are discussed. 
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2 Elimination of waste in product development: definition – detection – 
deletion 

2.1 Definition of waste and value 

A widely accepted definition of waste is the categorisation of Womack and Jones (1997), 
who assign all activities within a firm to three types: 

Type 1 Activities that add value, which is determined by the customers’ perspective. 
Value-adding activities are activities for which the customer would be disposed 
to pay a portion of the final product price. 

Type 2 Activities, which are non-value-added work, but are necessary to enable  
value-adding activities under the present working conditions (or ‘necessary 
waste’). In other words, ‘waste’ is something for which the customer is not 
willing to pay (Karlsson and Ahlstroem, 1996a). 

Type 3 Non-value-adding activities which are unnecessary and are thus defined as ‘pure 
waste’. Examples of waste within production processes are the transportation of 
parts, inventory, and/or defective workmanship which results in rework. 

In order to create a seamlessly flowing value stream, Type 3 activities need to be 
eliminated, while Type 2 activities need to be avoided or be made as efficient as possible 
(Pessôa, 2008). Although the focus of the original waste typology was on production, it 
can be applied to NPD (Ohno, 1988; Ward et al., 2007). Nevertheless, the product 
development process’ characteristics differ from those of the manufacturing process. 
These differences are of importance regarding the applicability of this waste typology. 
NPD can be understood as an information-based factory (Pessôa et al., 2007), or as a 
process aimed at creating a ‘recipe’ for producing a new product (Reinertsen, 1999). 
Moreover, product development is as a creative and iterative problem-solving process. 
Value is generated within this process if the gained information improves this product 
recipe’s quality, in the sense that 

a the performance level of the final product increases, or 

b the risk and uncertainty that the final product will not meet its requirements are 
reduced (Browning et al., 2002; Pich et al., 2002; Schrader et al., 1993). 

Hence, activities like testing, experimenting, or trying can result in valuable new 
information (Browning, 2003; Reinertsen, 1998; Thomke, 2001). More precisely, 
designers create useful information while assessing which kind of solutions will work and 
sometimes, even more importantly, which not (Nightingale, 2000). All these activities 
that to some extent result in iteration loops would certainly be described as ‘pure waste’ 
if they were to occur within production. There, iterations are generally classified as 
‘rework’, thus clearly a Type of waste that should be eliminated (Ballard, 2000). 
However, in product development, iterations cannot per se be classified as waste. 
Someone has to distinguish between valuable iterations (or positive iterations), which 
generate useful information to improve the product recipe’s quality, and non-valuable 
iterations (or negative iterations), which only lead to an increase in time and costs. 
Consequently, all iterations “which can be eliminated without loss of value or causing 
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failure to complete the project” are wasteful [Ballard, (2000), p.1]. Examples of waste in 
NPD are (Bauch, 2004): 

• over processing (e.g., unnecessary product features, details regarding the accuracy of 
information) 

• transport/handoffs (e.g., excessive data traffic, ineffective communication) 

• inventory (unnecessary prototypes, excessive data storage). 

Overall, waste in product development is harder to define and identify than in production. 
The identification of waste thus becomes a more sophisticated objective. We therefore 
agree with Browning (2003, p.50) that one needs to “[j]ust think of the entire process in 
economic terms: Remove Type 3 activities and make everything else as productive as 
possible”. Consequently, in our study, we define waste as solely Type 3 activities. 

2.2 Detection and deletion of waste 

An explicit classification, if a single activity is waste or value-adding work is often only 
possible by regarding the NPD process in its entirety. The determination of waste in NPD 
therefore requires a holistic system perspective (Browning, 2003). A systematic detection 
of waste is mainly based on an analysis of the value stream. In this respect, value stream 
mapping has proved itself. This method is basically aimed at mapping the process’ 
current state and then systematically identifying waste to create an improved future state 
vision of the process (McManus and Millard, 2002). Having identified a waste 
occurrence, the next step towards avoiding unnecessary activities is to investigate its 
causes. Removing the causes is aimed at a sustainable waste deletion. 

To find such causes, enterprises like Toyota relies on the ‘five Whys technique’. They 
ask ‘why’ (as many as five times) whenever waste is identified to get to its root  
(Pessôa, 2008). In addition, standards are adjusted, or a number of tools and techniques 
are deployed to achieve a sustainable deletion of waste. Examples of tools are: quality 
function deployment (QFD), design structure matrix (DSM), set-based engineering 
(SBE), or conjoint analysis. These tools are supportive of identifying and removing  
non-value-added activities. Although these tools have proved themselves as 
advantageous, they are mainly a certain technical method of detecting and removing 
waste. In addition besides these tools, a firm’s development system comprises other 
elements like leadership and management factors as well which is fostering the 
identification and removal of waste. Hence, to be effective in sustainably eliminating 
waste, the deployment of tools and methods needs to be accompanied by a few 
management factors. 

3 Elimination of waste in product development: enabling management 
factors 

Anand and Kodali developed “a framework representing the modus operandi, the system 
to be developed, the activities to be carried out” when eliminating waste in engineering 
(2008, p.207). Their framework for ‘lean NPD’ builds upon and systematises the 
literature which focuses on tools and techniques aimed at waste elimination in product 
development. Examples of such tools are a pull system for test results, or 5-S for 
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documents and prototypes. These tools and techniques are very important. In order to be 
effective, however, they have to be deployed consequently and sustainably. 

To achieve deployment (i.e., the elimination of waste), some scholars argue that 
management time and attention should be focused on the construction of a development 
system that does not allow deviations (i.e., waste) to occur (Perrow, 1984). Reinertsen 
takes this to the extreme by stating that such systems are designed to be operated by 
‘fools’ (1997). In other words such a system would be close to perfection – regardless of 
the employees working in this environment. An alternative view is based on the 
comprehension of the development system as a socio-technical system (Emery and Trist, 
1960; Luhmann, 1995). This implies that the deployment of such a system is equally 
dependent on creating a workable system and populating it with excellent people. 
Nevertheless, if the expert people running such a set-up are removed, one is left with a 
system which will soon grind to a halt, if it runs at all in the first place (Fleck, 1997). 
Hence, rather than knowledge of the basic ‘hardware’ itself (i.e., knowledge of the tools, 
techniques, and their effects), other components – called informal or more precisely 
contingent knowledge – are necessary for the effective deployment of such a system 
(Fleck, 1997). This means that management time must be devoted to people and their 
development, since people specifically need this particular form of knowledge to run the 
system. This contingent knowledge has not been directly or explicitly addressed to the 
same extent that knowledge of tools and techniques has, but plays a crucial and, so far, 
underappreciated role in product development and innovation (Fleck, 1997). Contingent 
knowledge has the following characteristics: It is 

• distributed: rarely concentrated in one person, but widely distributed throughout an 
organisation 

• apparently trivial: under-valued 

• accidental: embodied in the specific context of the product development process. 

For a differentiation between the essence of contingent knowledge and other knowledge 
forms, see Table 1. 

Table 1 Contingent knowledge 

Contingent knowledge differs from… 

• formal knowledge in that it lacks systematic codification and is concrete rather than 
theoretical. It is a form of informal knowledge, perhaps, but tends to remain tied to the 
context, rather than being informally passed on as more or less generalisable ‘rules of 
thumb’ or ‘tricks of the trade’; it is very specific to the particular situation. 

• informal knowledge in that it is more accidental, and less systematically arranged around 
some set of tasks or technologies. Contingent knowledge may appear to be a form of tacit 
knowledge when mediated by one individual. 

• tacit knowledge in that it is more related to the particularities of the context rather than 
cognitive or motor skills. 

“Contingent knowledge can be critical for smooth operation” [Fleck, (1997), p.391]  
(i.e., seamless flow without waste). For example, “[t]he effective acquisition and 
exploitation of contingent knowledge is regarded to be a key factor in the success of 
Japanese manufacturing practices. The widespread use of charts such as Ishikawa 
diagrams for accumulating information about the causes of problems or defects  
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[i.e., waste …] is a pertinent example” [Fleck, (1997), p.393]. Hence, successful product 
development requires the harnessing and exploitation of the contingent knowledge of 
waste elimination. However, the distributed, accidental, and under-valued character of 
contingent knowledge entails challenges. Managerial action or support is needed. 

In line with this consideration, Liker, in his famous book The Toyota Way (2004), 
highlights that management principles, aimed at boosting the exploitation and 
dissemination of contingent knowledge, are one of the most important tesserae of 
Toyota’s Lean Management approach. Pursuing this approach, we build upon the Toyota 
Way’s Principles 9 and 10 ‘Add value to the organisation by developing your people’. 
Accordingly, we propose developing employees through training and coaching  
(Liker, 2004) within an environment in which failures are treated constructively, which is 
also considered a consistent characteristic of the best product development organisations 
(Reinertsen, 1997). 

Summing up, supplementing the literature on techniques for waste elimination in 
product development (Anand and Kodali, 2008; Oppenheim, 2004), we propose and 
investigate the following three enabling management factors for waste elimination: 

1 Employee training for waste elimination comprises teaching how to distinguish 
value-adding, non-value-adding but necessary, and non-value-adding and not 
necessary activities (i.e., ‘pure waste’) in engineering, which is a not a trivial 
exercise (Browning, 2003). Moreover, processes and behaviour are standardised to 
not only eliminate waste on the spot, but also persistently (Womack and Jones, 
1997). If there is standardisation, adjustments are made accordingly. Another part of 
the employee training for waste elimination is teaching how to transform insight into 
where waste occurs to standards. 

2 Employee coaching in an organisational setting refers to a trusted friend or 
counsellor (i.e., senior manager), who gradually teaches the novice (i.e., employee) 
the organisational ropes (Evered and Selman, 1989). However, on the one hand, the 
prevailing management paradigm focuses strongly on control, order, and 
compliance, resulting in people becoming objectified, measured, and expended. On 
the other hand, coaching refers to the managerial activity of creating, through 
communication only, the climate, environment, and context that empower 
individuals and teams to generate results. Work results arise from the quality of the 
communication (speaking and listening) between managers and their people during 
on-the-job experience and problems (Evered and Selman, 1989). Thus, contingent 
knowledge is mainly fostered by means of functional expertise, but also by means of 
themes such as how to detect or handle waste (Sobek et al., 1998). In addition, 
coaching supplements training activities (Evered and Selman, 1989). At Toyota, for 
example, engineers receive most of their training through intensive mentoring by 
means of direct supervision by senior engineers, although the company also runs a 
training centre with experienced Toyota engineers as instructors (Sobek et al., 1998). 
As mentoring closely resembles coaching (Evered and Selman, 1989), we use the 
terms interchangeably. 

3 Constructive failure treatment: Waste in engineering comprises, for example, the 
redundant development of parts, information forwarded to the wrong people and/or 
working on designs never used (Anand and Kodali, 2008), and is often perceived as 
failure. There are, however, two types of failure: Those that generate knowledge and 
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those that do not. When a design fails because engineers try something new that does 
not work, they generate new knowledge (Petrosky, 1985; Browning, 2003; Thomke, 
2001; Nightingale, 2000). When a design fails because they ignore something that 
they already know they should do, this is not generating new knowledge but waste 
(Reinertsen, 1997). The constructive treatment of failure takes this differentiation 
into account. While wasteful failures are detected in order to eliminate them from the 
design process, knowledge generating failures are managed with care. Information 
about these failures and the knowledge gained through them are communicated 
openly and widely. In addition, organisations understand that failure as a result of 
prudent risk taking is a key source of valuable knowledge. Hence, such failure is 
treated as such, i.e., it is publicised internally (Reinertsen, 1997). 

4 Hypotheses 

4.1 Employee training 

The first step to eliminating waste is to understand and specify those activities of a 
process that add value for the customer (Womack and Jones, 1997). Product development 
projects’ activities need to be assigned to the three activity types mentioned above: 

1 those that add value 

2 those that do not, but are necessary to enable value production (‘necessary waste’) 

3 those that do not and are unnecessary (‘pure waste’). 

Product development processes do, however, differ from production and other business 
processes in various ways. Product development is a problem-solving process to which 
terms like ‘iterative’ and ‘creative’ apply. Designers may start with one design, find that 
it is deficient in several ways, and change it (Braha and Maimon, 1997). Analysing, 
testing, experimenting, and verifying can create valuable knowledge (Reinertsen, 1998; 
Thomke, 2001; Thomke and Bell, 2001). Nevertheless, all of these activities may be 
considered ‘waste’. 

Judging intuitively and without the relevant training or experience from, for example, 
manufacturing on which to build, employees tend to brand many such activities as waste. 
A lack of training therefore leads to required activities being eliminated. Thus, when an 
interdisciplinary group attempts to categorise product development activities according to 
the three types, it is usually experiences passionate debate. Consequently, product 
development activities seem to be difficult to classify [Browning, (2003), p.50]. 
Furthermore, no one wants their activity to be branded as non value adding, whether it is 
necessary or not (Browning, 2003). This attitude leads to waste not being assigned as 
such. 

The literature on employee training for a lean production system supports this 
observation. It moreover shows that a major problem, experienced during the 
introduction of lean manufacturing concepts, is employee commitment to their activities. 
Obtaining employees’ active participation is another problem, which can, however, be 
encouraged by effective employee training (Chen et al., 1994; Chen et al., 1993; Mehra 
and Inmann, 1992). Panizzolo (1998), too, states that the human resource factor, which 
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included employees’ integration in quality improvement processes, is enhanced by 
employee training and is one of the most important factors in respect of the successful 
implementation of lean principles. Kabst et al. (1996) support this statement, arguing that 
lean management is focused on the individual in the organisation, with employees being 
recognised and promoted on the basis of their creativity, social competence, intellectual 
capacity, and commitment. In a quantitative-empirical study, these authors furthermore 
showed that lean management organisations involve their employees in training activities 
to a greater degree than non-lean management organisations. In addition, Herron and 
Hicks (2008) argue that merely copying Japanese management principles is pointless, due 
to the tacitness and contingency tied to a successful implementation of these principles. 
Instead, Japanese management principles, such as waste reduction require, training 
provided by, for example, ‘master engineers’. In line with this awareness, Oppenheim 
(2004, p.369) declares that lean NPD is “sufficiently different from traditional product 
development (PD) programs that all participants should receive a proper training in that 
process. […] They should be trained to identify and rebel against PD waste.” To sum up, 
we consequently argue that training targeted at the elimination of waste will enrich 
engineers’ skills, which will lead to an effective waste elimination in product 
development. 

Nevertheless, what seems to be intuitive at first sight, turns out not to be. While we 
argue that effective waste elimination, including the relevant adjustment of processes, 
needs to be done by the engineers who are actively working on development projects, 
others employ a separate team to do so. At GM, Sobek et al., (1998) observed that 
western companies have a separate group that develops and maintains the details of the 
standardised process. Others argue, for example, for a ‘lean design team’ charged with 
identifying design improvement opportunities (Kearney, 2003). A separate group, who 
defines and develops improvements for development processes, has often been observed 
(Sobek et al., 1998).This differs at a lean development system such as that which Toyota 
uses. Instead of just training a special group of employees or management and holding 
them responsible for waste elimination, successful firms like Toyota invest heavily in 
training all their engineers (Liker, 2004; Liker and Meier, 2007). Similarly, Karlsson and 
Ahlstrom (1996b) mention that all employees should be charge of detecting failures, of 
finding the cause of a fault, and of initiating the adjustment of processes or procedures. 
These arguments are in line with those of Leonard-Barton (1992), who states that the 
skills and knowledge embodied in people are the most relevant core capabilities in NPD. 

Summing up, we agree that training targeted at the elimination of waste will enrich 
engineers’ skills. Moreover we argue that the knowledge and skills pertaining to value 
and waste identification and lean thinking of all the involved engineers have to be built 
through training if an effective waste elimination is to be achieved in product 
development. Consequently, we also build on the perception of waste elimination as 
contingent knowledge that is not within the developer’s immediate power, but that is 
distributed widely throughout the organisation. Overall, we assume that training 
employees involved in NPD (i.e., mainly engineers) in respect of waste identification and 
elimination is positive related to the elimination of waste within product development. 
Hence, we hypothesise: 

H1 The training of all product development employees is positively related to the 
elimination of waste in product development. 



   

 

   

   
 

   

   

 

   

   80 A. Schulze and T. Störmer    
 

    
 
 

   

   
 

   

   

 

   

       
 

4.2 Employee coaching 

Knowledge on how to identify and eliminate waste can be classified as contingent 
knowledge. Furthermore, certain implications flow from considering waste elimination as 
embodied in a specific situation. In particular, it requires a form of learning that is 
distinct from pure training. Instead, it requires on-the-spot learning (Fleck, 1997). 
Coaching is an effective means of meeting this requirement, as it builds on 
communication (speaking and listening) between managers and their people regarding 
on-the-job experience and problems (Evered and Selman, 1989). While training is needed 
to lay the foundations for an understanding of waste, its determination, detection and 
elimination, it cannot impart situational or contingent knowledge comprehensively. On 
the other hand, coaching, as communication, which includes listening, giving praise and 
pointing out areas for improvement between supervisor and employee, can take place 
when needed (Krug, 1999). Moreover, coaching entails setting positive and effective 
examples, which are also a source of contingent knowledge since an example is always 
tied to a specific situation. At Toyota’s lean development system, Spear (2004) observes 
that managers coach their employees during their day-to-day work. In this sense, mangers 
act as enablers guiding their employees in their daily business, in learning, in problem-
solving activities as well as in activities regarding the elimination of waste. 

For many observers coaching seem as a kind of meddling that stifles new engineers’ 
creativity and learning. One could argue that experienced employees or managers are 
‘blind’ to some process wastes, as they have become used to it over many years. 
Consequently, companies move in the opposite direction, preaching empowerment with 
superiors acting as distant facilitators rather than as coaches or supervisors. However, we 
argue with Ellerman (1999) that building contingent knowledge requires active learning. 
This can include the use of mentors, apprenticeship, imitation, and guided learning-by-
doing. The active learning process requires learners to take an active role in acquiring 
knowledge, rather than having it fed to them. Since such learning is contextual and builds 
on prior knowledge, the new knowledge gained by employees will differ from that of the 
coach (Bollinger and Smith, 2001; Ellerman, 1999). In addition, coaching as applied in a 
lean management context, does not purport provide answers to every employee question. 
Instead, guidance is given by means of Socratic leadership, comprising an iterative 
questioning and problem-solving process (Spear and Bowen, 1999). Toyota’s managers, 
who seem to avoid making decisions for their subordinates, are exemplary of this 
method. They rarely tell subordinates what to do, answering questions with questions. 
They force engineers to think about and understand the problem before pursuing an 
alternative. It’s not a boss-subordinate but a student-mentor relationship (Sobek et al., 
1998). This method is supported by a study undertaken by Krug (1999). He states that 
many engineering managers interviewed reported how wasteful and unproductive their 
firms were by simply not taking the time to coach junior-level staff. Accordingly, this 
author concludes: “The ability to coach your project team members and coworkers 
comprises a set of people skills that has become an increasingly valuable commodity in 
today’s market place” [Krug, (1999), p.13]. 

In this context, we therefore argue that coaching will significantly enhance the 
elimination of waste in development processes, which leads to our second hypothesis: 

H2 Coaching is positively related to the elimination of waste within the product 
development process. 
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4.3 Constructive failure treatment 

Engineering and product development are often associated with iterations and 
experimentation, with some activities yielding the insight that certain combinations or 
constructions do not work (Petrosky, 1985; Nightingale, 2000); i.e., the prospected way 
of engineering failed. 

Overall, we have a strong human bias to value successes more than we do failure. 
This is exemplified in that in most organisations failure is stigmatised and employees do 
not want to be associated with it. However, this tendency to treat failure as the enemy is 
relatively new. Robert Stephenson, one of the great engineers in the early industrial 
revolution, for example, strongly advocated discussing failure in the engineering 
literature. He wrote: “A faithful account of those accidents, and of the means by which 
the consequences were met, was really more valuable than a description of the most 
successful work” (Petrosky, 1985). Similarly, Jones and Stevens (1999, p.167) state that 
“a thorough analysis of innovation failure probably provides a more useful lesson in the 
management of innovation than stories of success against the odds.” This perception is 
also held by astute firms that safeguard value their failures as well as they do their 
successes, basing this behaviour on the notion that both contain knowledge. For example, 
a firm in the appliance industry experimented with a new technology and found that it 
would not work. The firm treated the experiments’ results as proprietary, since it believed 
that knowledge of design failures is as important as knowledge of design solutions. Years 
later, a competitor entered the market with that particular technology, which proved to be 
unreliable. The competitor was forced to recall its product at a cost of millions of dollars 
(Reinertsen, 1997). Consequently, lean product development perceives failure and 
problems as a natural part of the product development process and as opportunities to 
learn, grow, and improve efficiency in development the process (Liker and Morgan, 
2006b). 

However, constructive failure treatment does not mean that all failures should be 
treated sympathetically. There are also failures that can be assigned to pure waste. They 
occur through product development activities that simply consume time and resources 
without producing knowledge or value, because the knowledge about these failures was 
already available in the firm. Accordingly, efficient organisations attack these failures 
and seek to banish them from the development process sustainably. Firms that practice 
constructive failure treatment differentiate between two types of failure – first-time 
failures and repetitive failures – and manage them differently. First, they have the 
organisation learn about first-time failures, which stem from experimentation with novel 
and innovative products or ways of design, thus fostering the growth of technical 
expertise. In particular, firms recognise such failures as containing valuable knowledge. 
They therefore have knowledge of first-time failures disseminated throughout the 
organisation. Some firms do not only publicise, but even celebrate failures as knowledge 
gained by prudent risk taking. The effect is twofold. First, a firm builds up expertise 
rapidly. Second, waste is eliminated sustainably because the same experiment is not 
repeated time and again. The latter effect is achieved by the consequent effort to avoid 
repetitive failures. Not only is the knowledge gained by first-time failures shared, also 
checklists are used and process standards are adjusted to ensure that the same lesson does 
not have to be learned more than once. This reasoning is in line with Oackland’s (1993) 
argumentation for lean production. He states that failures are sought to prevent them from 
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reoccurring by openly discussing them and by actively seeking their causes to prevent 
them occurring in future, thus contributing to the elimination of waste. 

Hence, we propose that the constructive treatment of failures by not only regarding 
them as learning potential, but also as waste will contribute to eliminating waste 
sustainably. Overall, we derive the following hypothesis: 

H3 Constructive failure treatment is positively related to the elimination of waste in 
product development. 

5 Methods 

5.1 Sample and data collection 

The sample consisted of 108 firms, from each of which we obtained data on one NPD 
project. The firms are mainly located in Germany, Switzerland, and Austria and belong to 
the automotive supplier industry. This industry was chosen for various reasons: 

1 Compared to other industries, this industry has adopted a pioneering task in applying 
lean in its production and development processes (MacDuffie and Helper, 1997; 
Baines et al., 2007). Furthermore, for a large-scale survey the number of appropriate 
firms in this industry is far more than the number of available automotive original 
equipment manufacturers (OEMs). 

2 By concentrating on one industry, we minimised inter-industry effects. 

3 The industry is very important in the European economy. 

Through a pre-survey by telephone, 244 potential firms were identified for participation. 
Enterprises had to meet two criteria for participation. To ensure that they had sufficient 
data on NPD, they must have developed at least three new products within the last three 
years. Second, by asking the respondent to state their position (e.g., CTO; vice president 
of R&D) and their experience (e.g., time the respondent has been working for the firm), 
we ensure that our informant was eligible. Data collection continued for six weeks and 
yielded 108 useable questionnaires. 

5.2 Level of analysis and measures 

All constructs are examined at the project level, based on the assumption that for the 
respondent aspects relating to the elimination of waste are realistic as well as more 
concrete on a project level. The respondents were asked to first select a project P, in 
respect of which they answered a questionnaire. The selected project was a typical or 
representative one with regard to the firm’s development activities. In addition, the 
project needed to have been completed within the last three years to ensure that the 
informants were still with the firm and would remember the details of the project. 

5.2.1 Dependent variable 

The operationalisation of ‘waste elimination’ is based on Haque and James-Moore 
(2004). These authors describe the key characteristics of a product development process 
that satisfies the ‘value stream and waste elimination’ principle. Some key characteristics 
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are clearly defined processes that provide value for the customer and the usage of value 
stream analysis to identify waste and/or non-value-adding activities. As prerequisites for 
such a process, the authors identify the definition and application of a value stream 
management philosophy, as well as the usage of waste identification methods and tools. 
Our construct for the elimination of waste is to some extent based on these prerequisites. 
Hence, in the context of the present study, the construct consists of three items where we 
asked questions regarding the systematic identification of waste within the product 
development project (item 1). Second, we asked whether all project engineers had been 
involvement in this waste identification process (item 2). Finally, we asked if the 
identified waste was subsequently eliminated by, for example, adapting the process 
standards (item 3) (see Table 2 for a list of all items). 

Table 2 Measures 

Elimination of waste (Cronbach’s alpha: 0.830) 

Item 1 During our project P, we have had a systematic identification of non-value-added 
work (so-called muda, waste) 

Item 2 All project employees have been strongly involved in the identification of waste in 
project P. 

Item 3 The identified waste has been consequently eliminated (e.g., by the adaptation of 
process standards). 

Employee training (Cronbach’s alpha: 0.834) 
Item 4 All employees of project P received training concerning waste analysis. 
Item 5 All employees of project P received training concerning standardisation. 
Item 6 All employees of project P received training concerning lean thinking. 

Coaching (Cronbach’s alpha: 0.722) 
Item 7 All senior managers in project P understood the day-to-day business of their 

employees in detail. 
Item 8 All senior managers of the project P have coached their employees well in their 

improvement activities. 
Item 9 All senior managers of the project P have coached their employees well in the 

challenges of their day-to-day business. 
Constructive failure treatment (Cronbach’s alpha: 0.686) 
Item 10 During our project P, we had the attitude that failures can be helpful in order to 

learn from these. 
Item 11 During our day to day work in project P we talked openly about those things that 

went wrong. 
Item 12 All problems in project P were traced to their roots. 

5.2.2 Independent variables 

• Employee training: Whether all the project members had training in lean 
development was captured by three items questioning the training received 
pertaining to waste analysis, lean thinking, and standardisation (items 4–6). Here, we 
built on the works of Womack and Jones (2005, 1997), as the authors declare that 
training is required for companies to become lean. In more detail, the authors 
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strongly recommend training employees in lean thinking, identifying and eliminating 
waste, and in preserving the achieved improvements by adjusting the standards. 

• Coaching: Since coaching in the lean sense might differ from the normal 
interpretation of coaching, we referred to the qualitative work done by Spears and 
Bowen (1999) and Spears (2004) when developing our coaching items. In their  
in-depth case study, these authors identified the typical behaviour patterns of coaches 
working for Toyota. Their main observation was that these coaches actively support 
their employees in their improvement activities [e.g., Spears and Bowen, (1999), 
p.102]. Furthermore, these coaches challenge employees’ way of executing their 
daily business, thus initiating improvement activities (i.e., the identification and 
elimination of waste) [e.g., Spears and Bowen, (1999), p.103]. In addition, these 
coaches have a deep technical knowledge and understanding of their employees’ 
work (Spears and Bowen, 1999; Spears, 2004). Hence, our ´coaching´ factor 
comprises items asking question in respect of senior managers’ coaching of 
employees in their daily business and in the problem-solving process (item 8, 9) to 
investigate whether coaching had been undertaken during the project. Moreover, as 
effective coaching requires understanding that in which a person is being coached, 
we questioned the coaches’ (i.e., senior management’s) technical understanding by 
asking if they understood their employees’ daily business in detail (item 7). 

• Constructive failure treatment: Based on Putz et al. (in print), we define that a 
positive failure-learning culture has to at least fulfil the three following requirements: 

1 an attentive and open attitude towards failure and potential failure sources so 
that failure is detected rapidly and immediately 

2 a constructive and faithful attribution of failures to potential originators to find 
the potential root of the problem 

3 a deep and consistent failure analysis to determinate the cause of an error. 

Referring to the first two requirements, in item 10, we question the attitude project 
members have had towards failure, also keeping in mind that a somewhat positive 
attitude fosters a constructive failure treatment. In item 11, we ask whether the 
communication about failure was an open one. This item, like the previous one, 
contributes to fulfilling the first two requirements. Finally, in item 12, which refers to the 
third requirement, we ask whether all problems were traced to their source. 

5.2.3 Control variables 

We controlled the number of core project team members (i.e., team size), as it is an 
important structural variable, which potentially influences the quality of a team’s 
collaborative task process and project success (Campion et al., 1993; Gladstein, 1984). A 
large team could possibly have more resources to conduct a systematic analysis of  
non-value-added activities. Furthermore, we considered the degree of innovation 
concerning the new product since the higher the degree of innovation in respect of 
product development, the less idle capacity there is for the identification of  
non-value-added work. Finally, we include a new product’s degree of complexity as a 
control variable in our analysis, since the higher a new product’s degree of complexity, 
the more the potential non-added value that can be detected. 
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Table 3 Factor analysis 

Component  

1 2 3 4 

Item 1 0.803    

Item 2 0.844    

Item 3 0.738    

Item 4  0.779   

Item 5  0.900   

Item 6  0.760   

Item 7   0.799  

Item 8   0.743  

Item 9   0.767  

Item 10    0.769 

Item 11    0.764 

Item 12    0.726 

Note: Factor loadings less than 0.500 are not shown. 

Each item was provided with a close-end answer referring to project P on a five-point 
Likert scale (1 = fully agree … 5 = fully disagree). The internal consistency of all the 
scales was ensured by means of Cronbach’s alpha. Reliability figures ranged from 0.686 
to 0.834, thus very close to or above the required threshold of 0.70. 

Table 4 Regression analysis 

 Dependent variable 

 Elimination of waste 

 Correl. coeff. stand. t-value Sig. 

Team size –0.105 –0.667 0.507 

Degree of innovation –0.066 –0.695 0.489 

Product complexity –0.062 –1.061 0.292 

Employee training 0.405** 3.889 0.000 

Constructive failure treatment 0.274** 2.626 0.005 

Coaching 0.154† 1.476 0.072 

R sq.ad. 0.320 

F 7.356 

Df 81 

Notes: †Significant at the 0.1 level (one-tailed). 
*Significant at the 0.05 level (one-tailed). 
**Significant at the 0.01 level (one-tailed). 
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5.3 Data analysis and results 

In testing our hypotheses, we conducted regression analyses with pair-wise exclusion 
where there were missing data. F has a significance level of 0.995 (7.356 > 4.60). All 
three constructs were statistically significant at the 0.1 level or higher. Moreover, the 
factors employees training and constructive failure treatment were strongly significant  
(at the 0.01 level). The explained variance (adjusted R sq.) was 0.32. This modest 
explained variance suggests that there are important factors beyond those considered in 
the current study that impact the dependent factor elimination of waste. (For results  
see Table 4). 

6 Discussion: implications – limitations - expectations 

6.1 Implications for theory and practice 

This research’s empirical results shed light on how different management factors enable 
the elimination of waste in NPD. More precisely, the results refer to the training of all of 
a project team’s members in lean management through comprehensive coaching by 
senior managers as well as a constructive failure treatment to supplement the tools and 
techniques provided by lean management for deployment during product development. 
Next, implications for theory and practice are provided in respect of each of the named 
management means. 

Regarding employees training, the empirical data show that training which provides a 
lean-specific enrichment (i.e., lean thinking, waste analysis, standardisation) of traditional 
engineering skills helps to improve the identification and elimination of waste. This 
finding has an essential practical implication for managers involved in NPD, since 
instead of assigning ‘special task forces’ to scrutinise the product development 
department and its processes for non-value-added activities, management should think 
about training all project members to eliminate waste. This finds support in the adage 
‘ten eyes can see more than two eyes, 100 eyes can see more than ten eyes’. Furthermore, 
trained employees are more efficient than attempting to generate of a ‘perfect’ system to 
avoid all waste, which is always in any case independent on its operators’ training and 
education (Reinertsen, 1997, 1998). Hence, firms should enable all project team 
employees to recognise and eliminate waste during product development. 

Pertaining to coaching, we found that it has a significant influence on waste 
elimination. As knowledge of waste elimination is contingent, therefore cannot be 
learned entirely through training, coaching is essential. Furthermore, the growing 
popularity of coaching leads to the supposition that most managers have improved their 
skills in listening, setting positive examples, and pointing out areas for improvement. 
Studies have, however, identified that in respect of a wide range of skills, managers were 
actually rated lowest in exactly those abilities (Krug, 1999). If coaching is considered a 
necessity for waste elimination in product development, why are so many managers not 
applying it? Studies point to four major reasons: Reluctance to confront, fear of 
offending, fear of failure, and a lack of time, but also that the managers themselves have 
never been coached and, moreover, have little incentive or accountability to learn to do so 
(Krug, 1999). 
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Not only leadership, but also deep technical understanding is essential to coach. For 
example, at Toyota’s lean development system, even higher-level managers are deeply 
involved in engineering details. Instead of merely managing the development process, 
managers improve their engineering skills, stay abreast of new technologies, maintain 
their contacts, develop new ones, and remain involved in the creative process itself 
(Sobek et al., 1998; Haque and James-Moore, 2004; Liker and Morgan, 2006a). 
Therefore, the practical implications are that provision should be made to provide senior 
managers with deep technical knowledge as well as excellent teaching or mentoring 
skills. With this set of qualifications, project managers can coach their employees 
effectively to foster sustainable waste elimination. 

The relationship between constructive failure treatment and the success of waste 
elimination is less intuitive. The data analysis clarified that the better the two failure 
types (repeated and first-time) are differentiated, the more successful waste elimination 
is. The open communication of failures certainly has an influence on waste elimination. 
Management should therefore encourage employees to talk about failures made by, for 
example, making failure communication a part of routine communication. This will 
ensure that failures are talked about. Moreover, this will provide more opportunities to 
actively show a positive attitude to first-time failures than having to wait until somebody 
talks about failure. 

Furthermore, it is important to trace problems back to their roots. Hence, management 
should overcome the temptation to simply fight the symptoms but not curing the 
underlying disease. Despite the time pressure and lack of manpower due to the hard  
day-to-day business in product development, the big challenge for management is to 
ensure that problems are really traced to their roots. Only then can waste truly be 
eliminated. Overall, the managerial challenge is to develop a mechanism whereby such a 
perspective on NPD failures can be created without the need for a major organisational 
survival crisis (Lewis, 2001). Here, as Weick (1979) has argued, the concept of 
continuous improvement in small steps is a sensible method for motivating action 
because encouraging ‘small wins’ helps overcome a natural aversion to failure associated 
with large changes. This underlines the complementary importance of employee training 
and coaching in respect of constructive failure, as the three activities can be regarded as 
the fundamentals of continuous waste elimination. 

Interesting insights are provided by our controls, since contrary to our assumption, 
not one (project team size, the degree of innovation, or the developed new product’s 
complexity) is significant in our model. An important theoretical contribution by this 
paper is the operationalisation of the constructs employee training, coaching, and failure 
elimination, which is not offered by the extant literature. 

To conclude: The trend towards lean development will continue, as it promises to 
dramatically improve a company’s competitive position by, among other things, 
eliminating waste sustainably. Its implementation offers the potential for faster product 
development with fewer engineering hours, the improved manufacturability of products, 
and higher quality products (Karlsson and Ahlstrom, 1996b). However, while there are a 
number of tools and techniques for the deployment of lean principles and means in 
product development, there are a number of management questions associated with it that 
so have not had a clear answer. This paper addressed this gap. Subsequently, a brief 
overview of the questions and answers is provided. 
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• Who should remove waste?  
All employees should be given the responsibility. 

• How will these people initially be enabled to do so initially?  
Training in lean thinking, waste detection, and deletion is a necessary pre-condition 
for waste elimination. 

• How will they be enabled to do so in the long run?  
Coaching will provide sustainable waste elimination. 

• What are the critical pre-conditions?  
Failures have to be differentiated and treated in a constructive way. 

6.2 Limitations and further research 

First of all, the modest explained variance suggests that there are important factors 
beyond those considered in the current study. Further research should therefore try to 
identify more influencing management factors affecting the elimination of waste. This 
would help to obtain a greater understanding of the issue. 

Secondly, “[w]hatever the perspective, the elimination of waste is the principle that is 
traditionally at the heart of a Lean approach” [Baines et al., (2006), p.1540]. 
Consequently, by focusing on waste elimination and efficiency, lean development 
addresses the productivity of development activities, rather than creativity. Contrary to 
this, we argue that the elimination of waste frees up resources which can be deployed in 
creative activities. However, the focus of lean management must not be restricted to 
‘liposuction’ activity (waste reduction), but address product development as a larger 
system (Pessôa et al., 2007). Future research should consider the effects of introducing 
flow (Reinertsen, 1997) or pull to product development. In respect of the latter, Smith 
and Reinertsen (1991) described how the ‘pull’ approach can be applied to information 
and, if established in a development team, only the downstream persons can ask for 
whatever information they need. However, empirical testing of such conceptual thinking 
is still required. 

Thirdly, this study only considers firms from the automotive industry. Taking the 
investigation further to other industries would contribute to a more general 
understanding. 
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Notes 
1 Procedure: We searched for published works by using the keywords ‘lean development’, ‘lean 

product development’, and ‘lean innovation’ in the databases of Ebsco, Proquest, and Amazon 
from 1990 to mid 2008. Overall, the results underline that lean product development is a topic 
receiving increasing attention in the academic and management literature. 


