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Abstract Over the past years many companies have introduced lean elements to
optimize their production and assembly processes. As a result of the achievements
of lean production systems the lean elements are also increasingly applied in
product development (lean development). So far there is little known about how
far the elements of lean development are spread as well as their influence on
effectiveness and efficiency enhancement. This article will present the results of a
study in which 60 mostly German companies of different sizes and from different
industries took part. The study identified which elements of lean development
were implemented in the development process and which delivered the greatest
benefit to it.
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48.1 Introduction

Due to changed conditions, manufacturing companies have dealt intensively with
the implementation of lean production systems (LPS) over the past few years.
A LPS is a company-specific, methodological set of regulations for the compre-
hensive and integrated design of the companies’ processes (Dombrowski et al.
2005). Changed conditions not only influence production but also product devel-
opment. Comparable sets of regulations for product development (lean develop-
ment) to enhance effectiveness and efficiency as well as to improve employees’
and the organization’s abilities are more and more focused. Companies such as
Toyota that have already implemented the lean philosophy into product
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development, generate innovative products and processes of higher quality in
significant less time and with fewer resources (Morgan and Liker 2006). Com-
panies following the example of Toyota find plenty of lean development concepts
that differ from each other. Furthermore there is a lack of knowledge about the
influence of the elements on effectiveness and efficiency enhancement. Therefore
the Institute for Advanced Industrial Management, TU Braunschweig revealed in a
study which elements of lean development are implemented in companies and
which delivered the greatest benefit.

48.2 Methodology

Based on a literature review, 19 lean development elements were identified
(Morgan and Liker 2006; Ballé and Ballé 2005; Sehested and Sonnenberg 2011;
Ward 2007). This paper uses an industry survey as research method. In a web-
based survey the elements were examined towards their distribution with closed
questions and their influences on effectiveness and efficiency by a four-stage Likert
scale. In this case effectiveness means ‘‘developing the right products’’, e.g.
innovative products, low lifecycle costs and high customer satisfaction. The
meaning of efficiency is ‘‘developing the product right’’, e.g. low costs, short time-
to-market and few changes. In the following the participants of the survey will be
introduced before the essential results will be presented.

The majority of the 60 companies is located in the automotive industry (27 %)
as well as machinery and plant engineering (22 %) followed by electronic (11 %)
and consumer goods industry (7 %). Figure 48.1 shows the annual sales of the
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companies and the number of employees in product development. Moreover it
shows that 37 % of the companies have less than 50 employees working in product
development (Table 48.1).

48.3 Results

48.3.1 Diffusion Rate of Lean Development Elements

After introducing the group of participants, in the following section the partial
results of the study are presented.

1. Process standardization involves standardized workflows with defined
responsibilities, documents and work instructions within the development
process (Morgan and Liker 2006). Standardization supports the reduction of
errors, the minimization of variability, the increase of efficiency and the
creation of a basis for continuous improvement (Ballé and Ballé 2005; Brown
2007; Schuh et al. 2008). Within the number of participants 95 % already
adopt process standardization.

2. Working standards are specifications that contain the sequence of work
steps, time for an element, cycle time and quantities of inventory (Rother
2010). Working standards increase employee’s performances as well as the
willingness to perform. Moreover it simplifies measures for employee quali-
fication. Disciplinary (e.g. Methods of Construction, Design of Experiments)
and interdisciplinary (e.g. Risk Analysis, Product Life Cycle Calculation)
working standards were implemented in 85 % of the companies (Morgan and
Liker 2006; Rother 2010)

3. 68 % of the companies started to implement an organizational culture of
no-blame and problem-solving. This approach is based on openly handling
problems and errors. Reasons for problems are assumed in the process.
Therefore the focus problem solving shifts from person to process (Rother
2010; Mann 2006).

Table 48.1 Annual turnover and number of employees in product development

Number of employees

Annual turnover [€] 1–50 50–100 100–500 500–1000 [1000 Sum

\50 m 6 0 0 0 0 6
50–500 m 11 5 3 0 0 19
500 m-1 bn 1 4 3 0 0 8
1–10 bn 3 2 6 2 2 15
10–50 bn 1 1 3 1 3 9
[50 bn 0 0 2 1 0 3
Sum 22 12 17 4 5 60
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4. Project Portfolio Management (PPM) is an approach that fosters efficiency
in the innovation process. On the basis of strategic, technical, economic and
organizational criteria as well as objective methods product development
projects are evaluated, selected and prioritized. Thereby it supports the
selection and initiation of the right projects (Sehested and Sonnenberg 2011).
A large number of interviewed companies (68 %) established PPM.

5. Decentralized quality assurance contains the analysis, validation and opti-
mization of product and process quality. Methods of the decentralized quality
assurance (e.g. Rapid Prototyping, Cardboard Engineering, Checklists, Cus-
tomer–Supplier Relationship) were implemented by 67 % of the companies
(Wiendahl 2008).

6. Compared to the conventional product design project pre-development
serves to specify product concepts at the beginning of the product design (e.g.
Technology, Functionality, Carry-Over-Part, Product Vision, Modularization,
Production Concept, Target Costs) (Clark 1989). The majority (67 %) of the
companies uses this element.

7. Continuous improvement means the simultaneous and day-to-day optimi-
zation of processes. There is an unlimited capability for improvements within
the processes of a company. The majority of the interviewed companies
(67 %) are using continuous improvement in product development (Morgan
and Liker 2006; Rother 2010).

8. Requirements engineering identifies, evaluates and prioritizes internal and
external product requirements. The intention is to maximize the customer
value and to minimize the product and process complexity. Over half of the
interviewed companies (60 %) implemented central requirements engineer-
ing. Thus the customer orientation increases by handling positive as well as
negative feedback of internal and external customers (Hull et al. 2011).

9. Qualification of employees describes a continuous learning process. It has to
match the long-term corporate philosophy and has to be standardized to enable
a high as well as homogeneous proficiency level. These specific requirements
of lean development are considered in 58 % of the companies by a qualifi-
cation of employees (Morgan and Liker 2006; Liker 2004).

10. Most of the companies (58 %) adopt a project organization in the product
development process, where Chief Engineers and Module Development
Teams are integrated. The Chief Engineer serves as the voice of the customer.
His role is to plan, solve conflicts, support, communicate, monitor and decide.
Module Development Teams are independent, interdisciplinary and support
the development process among other things by product and process bench-
marking (Morgan and Liker 2006; Ward 2007; Liker 2004).

11. Supplier Management is an approach for companies to govern the rela-
tionship with their suppliers systematically. 57 % of the companies practice a
supplier management that considers special requirements of the product
development (e.g. Innovative Ability, Personnel Exchange, Communication,
Protection of Intellectual Property) (Morgan and Liker 2006).
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12. Visualization describes the graphical representation of objectives, key per-
formance indicators, problems as well as information about work flow and
work results. It facilitates the identification and solution of problem areas and
increases the responsiveness (Morgan and Liker 2006; Mascitelli 2011). Fifty-
four percent of the companies adopted this element in the product
development.

13. The lean element motivation contains different methods to increase the will-
ingness to perform of the employees. The drivers are the corporate image, the
attractiveness of work (e.g. Personal Responsibility, Challenges), work envi-
ronment (e.g. Organizational Structure, Leadership), work-life-balance, career
opportunities (e.g. Training Possibilities) and financial incentives (Liker
2004). Half of the number of participants (50 %) is using motivation
encouraging measures, which consider the requirements of product
development.

14. Complexity affects the attainment of quality, cost, time, flexibility, effec-
tiveness as well as efficiency objectives. Among other things the abandonment
of a complexity management is the identification, analysis as well as review of
complexity driver with the aim to identify an appropriate measure for com-
plexity reduction (Schuh 2005). Less than half of the companies (47 %) use
the reduction of complexity in the product development process (e.g.
Assortment Optimization, Postponement Strategies).

15. The lean element sustainability is in charge of the systematic storage of
process, product and project information in a knowledge data base. The
information can be used for process and product improvements as well as
reduction of the time-to-market. In spite of the necessity of a cross-project
knowledge transfer, 47 % of the companies indicated that they aim for sus-
tainability through systematic knowledge conservation (Schipper and Swets
2010).

16. Process controlling is a multidimensional approach for planning, control and
optimization of business processes. Within the process controlling key per-
formance indicator systems are used to reveal weak points, variance and
potential for improvement (Liker and Convis 2012). 38 % of the companies
use the system.

17. One-third (33 %) of the companies uses Processes Synchronization in the
product development. The intention is to time and schedule the single work
steps to achieve consistent work phases (e.g. Rhythm) (Mascitelli 2011).

18. 28 % of the companies implemented the systematical pursuit of zero defects
in the product development process e.g. Product Reliability-Test by CAx-
Methods. The intention is to decrease the drop-out-rate and the rate of change
in the product development process (Linger 1993).

19. Set-based concurrent engineering is a new model to structure the process of
developing a particular product module. Compared to the point-based
approach, set-based concurrent engineering does not only develop a small
number of alternative solutions for each concept module, it considers a much
larger number of concepts at the beginning of the product development
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process. Instead of the quick minimization of alternatives, each concept is
designed, tested and analyzed parallel, until one solution is found (Morgan
and Liker 2006; Sobek et al. 1999). Within the number of participants only
10 % already adopted Set-based concurrent engineering.

Figure 48.1 shows the diffusion rate of the requested lean development
elements.

48.3.2 Effectiveness and Efficiency

In addition to the diffusion rate of lean development elements, the influence of
effectiveness and efficiency were queried. The scope of possible answers varied
from ‘‘very little influence’’ (1) to ‘‘very high influence’’ (4). The arithmetic mean
of the responses was taken and the results are depicted in Fig. 48.2. Moreover
there was a distinction between an evaluation, in which the ratings of all com-
panies were considered (Fig. 48.2, Section 1) and an evaluation in which only the
ratings were considered by the companies that have implemented the particular
elements (Fig. 48.2, Section 2). A different result appears, if only the evaluations
of companies are considered, that have implemented the respective element. The
diffusion rate (Fig. 48.1) and the impact on effectiveness and efficiency correlate
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significantly less. Comparing the values of Section 2 with the values from Sec-
tion 1, it is striking that there is a significant difference between the valuations of
some elements. Companies, which have implemented the respective elements
already, on average, attach a higher impact on effectiveness and efficiency to the
elements of Lean Development. Particularly, in the validation for the set-based
concurrent engineering, and for the customer orientation this discrepancy becomes
apparent. The set-based concurrent engineering even provides the most powerful
influence to increase effectiveness. The efficiency will continue to be affected most
by the process standardization. However, the evaluations of customer orientation
and continuous improvement have improved significantly. The synchronization of
the processes was rated worst in both categories by the companies that have
introduced it.

48.4 Discussion

Figure 48.1 shows that the elements key performance indicator system (38 %),
synchronization (33 %), zero-defects (28 %) and especially set-based concurrent
engineering (10 %) are barely established. This could be reasoned by e.g. the
complexity of the implementation or the requirements of other elements (for
instance key performance indicator systems require process standardizations).

As mentioned before companies, which implemented the elements already,
attach a higher impact on efficiency and effectiveness. Hence, it could be con-
cluded that the actual benefit is higher than the expected influence.

Especially the validation of the elements customer orientation (60 % imple-
mentation) and set-based concurrent engineering shows a discrepancy. Therefore
companies, which have not established the elements, assume a lower influence of
the elements. Probably, the companies do not see the need for the implementation
of the element or want avoid the higher effort (time and cost).

Set-based concurrent engineering was mostly established by the companies
with the highest number of employees and annual turnover. This could be caused
by e.g. the effort of implementation or the high requirement for employee capacity.
Furthermore, set-based concurrent engineering, as a lean develop element, does
not seem to be lean at first, because of the great amount of considered alternatives
at the beginning. In contrast, small and medium-sized companies barely adopt the
element. In this field is need for action.

48.5 Conclusion

To increase the effectiveness and efficiency in product development, more and
more companies introduce lean development. It can be summarized from the study
that 60 companies of varying size and industry already implemented some
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elements of lean development. Another outcome of the study is that all elements
are trusted to have a good to very good influence on the effectiveness and effi-
ciency in product development, regardless whether the ratings of all companies or
just of the companies that introduced the element are considered. Nevertheless, the
discrepancy between the two analyses is clear. Companies that have introduced
elements of the lean development, attach, on average, a higher impact on effec-
tiveness and efficiency to them.
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