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Abstract 

In today’s business environment, the trend towards more product variety and customization is unbroken. Due to this development, the need of 
agile and reconfigurable production systems emerged to cope with various products and product families. To design and optimize production
systems as well as to choose the optimal product matches, product analysis methods are needed. Indeed, most of the known methods aim to 
analyze a product or one product family on the physical level. Different product families, however, may differ largely in terms of the number and 
nature of components. This fact impedes an efficient comparison and choice of appropriate product family combinations for the production
system. A new methodology is proposed to analyze existing products in view of their functional and physical architecture. The aim is to cluster
these products in new assembly oriented product families for the optimization of existing assembly lines and the creation of future reconfigurable 
assembly systems. Based on Datum Flow Chain, the physical structure of the products is analyzed. Functional subassemblies are identified, and 
a functional analysis is performed. Moreover, a hybrid functional and physical architecture graph (HyFPAG) is the output which depicts the 
similarity between product families by providing design support to both, production system planners and product designers. An illustrative
example of a nail-clipper is used to explain the proposed methodology. An industrial case study on two product families of steering columns of 
thyssenkrupp Presta France is then carried out to give a first industrial evaluation of the proposed approach. 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 28th CIRP Design Conference 2018. 
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1. Introduction 

Due to the fast development in the domain of 
communication and an ongoing trend of digitization and
digitalization, manufacturing enterprises are facing important
challenges in today’s market environments: a continuing
tendency towards reduction of product development times and
shortened product lifecycles. In addition, there is an increasing
demand of customization, being at the same time in a global 
competition with competitors all over the world. This trend, 
which is inducing the development from macro to micro 
markets, results in diminished lot sizes due to augmenting
product varieties (high-volume to low-volume production) [1]. 
To cope with this augmenting variety as well as to be able to
identify possible optimization potentials in the existing
production system, it is important to have a precise knowledge

of the product range and characteristics manufactured and/or 
assembled in this system. In this context, the main challenge in
modelling and analysis is now not only to cope with single 
products, a limited product range or existing product families,
but also to be able to analyze and to compare products to define
new product families. It can be observed that classical existing
product families are regrouped in function of clients or features.
However, assembly oriented product families are hardly to find. 

On the product family level, products differ mainly in two
main characteristics: (i) the number of components and (ii) the
type of components (e.g. mechanical, electrical, electronical). 

Classical methodologies considering mainly single products 
or solitary, already existing product families analyze the
product structure on a physical level (components level) which 
causes difficulties regarding an efficient definition and
comparison of different product families. Addressing this 
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1. Introduction 

Lean Production is one of the most misunderstood business 
concepts of our time [1]. Presented in The Machine that 
Changed the World  as a radical new approach to managing the 
entire enterprise [2], it has been mysteriously reduced  from its 
original organization-wide concept ("designing the car, 
dealing with the customer, running the factory, coordinating 
the supply chain and managing the enterprise") to a set of 
principles  just for manufacturing  [3, 4], only to be  further re-
constructed as an additional set of specific principles and 
practices for other functions (i.e. Product Development) in 
isolation  [5]. In practice, many lean implementations have 
tended to focus on the mechanistic identification and 
elimination of waste (cost-cutting) in operations, rather than 
value creation and sustainable business growth. Much like the 
whispering game, we suggest that the true meaning of lean 
thinking and practice has been distorted – almost lost in 
translation - as it has morphed from context to context. 

Studying various  applications of lean within and across 
different industry types, [6] conclude that lean – cut to the core 
– is about continuous improvement through learning, 

leadership and the adoption of a long-term perspective.  [7] go 
so far as to present lean as a learning system rather than a 
production system – an education system that consists of four 
discrete yet interdependent theories: 
 

1) A better economic theory that encompasses product 
planning and policy deployment 

2) A better product theory, compromising the chief 
engineer (Shusa) system for product and process 
development 

3) A better production theory based on the Toyota 
Production System (TPS) 

4) A better management theory that includes total quality 
management and human capital development 

 
As such, in this paper we aim to again present lean 

production as a holistic approach to long-term profitability. 
Based on the four underlying theories (above), a lean 

strategy entails striving for higher customer satisfaction 
through tighter supplier integration, improved production 
processes, and the co-creation of better products [8]. We draw 
on practical insights from two Norwegian Enterprises, that both 
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exhibit entire, enterprise-wide value streams to generate 
insights into how lean thinking and practice improves both 
knowledge transformation processes and organizational 
learning in manufacturing organizations. In the next section, 
we present an overview of relevant theory structured as several 
fundamental lessons. These lessons form the basis for framing 
the industrial insights presented in section 3. We gather these 
insights in section 4 as a set of guidelines that have relevance 
for both theory and practice. Finally, we draw conclusions from 
the work in section 5. 

2. Theoretical background 

As manufacturing practices have evolved from craftmanship 
to lean production [9], two divergent sets of research paradigms 
related to lean tools, techniques, and practices have manifested 
itself in the academic literature. On one hand, the basic 
assumption is that lean production is a set of operational best 
practices that can be obtained and implemented as a commodity 
[10–11], just as Michael Porter set out in his seminal paper 
"What is Strategy?" [12]. On the other hand, there are 
researchers that have studied lean production through a lens of 
learning and growth [13–15].  [16] summarize these 
approaches as toolbox lean and lean thinking respectively. To 
address this divide, we have identified four lessons from an 
analysis of the extant lean literature: 1) Reframe the role of 
practices, 2) See the product, not just the process, 3) 
Collaboration over coordination, 4) Structure matters, but 
people matter more. 
 
Lesson 1 Reframe the role of practices. 

[15] presents the development of a learning-to-learn 
capability as a critical success factor for sustainable lean 
transformation. In doing so, they recognize that best practices 
are only a starting point for lean thinking. The goal is not the 
optimization of the current manufacturing system, but rather to 
grow the business using a process of continuous discovery and 
learning. In the spirit of action learning [17], one must add 
insightful questioning to best practices as programmed 
knowledge, to develop and re-deploy actionable knowledge 
both within and across organizations. This is the real secret of 
success to developing, producing, and delivering value to 
customers, again and again. [18] does argue that there are best 
practices within TPS, however these should be used for 
inspiration only, not as copy and paste application. 
Emphasizing a learning to learn capability can be traced back 
to the origins of TPS, in what [19] describe as overcoming the 
handicap of Japanese Industry (meaning lack of natural 
resources) by "putting forth all efforts to attain low cost 
production by "reduction of cost through elimination of waste". 
Exemplified by how the Kanban system was incrementally 
extended to the unit assembly line at Tokaido - with the 
introduction of a daily, Kanban controlled, production plan (as 
opposed to monthly plan) - many problems with material flow 
where uncovered and addressed with local countermeasures 
[20]. The flow lines and the Kanban system eventually 
developed were as such educational mechanisms that 
highlighted the technical issues Toyota needed to face at the 
time [7] and thus allowed for programmed knowledge to be 

combined with insightful questioning. [21] found evidence of 
this action-oriented approach to learning in both the practices 
of production (TPS) and in new product development (NPD) at 
Toyota. 

 
Proposition: By reframing the role of practices, 

organizations should focus more on developing people through 
practice, rather than simply seeking to implement someone 
else's best practices. 
 
Lesson 2: See the product, not just the process. 

Removing wasteful activities is an important part of lean 
thinking, and most companies who move towards lean should 
experience benefits in terms of safety, quality, delivery and cost 
performance [22].  However, this is only the last, and least 
impactful stage of the “Genka Kikaku” (Target Cost) system 
that encompasses the full value chain [23]. Value and waste, 
perceived from the customers’ or users’ points of view, are 
designed into the product or service while it is still on the (now 
digital) drawing board [24]. In fact, [25] reframes the 
traditional process-focused Value Stream Mapping (VSM) as a 
product centric approach to encompass the full life cycle of the 
product, leading to instrumental enterprise-wide collaboration. 
As such, lean product development is not about the reduction 
of wasteful activities in the process of New Product 
Development (NPD). Rather, it seeks to enhance the value of 
the product through the development of exceptional people 
[26]. [27] found that value from the customers perspective 
relies on emotional and practical considerations and that 
understanding customer value does not necessarily improve our 
ability to satisfy value. Suggesting that a more holistic 
approach should be taken when defining value, value creation 
and ultimately waste. [28] presents four phases that will help 
facilitate the change from a process-oriented organization to a 
product-oriented organization; understand the underlying 
physics that drives correct product decisions, capture the 
existing physics-based knowledge in a reusable form, learn 
how to design based on this knowledge, and learn to expand 
that knowledge into reusable sets of solutions. 

 
Proposition: By looking at the product and not just the 

process, organizations should move to addressing the 
misconceptions in design that leads to customer dis-
satisfaction. 
 
Lesson 3: Collaboration over Coordination. 

Changing customer needs, and the speed of technology 
development leads to growing complexity of new products 
[29]. Therefore, enterprises are look towards new collaborative 
models in both NPD and production within and across 
organizations to address this challenge. Inside the enterprise, 
this has led to an enhanced focus on cross-functional 
collaboration. Both between technical functions in the NPD 
organization and other functions of the larger enterprise, such 
as production, supply-chain, sourcing, distribution, customer 
service and sales and marketing [30]. In agile software 
development, the emphasis on collaboration has materialized 
itself as cross-functional product teams with complete 
ownership of the product and the development process within 
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the organization [31]. Furthermore, in more complex physical 
product environments such as the automobile industry, there 
has been a trend of integrating suppliers in the development 
process. In fact, [32] found that the integration of suppliers in 
the NPD process saw increased effectiveness in decision 
making, resulting in better design and financial performance. 
In a case-based study of inter-firm collaboration in Chinese 
pharmaceutical companies [33] found that collaboration is 
carried out in different ways throughout the different stages of 
the NPD process: Informal at first, then arms-length, 
transitioning to lead-operator-centered in the final stages. [34] 
argues that a key responsibility of the chief engineer is the 
coordination of integration activities. This claim is backed by 
[35] who found that the chief engineer has a crucial role in the 
coordination between cross-functional teams, and that 
integrated projects foster cross-functional collaborations. 
Furthermore, [36] found that an organizations information 
system capability has a moderating effect on its ability to 
coordinate internally and externally. Finally, [37] proposes that 
the Obeya is a key tool for both coordination and collaboration 
activities in NPD. 

 
Proposition: Collaboration should help organizations fix 

problems early through enhanced cross-functional learning. 
 
Lesson 4: Structure matters, but people matter more. 

When [19] published the first academic work on the Toyota 
Production System. They emphasized the Respect for Human 
system that allow people to develop their full capabilities by 
actively participating in running and improving their own 
work. Furthermore, both [34, 37] place people development at 
the center of value creation, and [26] argue that individual 
mastery is at the hearth of innovation and can be promoted 
through three fundamental questions: 

1) What do we need to learn about our customers, products, 
and production processes to design better products, 2) how do 
we learn this? And finally, 3) what kind of organizational 
structures and routines best support learning? 

According to [38] people design products, not systems, and 
that structure is only in place to support highly skilled workers 
do their job effectively. New products can only be successful if 
they are designed by highly skilled people with hands-on 
experience, an eye for the overall system and deep technical 
knowledge. This suggests that the success of a product in the 
market and thus a firm’s performance relies not only on the 
quality of its processes and procedures. What is as important is 
the competence and ingenuity of its people. In fact, two of the 
most successful companies around today in terms of 
profitability, Toyota and Apple, both place high value on the 
technical competence of their managers. [39] show how the 
chief engineer system and functional system in Toyota is 
applied to develop excellence in engineering and design skills. 
In the same way, Apple leverages its functional organization to 
develop technical expertise and expects its managers to fully 
engage in the technical development work of the function, 
immerse themselves in the technical details, and collaborate 
across functions to facilitate collective decision-making [40]. 

Proposition: By focusing on developing people rather than 
strict structures, organizations should become more adaptive 
to changing trends, technologies, and markets. 

3. Industrial Insights 

The case studies have been made anonymous and will be 
referred to as Case Sonar and Case Simulator. The two 
companies are similar in as much as they both design, 
manufacture and distribute their products to professional 
customers - so called business to business (B2B). Both case 
companies are international market leaders in their businesses 
and have implemented lean as a manufacturing philosophy 
with an emphasis on flow efficiency of final assembly and sub-
assembly of components. They have both seen gains both in 
terms of quality and lead-time in manufacturing, however the 
companies have struggled to realize these gains in overall 
performance. Therefore, they have both, independently, 
identified the need to expand lean thinking into other parts of 
the organization with a product focus. 

Lesson 1 Practice: Case Simulator practice a hands-on, 
workshop style, development process. Characterized by high 
velocity prototyping. They are committed to learning from 
technical issues discovered in production and with customers, 
and as such, view both the production Gemba and the customer 
Gemba as testing facilities that allow them to see and 
understand design issues previously not seen. There is a 
commitment to understanding user needs across the user 
journey looking at four dimensions: Technical quality, Design 
quality, global market, and specific customer needs. 

Case Sonar has implemented Kanban solutions in final 
assembly and test departments. Originally as a production 
execution tool – the Kanban is now used as a discovery and 
learning tool, driving a hands-on collaborative problem- 
solving process that involves both operations staff and product 
engineers. Both sales personnel and product manager regularly 
visit customer Gemba to understand the challenges which 
customers face – to create more value for the customers. 

Lesson 2 Product: Both case companies experience a 
conflict of interest between a process-driven project 
organization and product-driven development organization. 
However, the formal structure of development projects is 
highly process-driven, with project managers often lacking in 
real technical insights. At the same time, the product teams are 
dealing with customer needs by looking into and solving 
technical issues. An example of this is how gate reviews are 
process-driven, I.e., where are you in the development process, 
rather than product-driven, I.e., how far have you come in 
solving the technical issues that need to be solved to succeed. 
Counterintuitively, a focus on the process of development 
seems to slow down the development of new products. 

Lesson 3 Collaboration: Simulator value their 
collaborative environment and have had great success in 
developing new products and delivering product upgrades in 
close collaboration with other companies and organizations. 
The product development teams themselves work in a very 
collaborative fashion and they have been working to extend 
both cross-functional collaboration and coordination with other 
internal functions such as manufacturing and supply chain, 
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customers, again and again. [18] does argue that there are best 
practices within TPS, however these should be used for 
inspiration only, not as copy and paste application. 
Emphasizing a learning to learn capability can be traced back 
to the origins of TPS, in what [19] describe as overcoming the 
handicap of Japanese Industry (meaning lack of natural 
resources) by "putting forth all efforts to attain low cost 
production by "reduction of cost through elimination of waste". 
Exemplified by how the Kanban system was incrementally 
extended to the unit assembly line at Tokaido - with the 
introduction of a daily, Kanban controlled, production plan (as 
opposed to monthly plan) - many problems with material flow 
where uncovered and addressed with local countermeasures 
[20]. The flow lines and the Kanban system eventually 
developed were as such educational mechanisms that 
highlighted the technical issues Toyota needed to face at the 
time [7] and thus allowed for programmed knowledge to be 

combined with insightful questioning. [21] found evidence of 
this action-oriented approach to learning in both the practices 
of production (TPS) and in new product development (NPD) at 
Toyota. 

 
Proposition: By reframing the role of practices, 

organizations should focus more on developing people through 
practice, rather than simply seeking to implement someone 
else's best practices. 
 
Lesson 2: See the product, not just the process. 

Removing wasteful activities is an important part of lean 
thinking, and most companies who move towards lean should 
experience benefits in terms of safety, quality, delivery and cost 
performance [22].  However, this is only the last, and least 
impactful stage of the “Genka Kikaku” (Target Cost) system 
that encompasses the full value chain [23]. Value and waste, 
perceived from the customers’ or users’ points of view, are 
designed into the product or service while it is still on the (now 
digital) drawing board [24]. In fact, [25] reframes the 
traditional process-focused Value Stream Mapping (VSM) as a 
product centric approach to encompass the full life cycle of the 
product, leading to instrumental enterprise-wide collaboration. 
As such, lean product development is not about the reduction 
of wasteful activities in the process of New Product 
Development (NPD). Rather, it seeks to enhance the value of 
the product through the development of exceptional people 
[26]. [27] found that value from the customers perspective 
relies on emotional and practical considerations and that 
understanding customer value does not necessarily improve our 
ability to satisfy value. Suggesting that a more holistic 
approach should be taken when defining value, value creation 
and ultimately waste. [28] presents four phases that will help 
facilitate the change from a process-oriented organization to a 
product-oriented organization; understand the underlying 
physics that drives correct product decisions, capture the 
existing physics-based knowledge in a reusable form, learn 
how to design based on this knowledge, and learn to expand 
that knowledge into reusable sets of solutions. 

 
Proposition: By looking at the product and not just the 

process, organizations should move to addressing the 
misconceptions in design that leads to customer dis-
satisfaction. 
 
Lesson 3: Collaboration over Coordination. 

Changing customer needs, and the speed of technology 
development leads to growing complexity of new products 
[29]. Therefore, enterprises are look towards new collaborative 
models in both NPD and production within and across 
organizations to address this challenge. Inside the enterprise, 
this has led to an enhanced focus on cross-functional 
collaboration. Both between technical functions in the NPD 
organization and other functions of the larger enterprise, such 
as production, supply-chain, sourcing, distribution, customer 
service and sales and marketing [30]. In agile software 
development, the emphasis on collaboration has materialized 
itself as cross-functional product teams with complete 
ownership of the product and the development process within 
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Furthermore, [36] found that an organizations information 
system capability has a moderating effect on its ability to 
coordinate internally and externally. Finally, [37] proposes that 
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activities in NPD. 
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work. Furthermore, both [34, 37] place people development at 
the center of value creation, and [26] argue that individual 
mastery is at the hearth of innovation and can be promoted 
through three fundamental questions: 

1) What do we need to learn about our customers, products, 
and production processes to design better products, 2) how do 
we learn this? And finally, 3) what kind of organizational 
structures and routines best support learning? 

According to [38] people design products, not systems, and 
that structure is only in place to support highly skilled workers 
do their job effectively. New products can only be successful if 
they are designed by highly skilled people with hands-on 
experience, an eye for the overall system and deep technical 
knowledge. This suggests that the success of a product in the 
market and thus a firm’s performance relies not only on the 
quality of its processes and procedures. What is as important is 
the competence and ingenuity of its people. In fact, two of the 
most successful companies around today in terms of 
profitability, Toyota and Apple, both place high value on the 
technical competence of their managers. [39] show how the 
chief engineer system and functional system in Toyota is 
applied to develop excellence in engineering and design skills. 
In the same way, Apple leverages its functional organization to 
develop technical expertise and expects its managers to fully 
engage in the technical development work of the function, 
immerse themselves in the technical details, and collaborate 
across functions to facilitate collective decision-making [40]. 

Proposition: By focusing on developing people rather than 
strict structures, organizations should become more adaptive 
to changing trends, technologies, and markets. 

3. Industrial Insights 

The case studies have been made anonymous and will be 
referred to as Case Sonar and Case Simulator. The two 
companies are similar in as much as they both design, 
manufacture and distribute their products to professional 
customers - so called business to business (B2B). Both case 
companies are international market leaders in their businesses 
and have implemented lean as a manufacturing philosophy 
with an emphasis on flow efficiency of final assembly and sub-
assembly of components. They have both seen gains both in 
terms of quality and lead-time in manufacturing, however the 
companies have struggled to realize these gains in overall 
performance. Therefore, they have both, independently, 
identified the need to expand lean thinking into other parts of 
the organization with a product focus. 

Lesson 1 Practice: Case Simulator practice a hands-on, 
workshop style, development process. Characterized by high 
velocity prototyping. They are committed to learning from 
technical issues discovered in production and with customers, 
and as such, view both the production Gemba and the customer 
Gemba as testing facilities that allow them to see and 
understand design issues previously not seen. There is a 
commitment to understanding user needs across the user 
journey looking at four dimensions: Technical quality, Design 
quality, global market, and specific customer needs. 

Case Sonar has implemented Kanban solutions in final 
assembly and test departments. Originally as a production 
execution tool – the Kanban is now used as a discovery and 
learning tool, driving a hands-on collaborative problem- 
solving process that involves both operations staff and product 
engineers. Both sales personnel and product manager regularly 
visit customer Gemba to understand the challenges which 
customers face – to create more value for the customers. 

Lesson 2 Product: Both case companies experience a 
conflict of interest between a process-driven project 
organization and product-driven development organization. 
However, the formal structure of development projects is 
highly process-driven, with project managers often lacking in 
real technical insights. At the same time, the product teams are 
dealing with customer needs by looking into and solving 
technical issues. An example of this is how gate reviews are 
process-driven, I.e., where are you in the development process, 
rather than product-driven, I.e., how far have you come in 
solving the technical issues that need to be solved to succeed. 
Counterintuitively, a focus on the process of development 
seems to slow down the development of new products. 

Lesson 3 Collaboration: Simulator value their 
collaborative environment and have had great success in 
developing new products and delivering product upgrades in 
close collaboration with other companies and organizations. 
The product development teams themselves work in a very 
collaborative fashion and they have been working to extend 
both cross-functional collaboration and coordination with other 
internal functions such as manufacturing and supply chain, 
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sales, distribution, and sourcing to create a more effective new 
product development process. In this regard they are investing 
in the development of both lean and agile methodologies to 
support the product development teams. Sonar’s Product 
Managers have developed a practice of regular Gemba visits 
and have established an Obeya solution that is currently 
coordinated by the industrialization department – a halfway 
house between the development and operations functions. 

Lesson 4 People: After a big effort to upgrade two different 
products at the same time, where they needed to supplement 
internal resources with external resources, Simulator realized 
that the technical discoveries and learning the external 
resources made did not efficiently stay behind in the internal 
product development organization. Therefore, future projects 
have looked at structuring the engineering work more in line 
with practices from Toyota and Apple, with an emphasis on 
developing highly skilled designers and engineers as an 
integrated part of the development process. This is also 
important due to the nature of competence and knowledge 
needed. Both in terms of technical knowledge, but also in terms 
of knowledge about the environment their product is 
simulating. Sonar continues to share functional expertise across 
various development projects – often competing for resources 
(on a day-to-day basis) from the central technology 
development department. 

4. Guidelines for theory and practice 

Based on the theoretical and practical findings presented 
above, there are several implications for practitioners and 
researchers: 

Lesson 1 Practice: Tools as frames for learning 
challenges. The tools of Lean Production and Lean Product 
Development should not be simply seen and implemented as 
manufacturing or development best practices for realizing a 
more efficient process. Rather, these practices should be 
considered as tools for discovery, each with a specific purpose. 
For example, reducing the number of Kanban in a just-in-time 
system reveals both logistical and technical problems in the 
process and product. In NPD, Quality Function Deployment 
(QFD) is used to discover technical issues related to the 
integration of new features into an existing design base. In 
other words, the reason a "tool doesn't work here" is not the 
tool itself. The tool is showing a gap in our technical 
understanding of the process or the product. By closing these 
gaps, organizations will develop both people and practices and, 
in the end, develop unique approaches to delivering customer 
value. 

Lesson 2 Product: Product Enterprise Value Stream 
Management. There is a need for organizations to organize 
value creation not just around processes but around products. 
Organizations should define a clear ownership of the product 
throughout its life stages, from design to end-of-life. 
Furthermore, there is a need for adding value and removing 
waste in both the process of manufacturing and the product 
itself. For instance [7] argue that classic 7 wastes is a result of 
our misconceptions. As such the cost structure of a product can 
be framed as: 
 

Real Cost = Base Cost + Cost of Problems (due to our 
misconceptions)  
 

This gives an entry point for specific waste- and cost 
reduction on two dimensions. Cost of problems in the product 
design, as well as cost of problems in (i.e., the seven classic 
wastes) in the process of assembly or creation. As such, Lean 
Product Development does not deal so much with reducing 
waste and enhancing value in the process of developing 
products, but with waste reduction and value creation within 
the product itself.  

Lesson 3 Collaboration: The role of the chief engineer in 
coordinating collaboration. Our findings suggest that 
complex technical product development projects need 
technically proficient project managers, and that new 
development should be product driven, not process driven. To 
support such a project there needs to be a clear responsibility 
of leading and coordinating activities, especially collaboration 
activities. Furthermore, there must also be information systems 
and structures, such as Product Obeya, in place that supports 
this. Based on the literature review findings and industry 
research we suggest a Chief Engineer type role to have this 
responsibility. The CE must have full responsibility of the 
products success and must drive and co-ordinate collaboration 
both internally and externally. As exemplified by Apple and 
Toyota, to be able to fill such a role, a person must develop a 
thorough understanding of both customer and user needs, the 
technical design details of the product that delivers customer 
value, understanding of market conditions, as well as the 
industry the company operates in. 

Lesson 4 People: Create space for discovery to develop 
exceptional people for better delivery. Product and process 
specific knowledge can only be obtained through learning-by-
doing (learning the skills required to carry out a set of tasks) 
and learning-by-improving (developing a deeper technical 
understanding of the reason behind the task as it is today).   As 
such, organizations must create support systems that integrate 
people development with actual work. Across the enterprise, 
learning should be moved from the classroom to the “Gemba” 
– the real place. 

5. Conclusion 

Too many lean implementations focus only on the process 
improvement dimension of TPS. Therefore, in this paper we set 
out to rethink value and waste from the perspective of the 
product. We summarized our findings as a set of four 
guidelines. These guidelines are tightly coupled and should not 
be considered in isolation. For example, implementation of 
“best practices” will not support the development of people, 
even though one heeds the lessons of product focus and 
collaboration over coordination. Similarly, a product focus 
without collaboration will lead to poor integration. To truly 
reap the benefits of the lean enterprise, all four lessons must be 
learned. 

Lean is an enterprise endeavor and to create the lean 
enterprise, value should be viewed from the perspective of the 
product, including the production process which is, in lean, an 
important part of the products "bill of material". As such, the 
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tools of lean become learning tools for discovering our lack of 
technical understanding, not process improvement tools that 
will reduce wasteful activities. Wasteful activities are reduced 
as we close our knowledge gaps and develop our understanding 
of the technical process in manufacturing and the design and 
engineering challenges in NPD. Monozukuri wa Hitozukuri – 
making things by making people. 

Acknowledgements 

The authors acknowledge support from the Research Council 
of Norway for the research projects V-ALU-E, CIRCULÆR, 
and Lean Digital. 
 

References 

1.  Powell D, Reke E (2019) No Lean Without Learning: Rethinking Lean 
Production as a Learning System. In: Ameri F (Texas SU, Stecke KE (The 
U of T at DRU, von Cieminski, Gregor (ZF Friedrichshafen AG FG, 
Kiritsis, Dimitris (EPFL, SCI-STI-DK L, Switzerland) (eds) Advances in 
Production Management Systems. Production Management for the Factory 
of the Future. APMS 2019. IFIP Advances in Information and 
Communication Technology. Springer, Cham, pp 62–68 

2.  Womack JP, Jones DT, Roos D (1990) Machine That Changed The World. 
Harper Perennial, New York 

3.  Browning TR, Heath RD (2009) Reconceptualizing the effects of lean on 
production costs with evidence from the F-22 program. J Oper Manag 
27:23–44 . https://doi.org/10.1016/j.jom.2008.03.009 

4.  Shah R, Ward PT (2003) Lean manufacturing: context, practice bundles, 
and performance. J Oper Manag 21:129–149 . https://doi.org/10.7166/26-
1-644 

5.  Welo T (2011) On the application of lean principles in Product 
Development: A commentary on models and practices. Int J Prod Dev 
13:316–343 . https://doi.org/10.1504/IJPD.2011.042027 

6.  Netland TH, Powell DJ (2017) A Lean World. In: Netland TH, Powell DJ 
(eds) The Routledge Companion to Lean Management. Routledge, New 
York, pp 465–473 

7.  Ballé M, Chartier N, Coignet P, Olivencia S, Powell DJ, Reke E (2019) The 
Lean Sensei. Go, See, Challenge. The Lean Enterprise Institute Inc, Boston, 
MA 

8.  Ballé M, Jones DT, Chaize J, Fiume O (2017) The Lean Strategy: using 
lean to create competitive advantage, unleash innovation, and deliver 
sustainable growth. McGraw Hill Professional, New York 

9.  Mourtzis,, D & Doukas, M (2014). The evolution of manufacturing 
systems: From craftsmanship to the era of customisation. In Modrak, V & 
Semanco, P (EDS) Handbook of research on design and management of 
lean production systems. IGI Global. 

10. Holmemo MD, Powell DJ, & Ingvaldsen JA (2018) Making it stick on 
borrowed time. TQM J 30:217–231 

11. Rose, A.M.N., Deros, B.Md., Rahman, M.N.Ab. & Nordin N (2011) Lean 
manufacturing best practices in SMEs. Int Conf Ind Eng Oper Manag 
1:872–877 

12. Porter ME (1996) What is Strategy? Harv Bus Rev 74:61–78 
13. Fujimoto T (1999) The evolution of a manufacturing system at Toyota. 

Oxford University Press, Oxford 
14. Ballé M, Beaufallet G, Smalley A, Sobek DK (2006) The Thinking 

Production System. Reflections 7: 
15. Powell DJ, Coughlan P (2020) Rethinking lean supplier development as a 

learning system. Int J Oper Prod Manag. https://doi.org/10.1108/IJOPM-
06-2019-0486 

16. Pettersen J (2009) Defining Lean Production : Some conceptual and 
practical issues. TQM J 21:127–142 

17. Revans R (2011) ABC of action learning. Gower, Surrey 
18. Ballé M, Chaize J, Jones DT (2014) Learning to Learn: Knowledge As a 

System of Questions. Reflections 14:10–18 
19. Sugimori Y, Kusunoki K, Cho F, Uchikawa S (1977) Toyota production 

system and kanban system materialization of just-in-time and respect-for-
human system. Int J Prod Res 15:553–564 . 
https://doi.org/10.1080/00207547708943149 

20. Shimokawa K, Fujimoto T (2009) Birth of Lean. The Lean Enterprise 
Institute Inc, Cambridge 

21. Fuchs B (2007) Learning from Toyota: how action learning can foster 
competitive advantage in new product development (NPD). Action Learn 
Res Pract 4:25–43 . https://doi.org/10.1080/14767330701231446 

22. Karlsson C, Hlström P (1996) Assessing changes towards lean production. 
Int J Oper Prod Manag 16:24–41 . 
https://doi.org/10.1108/01443579610109820 

23. Monden Y, Lee J (1993) How a Japanese auto maker reduces costs. Manag 
Account 75:22–26 

24. Kato Y (1993) Target costing support systems: lessons from leading 
Japanese companies. Manag Account Res 4:33–47 

25. Powell DJ, Bartolome CPF (2020) Enterprise-wide Value Stream 
Mapping : From Dysfunctional Organization to Cross-Functional , 
Collaborative Learning and Improvement. Singapore 

26. Ballé M, Morgan J, Sobek DK (2016) Why Learning is Central to Sustained 
Innovation. Sloan Manage Rev 57:63–71 

27. Gudem M, Steinert M, Welo T, Leifer L (2013) Redefining customer value 
in lean product development design projects. J Eng Des Technol 11:71–89 
. https://doi.org/10.1108/17260531311309143 

28. Kennedy MN (2005) Implementing the Principles of the Toyota 
Development System — Myths and Realities. Target 21:5–10 

29. Rycroft RW, Kash DE (1999) The Complexity Challenge: Technological 
Innnovations for the 21st Century. Pinton, London 

30. Nobeoka K, Cusumano MA (1995) Reorganizing for Multi-Project 
Management : Toyota’s New Structure of Product Development Centers. 
Kobe Econ Bus Rev 89–128 

31. Dingsøyr T, Nerur S, Balijepally V, Moe NB (2012) A decade of agile 
methodologies: Towards explaining agile software development. J Syst 
Softw 85:1213–1221 . https://doi.org/10.1016/j.jss.2012.02.033 

32. Petersen KJ, Handfield RB, Ragatz GL (2005) Supplier integration into 
new product development: Coordinating product, process and supply chain 
design. J Oper Manag 23:371–388 . 
https://doi.org/10.1016/j.jom.2004.07.009 

33. Li X, Zheng Y, Wang CL (2016) Inter-firm collaboration in new product 
development in Chinese pharmaceutical companies. Asia Pacific J Manag 
33:165–193 . https://doi.org/10.1007/s10490-015-9451-y 

34. Morgan JM, Liker JK (2006) The Toyota Product Development System. 
CRC Press, Taylor & Francis Group, Boca Raton, Fl 

35. Hickethier G, Tommelein ID, Lostuvali B (2013) Social network analysis 
of information flow in an IPD-project design organization. 21st Annu Conf 
Int Gr Lean Constr 2013, IGLC 2013 1:315–324 

36. Bendoly E, Bharadwaj A, Bharadwaj S (2012) Complementary drivers of 
new product development performance: Cross-functional coordination, 
information system capability, and intelligence quality. Prod Oper Manag 
21:653–667 . https://doi.org/10.1111/j.1937-5956.2011.01299.x 

37. Morgan JM, Liker JK (2019) Designing the Future. McGraw Hill 
Professional, New York 

38. Sobek DK, Liker JK, Ward AC (1998) Another look at how Toyota 
integrates product development. IEEE Eng Manag Rev 26:69–77 

39. Liker JK, Hoseus M (2010) Human Resource development in Toyota 
culture. Int J Hum Resour Dev Manag 10:34–50 . 
https://doi.org/10.1504/IJHRDM.2010.029445 

40. Podolny JM, Hansen MT (2020) How Apple Is Organized for Innovation. 
Harv Bus Rev 98:86–95 

 



	 Eivind Reke  et al. / Procedia CIRP 104 (2021) 1041–1045� 1045
4 Eivind Reke, Daryl Powell / Procedia CIRP 00 (2021) 000–000 

sales, distribution, and sourcing to create a more effective new 
product development process. In this regard they are investing 
in the development of both lean and agile methodologies to 
support the product development teams. Sonar’s Product 
Managers have developed a practice of regular Gemba visits 
and have established an Obeya solution that is currently 
coordinated by the industrialization department – a halfway 
house between the development and operations functions. 

Lesson 4 People: After a big effort to upgrade two different 
products at the same time, where they needed to supplement 
internal resources with external resources, Simulator realized 
that the technical discoveries and learning the external 
resources made did not efficiently stay behind in the internal 
product development organization. Therefore, future projects 
have looked at structuring the engineering work more in line 
with practices from Toyota and Apple, with an emphasis on 
developing highly skilled designers and engineers as an 
integrated part of the development process. This is also 
important due to the nature of competence and knowledge 
needed. Both in terms of technical knowledge, but also in terms 
of knowledge about the environment their product is 
simulating. Sonar continues to share functional expertise across 
various development projects – often competing for resources 
(on a day-to-day basis) from the central technology 
development department. 

4. Guidelines for theory and practice 

Based on the theoretical and practical findings presented 
above, there are several implications for practitioners and 
researchers: 

Lesson 1 Practice: Tools as frames for learning 
challenges. The tools of Lean Production and Lean Product 
Development should not be simply seen and implemented as 
manufacturing or development best practices for realizing a 
more efficient process. Rather, these practices should be 
considered as tools for discovery, each with a specific purpose. 
For example, reducing the number of Kanban in a just-in-time 
system reveals both logistical and technical problems in the 
process and product. In NPD, Quality Function Deployment 
(QFD) is used to discover technical issues related to the 
integration of new features into an existing design base. In 
other words, the reason a "tool doesn't work here" is not the 
tool itself. The tool is showing a gap in our technical 
understanding of the process or the product. By closing these 
gaps, organizations will develop both people and practices and, 
in the end, develop unique approaches to delivering customer 
value. 

Lesson 2 Product: Product Enterprise Value Stream 
Management. There is a need for organizations to organize 
value creation not just around processes but around products. 
Organizations should define a clear ownership of the product 
throughout its life stages, from design to end-of-life. 
Furthermore, there is a need for adding value and removing 
waste in both the process of manufacturing and the product 
itself. For instance [7] argue that classic 7 wastes is a result of 
our misconceptions. As such the cost structure of a product can 
be framed as: 
 

Real Cost = Base Cost + Cost of Problems (due to our 
misconceptions)  
 

This gives an entry point for specific waste- and cost 
reduction on two dimensions. Cost of problems in the product 
design, as well as cost of problems in (i.e., the seven classic 
wastes) in the process of assembly or creation. As such, Lean 
Product Development does not deal so much with reducing 
waste and enhancing value in the process of developing 
products, but with waste reduction and value creation within 
the product itself.  

Lesson 3 Collaboration: The role of the chief engineer in 
coordinating collaboration. Our findings suggest that 
complex technical product development projects need 
technically proficient project managers, and that new 
development should be product driven, not process driven. To 
support such a project there needs to be a clear responsibility 
of leading and coordinating activities, especially collaboration 
activities. Furthermore, there must also be information systems 
and structures, such as Product Obeya, in place that supports 
this. Based on the literature review findings and industry 
research we suggest a Chief Engineer type role to have this 
responsibility. The CE must have full responsibility of the 
products success and must drive and co-ordinate collaboration 
both internally and externally. As exemplified by Apple and 
Toyota, to be able to fill such a role, a person must develop a 
thorough understanding of both customer and user needs, the 
technical design details of the product that delivers customer 
value, understanding of market conditions, as well as the 
industry the company operates in. 

Lesson 4 People: Create space for discovery to develop 
exceptional people for better delivery. Product and process 
specific knowledge can only be obtained through learning-by-
doing (learning the skills required to carry out a set of tasks) 
and learning-by-improving (developing a deeper technical 
understanding of the reason behind the task as it is today).   As 
such, organizations must create support systems that integrate 
people development with actual work. Across the enterprise, 
learning should be moved from the classroom to the “Gemba” 
– the real place. 

5. Conclusion 

Too many lean implementations focus only on the process 
improvement dimension of TPS. Therefore, in this paper we set 
out to rethink value and waste from the perspective of the 
product. We summarized our findings as a set of four 
guidelines. These guidelines are tightly coupled and should not 
be considered in isolation. For example, implementation of 
“best practices” will not support the development of people, 
even though one heeds the lessons of product focus and 
collaboration over coordination. Similarly, a product focus 
without collaboration will lead to poor integration. To truly 
reap the benefits of the lean enterprise, all four lessons must be 
learned. 

Lean is an enterprise endeavor and to create the lean 
enterprise, value should be viewed from the perspective of the 
product, including the production process which is, in lean, an 
important part of the products "bill of material". As such, the 
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tools of lean become learning tools for discovering our lack of 
technical understanding, not process improvement tools that 
will reduce wasteful activities. Wasteful activities are reduced 
as we close our knowledge gaps and develop our understanding 
of the technical process in manufacturing and the design and 
engineering challenges in NPD. Monozukuri wa Hitozukuri – 
making things by making people. 
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