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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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Abstract 

Concepts like the Toyota Production System (TPS) and Quick Response Manufacturing (QRM) are often presented as alternative 
manufacturing methods or strategies suited for different manufacturing conditions. QRM is depicted as a Job-shop alternative (low 
volume-high mix) to TPS, and TPS is viewed as a method best suited for high volume-low mix environments. However, the realities 
of manufacturing organizations today are that they operate in a mass-customization environment with high total volumes to achieve 
economies of scale, and high variability due to the widening of choices available to customers. Which means that manufacturers 
must produce an infinite number of variants to serve individual customer needs, on a limited number of production lines, 
emphasising the need for both efficiency and responsiveness. In this paper we present preliminary findings from two Norwegian 
manufacturing companies who are applying the concepts of TPS to realize a resilient and responsive manufacturing system through 
a process of action learning. Instead of rigidly adopting the best practices developed by others, the companies are building flexible 
manufacturing systems through discovering their own paths towards improved quality, greater flexibility, and shorter lead-times - 
by finding and facing their challenges and engaging everyone in forming solutions, together. 
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1. Introduction 

The first examples of the practices we now associate with 
the Toyota Production System (TPS), originated in the job-shop 
environment of the Honsha machinery plant under the watchful 
eye of Taiichi Ohno and Kikuo Suzumura in 1950s Japan. 
Based on the concepts of "Jidoka" and "Just-in-time". These 
two fundamental concepts, along with Standardized work, 
Heijunka (leveling), Kaizen and Total Productive Maintenance 
(TPM) where instrumental in forming the production practices 
of Toyota at the time [1], and are still essential in forming the 
practices of Toyota to this day [2]. After the second oil crisis in 
1979 western academics started to take an interest in what was 
happening in the automotive industry in Japan in general and 
particularly at Toyota. This was the starting point of a 

longitudinal study of the automotive industry that cumulated in 
the publication of "The Machine that Changed the World" [3]. 
In the book, Lean Production is presented as a full business 
system - from selling products to dealing with suppliers, to 
designing and manufacturing products, and of course, 
managing the enterprise. Indeed, if TPS and Lean Production's 
greatest potential is in "realizing quicker, more flexible, higher 
quality response to customer entities" [4], it is worth noting that 
Adler et. al [5]  showed how Toyota moved beyond the 
efficiency/flexibility trade-off over 30 years ago. Despite this, 
the operations management research community has again 
recently tried to reduce the scope of lean production to a set of 
best practices and tools for efficient manufacturing in high-
volume, low-mix environment [6].  
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to create a responsive manufacturing system through action 
learning. This system should be able to handle the mass-
customization environment of our case studies. The 
assumption, which needs to be re-visited in the future, is that 
emergent practices based on individual and organizational 
learning can take longer to develop but are stickier and more 
resilient compared to best practices that are copied and 
implemented from elsewhere.  

4. Research Method 

Action research is similar to case study research but differs 
in one significant way. In case study research the researchers 
are observers, looking at the case from the outside. However, 
in action research the researcher becomes an active participant, 
and it is the change process itself that is the research subject 
[19]. Westbrook (1995), go on to suggest that action research 
is particularly relevant for technique development and for the 
building theory that is situation specific, emergent and 
incremental [20]. To gather useful data and develop actionable 
knowledge through questioning programmed knowledge, we 
engaged with two different companies in a process of action 
learning research. The action learning process followed 
Revans’ theory of action in the science of praxeology in 
cyclical systems  [21]. In the context of this research, Revans’ 
system Alpha is the use of the TPS as threshold concepts to 
determine the environment of market and customers, current 
organizational performance and its origins, and management 
values. System Beta is the deep exploration of problems and 
resolutions through cycles of action and reflection on the 
framework that forms the basis of the process. Finally, System 
Gamma is the learning processes of those involved, researchers 
and practitioners alike.  

The research is ongoing and in collaboration with two 
different companies in Norway. The interventions started in 
December 2020 and January 2021, respectively, and will 
continue through 2022. The companies are visited 
approximately once every two months, with some irregularities 
due to Covid lockdowns. Each visit is organized as an action 
learning intervention typically consisting of a gemba walk with 
senior leadership to discover and deliberately discuss 
problems, and to align on learning projects for senior 
management, based on the TPS framework; in other words, to 
question programmed knowledge to gain new insights. To 
measure the outcome of the interventions we study 
fundamental KPI's such as quality, and lead-time. In the next 
phase of the research process, we will study KPI's for 
productivity, such as sales per employee, return on assets, 
inventory turn-over and total sales. 

5. Preliminary Findings 

The action learning interventions where structured as 
gemba-walks  [14], where researchers and practitioners study 
the value creation process in detail to gain deeper 
understanding of the overall implications these details might 
have on the company. For each gemba-walk, a threshold 
concept was either selected beforehand, or was selected during 
the intervention based on the direction the gemba-walk took. If 

the latter was the case, the gemba walk usually started with 
customer satisfaction, before moving down the TPS-house to 
lead-time, quality, load-leveling and so forth. The connection 
between each intervention and the threshold concepts are 
presented in table 2. Four interventions at each company, eight 
in total are presented here.  

Case A Door Company is a medium sized manufacturing 
company with a Scandinavian market and an annual turn-over 
of approximately 40M Euros. Before commencing the action 
learning research initiative, the company had already 
established Lean practices, such as basic problem-solving, 
visual management boards and daily production meetings. 
However, the company still struggled with elevated levels of 
uncontrolled work in progress (WIP), poor delivery precision 
and, to a lesser extent, quality issues.  

First intervention: A senior leadership gemba walk where 
the purpose of the gemba walk was to study load-levelling 
issues by applying the threshold concept of Heijunka. The 
gemba walk helped the team to better understand the 
importance of controlled WIP limits, as opposed to running 
each machine or resource at full capacity. The result was the 
establishment of visual WIP limits between stations with 
designated areas for storing WIP. 

Second intervention: Another senior leadership gemba 
walk. The purpose of this gemba walk was to better understand 
the level of mastery of know-how, therefore the threshold 
concept of standardized work guided the gemba walk. 
However, during the study of a manual operation and after 
discussions with operators, problems with internal logistics, as 
well as quality and scrap problems with glass, due to how glass 
delivery was organized was discovered. This prompted two 
learning projects on internal logistics (just-in-time) and quality 
issues, or defects, related to broken glass (Jidoka) in the form 
of A3s with the intention to dig deeper into the problems, as 
there was no obvious and ready-made solution. A preliminary 
tool for the visualization of the material flow was developed, 
to enable operators to better see the problems and decide on 
improvement actions. 

Third intervention: Following from the last intervention, it 
was decided to further study problems related to internal and 
external logistics. The gemba walk was also attended by a 
recognized lean expert who challenged the understanding of 
what how the visual management system should help seeing 
normal from ab-normal in terms of precision in logistics. This 
triggered a reflection on the internal logistics issues. Moreover, 
it set in motion a new A3, this time to find the necessary data 
for the visualization of the information flow, to improve the 
precision of internal logistics.  

Fourth intervention: the starting point for this intervention 
was lead-time. However, after a gemba walk and a discussion 
it was decided to focus on a recently installed painting line that 
severely hampered overall productivity due to quality issues, 
which the company were struggling to bring up to speed. Up to 
this point, the company had left the problem-solving to the 
technical team and the team leader. However, the progress was 
not satisfactory, so the CEO decided to look at it as an 
opportunity to teach and practice structured problem solving to 
the plant leadership team. By applying the threshold concept of 
problem solving, the company surfaced that people were not 
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The ongoing research that forms the basis of this paper aims 
to test if the fundamentals of TPS can help establish a resilient 
and responsive manufacturing system in a low-volume, high-
mix environment of "mass-customized" production 
environment. First, we investigated the fundamental principles 
and thinking that formed (and are still forming) the 
manufacturing tools and methods of Toyota, to see if these 
principles are specific or generic. Then, we framed these 
fundamentals as Threshold Concepts, which serves as a 
framework for testing the fundamentals of TPS through action 
learning research. This framework is currently being validated 
together with two different Norwegian manufacturing 
companies. 

2. Literature Review 

To better understand the fundamental thinking that lies 
behind the artifacts of the Toyota Production System, or what 
is now often referred to as Lean Production, Lean 
Manufacturing or just Lean, the tools and practices of the TPS 
should be regarded as responses, solutions or counter measures 
to site-specific problems  [7]. TPS should not be described as a 
set of production practices, but as a set of concepts that forms 
the foundation of production practices. Indeed, Fujimoto 
concludes that Toyota's unique approach to manufacturing was 
created based on the evolutionary learning capabilities of 
Toyota, guided by the framework of TPS [8]. Ohno described 
Kanban and Standardized Work as frameworks that helped 
surface problems and promote Kaizen. [1]. Former alumni's of 
Ohno have dubbed TPS as "Thinking People System" [9] or 
"Toyota Process Development System" [10]. Furthermore, 
several recently published books written by former Toyota 
senior managers emphasize the learning and knowledge 
development that occurs through factual self-assessment 
(problem finding) and problem solving [11], and through 
radical improvement targets [12]. Moreover, they show how 
this is fundamental to the development of leadership skills at 
Toyota [13]. As such there is evidence that even Toyota 
employees do not regard the TPS framework as its production 
practices, but rather the framework from which production 
practices emerge. In fact, Ballé et al. go as far as to describe 
TPS as an education system that teaches leaders how to find 
and face problems [14]. However, no one has yet formally 
conceptualized and deliberately validated this approach to 
learning and development in collaboration with industry. The 
theory of threshold concepts provides a useful frame to explore 
the TPS as a framework for learning and development further. 

3.  Conceptual framework – TPS as threshold concepts 

Threshold concepts are certain, subject-specific concepts 
that are considered central to the mastery of the subject. These 
threshold concepts have certain traits. They are [15]: 

1. Transformative due to the conceptual and ontological 
shift that occurs when the concept is grasped  

2. Irreversible as one will not likely forget it once a concept 
is understood 

3. Expose the hidden interrelationship of a phenomena 
4. Bounded 

5. Involve troublesome knowledge 
The threshold concepts of TPS can be described as "Value 
Engineering/Value Analysis (VE/VA)", "Just-in-time", 
"Jidoka", "Heijunka", "Standards", "Kaizen", "TPM", "5S" and 
"Problem solving". Each of these concepts address a typical 
troublesome problem, that is a problem that never seems to go 
away. The troublesome problems that the different threshold 
concepts addressed are "Customer satisfaction", "Lead-time", 
"Built-in-quality", "Load-leveling", "Mastery of know-how", 
"Development of know-how", "Team autonomy", "Individual 
autonomy" and "Support systems that work". The tools 
associated with the concepts should be regarded as scaffoldings 
that pinpoint hidden problems [16].  Thereby, these tools can 
surface learning and development opportunities in the form of 
problems - leading to a learning process called "Problem-
based-learning" [17]. Figure 1 and Table 1 illustrate the 
threshold concepts and troublesome problems of TPS. Table 1 
also provides examples of tools.  
 
 
 

 
 
 
 
 
 
 
 
 

 
Figure 1 – TPS (adopted from [18] as troublesome problems (a) and threshold 

concepts (b) 

Table 1. The relation between threshold concepts, troublesome problems and 
potential tools 

Threshold Concepts Troublesome 
Problems 

Examples of tools 

VA/VE Customer 
Satisfaction 

Lean Product 
Development tools 

Pull/flow – Just-in-time Leadtime Kanban/One-piece-
flow 

Jidoka – don't make, 
don't pass defect 

Build in quality Andon. Poka-Yoke 

Heijunka – load leveling Load capacity Yamazumi, SMED 

Standardized Work Mastery of know-
how 

Takt-time, Job 
breakdown sheet 

Kaizen Always increasing 
mastery 

QC-circles, 8-step 
method 

5S – ownership of 
workspace 

Team Autonomy 5S tools 

Problem solving Individual 
Autonomy 

5why, problem-
solving sheet 

TPM Support systems 
that work 

TPM tools 

The combined approach of threshold concepts, troublesome 
problems and problem-based learning then forms the basis of 
developing the company-specific production practices needed 
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practices emerge. In fact, Ballé et al. go as far as to describe 
TPS as an education system that teaches leaders how to find 
and face problems [14]. However, no one has yet formally 
conceptualized and deliberately validated this approach to 
learning and development in collaboration with industry. The 
theory of threshold concepts provides a useful frame to explore 
the TPS as a framework for learning and development further. 

3.  Conceptual framework – TPS as threshold concepts 

Threshold concepts are certain, subject-specific concepts 
that are considered central to the mastery of the subject. These 
threshold concepts have certain traits. They are [15]: 

1. Transformative due to the conceptual and ontological 
shift that occurs when the concept is grasped  

2. Irreversible as one will not likely forget it once a concept 
is understood 

3. Expose the hidden interrelationship of a phenomena 
4. Bounded 

5. Involve troublesome knowledge 
The threshold concepts of TPS can be described as "Value 
Engineering/Value Analysis (VE/VA)", "Just-in-time", 
"Jidoka", "Heijunka", "Standards", "Kaizen", "TPM", "5S" and 
"Problem solving". Each of these concepts address a typical 
troublesome problem, that is a problem that never seems to go 
away. The troublesome problems that the different threshold 
concepts addressed are "Customer satisfaction", "Lead-time", 
"Built-in-quality", "Load-leveling", "Mastery of know-how", 
"Development of know-how", "Team autonomy", "Individual 
autonomy" and "Support systems that work". The tools 
associated with the concepts should be regarded as scaffoldings 
that pinpoint hidden problems [16].  Thereby, these tools can 
surface learning and development opportunities in the form of 
problems - leading to a learning process called "Problem-
based-learning" [17]. Figure 1 and Table 1 illustrate the 
threshold concepts and troublesome problems of TPS. Table 1 
also provides examples of tools.  
 
 
 

 
 
 
 
 
 
 
 
 

 
Figure 1 – TPS (adopted from [18] as troublesome problems (a) and threshold 

concepts (b) 

Table 1. The relation between threshold concepts, troublesome problems and 
potential tools 

Threshold Concepts Troublesome 
Problems 

Examples of tools 

VA/VE Customer 
Satisfaction 

Lean Product 
Development tools 

Pull/flow – Just-in-time Leadtime Kanban/One-piece-
flow 

Jidoka – don't make, 
don't pass defect 

Build in quality Andon. Poka-Yoke 

Heijunka – load leveling Load capacity Yamazumi, SMED 

Standardized Work Mastery of know-
how 

Takt-time, Job 
breakdown sheet 

Kaizen Always increasing 
mastery 

QC-circles, 8-step 
method 

5S – ownership of 
workspace 

Team Autonomy 5S tools 

Problem solving Individual 
Autonomy 

5why, problem-
solving sheet 

TPM Support systems 
that work 

TPM tools 

The combined approach of threshold concepts, troublesome 
problems and problem-based learning then forms the basis of 
developing the company-specific production practices needed 
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production, assembly, packing and shipping, invoicing etc., 
until the payment is finally received from the customer  [25].  

Both case companies have experienced improvements on 
some parameters and set-backs on others. However, 
unstructured interviews and reflective dialogue at both 
companies indicate that based on the observed trends, senior 
managers estimated significant performance improvements in 
the next 6 months as some structural improvements are fully 
implemented and more problems are surfaced and solved. To 
this end, the action learning research approach has proven itself 
useful in framing the business challenges, surfacing problems, 
and to guide problem-based learning, leading to a better grasp 
of the threshold concepts.  

As all elements of the TPS are inter-connected, it was 
sometimes difficult to clearly distinguish which of the concepts 
that was applied. However, it helped to re-orient the 
intervention on the TPS concepts as it helped clarify which 
problem was being discussed and thus which of the different 
threshold concept was relevant for that problem. 

Although this is an ongoing research project, the 
preliminary findings do point to some interesting insights. 
Framing the TPS as threshold concepts instead of 
manufacturing best practices enables people and companies to 
develop their own learning curve on the manufacturing 
fundamentals with the support of a Sensei [26]. Of course, this 
does not mean that one cannot buy and apply innovative 
technology or copy ‘best practices’ from other companies. It 
means that a company will have a better understanding of how 
the innovative technology or adopted best practices would 
function in their manufacturing environment, and the managers 
will engage in a more informed and systematic decision 
making. This study shows that threshold concepts aid in 
surfacing problems, and these problems are learning 
opportunities. When solving these problems, organizational 
learning happens, and an increasingly greater understanding of 
the threshold concepts is attained. As such, the TPS cannot be 
taught ‘in a class-room’. Rather, companies will exploit the 
benefits of TPS through questioning its fundamental threshold 
concepts, continuously advancing production systems towards 
greater resilience and responsiveness by creating new, 
actionable knowledge. 
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autonomously working on solving problems, and that the 
leadership team did not support their efforts through TPM, 
which meant that there was a lack of mutual trust that needed 
to be addressed.  

Preliminary results: The company has registered a 
decrease in customer complaints and stable overall quality 
level at 97% even though the introduction of a new paint line 
led to a temporary increase in quality issues internally. The 
company is currently developing good measurements for lead-
time and productivity. 

 
Case B Window Company is also a medium sized 

manufacturing company. It mainly focuses on the Norwegian 
market and specializes in manufacturing customized doors. 
The lean efforts of this company had been already 
acknowledged by Lean Forum Norway that named it ‘The lean 
company of the year’ in 2015. Over many years, the company 
had managed to reduce the lead time in manufacturing from 3 
weeks to 3 days. The company continues to pursue lead-time 
reduction as a strategic priority. 

First intervention: This intervention was named Attack the 
Scrap!. The company's middle-managers (production manager, 
quality manager, technical manager, etc.) were encouraged to 
go gemba and select one item of scrap product from the scrap 
trolley and investigate its origins. ‘What is the reason for the 
scrap?’ ‘Where did it come from?’ The underlying idea was to 
create learning opportunities by triggering curiosity and 
attention for quality, rather than simply reworking or re-
ordering replacement parts, addressing the troublesome 
problem of built-in-quality. 

Second intervention: Bad-news first! Though participants 
were very happy to present the results of the previous 
intervention, they were encouraged to ‘never be satisfied’, and 
rather think about the next problem to solve, increasing the 
know-how of individuals and teams. As such, the second 
intervention took the form of a workshop, to introduce 
managers and team-leaders to the concept of  Kaizen through 
quality circles [22]. Though the organization had in fact 
implemented over 25,000 improvements in production during 
the previous years, strategic problem-solving, and a learning 
culture were still missing. Thus, team-leaders were assigned to 
form temporary, cross-functional teams to select and solve 
concrete problems in the factory. 

Third intervention: Operation broken glass. This 
intervention stemmed from the idea of forming quality circles 
in the previous intervention. A team of leaders and operators 
set up an initiative to closely examine all instances of broken 
glass in assembly. Subsequently, countermeasures were 
implemented, and the derived learning was shared across 
teams. Over a three-month period, the team saw a 50% 
reduction in in-house breakages.  

Fourth intervention:  Mistake of the day. This intervention 
was established to celebrate failure as a means of further 
welcoming problems and finding success. Mistakes were 
escalated and presented to the local teams to foster a culture of 
continuous improvement and learning. Programmed 
knowledge was Toyota's "cabbage patch" concept, where bad 
or faulty parts are showcased to welcome countermeasures and 
prevent future occurrence. 

Preliminary results: Again, the company experienced 
significant improvements in quality reducing both scrapped 
glass and customer complaints by 50%. It has also seen 
significant improvements in lead-time, especially in the 
factory, reducing the lead-time by 87,5% over the last year. 
However, similar to case a, there have been teething issues with 
new machinery and new processes which have hampered the 
company's ability to capitalize on the improvements. 
 

Table 2. The relation between TPS threshold concepts and interventions 

Action learning 
interventions 

Troublesome 
Problem 

Threshold Concept 

Case A intervention 1 Load capacity Heijunka 

Case A intervention 2 Mastery of know-
how / lead-time / 
quality 

Standardized work / 
Just-in-time / Jidoka 

Case A intervention 3 Lead-time / Precision 
of logistics 

Just-in-time 

Case A intervention 4 Individual autonomy 
/ support systems that 
work 

Problem solving / 
TPM 

Case B intervention 1 Built-in-quality Jidoka 

Case B intervention 2 Increase know-how Kaizen 

Case B intervention 3 Increase know-how Kaizen 

Case B intervention 4 Individual autonomy Problem solving 

 

6. Discussion (cross-case analysis) and Conclusions 

To deliver a product fast is one thing, to deliver the right 
product at the right price with the right quality is a whole 
different matter. As such, logistics and value chain 
management became strategic focus areas for both companies. 
The problems discovered through the action learning revealed 
that even though drastically reducing lead-time and increasing 
flexibility and responsiveness clearly was a strategic goal for 
both companies, there was also a need for facing problems 
related to customer satisfaction, cost, and quality. This is in line 
with a series of studies, highlighting cost, delivery, and quality 
as three main pillars of performance management (e.g., [23]) 
As the TPS framework addresses all of these troublesome 
problems, it served as a natural starting point of the learning 
journey towards a deeper understanding of the threshold 
concepts of TPS for both companies, which should lead to 
effective logistics and value chain management. Furthermore, 
we found that starting with customer satisfaction, or rather with 
customer dis-satisfaction was helpful in framing the challenge. 
This is in line with a the continuous strive of TPS to eenhance 
the creation of value for customers [24]. The challenge was 
framed by visualizing and analyzing the countermeasures to 
customer complaints, manufacturing quality issues and to 
supplier quality issues in the form of A3s or on visual boards. 
Finally, both companies have realized the need for visualizing 
the information flow to develop better precision in logistics. 
This supports a QRM strategy, that emphasizes the importance 
of streamlining not only the material flow, but also the 
information flow through the value chain - from the first 
request-for-quotation, through design and engineering, 
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production, assembly, packing and shipping, invoicing etc., 
until the payment is finally received from the customer  [25].  

Both case companies have experienced improvements on 
some parameters and set-backs on others. However, 
unstructured interviews and reflective dialogue at both 
companies indicate that based on the observed trends, senior 
managers estimated significant performance improvements in 
the next 6 months as some structural improvements are fully 
implemented and more problems are surfaced and solved. To 
this end, the action learning research approach has proven itself 
useful in framing the business challenges, surfacing problems, 
and to guide problem-based learning, leading to a better grasp 
of the threshold concepts.  

As all elements of the TPS are inter-connected, it was 
sometimes difficult to clearly distinguish which of the concepts 
that was applied. However, it helped to re-orient the 
intervention on the TPS concepts as it helped clarify which 
problem was being discussed and thus which of the different 
threshold concept was relevant for that problem. 

Although this is an ongoing research project, the 
preliminary findings do point to some interesting insights. 
Framing the TPS as threshold concepts instead of 
manufacturing best practices enables people and companies to 
develop their own learning curve on the manufacturing 
fundamentals with the support of a Sensei [26]. Of course, this 
does not mean that one cannot buy and apply innovative 
technology or copy ‘best practices’ from other companies. It 
means that a company will have a better understanding of how 
the innovative technology or adopted best practices would 
function in their manufacturing environment, and the managers 
will engage in a more informed and systematic decision 
making. This study shows that threshold concepts aid in 
surfacing problems, and these problems are learning 
opportunities. When solving these problems, organizational 
learning happens, and an increasingly greater understanding of 
the threshold concepts is attained. As such, the TPS cannot be 
taught ‘in a class-room’. Rather, companies will exploit the 
benefits of TPS through questioning its fundamental threshold 
concepts, continuously advancing production systems towards 
greater resilience and responsiveness by creating new, 
actionable knowledge. 
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autonomously working on solving problems, and that the 
leadership team did not support their efforts through TPM, 
which meant that there was a lack of mutual trust that needed 
to be addressed.  

Preliminary results: The company has registered a 
decrease in customer complaints and stable overall quality 
level at 97% even though the introduction of a new paint line 
led to a temporary increase in quality issues internally. The 
company is currently developing good measurements for lead-
time and productivity. 

 
Case B Window Company is also a medium sized 

manufacturing company. It mainly focuses on the Norwegian 
market and specializes in manufacturing customized doors. 
The lean efforts of this company had been already 
acknowledged by Lean Forum Norway that named it ‘The lean 
company of the year’ in 2015. Over many years, the company 
had managed to reduce the lead time in manufacturing from 3 
weeks to 3 days. The company continues to pursue lead-time 
reduction as a strategic priority. 

First intervention: This intervention was named Attack the 
Scrap!. The company's middle-managers (production manager, 
quality manager, technical manager, etc.) were encouraged to 
go gemba and select one item of scrap product from the scrap 
trolley and investigate its origins. ‘What is the reason for the 
scrap?’ ‘Where did it come from?’ The underlying idea was to 
create learning opportunities by triggering curiosity and 
attention for quality, rather than simply reworking or re-
ordering replacement parts, addressing the troublesome 
problem of built-in-quality. 

Second intervention: Bad-news first! Though participants 
were very happy to present the results of the previous 
intervention, they were encouraged to ‘never be satisfied’, and 
rather think about the next problem to solve, increasing the 
know-how of individuals and teams. As such, the second 
intervention took the form of a workshop, to introduce 
managers and team-leaders to the concept of  Kaizen through 
quality circles [22]. Though the organization had in fact 
implemented over 25,000 improvements in production during 
the previous years, strategic problem-solving, and a learning 
culture were still missing. Thus, team-leaders were assigned to 
form temporary, cross-functional teams to select and solve 
concrete problems in the factory. 

Third intervention: Operation broken glass. This 
intervention stemmed from the idea of forming quality circles 
in the previous intervention. A team of leaders and operators 
set up an initiative to closely examine all instances of broken 
glass in assembly. Subsequently, countermeasures were 
implemented, and the derived learning was shared across 
teams. Over a three-month period, the team saw a 50% 
reduction in in-house breakages.  

Fourth intervention:  Mistake of the day. This intervention 
was established to celebrate failure as a means of further 
welcoming problems and finding success. Mistakes were 
escalated and presented to the local teams to foster a culture of 
continuous improvement and learning. Programmed 
knowledge was Toyota's "cabbage patch" concept, where bad 
or faulty parts are showcased to welcome countermeasures and 
prevent future occurrence. 

Preliminary results: Again, the company experienced 
significant improvements in quality reducing both scrapped 
glass and customer complaints by 50%. It has also seen 
significant improvements in lead-time, especially in the 
factory, reducing the lead-time by 87,5% over the last year. 
However, similar to case a, there have been teething issues with 
new machinery and new processes which have hampered the 
company's ability to capitalize on the improvements. 
 

Table 2. The relation between TPS threshold concepts and interventions 

Action learning 
interventions 

Troublesome 
Problem 

Threshold Concept 

Case A intervention 1 Load capacity Heijunka 

Case A intervention 2 Mastery of know-
how / lead-time / 
quality 

Standardized work / 
Just-in-time / Jidoka 

Case A intervention 3 Lead-time / Precision 
of logistics 

Just-in-time 

Case A intervention 4 Individual autonomy 
/ support systems that 
work 

Problem solving / 
TPM 

Case B intervention 1 Built-in-quality Jidoka 

Case B intervention 2 Increase know-how Kaizen 

Case B intervention 3 Increase know-how Kaizen 

Case B intervention 4 Individual autonomy Problem solving 

 

6. Discussion (cross-case analysis) and Conclusions 

To deliver a product fast is one thing, to deliver the right 
product at the right price with the right quality is a whole 
different matter. As such, logistics and value chain 
management became strategic focus areas for both companies. 
The problems discovered through the action learning revealed 
that even though drastically reducing lead-time and increasing 
flexibility and responsiveness clearly was a strategic goal for 
both companies, there was also a need for facing problems 
related to customer satisfaction, cost, and quality. This is in line 
with a series of studies, highlighting cost, delivery, and quality 
as three main pillars of performance management (e.g., [23]) 
As the TPS framework addresses all of these troublesome 
problems, it served as a natural starting point of the learning 
journey towards a deeper understanding of the threshold 
concepts of TPS for both companies, which should lead to 
effective logistics and value chain management. Furthermore, 
we found that starting with customer satisfaction, or rather with 
customer dis-satisfaction was helpful in framing the challenge. 
This is in line with a the continuous strive of TPS to eenhance 
the creation of value for customers [24]. The challenge was 
framed by visualizing and analyzing the countermeasures to 
customer complaints, manufacturing quality issues and to 
supplier quality issues in the form of A3s or on visual boards. 
Finally, both companies have realized the need for visualizing 
the information flow to develop better precision in logistics. 
This supports a QRM strategy, that emphasizes the importance 
of streamlining not only the material flow, but also the 
information flow through the value chain - from the first 
request-for-quotation, through design and engineering, 


