
C
h

riste
r O

ste
rm

a
n

D
EFIN

IN
G

 G
A

P
S IN

 LEA
N

2020

ISBN 978-91-7485-462-6
ISSN 1651-4238

Address: P.O. Box 883, SE-721 23 Västerås. Sweden
Address: P.O. Box 325, SE-631 05 Eskilstuna. Sweden
E-mail: info@mdh.se  Web: www.mdh.se

DEFINING GAPS IN LEAN
INCREASING THE ABILITY TO SOLVE PROBLEMS 

IN A PRODUCTION SYSTEM

Christer Osterman

Mälardalen University Doctoral Dissertation 313

This doctoral thesis in Innovation and Design describes gaps in Lean. In recent decades, 
Lean has grown in popularity and has spread around the world. Despite its popularity, 
many companies and organizations report difficulties, and the success rate is low.

The IMVP study initiated at MIT in the late 1980s can be seen as the starting point
for the worldwide spread of Lean. Since then, Lean has been studied by many re-
searchers from different perspectives. This has resulted in numerous views of Lean. 

Not all views are equally well defined. A few have gaps. Three of these are the focus 
of this research. They are the Value – Value-adding – Waste assumption (V-VA-W) 
resulting in challenges understanding process problems, the Jargon problem result-
ing in challenges understanding Lean practice and actually solving problems, and
the System problem resulting in challenges developing solutions without negative
effects for other parts of the system.

The ability to understand and solve problems at the group level of a process, serves 
as a measure of Lean gaps.

The thesis is based on four multiple case studies resulting in five papers. Each study 
provides a piece of the puzzle. Taken together, better gap definitions are the result. 
The V-VA-W assumption can be better defined by including changeability in solutions,
resulting in lower process costs when conditions change and evaluating the com-
plexity of a process before defining waste. The Jargon problem can be better defined 
through a balance of contextual adaptation of solutions while retaining the overall 
purpose of the production system and through synchronizing the understanding 
of Lean in the organization based on method utility. Finally, the System problem 
is defined through balancing requirements of a particular solution against how it
affects the entire system, and considering the application order of system elements 
as a consequence of a contextually dependent starting point.

In total, a better understanding of the nature of problems and solutions together 
with an understanding of how the system interrelates creates the right conditions 
for a better understanding of the concept of Lean in general and, hopefully, a higher 
Lean integration.
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Abstract
In recent decades, Lean has grown in popularity and has spread around the world. Despite its 
popularity, many companies and organizations report difficulties, and the success rate is low. Lean 
is presented as a simple, holistic concept. Lean has been studied by many researchers from different 
perspectives. This has resulted in numerous views of Lean. Not all views are not equally well defined. 
A few have gaps. Three of these are the focus of this research. They are the Value – Value-add – Waste 
assumption (V-VA-W) resulting in challenges understanding process problems, the Jargon problem (JP)
resulting in challenges understanding Lean practice and actually solving problems, and the System 
problem (SP) resulting in challenges developing solutions without negative effects for other parts of the 
system.

Practices that developed into Lean evolved over many years, primarily at Toyota. Over time the 
experience of solving a massive number of small problems resulted in rules of thumb, which, much 
later, were codified as Lean principles. The ability to understand and solve problems at the group level
of a process, therefore, serves as a measure of Lean gaps. The purpose of this research is to provide a 
better definition of the gaps in order to increase problem-solving ability at the group level of a process. 
In addition, a better definition of the gaps provides researchers with a deeper understanding of Lean.

The thesis is based on four multiple case studies resulting in five papers. Each study provides a 
piece of the puzzle. The V-VA-W assumption can be better defined by including changeability in 
solutions, resulting in lower process costs when conditions change and evaluating the complexity of 
a process before defining waste. JP can be better defined through a balance of contextual adaptation 
of solutions while retaining the overall purpose of the production system and through synchronizing 
the understanding of Lean in the organization based on method utility. Finally, SP is defined through 
balancing requirements of a particular solution against how it affects the entire system, and also 
considering the application order of system elements as a consequence of a contextually dependent 
starting point. In total, a better understanding of the nature of problems and solutions together with an 
understanding of how the system interrelates creates the right conditions for a better understanding of 
the concept of Lean in general and, hopefully, a higher Lean integration.
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I 

Abstract 

In recent decades, Lean has grown in popularity and has spread around the world. Despite its popularity, 
many companies and organizations report difficulties, and the success rate is low. Lean is presented as 
a simple, holistic concept. In practice, successfully integrating it into existing processes often proves 
difficult. Although some scholars had studied the phenomenon previously, the IMVP study initiated at 
MIT in the late 1980s can be seen as the starting point for the worldwide spread of Lean. Since then, 
Lean has been studied by many researchers from different perspectives. This has resulted in numerous 
views of Lean. Not all views are equally well defined. A few have gaps. Three of these are the focus of 
this research. They are the Value – Value-adding – Waste assumption (V-VA-W) resulting in challenges 
understanding process problems, the Jargon problem (JP) resulting in challenges understanding Lean 
practice and actually solving problems, and the System problem (SP) resulting in challenges developing 
solutions without negative effects for other parts of the system.  

Practices that developed into Lean evolved over many years, primarily at Toyota. This evolution was, 
in part, the result of an effort to minimize the total cost of a process through the reduction of waste at 
the lowest organizational level. Waste was seen as a problem that had to be solved. Over time the 
experience of solving a massive number of small problems resulted in rules of thumb, which, much later, 
were codified as Lean principles. The ability to understand and solve problems at the group level of a 
process, therefore, serves as a measure of Lean gaps. The purpose of such research is to provide a better 
definition of the gaps. This in order to hopefully increase problem-solving ability at the group level of 
a process, resulting in more successful Lean integration. In addition, a better definition of the gaps 
provides researchers with a deeper understanding of Lean through analysis and awareness of cause and 
effect in the system.  

The thesis is based on four multiple case studies resulting in five papers. Each study provides a piece of 
the puzzle. Taken together, better gap definitions are the result. The V-VA-W assumption can be better 
defined by including changeability in solutions, resulting in lower process costs when conditions change 
and evaluating the complexity of a process before defining waste. JP can be better defined through a 
balance of contextual adaptation of solutions while retaining the overall purpose of the production 
system and through synchronizing the understanding of Lean in the organization based on method 
utility. Finally, SP is defined through balancing requirements of a particular solution against how it 
affects the entire system, and also considering the application order of system elements as a consequence 
of a contextually dependent starting point. In total, a better understanding of the nature of problems and 
solutions together with an understanding of how the system interrelates creates the right conditions for 
a better understanding of the concept of Lean in general and, hopefully, a higher Lean integration. 
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Sammanfattning 

Lean har vuxit i popularitet och har spridits runt om i världen de senaste årtiondena. Trots populariteten 
har många företag och organisationer rapporterat svårigheter och få framgångar. Lean presenteras som 
ett enkelt holistiskt koncept, men i praktiken har det visat sig att det är svårt att framgångsrikt integrera 
Lean i befintliga processer. Även om vissa forskare studerat fenomenet tidigare så var det IMVP studien, 
initierat vid MIT under den senare delen av 1980-talet, som kan ses som starten för spridningen av Lean 
världen över.  Sedan dess har Lean studerats av många forskare med olika synsätt. Detta har resulterat i 
olika perspektiv på Lean. Alla perspektiven är inte lika väl definierade och en del har gap. Tre av gapen 
står i fokus för denna forskning. De är antagandet Värde-Värdeskapande-Slöseri (V-VS-S) vilket 
resulterar i svårigheter att definiera processproblem, Jargongproblemet (JP) vilket resulterar i 
svårigheter att förstå Lean och att faktiskt lösa problem, och slutligen Systemproblemet (SP) vilket 
resulterar i svårigheter att utveckla lösningar utan negativa effekter för övriga delar av systemet.  

De metoder som skapade Lean utvecklades under många år, främst vid Toyota. Denna utveckling var, 
till del, ett resultat av en strävan att minimera den totala kostnadsbilden i en process genom att minska 
mängden slöseri på lägsta organisatoriska nivå. Slöseri betraktades som ett problem att lösas. Med tiden 
gav erfarenheterna av att lösa en mängd små problem upphov till tumregler som, mycket senare, 
resulterade i Lean-principer. Förmågan att förstå och lösa problem på gruppnivån hos en process 
fungerar därför som ett mått på gapen i Lean. Syftet med denna forskning är att finna bättre definitioner 
på gapen och på så sätt förhoppningsvis förbättra förmågan att lösa problem på lägsta organisatoriska 
nivå, vilket i sin tur bör leda till bättre integration av Lean i en process. Dessutom bör bättre definition 
av gapen ge forskare förutsättningar för en djupare förståelse genom analys och medvetenhet om orsak 
och verkan i systemet.  

Denna avhandling bygger på fyra multipla fallstudier som resulterat i fem artiklar. Var och en av 
studierna ger en del av pusslet och totalt sett resulterar det i bättre gapdefinitioner. Antagandet V-VS-S 
kan definieras genom att inkludera förändringsbarhet i lösningar vilket ger lägre processkostnader vid 
ändrade förutsättningar och utvärdering av processkomplexitet innan det avgörs vad som är slöseri. JP 
gapet kan definieras genom en balans mellan kontextuell anpassning av lösningar samtidigt som man 
bevarar syftet med produktionssystemet och genom en synkronisering av förståelsen av Lean som 
bygger på den överenskomna nyttan med metoderna. Till slut, SP-gapet definieras genom att balansera 
effekterna av enskilda lösningar mot hur det påverkar hela systemet och också genom att beakta 
ordningen på införandet av de olika delarna av systemet som en konsekvens av en kontextuellt beroende 
startpunkt. Sammanfattningsvis, en bättre förståelse av problemens och lösningarnas natur tillsammans 
med en förståelse för hur systemet hänger ihop ger förutsättningar för en bättre generell förståelse av 
Lean som koncept och förhoppningsvis en ökad förmåga att integrera Lean i befintliga processer. 

 

II 

 

Sammanfattning 

Lean har vuxit i popularitet och har spridits runt om i världen de senaste årtiondena. Trots populariteten 
har många företag och organisationer rapporterat svårigheter och få framgångar. Lean presenteras som 
ett enkelt holistiskt koncept, men i praktiken har det visat sig att det är svårt att framgångsrikt integrera 
Lean i befintliga processer. Även om vissa forskare studerat fenomenet tidigare så var det IMVP studien, 
initierat vid MIT under den senare delen av 1980-talet, som kan ses som starten för spridningen av Lean 
världen över.  Sedan dess har Lean studerats av många forskare med olika synsätt. Detta har resulterat i 
olika perspektiv på Lean. Alla perspektiven är inte lika väl definierade och en del har gap. Tre av gapen 
står i fokus för denna forskning. De är antagandet Värde-Värdeskapande-Slöseri (V-VS-S) vilket 
resulterar i svårigheter att definiera processproblem, Jargongproblemet (JP) vilket resulterar i 
svårigheter att förstå Lean och att faktiskt lösa problem, och slutligen Systemproblemet (SP) vilket 
resulterar i svårigheter att utveckla lösningar utan negativa effekter för övriga delar av systemet.  

De metoder som skapade Lean utvecklades under många år, främst vid Toyota. Denna utveckling var, 
till del, ett resultat av en strävan att minimera den totala kostnadsbilden i en process genom att minska 
mängden slöseri på lägsta organisatoriska nivå. Slöseri betraktades som ett problem att lösas. Med tiden 
gav erfarenheterna av att lösa en mängd små problem upphov till tumregler som, mycket senare, 
resulterade i Lean-principer. Förmågan att förstå och lösa problem på gruppnivån hos en process 
fungerar därför som ett mått på gapen i Lean. Syftet med denna forskning är att finna bättre definitioner 
på gapen och på så sätt förhoppningsvis förbättra förmågan att lösa problem på lägsta organisatoriska 
nivå, vilket i sin tur bör leda till bättre integration av Lean i en process. Dessutom bör bättre definition 
av gapen ge forskare förutsättningar för en djupare förståelse genom analys och medvetenhet om orsak 
och verkan i systemet.  

Denna avhandling bygger på fyra multipla fallstudier som resulterat i fem artiklar. Var och en av 
studierna ger en del av pusslet och totalt sett resulterar det i bättre gapdefinitioner. Antagandet V-VS-S 
kan definieras genom att inkludera förändringsbarhet i lösningar vilket ger lägre processkostnader vid 
ändrade förutsättningar och utvärdering av processkomplexitet innan det avgörs vad som är slöseri. JP 
gapet kan definieras genom en balans mellan kontextuell anpassning av lösningar samtidigt som man 
bevarar syftet med produktionssystemet och genom en synkronisering av förståelsen av Lean som 
bygger på den överenskomna nyttan med metoderna. Till slut, SP-gapet definieras genom att balansera 
effekterna av enskilda lösningar mot hur det påverkar hela systemet och också genom att beakta 
ordningen på införandet av de olika delarna av systemet som en konsekvens av en kontextuellt beroende 
startpunkt. Sammanfattningsvis, en bättre förståelse av problemens och lösningarnas natur tillsammans 
med en förståelse för hur systemet hänger ihop ger förutsättningar för en bättre generell förståelse av 
Lean som koncept och förhoppningsvis en ökad förmåga att integrera Lean i befintliga processer. 

6



 

III 

Preface 

Every journey has to start somewhere. Mine began over two decades ago. As a new operator at an 
automatic machining line at IBM's plant in Järfälla (Sweden), I became both frustrated and fascinated 
with how work was organized, fascinated by the synergistic effects of creative people working toward 
a common goal, and frustrated at plant organization inefficiencies. I suffered through the first attempt 
to organize a Just-In-Time process flow. Other attempts to organize efficiently followed and were 
quickly abandoned. They had names such as Six Sigma, Business Process Reengineering, and Taguchi 
Process Control. Each was curtly dismissed with a “Doesn’t work.“  

Each time this left med bewildered. Why no improvement? Clearly, the process contained considerable 
potential. Still, everything stayed basically the same except for the employees, who turned ever more 
cynical at every attempt to change.  

Many years and jobs later, I was assigned as a Kaizen team leader at Scania, with the task of using the 
Scania Production System to improve assembly processes at the chassis assembly plant. Over several 
years, a new assignment or problem appeared every four weeks. Hard work with clear but nearly 
impossible goals. Then on to the next assignment in rapid succession. I cannot imagine a better Lean 
fundamentals education. 

Every task taught me something new. Even the ones that failed to reach their goals were good training. 
The power of adequately implementing and applying Lean became clear. Also, through inexperience, 
hubris, and mistakes, it became clear how complex Lean was. When we succeeded, gains were immense. 
When we failed, it was déjà-vu, back to my days at IBM. Members of my group shared my frustration, 
with one crucial difference; they did not give up and abandon the attempt but kept trying. And there was 
the epiphany! Trying and failing is a normal part of the process. As long as you learn and continue 
trying, there is no loss. Understanding Lean comes from hard work, results, reflection, and study. There 
are no shortcuts. 

Now, I’ve had the opportunity to train as a researcher. In many ways, it’s the same as applying Lean in 
a process. Try over and over again and learn at every step. Even though the topic of my research is 
familiar, there are new issues. How does one define Lean? How does one research Lean? How does one 
present new knowledge? 

This thesis, therefore, has several purposes. First and most importantly, as a vessel by which to convey 
my findings. Secondly, it concludes many days, weeks, and months of reading, writing, and reflecting. 
Thirdly, it establishes the foundation for my future research.  

 

 Thus, one part of my journey is concluded, and the next begins. 
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V 

Definitions 
Given the scope and limitations of this thesis, terminology must be defined. In some cases, its meaning 
is either more specific or limited than in regular use. In other cases, there is a risk for confusion with 
similar terms. Some terms are used in many research fields and have different definitions depending on 
the field. In some cases, terms are defined in relation to other terms. 
 

Complexity 

In this thesis, the meaning of complexity is limited to describing a phenomena that occur within a 
continuum spanning the two parts of Lean: mechanistic and humanistic (Halling, 2013). Given that Lean 
is a system (see below) that has evolved over time, elements can interact on several levels and give rise 
to properties that cannot be analyzed by solely examining the systems' constituent parts (Hester and 
Adams, 2017). The mechanistic aspect of Lean typically exhibits low complexity, and the humanistic 
aspect typically gives rise to higher complexity. 
 
Continuous Improvement (CI) 

Here defined as the organized efforts to change the state of a situation from a Normal Situation (see 
below) to a defined, desired state. Consistently achieving the desired state is seen as an improvement 
when compared to the previous situation. In CI, “continuous” can describe the effort of change, the size 
of change, usually referring to “small”, or the never-ending “intent to change” depending on the context. 
Combinations of meanings exist. 
 
Cost 

Here defined as assets, resources, money, or time consumed when running a process. A basis for the 
Non-cost principle and should be reduced through the elimination of waste. All activities incur a cost 
regardless of whether the activity is classified as waste or value-adding. 
 
Culture 
In this thesis, “Culture” is used in its connection to Lean. Its meaning is limited to capturing the 
transformation of ideas (see Philosophy below) into behaviors of individuals and the interaction of 
individual behaviors at the lowest organizational level. 
 

Flexibility 
A property of the currently chosen method of performing a task. The potential of changing said method 
with little consequence in time, resources, or cost, if conditions or requirements change (Upton, 1994). 
In this paper, the term is defined as a choice of what properties of the method will be changeable during 
the selection of a method as a consequence of problem-solving. 
 

Fundamental problem (FP) 

Here defined as the conceptual core of any production system concept within Operations Management. 
It can be seen as the reason the production system concept exists at all. It is the problem from which all 
solutions and aspects of the system may be derived and should contribute to solving. In Lean, the FP is 
productivity described in the Non-Cost principle. Other concepts, such as Six Sigma, TPM, and Agile, 
for instance, have other fundamental problems. 
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VI 

Gap 

A “Gap” occurs when an aspect of Lean cannot be traced back to the FP through logic or practice. A 
foundation of Lean is the ability to solve problems at the lowest organizational level of a process, the 
“team,” “group,” or a similar term. A gap is therefore measured against the ability to understand 
problems and generate solutions at the lowest organizational level of a process. Any problem and any 
solution should be traceable back to the FP of Lean. 
 

Industrial Process 
This term is used in the case descriptions to distinguish cases describing processing industries, such as 
food production or material production, which are continuous, from the more generic term “Process” 
(defined below). 
 

Integrating Lean 
Defined in this thesis as the process of integrating or replacing a current production system with a Lean 
production system. This process can take place over a long period (several decades). It can also be the 
responsibility of a central Lean support function, but many more approaches exist. 
 

Lean and Lean Production 
Lean and Lean production is seen as a subset of Operations Management. It is a production tradition 
based in large part on Taiichi Ohno's (1988) insights, where production activities are either classified as 
value-adding activities or waste (non-value-adding activities). The primary purpose is to increase the 
proportion of value-adding activities in a process using methods such as pull, flow, standardized work, 
leveling, and continuous improvements. Value is based on the end customers' perception giving an 
outside reference to a process. There is a strong humanistic side to Lean as well, further discussed in 
chapter 2.3.3.1. 
 
Manufacturing Process 

This term is used in the case descriptions to discern cases describing manufacturing industries producing 
equipment or machines, for instance. The manufacturing process is typically either station based or 
based on production lines and is here distinguished from the more generic term “Process” (defined 
below). 
 
Normal Situation 

In Lean terms, a defined situation where a “Process” is operating as intended. An unintended state in the 
process is correspondingly defined as a deviation or problem. 
 
Operations Management 

An overarching research discipline, containing Lean and many other production system concepts. The 
OM discipline covers the operation of functional processes, describing how inputs are transformed into 
outputs, the best use of resources, and consequential choices and decisions (Kamauff, 2010; Holweg et 
al., 2018). 
 
Philosophy 

In this thesis, “Philosophy” is used in its connection to Lean. The meaning is limited to understanding 
the ideas behind Lean at a deeper level. This includes the connections and dependencies within a Lean 
system, as well as the resolution of dilemmas and paradoxes. This understanding is on an individual 
level and is the basis for Lean Culture (see Culture above). 
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VII 

 
Problem 

In this thesis, the meaning is limited to an undesired state of a process connected to unnecessary cost or 
the risk of unintended cost. The term is seen from the perspective of the lowest organizational unit in a 
process, a group, or a team. The term “problem” and a group’s ability to address problems are all 
traceable back to the absolute reduction of unnecessary costs. The term is also seen as part of a duality 
connected to the term “solution”. 
 
Problem-Solving (PS) 

Here defined as the organized efforts to change the state of a situation from an unintended state to a 
defined, desired state, reestablishing the normal situation. 
 
Production System 

There are several definitions of production systems, as well as some discussion of the hierarchical aspect 
of production system versus manufacturing system (Bellgran and Säfsten, 2005). For the purpose of this 
paper, the meaning of production system is limited to the interrelating principles and methods used to 
organize or create an efficient and effective process. Lean is an example of one such production system, 
but many others exist (see Chapter 2.2). 
 
Process 

This is here defined as the organized effort to achieve a result in general. Several preconditions exist for 
a process, such as purpose, resources, guidance, and intent. Often, but not always, there is a recipient of 
the result which may be used as an external reference by which to measure the process. 
 
SMED  

Single Minute Exchange of Die. A method of reducing the setup time of a process, separating internal 
and external setup. Reduction of setup time is necessary to achieve smaller batch sizes, preferably down 
to a batch size of 1, following the Economic Lot Size calculation (Shingo, 1985). This is necessary for 
small-batch large variety processes. 
 
Solution 
In this thesis, the meaning of this word is limited to achieving a desired state in a process with regards 
to unnecessary cost or the reduction of the risk of unintended cost. The term is seen from the perspective 
of the lowest organizational unit in a process, a group, or a team. The term “solution” and a group’s 
ability to solve problems are all traceable back to the absolute reduction of unnecessary costs. The term 
is also seen as part of a duality connected to the term “problem”. An acceptable solution reduces the 
total cost of a process without causing future risk for cost increase through secondary or unintended 
effects. 
 
Standardized Work (SW) 

Here defined as lean tools and methods with the aim of providing stable working conditions, where 
members of a group perform work in a prescribed manner achieving predictable results. The tools and 
methods may include concepts such as work standards, element sheets, 5S, takt time references, follow-
up systems, training methods, etc. 
 
System 

Here the definition is limited to the interrelationship and dependencies between the elements and within 
the boundaries of Lean.  
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VIII

TPS 

Toyota Production System (TPS), in some literature, is seen as different from Lean production. In other 
literature, TPS and Lean are seen as the same thing or very similar (Dennis, 2017; Schonberger 2007).
Undoubtedly, Lean originated in the practices of TPS. Fujimoto (1999), for instance, sees Lean as a 
reinterpretation of TPS. Therefore, based on the definition of Lean used in this paper, Lean and TPS
will be seen as similar if not identical, and TPS will be regarded as a subset of the Lean tradition, 
although it serves as a precursor to many of the practices. 

Utility 

In this thesis, the term carries a specific and limited meaning, connected to the elements of Lean when 
seen as a system. Utility should be understood as “something provides utility,” meaning something 
provides a useful attribute. This can be translated into Swedish as “Något som bidrar med en nytta” 
which actually better conveys the intended meaning.

Waste

The term denotes all activities in a process that do not directly contribute to adding value to the product. 
Traditionally, seven types of waste are discussed, but many more exist. Typically, the reduction of cost 
in a process is achieved through the elimination of waste. Waste is seen as a problem (see above). 

XPS 

The term is used to describe a company-specific (X) Production System (Netland, 2012). This is
typically an adaptation or interpretation of Lean to suit the needs and context of the specific company.
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1 Introduction 
This chapter describes the background for the research, the research problem and objective, the 
research questions, and the scope and limitations of the research and the outline of the thesis.  
 
 

“Failing is totally fine. Redo as many times as you need. But in a speedy manner. 
And it is a MUST that you reach the target!!” 

    Taiichi Ohno in a conversation with  
Nampachi Hayachi, TMC Advisor 

 
(Lecture by Nampachi Hayachi, 20181)  

 

1.1 Background 
Over the years, many companies and organizations have attempted to integrate Lean into their processes. 
Doing so seems to be costly, time-consuming, difficult to measure, difficult to sustain, and, most 
disappointingly, fails to yield results that justify the investment in time and effort (Hines et al., 2010; 
Liker and Convis, 2012; Emiliani, 2007; Jablonski, 2001). 
 
These problems are deeply ironic, given one of the stated intentions of a Lean integration. 
 
“In short Lean thinking is lean because it provides a way to do more and more with less and less—less 
human effort, less equipment, less time, and less space—while coming closer and closer to providing 
customers with exactly what they want.” 

(Womack and Jones, 2003, p 15)  
 
In comparison to Toyota's track record, despite many attempts over the past decades, no one has 
achieved the same level of sustainable performance (Liker and Convis, 2012; Hines et al., 2004). 
Similarly, “the majority of attempts to implement lean production end in disappointing outcomes” 
(Mann, 2005, p v). Schonberger (2007) notes that for many companies, Lean seems to be only skin deep, 
with a heavy reliance on external consultants. Yet, despite all this, Lean remains popular and seems to 
be growing, spreading to new fields (Sederblad, 2013; Netland, 2017). 
 

1.1.1 Defining Lean 

Going through Lean literature, one inevitably is struck by the lack of a clear definition (Modig and 
Åhlström, 2012). What exactly is Lean? 

 
“If no improvement technique is excluded, then defining what actually constitutes 

the lean production process becomes extremely difficult.” 
(Lewis and Lewis, 2000, p 963) 

 
Hines et al. (2004) note considerable confusion about what is Lean and what is not. No academic 
consensus has developed concerning a definition of Lean, or what characteristics are to be associated 
with Lean (Pettersen, 2009; Shah and Ward, 2007). 

                                                           
1 Arranged by Goldratt Consulting, available at https://vimeo.com/300443389, accessed January 10, 2020 
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Netland (2017) also notes a great deal of confusion arising from the various abstraction levels adopted 
in defining Lean. Without a clear definition, what are we researching? The problem is not that there are 
no definitions − quite the opposite (Wilson, 2010). There are too many. 
 
However, even though Lean is challenging to define on an abstract level, there is a remarkable consensus 
among practitioners on many practical aspects (Pettersen, 2009). Consequently, any research in Lean 
has to be based on the study of practice. This realization will have several consequences when choosing 
research methodology (see Chapter 3) and also has a strong influence on the research objectives and 
subsequent research questions (see Chapters 1.2 and 1.3). 
 
In this thesis, Lean can be seen as a subset of Operations Management. It has roots mainly in Taiichi 
Ohno's developments and findings and is intended to reduce process costs (Monden, 2012). In this 
tradition, activities in a process are classified as being either value-adding or wasteful (non-value adding 
activities). Therefore, the primary purpose of Lean is here defined to sustainably and continuously 
reduce the costs of a process by increasing the proportion of value-adding activities when compared to 
non-value adding activities using methods such as pull, flow, standardized work, leveling, and 
continuous improvements. An axiom in the tradition of Lean is that value is based on end customers' 
(consumers') perceptions (Womack and Jones 2003, Liker 2004, Hines et al. 2004), thus giving an 
outside reference to a process. “External customers provide an organization directly with its reason for 
being” (Slack and Brandon-Jones, 2018, p 11). This is perhaps a loose definition, but it will strongly 
affect how Lean gaps are to be understood (see Chapter 2.4). 
 

1.1.2 Problem statement  

Several apparent problems exist integrating Lean within organizations. They are described and traced 
to gaps in the current approach to Lean. Some pieces seem to be missing. 
 

“Unfortunately, what we see happening almost all the time is dedicated Lean efforts 
that do not result in much improvement.” 

(Emiliani, 2007, p 18) 
 
Apart from a small circle of researchers, Lean, as the concept was named by Krafcik (1988), was 
unknown in most of the world during its inception. With the publication of The Machine that Changed 
the world by Womack et al. (1990), awareness grew. With the subsequent publication of Lean Thinking 
by Womack and Jones (2003), the manufacturing world, with the car industry at the forefront, received 
a recipe addressing one of the oldest problems in manufacturing. 
 

How do we increase productivity? 
 
Both books were research-based and based on the seminal IMVP study (Holweg, 2007), but were 
intentionally structured around telling a story with a promise of an almost unimaginable level of 
productivity (Holweg, 2007). The story was made credible by the example of Toyota, the company 
where Lean initially evolved and captured the imagination of many within industry. This, in turn, led to 
numerous other companies trying to emulate or copy the practices described in Lean Thinking. Also, it 
triggered increased interest in the concept among researchers (Netland, 2017). 
 
Over the years, interest in Lean had ebbed and flowed but never wholly abated, despite rarely fulfilling 
promises made in Lean Thinking (Sederblad, 2013). Researchers spent quite some time and effort 

 

2 

Netland (2017) also notes a great deal of confusion arising from the various abstraction levels adopted 
in defining Lean. Without a clear definition, what are we researching? The problem is not that there are 
no definitions − quite the opposite (Wilson, 2010). There are too many. 
 
However, even though Lean is challenging to define on an abstract level, there is a remarkable consensus 
among practitioners on many practical aspects (Pettersen, 2009). Consequently, any research in Lean 
has to be based on the study of practice. This realization will have several consequences when choosing 
research methodology (see Chapter 3) and also has a strong influence on the research objectives and 
subsequent research questions (see Chapters 1.2 and 1.3). 
 
In this thesis, Lean can be seen as a subset of Operations Management. It has roots mainly in Taiichi 
Ohno's developments and findings and is intended to reduce process costs (Monden, 2012). In this 
tradition, activities in a process are classified as being either value-adding or wasteful (non-value adding 
activities). Therefore, the primary purpose of Lean is here defined to sustainably and continuously 
reduce the costs of a process by increasing the proportion of value-adding activities when compared to 
non-value adding activities using methods such as pull, flow, standardized work, leveling, and 
continuous improvements. An axiom in the tradition of Lean is that value is based on end customers' 
(consumers') perceptions (Womack and Jones 2003, Liker 2004, Hines et al. 2004), thus giving an 
outside reference to a process. “External customers provide an organization directly with its reason for 
being” (Slack and Brandon-Jones, 2018, p 11). This is perhaps a loose definition, but it will strongly 
affect how Lean gaps are to be understood (see Chapter 2.4). 
 

1.1.2 Problem statement  

Several apparent problems exist integrating Lean within organizations. They are described and traced 
to gaps in the current approach to Lean. Some pieces seem to be missing. 
 

“Unfortunately, what we see happening almost all the time is dedicated Lean efforts 
that do not result in much improvement.” 

(Emiliani, 2007, p 18) 
 
Apart from a small circle of researchers, Lean, as the concept was named by Krafcik (1988), was 
unknown in most of the world during its inception. With the publication of The Machine that Changed 
the world by Womack et al. (1990), awareness grew. With the subsequent publication of Lean Thinking 
by Womack and Jones (2003), the manufacturing world, with the car industry at the forefront, received 
a recipe addressing one of the oldest problems in manufacturing. 
 

How do we increase productivity? 
 
Both books were research-based and based on the seminal IMVP study (Holweg, 2007), but were 
intentionally structured around telling a story with a promise of an almost unimaginable level of 
productivity (Holweg, 2007). The story was made credible by the example of Toyota, the company 
where Lean initially evolved and captured the imagination of many within industry. This, in turn, led to 
numerous other companies trying to emulate or copy the practices described in Lean Thinking. Also, it 
triggered increased interest in the concept among researchers (Netland, 2017). 
 
Over the years, interest in Lean had ebbed and flowed but never wholly abated, despite rarely fulfilling 
promises made in Lean Thinking (Sederblad, 2013). Researchers spent quite some time and effort 

19



3 

gathering information and conducting studies, attempting to find the missing link or to understand what
the key ingredients were, generating numerous different perspectives and views of what Lean actually 
was and was not (Stone, 2012; Langstrand and Drotz, 2016). 

Even though the Lean initiatives continued to spread to other parts of society such as healthcare,
education, and service industries, the evidence seemed to be gathering that Lean was highly difficult to 
integrate within existing processes (MackAldener and Stetler, 2015; Petersson et al., 2015; Sörkvist, 
2013; Modig and Åhlström, 2012). In some cases, there were reports of fatigue (Sederblad, 2013),
frustration, or even resistance from management or the employees (Emiliani, 2007; Jablonski, 2001). 
Following this, numerous problems and mistakes have been documented (Sederblad, 2013; Jablonski, 
2001; Flinchbaugh and Carlino, 2006). Even though many authors recognize that understanding Lean is
vital, there is no consensus on what this entails. 

The various research approaches have generated a plethora of different perspectives of what Lean is and 
is not. All of these views have been based on different questions and angles, and each of them asks
questions unique to that view. For the purpose of this thesis and bounded by the limitations (see Chapter
1.4), eight of these views are put in relation with each other in Chapter 2.3.3, and serve as part of the 
theoretical framework of the thesis, see Figure 1. 

One of the most fundamental practices in Lean, if not the most fundamental, is organizational Problem-
solving (PS) ability (Liker and Franz, 2011). Taiichi Ohno argued that TPS itself was a consequence of
the ability to solve problems at an organizational level (Ohno, 2013; Fujimoto, 1999). Indeed, it has
been claimed that TPS creates a community of scientists, where employees' ability to formulate and test
a hypothesis in order to solve problems, is one of the genuinely distinguishing characteristics (Spear and
Bowen, 1999; Rother, 2010). 

The fundamental aspects of Lean evolved slowly over several decades, based on experimentation and
problem-solving (Fujimoto, 1999; Monden, 2012; Shimokawa and Fujimoto, 2009; Holweg, 2007) and
gradually spread within Toyota. Much effort was spent on developing understanding and, most 
importantly, building individual experience in problem-solving. The system itself was not formalized or
documented for many years. It was not until Toyota had to introduce TPS to its sub-suppliers that the 
first attempts were made to write down and formalize TPS (Shimokawa and Fujimoto, 2009; Holweg,
2007). However, this slow evolutionary growth was not how Lean was presented to a Western audience
(Shah and Ward, 2007). 

Lean was presented as a holistic and complete system (Liker, 2004; Womack and Jones, 2003). It could 
only succeed if adopted in its entirety, prior to being understood, through a leap of faith (Flinchbaugh
and Carlino, 2006). It was initially presented as a set of principles and tools such as JIT, Kanban, SMED, 
Takt, Standardized work, 5S, and many others (Bicheno and Holweg, 2016; Feld, 2001; Sayers and 
Williams, 2007; Wilson, 2010). Each of these principles, methods, and tools were presented as
conceptually complete. It was then up to the reader to understand the actual application of the tools and 
methods (often in accordance with a cookbook description) by themselves. This lead to problems, as 
understanding the application of Lean, in reality, is difficult. 

Every tool and principle has depth and serves several purposes (Osterman, 2015). Contradictions and 
dilemmas reveal themselves in the implementation of the system (Osterman, 2015). Difficulties 
attaining individual understanding are multiplied many-fold attempting organizational consensus.
Having defined and agreed upon Lean tools in a contextually appropriate manner is here seen as
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necessary but not sufficient As discussed by Emiliani (2007), regarding Lean as a set of tools is never 
enough. 
This is evident even when practitioners are warned about problems that occur when mimicking or 
cherry-picking Lean tools and methods (Emiliani, 2007; Flinchbaugh and Carlino, 2006). Promised 
process improvements will fail to materialize. 
 
Even though the warning is clear, little advice is given apart from adopting the entire system of Lean. 
The fact that it is a system is apparent in the nomenclature of XPS (Netland, 2012), but when using the 
definition of a system consisting of elements, boundaries, and connections (Dekkers, 2017), the 
description of Lean as a system turns out to be problematic. 
 
The difficulties described above are based on user experience and testimony gathered through the years, 
and presented either through a user perspective such as in Lean i arbetslivet (Sederblad, 2013) or through 
a management perspective such as in The Hitchhiker’s Guide to Lean (Flinchbaugh and Carlino, 2006) 
in The Lean Hangover (Jablonski, 2001), or in many others. These difficulties will be presented in 
relation to a framework of Lean views presented in Chapter 2.3.3 before they become distinct. Until 
then, it is sufficient to realize that there are conceptual problems, here labeled as three gaps, as illustrated 
in Figure 1. 
 

 
Figure 1. Three gaps in Lean 

 
Gap 1: Value–Value-adding – Waste assumption (V-VA-W)  

To solve problems, the organization must have a definition of what a problem actually is. Within 
Lean, activities of a process that cost resources, but are of no interest for the customer, are 
classified as waste (or Muda (Womack and Jones, 2003)). This definition is based on an idea of 
customer value and, although intuitive, turns out to be far from self-evident. The nature of 
customer value and the definition of a problem and is far from clear. 
 
Consequentially, organizations can spend considerable resources trying to solve problems that 
are irrelevant or insufficient to achieve an increased productivity. This is here defined as the 
Value – Value-adding – Waste assumption (V-VA-W) and will be further discussed in Chapter 
2.4.1. 
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5 

Gap 2: Jargon Problem (JP) 
Presenting Lean as a holistic concept requires some interpretation. How do you understand the 
tools and methods and adapt them to something that will serve your specific processes? Added 
to this is the challenge of getting your colleagues to agree on the specifics of a system that is 
difficult to understand in the first place. Consequently, the interpretation and conceptual 
adaptation of Lean, while necessary, also introduce uncertainty into the process. This problem 
is here defined as the Jargon problem (JP), further discussed in Chapter 2.4.2. 

 
Gap 3: System Problem (SP) 

The presentation of Lean as a holistic concept, though valid, obscures an essential aspect. Based 
on the evolutionary development of the concept, some parts must be in place before others, 
giving an order of introduction that is contextually dependent. However, there does not seem to 
be any single correct way to succeed. Actually, the opposite seems to be true (Sederblad, 2013; 
Jablonski, 2001; Flinchbaugh and Carlino, 2006), given the many failures. Evolution happens 
in a context, and the system has to be understood in relation to contextual factors and internal 
logic. Here, this is defined as the System problem (SP), further discussed in Chapter 2.4.3.  

 
Together, these gaps seem to be weaknesses in Lean, which might help explain why the success rate of 
Lean integration is so low (Hines et al., 2010; Liker and Convis, 2012; Emiliani, 2007; Jablonski, 2001). 
Consequently, any definition of these gaps must be measured against the ability of a group or team in a 
process to distinguish and resolve problems.  
 
Personal note: 
Awareness of the gaps has grown over the years since beginning my Ph.D. candidacy. At that time, it was difficult to pinpoint 
what the problem was, apart from Lean being ill-defined (Pettersen, 2009). As work on the framework for my licentiate thesis 
progressed (views of Lean, see Chapter 2.3.3), it became clear that not all views were equal. 

1.2 Research objective  
The objective of this research is to improve the definition of Lean from a research and practical 
perspective, thereby contributing to an increased ability to solve problems in a production system. 
 
A better definition of Lean could provide better tools for researchers for designing research and for 
analyzing empirical research. Lean has some gaps that can be blind spots for researchers. It is possible 
that some research questions might not even be asked simply because the researcher is unaware of the 
existence of the gaps. Furthermore, the analysis of empirical results might be incomplete if the 
theoretical base contains gaps. A better definition of Lean from a research perspective could mean a 
better research design and a more in-depth analysis of observed phenomena. 
 
In addition, a better definition of Lean could also increase the probability of success when integrating 
Lean in practice. Lean as a concept is easy to understand, perhaps too easy. Therefore, practitioners 
might be unaware of issues in need of resolution or the consequences if they are not resolved. A better 
definition of Lean, from a practitioner's viewpoint, could result in a higher awareness of which problems 
need to be resolved in order to succeed in Lean integration. Taken together, this leads to the following 
research questions. 
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1.3 Research questions  
 
RQ 1: How could the gap of the Value – Value-adding – Waste assumption be defined? 

The fundamental assumption of V-VA-W is at the core of Lean, as it helps define what a 
problem within Lean actually is. A better assumption helps define problems. 
 

RQ 2: How could the Jargon gap be defined? 
Lean, by itself, is simply a concept. It is the understanding and enactment of this concept that 
enables the ability to solve problems and improves the results of a process. 

 
RQ 3:  How could the System gap be defined? 

Lean relies heavily on the synergistic effects of the various tools. Understanding the nature of 
the interrelation will help understand how a solution to a problem affects other parts of the 
system. 
 

Answering the research questions will most likely not result in absolute definitions of the gaps. The goal 
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However, aspects of Lean acting at the process level will be examined through a rising hierarchal 
perspective in the studies beginning at the operator level in Study 1, followed by an industrial 
engineering perspective in Study 2, through a trainer perspective in Study 3, ending in an expert 
perspective in Study 4 (see Chapter 3.2.4). 

 
The term production system (PS) can be defined in different ways. One way it is used (sometimes with 
manufacturing system) is as an overarching term describing everything necessary in order to produce a 
result (Bellgran and Säfsten, 2005). Within Lean research, “Production system” typically has a more 
limited meaning, describing an idea about the best way of running an operation in accordance with a 
conceptual core or fundamental problem (see Chapter 2.2). 
 
Much more can be said about Lean. In this thesis, Lean is considered a subset of Operations 
Management. Within the definition of Lean, limits are given by what is necessary to understand gaps in 
the concept. It is also highly probable that there are aspects that will not be covered within these 
limitations. The goal of this research is not to find every gap but to address a few of them, starting with 
a fundamental problem and working from there (see Chapter 2.2).  

1.5 Thesis outline 
Chapter 1 presents the research background, problem statement, objective, research questions, and scope 
and limitations. Chapter 2 presents the theoretical framework of the thesis. Chapter 3 presents the 
research view and scientific outlook, methods, research quality, researcher role, and ethical 
considerations. Chapter 4 presents a summary of the appended papers. Chapter 5 presents the analysis 
in which appended papers are linked to the research questions. Chapter 6 discusses the results of the 
analysis, and Chapter 7 presents research conclusions as well as avenues for future research. Finally, 
the five papers produced in the course of the research are appended along with a selection of the research 
protocols used in Study 1 and Study 2. 
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2 Theoretical framework  
Lean is positioned within the domain of Operations Management and further defined according to 
fundamental characteristics and conceptual gaps. 

2.1 Operations Management 
In this thesis, Lean is treated as one of many subsets of Operations Management (OM), (Slack et al., 
2016). It falls mostly within the boundaries of OM and fills a distinct place within this domain (Kamauff, 
2010). OM covers many, if not all, areas where Lean attempts to find solutions. 
 
Operations Management is a broad field, mainly concerned with how organizations use resources to 
create and deliver services and/or products (Slack et al., 2016). Here we find practices required to 
structure, manage, direct, and measure operations. Further, the design of products and services, how 
they are developed and operationalized and how value is delivered to the customer through the 
transformation of Inputs, such as materials or information, into Outputs (see Figure 3), such as products 
and/or services, in accordance with customer demand and to a required specification (Slack et al., 2016). 
 
  

 
Figure 3. Transformational processes in Operations Management. 

Adapted from fig 1.5 (Slack, et al., 2016)  

and figure 1.4 (Slack and Brandon-Jones, 2018) 

 
Managing the cost of an operation is a fundamental objective within Operations Management (Slack et 
al., 2016). Driving factors in the cost of an operation are typically materials, facilities, personnel, 
consumables, and others, depending on the nature of the transformational process. Cost also has to be 
put in relation to process output, giving a measure of process productivity. Productivity, in general, is 
here seen as the ratio of what is produced by a process and what is required to produce it (Stevenson, 
2018). 
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This definition, though simple, is fundamental in describing Lean. 
 
OM is different from other fields in that it has no single underlying theory, nor even a set of commonly 
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epistemological spectrum and tends to borrow theories from many disciplines, such as organizational 
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behavior, economics, information theory. Research in OM tends to fall into a spectrum between the 
social sciences and applied mathematics (Holweg et al., 2018). 
 

2.2 Conceptual	core,	defining	the	Fundamental	Problem	(FP)		
Within OM, every production system with a holistic ambition seems to solve basically the same set of 
problems (Netland and Powell, 2017). Regardless of whether the subset of OM is Agile, Six Sigma, 
Lean, TPM, or any other, most factors and issues will be the same (see Figure 4). They all seem to 
address questions of quality, leadership, motivation, customer, variation, value, and many more. So if 
all these production system concepts solve mostly the same problems, why do they exist? 
 
One possible answer is found when taking an evolutionary approach; each subset has different 
conceptual cores. A Fundamental Problem (FP) is here seen as the problem regarded as the most 
important in the subset, which all other aspects of the system stem from, and can be traced back to, 
giving the subset a conceptual core. This is why the subset exists at all. 
 
In Six Sigma, the FP is variation (Magnusson et al., 2003; Sörqvist and Höglund, 2007); in Agile it is 
value uncertainty (Maximini, 2018), in TPM it is availability (Ljungberg, 2000) and in Lean it is 
productivity (Sörqvist, 2013; Petersson et al., 2015). Herein is the key to understanding the enduring 
popularity of Lean. Productivity is a problem in any process and has been since the dawn of civilization 
(Roser, 2017). 

Figure 4. Subsets of Operations Management 

 
This is perhaps one of the fundamental reasons why Lean is still so popular and spreading. Many 
processes and organizations recognize themselves in productivity FP. Productivity is a key factor behind 
the development and progress of civilization. It allows resources to be freed up and employed in other 
tasks (Roser, 2017). This enables specialization, thereby establishing a new process, which in turn has 
to increase productivity, which will free up resources enabling specialization, so forth in a never-ending 
spiral. The question of productivity seems constant, universal, and essential in most processes and 
organizations. 

A number of actions, methods, or practices evolved to address Lean FP. A system grew from there. FP 
is, therefore, here seen as the initial root problem underlying the rest of a system and forms its conceptual 
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core. Analyzing any production system, therefore, requires an understanding of the core and the 
development of the rest of the system from that point. Within Lean, the conceptual core was initially 
apparent. “Cost reduction is the goal” (Ohno, 1988a, p 8). 

2.3 Lean 
Lean is typically traced back to Toyota’s production system (Womack et al., 1990; Liker, 2004; 
Womack and Jones, 2005). The purpose of TPS is defined as the Non-cost principle, expressed as 
follows: The market (the consumer) always determines the value (the price) of a product. This gives 
the following expression: 
 

The Non-cost principle: Selling Price – Cost = Profit 
 

Since the selling price is treated as a given, outside the control of the process, the only way to increase 
the profit of a process is through a reduction in cost (Ohno, 1988a). 

2.3.1 An evolutionary viewpoint  

Lean is typically presented as conceptually simple (Sayer and Williams, 2007), but when you dive into 
the details and try to implement it, the complexity and difficulties become apparent. Lean is also 
typically presented as a holistic system, as by Womack and Jones (2005) or Liker (2004), but the details 
of the evolution of the concept are ignored. Going to primary sources such as Sugimori et al. (1977), 
Ohno (1988a, 1988b), Shingo (1989), and those presented by Shimokawa and Fujimoto (2009), a 
different, more detailed history emerges. The starting point was not conceptual but practical. During the 
late 1940s and the fifties, Toyota was a company in dire straits. Close to bankruptcy, there simply was 
no money in the company, and cash flow was barely enough to stay afloat (Fujimoto, 1999; Monden, 
2012; Ohno, 2013). The competition was fierce, customers few.  
 
Such constraints shaped the embryo and guided the evolution of TPS. Consequently, it became 
imperative to keep costs down. This was translated, through the guidance of Ohno, into a myriad of 
small practical problems, each of the problems contributing to the reduction of costs by some minuscule 
amount. The solution of these problems and the ability to formalize the solutions into proto-principles, 
led to a multi-path system emergence, laying the foundation of Lean (Fujimoto, 1999). 
 
“…we could say that the Toyota Production System came about as a result of the sum of, and as an 
application of, the behavior by Toyota people to scientifically approach matters by asking ´Why?´ five 
times.” 

(Ohno, 2013, p 176) 
 
This approach (solving many small problems) achieved four things as discussed by Fujimoto, (1999): 
  

1. A total reduction of cost through the elimination of many small sources of waste. 
2. Awareness in the organization of the sources of waste. 
3. A gradual buildup of experience in how to solve problems. 
4. A decontextualization of experience into rules of thumb, the embryo of TPS. 

 
Each of these four factors was important. The first for the short-term survival of the company through 
lowering of direct costs. The second for the long term survival of the company through avoiding the 
deterioration of productivity when circumstances change. The third and fourth factors are different. They 
institutionalized the ability to solve problems in general, and gave high resilience to the organization 
through rules of thumb. These proto-principles gave guidance in selecting which problems needed to be 
solved, and also how they could be solved. 
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2.3.2 The Fundamental Problem of Lean: 

Increasing productivity via a reduction of cost through the elimination of waste 

Connecting “cost” to the concept of waste and further to variation and overload. 
 
All aspects of a production system should be traceable back to the FP, the reason the production system 
exists at all. A gap in the concept occurs when an aspect of Lean cannot be traced back to the FP through 
logic or practice. Given that the FP at the root of Lean is to sustainably increase productivity through 
the non-cost principle, further analysis requires a more detailed breakdown of cost into sub-categories 
(Monden, 2012). The cost of operating a process can be broken down into: 
 

1. Process and People cost 
2. Flow and Materials cost 
3. Facility and Overhead cost 

 
These sub-categories are all interlinked and affect each other, but they have different sources and have 
to be understood separately. There is a subtle but important distinction to make here. Within Lean, cost 
reduction is the result of the elimination of waste in a process (Figure 1.2, Monden, 2012). 
 
Enacting a cost reduction strategy based directly on cost KPI:s without understanding the waste of the 
process might actually lead to higher costs in the long run (Bicheno and Holweg, 2016). Therefore, cost-
cutting not done through the slow and systematic elimination of waste could actually go against the FP 
of Lean, and there is a risk that costs will actually increase in the long term. Understanding the nature 
of waste is, therefore, essential in Lean. This illustrates the importance of the first gap (the V-VA-W 
assumption). Without a deep understanding of the connections between value, value-adding, and waste 
in a process, the wrong decisions might be made, an incorrect approach to cost-cutting taken, with 
possibly severe consequences, as discussed by Sederblad (2013) and Macalderner and Stetler (2015). 
The result could be an increase in cost, a decrease in output and quality, and dissatisfied and sometimes 
bitter employees2. 
 
The seven traditional wastes (Muda in Japanese), as first presented by Ohno, mainly served as a training 
method (Ohno, 2013). They were a way to ensure that recalcitrant managers, unfamiliar with TPS, 
understood their responsibilities and to remove any of their excuses. However, Ohno disliked 
categorizations, as they detracted from the primary goal, which was Kaizen (problem-solving), 
eliminating waste (Ohno, 2013). Nevertheless, it is appropriate to use these seven wastes as an example 
to illustrate how they are linked to costs. Eliminate waste, follow-through, and the result is a lower cost 
(Bicheno and Holweg, 2016). Therefore it is possible to connect cost and waste (Monden, 2012): 
 

  

                                                           
2 All of these symptoms have also been witnessed first-hand and are familiar topics in discussions with colleagues over the 
years. They seem typical for an incorrect application of Lean. 
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Process and People cost  

These costs are driven mainly by five of the seven traditional wastes. 
1. Overproduction. The waste of producing a result for which there is no actual customer 

demand. By tradition, this is considered the worst of the seven wastes. It causes all other 
waste without creating revenue. 

2. Waiting. People in the process waiting for a task. By tradition, machine waiting time is 
not regarded as waste if there is no customer demand. However, if people wait, it is 
always regarded as waste.  

3. Motions. Unnecessary motion is typically the first target for improvement. It is easy to 
see and understand. 

4. Over-processing. Spending more effort, time, or resources transforming a result to a 
degree of quality or finish (or other attributes) beyond what the customer is interested 
in paying for. 

5. Defects. Transforming a product or service into a result that does not fit the requirement 
of the intended customer. This is doubly wasteful as it wastes the time required to 
achieve the result, as well as adding to the time and resources needed to adjust the 
quality or redo the process. 

 
Flow and Materials cost 

These costs are driven mainly by two of the seven traditional wastes. 
6. Transportation. Unnecessary distance traveled by any and all product components. 
7. Inventory. Waiting for processing or delivery to the end customer. 

 
Facility and Overhead cost 

These costs are partly secondary and occur as a consequence of the first two categories of cost. 
For instance, overproduction drives the need for unnecessarily large facilities. Or waiting is a sign 
that too many people are employed (utilization is too low), thereby also increasing overhead 
needed to administer the process. 
 

Secondary waste as a driver of cost 

It is also important to note that secondary waste, in general, is a category of cost drivers that occur 
as a direct consequence of primary waste. Secondary waste can be exemplified by administrative 
work or direct work necessary to keep track of, or physically move around, all the components in 
the unnecessary inventory (Waste 7). 
 
Another example is the extra work that is a consequence of poor quality and defects (Waste 5). 
Instead of having just one category to keep track of (the correct component), there are a multitude 
of categories to process (at least one for each deviation in addition to the process necessary to 
rectify the problem). These examples are but a few of the multitude of processes that are, by 
themselves, completely unnecessary. Even though each of these processes should be carried out 
as efficiently as possible, they should also, in the long run, be eliminated. They contribute nothing 
to customer value. This shows the importance of understanding system boundaries in connection 
to cost and the FP of Lean. 

 
The importance of connecting cost and waste 

Lean is sometimes misunderstood as focusing only on the proportion between value-adding time and 
non-value-adding time, expressed in terms of productivity, and not focused on variation. This is an 
oversimplification. Variation is seen as a significant source of waste in the system (Shah and Ward, 
2007). This can be seen in the definition of Mura (variation in Japanese) (Liker, 2004). 
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The same misunderstanding occurs when it is claimed that Lean, as a concept, leads to burnout 
(Sederblad, 2013). This is also seen as wasteful and goes against the fundamental value “Respect for 
People” (Sugimori et al., 1977). In economic terms, wearing out (overburdening is Muri in Japanese), 
equipment and people leads to the need for expensive replacement and training and also introduces 
variation, quality, and safety risks in the process, thereby increasing cost and risk. Even more 
importantly, Mura and Muri both affect the sense of ownership and responsibility felt by people in the 
process. Controlling these factors are therefore essential for the “continuous” aspect of continuous 
improvements. 

Both Muda and Muri are caused, at least in part, by Mura (variation), which explains why leveling 
(Heijunka) is seen as fundamental in Lean (Liker, 2004). Without control over variation, everything else 
becomes proportionately more difficult. 

In short, understanding cost drivers in a process is much more complicated than just defining the seven 
wastes (Muda). They can serve as a starting point for solving problems but are in themselves not 
sufficient. Any proposed solutions to the perceived problems will have to be evaluated relative to 
variation and/or overload (Mura and Muri), or there is a high risk that the total costs of a process will 
actually increase. 

This concludes the motivation of the importance of the elimination of cost in Lean and how it forms 
the Fundamental Problem in Lean. Gaps occur when an aspect of the system cannot logically or, in 
practice, be traced back to the FP, thereby increasing the risk of incorrect decisions or enactment of the 
system, triggering higher costs. The measure of the gaps, therefore, lies in how they affect the 
problem-solving ability at the lowest organizational level of a process in relation to the FP. 

Given the importance of the FP in Lean and an understanding of the relation between cost and waste, 
the different views of Lean will have to be defined and discussed in some detail in order to make sense 
of the gaps. 

2.3.3 Different views of Lean  

Lean as a concept is multifaceted. Interrelationships of the different views are not always obvious. Each 
view high-lights different aspects unique to that perspective, yet Lean is still seen as a cohesive concept. 

Over time, numerous different perspectives have been developed to describe Lean (Shah and Ward, 
2007). Based on the framework developed by Osterman (2015), a number of views are used to examine 
the different perspectives used to define the concept of Lean. The selection of views are limited to those 
relevant at the lowest organizational level of a process, in accordance with the specified limitations of 
this thesis (see Chapter 1.4). Some of the views have been found to be relatively well defined. Other 
views are not as well defined. This lack of definition is what gives rise to and forms the basis of gaps 
found in Lean. 

This chapter, therefore, covers the different views where they are relevant to the understanding of gaps, 
through direct or indirect connections. The framework of views does not add anything new to Lean. 
Still, when the views are presented in relation to each other, the framework serves as a model in which 
to position the gaps. 

2.3.3.1 Framework	Overview	
Understanding the views of Lean starts with a short description of the historical background and 
information available to the founders. The foundation mostly comes from the Toyoda family, as well as 
Taiichi Ohno (Ohno, 1988a, 1988b) and Shigeo Shingo (Shingo, 1989), Kikuo Suzumura and Masao 
Nemoto (Shimokawa and Fujimoto, 2009). 
 

 

13 

The same misunderstanding occurs when it is claimed that Lean, as a concept, leads to burnout 
(Sederblad, 2013). This is also seen as wasteful and goes against the fundamental value “Respect for 
People” (Sugimori et al., 1977). In economic terms, wearing out (overburdening is Muri in Japanese), 
equipment and people leads to the need for expensive replacement and training and also introduces 
variation, quality, and safety risks in the process, thereby increasing cost and risk. Even more 
importantly, Mura and Muri both affect the sense of ownership and responsibility felt by people in the 
process. Controlling these factors are therefore essential for the “continuous” aspect of continuous 
improvements. 

Both Muda and Muri are caused, at least in part, by Mura (variation), which explains why leveling 
(Heijunka) is seen as fundamental in Lean (Liker, 2004). Without control over variation, everything else 
becomes proportionately more difficult. 

In short, understanding cost drivers in a process is much more complicated than just defining the seven 
wastes (Muda). They can serve as a starting point for solving problems but are in themselves not 
sufficient. Any proposed solutions to the perceived problems will have to be evaluated relative to 
variation and/or overload (Mura and Muri), or there is a high risk that the total costs of a process will 
actually increase. 

This concludes the motivation of the importance of the elimination of cost in Lean and how it forms 
the Fundamental Problem in Lean. Gaps occur when an aspect of the system cannot logically or, in 
practice, be traced back to the FP, thereby increasing the risk of incorrect decisions or enactment of the 
system, triggering higher costs. The measure of the gaps, therefore, lies in how they affect the 
problem-solving ability at the lowest organizational level of a process in relation to the FP. 

Given the importance of the FP in Lean and an understanding of the relation between cost and waste, 
the different views of Lean will have to be defined and discussed in some detail in order to make sense 
of the gaps. 

2.3.3 Different views of Lean  

Lean as a concept is multifaceted. Interrelationships of the different views are not always obvious. Each 
view high-lights different aspects unique to that perspective, yet Lean is still seen as a cohesive concept. 

Over time, numerous different perspectives have been developed to describe Lean (Shah and Ward, 
2007). Based on the framework developed by Osterman (2015), a number of views are used to examine 
the different perspectives used to define the concept of Lean. The selection of views are limited to those 
relevant at the lowest organizational level of a process, in accordance with the specified limitations of 
this thesis (see Chapter 1.4). Some of the views have been found to be relatively well defined. Other 
views are not as well defined. This lack of definition is what gives rise to and forms the basis of gaps 
found in Lean. 

This chapter, therefore, covers the different views where they are relevant to the understanding of gaps, 
through direct or indirect connections. The framework of views does not add anything new to Lean. 
Still, when the views are presented in relation to each other, the framework serves as a model in which 
to position the gaps. 

2.3.3.1 Framework	Overview	
Understanding the views of Lean starts with a short description of the historical background and 
information available to the founders. The foundation mostly comes from the Toyoda family, as well as 
Taiichi Ohno (Ohno, 1988a, 1988b) and Shigeo Shingo (Shingo, 1989), Kikuo Suzumura and Masao 
Nemoto (Shimokawa and Fujimoto, 2009). 
 

30



 

14 

Lean is seen as a balance between two sides, human and technical (see Figure 5). Liker and Hoseus 
(2008) compared it to a DNA helix, intertwining a people-value stream and a product-value stream. 
Liker and Franz (2011) saw it as a combination of mechanistic thinking and organic thinking. This 
balance is fundamental and was presented in one of the first papers published describing TPS (Sugimori 
et al., 1977), as the combination of Just in Time and Respect for People. The balance of technical and 
human factors in Lean is essential for integration (Halling, 2013). Lean can be seen as an integrated 
socio-technical system (Shah and Ward, 2007). 
 
On the technical side, the Methods and Tools view describes the content of the building blocks, and the 
System view describes interconnections and dependencies of methods and tools. The human side 
captures the human aspect of Lean with the Philosophical view of ideas, concepts, and dilemmas 
necessary for understanding, and the Cultural view describing how ideas and understanding of the 
concept are enacted and form the behaviors of the organization. When in balance, the human and 
technical sides of Lean have the potential to achieve efficient results in accordance with customer 
expectations and the FP of Lean. 
 

Figure 5: The different views of Lean and the three conceptual gaps 

 
Between the human and technical sides is the Management view, with the task of unifying the system 
and giving its sustainable purpose (Liker and Convis, 2012). An important aspect of Lean management 
is resolving problems in the human and technical parts of the system, as well as balancing system needs 
and external customer needs. This is, of course, only an idealized image simplifying a far more complex 
reality. Within this model, there are several conceptual gaps. Each of the gaps describes a weakness or 
problem in the concepts of Lean (further described in Chapter 2.4), causing difficulties or inefficiencies 
when attempting to integrate Lean in a process resulting in a lower ability to solve problems at the lowest 
organizational level of a process. 
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Limiting the model 

The selection of views described above is based on the factors that influence Lean mainly at the group 
level of a process (see Chapter 1.4). Other views are possible; for instance one that is strategic (Akao, 
2004; Dennis. 2009), consumer-related (Womack and Jones 2005), societal and ecological (Netland and 
Powell. 2017), flow-related (Storhagen. 1993; Modig and Åhlstöm, 2012), or ideological (Bhashin, 
2011). However, these all fall outside the scope of the thesis. The goal of the model illustrated in figure 
5, is not to fully define Lean as a concept, but to give a limited framework in which to position the gaps 
found in Lean. 

Seeing gaps 

Even given the limitations described above, the framework is quite extensive. This is here argued as 
necessary, given the theme of the thesis and the nature of a “Gap”. How do you prove the existence of 
something that is not there? By definition, a gap is something missing. 
 
It is here argued that the only way to illustrate the existence of a void in a concept is to describe the 
ideas clearly enough so that the missing pieces become obvious in their absence. 

2.3.3.2 Historical	view		
This view shortly discusses factors the founders of Lean claimed influenced their thinking, directly or 
indirectly, in their struggle to develop a production system. 
 
Defining understanding of Lean and conceptual gaps, therefore, means that a historical view is needed, 
as knowledge and experience have accumulated over time (Wilson, 2010). Knowing the historical 
context is also seen as necessary in order to understand the complex nature of Lean (Lewis and Lewis, 
2000). The discussion is limited to actors that developed practices still in use today, Frederick Winslow 

Taylor and Henry Ford (Fujimoto, 1999). 
 
Taylor 

Many of Taylor´s ideas have fallen out of favor (Adler, 1993). Still, they’ve been highly influential on 
the industrial rationalization movement that later developed (Sandkull and Johansson, 2000). The 
understanding and description of how work was to be performed had traditionally been up to the people 
doing the work (Dennis, 2017). Evidence of collaborative work and the division of tasks can be found 
all the way back in the Stone Age (Roser, 2017). Based on his time as an apprentice, studies, and 
experiments (Taylor, 1998), F.W. Taylor's insights are essential to the Historical view. Many of the 
fundamental tools and methods used were based on his work. 
 
Taylor used scientific methods and experiments, based on differences in human physiology and attitude, 
and established the idea that one can always find and describe an objectively “best way” for any work, 
independent of the people actually doing the work. The realization that the description of work is 
independent from the worker is essential to standardized work and one of the most fundamental methods 
in Lean. Also, the results of a process depend on the organization of the process. This includes interfaces 
between the different steps in the process, defined as a consequence of the work standards. The need for 
process synchronization, therefore, was a driving force, together with the need for a Work In Process-
cap (Hopp and Spearman, 2011) for the development of JIT (see Foundational view below). 
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Ford 

When developing the Toyota Production System, Taiichi Ohno claims to have been strongly influenced 
by Henry Ford (Ohno, 1988). The legacy of Ford's methods and principles have, therefore, contributed 
to the development of Lean (Dennis, 2017; Levinson, 2002). 
 
Ford initially applied the principle of moving the work to the worker in the assembly of the flywheel 
magneto. A multitude of experiments took place in order to find the correct speed and height for the 
assembly line (Ford and Crowther, 1922). 
 
“The speed of the moving work had to be carefully tried out; in the fly-wheel magneto, we first had a 
speed of sixty inches per minute. That was too fast. Then we tried eighteen inches per minute. That was 
too slow. Finally, we settled on forty-four inches per minute. The idea is that a man must not be hurried 
in his work—he must have every second necessary but not a single unnecessary second.” 

(Ford and Crowther, 1922, p 82) 
 
These experiments gave a four-fold increase in productivity. The experience was later applied to the 
chassis assembly, where the time needed for chassis assembly went from over twelve hours to just under 
six hours. Further experiments gave a total reduction of time per chassis to one hour and thirty minutes. 
These experiences were the beginning of Ford's principles and served as an inspiration for Ohno. 
This illustrates the importance of the Evolutionary and Philosophical view of Lean as pragmatic 
solutions build experience, and how to drive to continuously question the status quo is an attitude (see 
Chapters 2.3.3.4. and 2.3.3.7.). Successful solutions can be redefined as de-contextualized principles, as 
indicated in the example above. This is fundamental to the growth of Lean as a concept, through the 
dual-layer of problem-solving (Fujimoto, 1999). 
 
Concluding the Historical view of Lean 

The end of the nineteenth and beginning of the twentieth century was a dynamic period in the 
development of different production system concepts. It is easy to underestimate the challenges in 
developing these insights, given what is known today. Taiichi Ohno attributed the inspiration for many 
of his ideas to Ford and was influenced by ideas pioneered by F.W. Taylor (Dennis, 2017). However, the 
ideas of Ford and Taylor were spread around the world at the time and did not, by themselves, explain 
the development of Lean. The historical view, therefore, serves as a background for other views of Lean 
and contributes to the understanding of why it is vital to understand the gaps in Lean. This leads to the 
Foundational view of Lean.  

2.3.3.3 Foundational	view	
TPS is influenced by many sources and is neither purely original nor totally imitative but is a hybrid 
production system (Fujimoto, 1999). The Fundamental Problem in Lean is traced back to the 
Foundational view, given that the origins of the system are derived from the problems that Toyota had 
to overcome. 
 
The Toyoda Family 

The work of Sakishi Toyoda strongly influences what today is called Lean (Liker, 2004; Womack and 

Jones, 2003). As an inventor of automated looms, Sakichi Toyoda invented a device that sensed when a 
thread broke and stopped the loom (Ohno, 2013). This combined human judgment with automation as 
a part of the TPS called Jidoka, meaning “the avoidance of defects” by stopping the process, to solve 
problems. The attitude of stopping to correct is strongly connected to the Philosophical view of Lean, 
as stopping a process goes beyond the common sense of many within the industry (Ohno, 2013). Sakishi 
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Toyoda was self-taught with a hands-on attitude based on observation and a strong focus on self-
sufficiency (Ohno, 1988). This carried over to Toyota (Liker, 2004) as Genchi Genbutsu, meaning 
“going to the place to see the actual situation for understanding” (Liker, 2004), giving the ability to 
neutrally observe a process in combination with the ability to analyze a situation in order to understand
the actual state of the process (Ohno, 1988). This is necessary for efficient problem-solving and gives 
weight to the importance of the Jargon Problem and is connected to the Philosophical and Cultural 
view. Continuing in the spirit of his father, through experiments, reverse engineering and selective
adoption of the Ford system (Fujimoto, 1999), the first president of the Toyota Motor Company, Kiichiro
Toyoda, is attributed with the idea behind the concept of Just In Time (JIT) (Ohno and Mito, 1988; Liker, 
2004). He is quoted as saying, “the most efficient way to assemble parts in an assembly plant was when 
each part arrived Just in Time” (Ohno, 2013)3. TPS and Fords´early production system had similarities; 
both require synchronization between processes upstream and downstream in the process flow 
(Fujimoto, 1999). However, Toyota used flexible synchronization (within limits), and Ford relied on 
inflexible synchronization. The productivity of a Japanese autoworker of the time was only 10% of his 
American counterpart (Fujimoto, 1999). This provided one of the driving forces behind the development 
of TPS (Ohno, 1988). Eiji Toyoda and Shoichi Saito visited the United States for three months during 
the spring of 1950. They were inspired but concluded that adopting the Ford system directly would not 
work in Japan (Fujimoto, 1999). They also found other unexpected sources of inspiration. The following 
was concluded: 

”Assume the supermarket is the preceding process in the production line. The subsequent process (the 
customer) goes to the supermarket to get exactly what it needs (in the case of the automobile assembly 
plant, auto parts) when it needs it. What should the preceding process then do? It must replenish that
which has been withdrawn by the subsequent process” 

(Ohno and Mito, 1988, p 16). 

Another concept Toyoda and Saito brought with them from the United States was the practice of the 
suggestion system, starting the “idea suggestion system” (soi kufu teitan seido), which became the 
beginning and core of Kaizen and TQM at Toyota (Fujimoto, 1999). This is an essential concept,
affecting all gaps (see Chapter 2.4), as it assumes high levels of employee commitment, understanding,
and problem-solving ability in a process (Hines et al., 2004). 

Parallel to this development was the use of customer desires incorporated directly into the process 
(Womack et al., 1990) and avoiding production to stock, as was the norm during the 1950s. 
Economically the conditions of Toyota meant that buffers would tie up too much capital. Therefore 
production flow had to be based on actual customer demand leading to an aspect of the Foundational
view of Lean, making the customer an integral part of the XPS (Womack et al., 1990). This integration
is an enabler for many Lean tools and methods, and is fundamental to the definitions of value and waste
in the system, thereby providing problem-solving and continuous improvements with a necessary 
external point of reference. Customer demand is also connected to the System view of Lean providing 
an external reference to the system. But perhaps more importantly, it is directly linked to the V-VA-W 
assumption, as the external customer provides the definition of value (see Chapter 2.4.1 and 2.3). 

Taiichi Ohno 

The purpose and concept of TPS were principally developed by Eiji Toyoda, Kiichiro Toyoda, and
Taiichi Ohno (Sayer and Williams, 2007). Taiichi Ohno also developed the abstract ideas behind TPS

3 Taiichi Ohno is unclear in this claim, sometimes attributing JIT to Eiji Toyoda. 
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into actual tools and methods. TPS evolved into a system that made it possible to produce a wide variety 
of cars in small volumes (Holweg, 2007), thereby avoiding the two logical flaws of mass-production:
large batches resulting in large inventories, driving high costs. Large batches also result in an inability 
to efficiently handle variety in customer demand (Holweg, 2007).

Taiichi Ohno was clear about the influence of Ford's thinking, “I, for one, am in awe of Ford's greatness. 
I believe Ford was a born rationalist − and I feel more so every time I read his writings. He had a 
deliberate and scientific way of thinking about industry in America. For example, on the issues of
standardization and the nature of waste in business, Ford's perception of things was orthodox and 
universal." 

(Ohno 1988a, p 97) 

Toyota, at the time, had very few resources and was close to bankruptcy. (Ohno, 1988; Fujimoto, 1999). 
This is arguably the genesis of what would later be called Lean. The foundation of the TPS, therefore,
became the aspiration to totally eliminate waste in order to sustainably and continuously reduce costs 
(Ohno and Mito, 1988). From an OM perspective, this attitude is the origin of the Fundamental Problem 
of Lean, and also illustrates the importance of the V-VA-W assumption. As discussed in Chapter 2.3.2 
above, this is expressed as the Non-cost principle. 

The Non-cost principle: Selling Price – Cost = Profit

Everything else in the Toyota Production System follows from the Non-cost principle (see Figure 4 in 
System view of Lean below) and the total elimination of waste in the process. 

However, the categorization of waste is secondary to the ability to solve process problems (labeled as
Five-why in Figure 4). In the words of Taiichi Ohno, “I don’t know who came up with it, but people 
often talk about “the seven types of waste.” This might have started when the book came out, but waste
is not limited to seven types. There is an old expression: “He without bad habits has seven,” meaning
even if you think there´s no waste, you will find at least seven types. So I came up with overproduction, 
waiting, etc., but that doesn´t mean there are only seven types. So don´t bother thinking about “What 
type of waste is this?” Just get on with it and do Kaizen.” (Ohno, 2013, p 175). This strongly connects 
to the three gaps. The organizational ability to solve problems is central to the evolution of Lean. 

The seven traditional wastes have become a given in Lean. But, as described by Taiichi Ohno, the entire 
reason for the definition of waste is to solve problems based on the reduction of cost. This gives weight 
to the importance of the V-VA-W assumption. The ability to solve the correct problems in a process 
hinges on this and is, therefore, also strongly connected to the Philosophical and Cultural view as it
requires both understanding of the nature of waste as a problem and also the action of resolving the 
problem and removing waste in accordance with the Non-cost principle. This also gives weight to the 
importance of the Jargon problem, as it is based on correct understanding and agreement in a group. 

Taiichi Ohno, also emphasized a trainer mentality in management, sometimes using harsh4 hands-on 
training methods in order to spread the ability to solve problems within the organization (Monden, 2012;

Shimokawa and Fujimoto, 2009). 

4 I have spoken to people directly trained by Ohno. They all told of excitingly high expectations, difficult situations, and the 
harsh tutelage they received. They also, to a man, swore by Ohno’s methods. 
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The training method was to let the student work out the definition and solution to a problem by him- or 
herself in order to develop problem-solving skills. The selection of a problem that was suitably 
challenging was the responsibility of the trainer. This method required hard work by the trainee as well 
as a skillful trainer. A manager is also seen as a trainer in Lean, giving weight the Jargon problem as the 
ability to train someone assumes a common understanding of tools and methods. 
 
Shigeo Shingo  

Shigeo Shingo was never directly employed by Toyota but worked as a consultant, training many Toyota 
employees in industrial engineering. He also discussed many of the methods used in TPS with Taiichi 
Ohno and worked directly with the development of one of the methods (SMED) for reducing waste from 
overproduction5. Small batches were essential to process flexibility and reducing the capital tied up in 
production (Monden, 2012). Being able to switch tasks quickly is a fundamental function of Lean, giving 
flexibility, and avoiding the waste of overproduction. This aspect connects the Mura of a process to the 
Muda and is, therefore, a necessary condition for the reduction of cost through the Non-cost principle 
and ties strongly into the V-VA-W assumption. 
 
Concluding the Foundational view of Lean 

A combination of various outside factors and access to the right people led to the development of what 
today is called Lean. However, it is commonly agreed that it is difficult to succeed in the integration of 
Lean (Flinchbaugh and Carlino, 2006; Liker and Hoseus, 2008; Rother 2010; Roser, 2017). This may 
be attributed to a shallow understanding of the evolution of the initial system and illustrates the 
importance of both the Jargon problem and the V-VA-W assumption. It may then be concluded that 
merely applying the written teachings of the founders of Lean is in itself not enough in order to 
understand the concept. These teachings are the end-product of a long chain of experiments, successes, 
failures, and reflection. It is therefore argued that an Evolutionary view of Lean is necessary. 

 

2.3.3.4 Evolutionary	view		
Lean evolved over several decades based on experiments, problem-solving, trial and error (Sugimori et 
al., 1977; Shingo, 1984; Ohno and Mito, 1988; Fujimoto, 1999; Shimokawa and Fujimoto, 2009). Each 
solution gave new problems that had to be solved in an expanding and branching set of tools and 
methods. 
 

“The production system is like nature. It is a constant flow of activity. 
You plan it in a certain way, but you can be certain it will not work out that way.” 

 
Eiji Toyoda in a conversation with  

Leif Östling, CEO at Scania  
(Östling, 2019, p 104) 

 
It is easy to view Lean as a coherent whole. In reality, the development of what was later called Lean 
was far from easy, one of experiments and mistakes (Monden, 2012; Ohno, 2013; Shimokawa and 
Fujimoto, 2009). Establishing and spreading TPS required more than twenty years of work (Womack et 
al., 1990). The production system might be seen as a long series of problems and solutions developing 
over several decades (Holweg, 2007). The Evolutionary view explains some of the attributes seen in a 
Lean production system. 
                                                           
5 Shingo’s contribution to the development of TPS is contested (Roser, 2017), but there is no denying his influence in 
spreading Lean as a concept around the world. 
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Even though many of the necessary insights for the development of TPS were in place before WW II, 
the true evolution was driven by post-war conditions. Toyota was a small car manufacturer of no 
particular note. It was receiving orders for cars, but with high inflation after the war, it was difficult to 
get paid (Liker, 2004). To avoid going bankrupt, extreme cost-cutting measures were necessary. 
Fujimoto (1999, p 8) describes this development as the emergence of a multi-path system, where 
“emergence” is defined as “a certain system trait that cannot be explained by the behavior of its 
constituent parts alone or predicted from the previous states of the system owing to its complexity from 
the observer's point of view.” This evolution drives the development of the Lean system in what is 
defined as “Evolutionary Learning Capability” (Fujimoto, 1999, p 17). A supporting realization is, “No 
new idea springs fully formed from a void. Rather, new ideas emerge from a set of conditions in which 
old ideas no longer seem to work. This was certainly true of Lean production” (Womack et al., 1990, p 
17). 
 
Given the total circumstances affecting the evolution of TPS, it was necessary to focus on radically 
lowering process costs. This leads to a strong emphasis on the development of problem-solving abilities 
and exploration of unknown methods (Imai, 1986; Imai, 1997; Rother, 2010) and, as a consequence, 
local development, and adaptation of solutions. This aspect is, therefore, strongly connected to the 
Cultural view of Lean, as the details of each enacted solution have to be contextually adapted (Liker and 
Hoseus, 2008). Even if there is a common definition of a problem, a solution will always be contextually 
dependent. 
 
The evolution of Toyota’s production system had other consequences as well. Employees trained by 
Ohno and Saito were trained in a very hands-on fashion (Shimokawa and Fujimoto, 2009). The abilities 
of these individuals were spread in the organization in a coaching and training setup, but the XPS itself 
was largely undocumented (Liker and Hoseus, 2008; Liker and Ogden, 2011, Shah and Ward, 2007). It 
was merely the way things were done in the process, and new employees were trained in the same 
fashion6. The ideas of Ohno and his disciples served as “rules of thumb” or starting points for the training 
and were mostly undocumented up until the 1970s (Hines et al., 2004). 
 
“Quotes from Toyota´s founding members along with the company´s rich oral tradition of values, beliefs, 
and stories were used to socialize employees into the Toyota Way, yet there were no operations or 
procedure manuals documenting its culture.” 

(Liker and Hoseus, 2008, p 13) 
 
There are even stories about Ohno tearing up an early illustration of the house representing TPS. In his 
view, it could not capture the depth of the system, and it was a waste of time to even try (Liker and 
Hoseus, 2008). It was not until the suppliers of Toyota were included in the training that the need to 
formally document the system arose (Shah and Ward, 2007). As a consequence, the more in-depth 
definitions of the system were based on oral tradition and experience, mostly unavailable to anyone not 
already within the system. When Lean began to be disseminated outside Toyota, it was mainly the 
surface attributes that were studied and reported in research and subsequently adopted by industry 
(Holweg, 2007). 
 

                                                           
6 This was enabled by Toyota at the time still being a rather small company (Liker, 2004). 
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Herein lies the potentially most important reason why the Jargon problem and the System problem arose, 
as neither the unspoken assumptions of the concept nor the connections within the system, were 
documented during the development of TPS during the 1950s and 1960s.  
This unspoken understanding was also unavailable for researchers to study, as the focus tended to be on 
the visible aspects of the system while missing interdependent links within the system (Shah and Ward, 
2007). 
Consequently, synergistic effects within Lean were and are not (see Study four, Chapter 3.2.4.4) apparent 
for practitioners attempting to introduce Lean in their own organizations (see Paper V, Chapter 4.5).  
 

“In reality, systems involving people are complex.” 
(Liker and Hoseus, 2008, p 17) 

 
Although Lean is a system, it evolved in an organic fashion in a particular environment. Therefore an 
aspect of the Evolutionary view is the contextually dependent order of application. This gives a strong 
connection to the System view of Lean, as the system is the end-result of a long evolutionary process. 
Since Lean is typically presented as a whole with a prescribed, abstract, and normative order of 
introduction, (see, for instance, the five steps in Lean Thinking; Womack and Jones, 2003), the 
contextual dependency was not adequately described other than at a high level of abstraction. This 
approach continued in the slew of “cookbooks” subsequently published, such as Lean for dummies 
(Sayers and Williams, 2007), How to implement Lean Manufacturing (Wilson, 2010), or Lean 
Manufacturing Implementation (Hobbs, 2004), to name a few. Each of them presented recipes for 
success, with a focus on the tools and methods resulting in the following issues: 
  

• Lean concepts were introduced into different contexts than the original one. 
• Interpretation and translation of Lean concepts were often made by individuals or groups,  

such as Lean support functions (see Chapters 3.2.4.3 - 3.2.4.5), without them receiving senior 
guidance by trainers with multiple years of hands-on experience. 

• There was no mechanism by which to calibrate the execution and enactment of the various tools 
and methods among actors in a system (thereby also causing part of the Jargon problem). 

 
 
Concluding the Evolutionary view of Lean 

The Evolutionary view of Lean brings attention to the interplay of several factors.  
 
The evolution of a production system takes place over time. This realization is essential if one is to 
understand the long-term commitment necessary for the Evolutionary view of Lean. 
 
The Evolutionary view, together with the Foundational view and the Historical view, form the 
cornerstones of Lean. The aspects given within these views are important, taken one by one. Together 
they give the understanding necessary in order to build a sustainable, long-term approach to Lean 
integration and an understanding of the importance and consequences of the gaps in Lean. The first step 
in this journey lies in understanding Lean tools and methods. 
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Concluding the Evolutionary view of Lean 

The Evolutionary view of Lean brings attention to the interplay of several factors.  
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cornerstones of Lean. The aspects given within these views are important, taken one by one. Together 
they give the understanding necessary in order to build a sustainable, long-term approach to Lean 
integration and an understanding of the importance and consequences of the gaps in Lean. The first step 
in this journey lies in understanding Lean tools and methods. 
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2.3.3.5 Tools	and	methods	view	
A number of tools and methods are commonly associated with Lean (Wilson, 2010; Baudin, 2002; 

Dennis, 2017; Liker and Meier, 2006). These tools and methods are a consequence of the evolutionary 
development of Lean. Understanding Lean, therefore, requires studying the particulars of the methods 
used and an analysis of the tools. 
 

“Lean tools focus on the product value stream in order to eliminate waste.” 
(Liker and Hoseus, 2008, p 36) 

 
One way of viewing Lean is to see it as a set of tools and methods that can be applied in various situations 
to produce results (Sörqvist, 2013; Wilson, 2010; Baudin, 2002). The casual effects are apparent, and 
the result in the process is predictable. In addition, the actions and behaviors described by the methods 
reinforce and indeed define the culture of a process (see Cultural view below). Consequently, one cannot 
talk about a Lean culture without some idea of the typical tools and methods. 
 
There are numerous examples of tools and methods described in Lean literature. Most of them were 
known in the late 1990s (Fujimoto, 1999). Those described in this thesis are limited to ones with a clear 
connection to the group level of a process, necessary to the understanding of the gaps, in accordance 
with the limitation of the thesis described above. 
 
Each tool or method described is intended to, directly or indirectly, assist in producing a result at a cost. 
 
The cost of a process includes what is seen as waste. By tradition, Japanese terminology is used when 
describing sources of waste. The terms Muda, Mura, and Muri are used (Liker, 2004). The original 
concept of waste is Muda (Womack and Jones, 2003). Mura means "unevenness" or "fluctuation in 
work," and Muri means "overworking" or “unreasonableness” (Dennis, 2017). 
 
In apparent contradiction with the Foundational view, customer demand has to be decoupled from 
directly affecting production. The method is called Heijunka, meaning a leveling or smoothing of 
production orders (Monden, 2012). This is a prerequisite for flow and standardization (Liker and Meier, 
2006), as it protects the process from variation and fluctuations due to randomness in customer orders. 
This protection indicates some of the dependencies in the concept, giving a clear connection to the 
System view. Any process in Lean production begins with an impulse given by a customer. This is 
essential in order to avoid overproduction and other waste in the process, the Muda, thereby connecting 
to the V-VA-W assumption. Equally crucial for efficiency reasons is that the impulse is mixed with other 
customers' impulses or other demands, in order to avoid the utilization of unnecessary resources. 
Leveled impulses counteract Mura (unevenness), enabling resource efficiency and predictability in the 
process. Also, leveling avoids subjecting the process to Muri (overworking), acts to protect equipment 
from wear and tear, and acts in accordance with the “Respect for People” principle. This is also strongly 
connected to the V-VA-W assumption, as it describes the decoupling of direct customer demand 
necessary to minimize process waste. 
 
Determining the Takt of the system is subsequently seen as an essential method, as it connects the leveled 
demand of the customer to the capacity of production, enabling synchronization of the entire process 
(Womack and Jones, 2003; Monden, 2012), thereby reducing cost and waste in accordance with the 
Non-cost principle. Takt time is necessary for other Lean methods and tools. It presents a reference point 
for process flow (Liker and Meier, 2006). 
 

 

22 

2.3.3.5 Tools	and	methods	view	
A number of tools and methods are commonly associated with Lean (Wilson, 2010; Baudin, 2002; 

Dennis, 2017; Liker and Meier, 2006). These tools and methods are a consequence of the evolutionary 
development of Lean. Understanding Lean, therefore, requires studying the particulars of the methods 
used and an analysis of the tools. 
 

“Lean tools focus on the product value stream in order to eliminate waste.” 
(Liker and Hoseus, 2008, p 36) 

 
One way of viewing Lean is to see it as a set of tools and methods that can be applied in various situations 
to produce results (Sörqvist, 2013; Wilson, 2010; Baudin, 2002). The casual effects are apparent, and 
the result in the process is predictable. In addition, the actions and behaviors described by the methods 
reinforce and indeed define the culture of a process (see Cultural view below). Consequently, one cannot 
talk about a Lean culture without some idea of the typical tools and methods. 
 
There are numerous examples of tools and methods described in Lean literature. Most of them were 
known in the late 1990s (Fujimoto, 1999). Those described in this thesis are limited to ones with a clear 
connection to the group level of a process, necessary to the understanding of the gaps, in accordance 
with the limitation of the thesis described above. 
 
Each tool or method described is intended to, directly or indirectly, assist in producing a result at a cost. 
 
The cost of a process includes what is seen as waste. By tradition, Japanese terminology is used when 
describing sources of waste. The terms Muda, Mura, and Muri are used (Liker, 2004). The original 
concept of waste is Muda (Womack and Jones, 2003). Mura means "unevenness" or "fluctuation in 
work," and Muri means "overworking" or “unreasonableness” (Dennis, 2017). 
 
In apparent contradiction with the Foundational view, customer demand has to be decoupled from 
directly affecting production. The method is called Heijunka, meaning a leveling or smoothing of 
production orders (Monden, 2012). This is a prerequisite for flow and standardization (Liker and Meier, 
2006), as it protects the process from variation and fluctuations due to randomness in customer orders. 
This protection indicates some of the dependencies in the concept, giving a clear connection to the 
System view. Any process in Lean production begins with an impulse given by a customer. This is 
essential in order to avoid overproduction and other waste in the process, the Muda, thereby connecting 
to the V-VA-W assumption. Equally crucial for efficiency reasons is that the impulse is mixed with other 
customers' impulses or other demands, in order to avoid the utilization of unnecessary resources. 
Leveled impulses counteract Mura (unevenness), enabling resource efficiency and predictability in the 
process. Also, leveling avoids subjecting the process to Muri (overworking), acts to protect equipment 
from wear and tear, and acts in accordance with the “Respect for People” principle. This is also strongly 
connected to the V-VA-W assumption, as it describes the decoupling of direct customer demand 
necessary to minimize process waste. 
 
Determining the Takt of the system is subsequently seen as an essential method, as it connects the leveled 
demand of the customer to the capacity of production, enabling synchronization of the entire process 
(Womack and Jones, 2003; Monden, 2012), thereby reducing cost and waste in accordance with the 
Non-cost principle. Takt time is necessary for other Lean methods and tools. It presents a reference point 
for process flow (Liker and Meier, 2006). 
 

39



23 

Standard work procedures (Standards, SOP, or Standardized work) typically prescribe a set of tasks in a 
sequence, giving a description relating to following instructions, training, and follow-up (Monden, 2012;

Wilson, 2010). The connection to continuous improvement lies in an understanding that the description 
only covers the best process currently known. A standard is therefore never finished but is a temporary 
description, a starting point for improvements (Liker and Meier, 2006). The purpose of balancing work 
is to utilize a minimum of labor and tie up a minimum amount of material in the process, thus reducing 
cost and waste in accordance with the Non-cost principle (Monden, 2012). Also, proper balancing 
overcomes the problem of fractional workers as defined by Monden (2012, Figure 8.7). This 
understanding, or lack thereof, lends weight to the importance of the Jargon problem.

The discussion of the purpose of tools and methods illuminates the complexity of Lean. Each tool or
method has multiple purposes, which all have to be fulfilled simultaneously. Takt, Standards, and 
Balancing form important and interlinked aspects of Standardized Work, providing safety and reliability 
in the process, as well as codifying the transformational steps necessary to produce a result at the lowest
possible cost. This will be further discussed in the System view (see Figure 6). It also forms the
foundation for problem-solving and continuous improvements, as discussed by Osterman and Fundin 
(2014). This realization is also strongly connected to the Cultural view as standardized work is only a 
structure to be enacted to achieve results and control waste. It is necessary, but in itself not enough. This
view is also connected to the Jargon problem, as this conversion, from customer impulse to results, is
open to interpretation and arbitrary enactment. As shown in the first study (Chapter 3.2.4.1), it is no easy 
task to construct a work standard not open to interpretation. 

The results of a process are measured not only according to a time defined by customer demand but also 
measured by the fulfillment of quality requirements as defined by the customer. Based on the Non-cost 
principle, there can be several problems associated with quality. First and most obviously, a lack of 
quality is a problem as it triggers different types of waste, giving a strong connection to the V-VA-W 
assumption. Having to redo a task or scrap a result is obviously wasteful. Secondly and less obvious, 
over-processing of a result is equally wasteful, “Waste is generated when providing higher-quality
products than necessary” (Liker and Meier, 2006). When the result is beyond what the customer is
willing to pay for, the result will have cost without value. 

The tools and methods described above come into play when a process is operating as intended. Intrinsic
to Lean is a continuous improvement of all aspects of a process (Liker and Franz, 2011). The practical
method behind both continuous improvements and problem-solving is basically the same, the PDCA
loop (Liker and Franz, 2011). The difference lies in the intent. 

• Problem-solving is mainly concerned with deviations from standardized work when the process 
does not operate as intended. For instance, the following problems may arise; not achieving the 
right level of quality, falling behind, safety issues, and ergonomic issues, using more resources 
than intended to achieve a result. All of these deviations are sources of waste and drive
unnecessary costs. 

• Continuous improvements can be seen as a special case of problem-solving, as the conditions 
of the process are changed in order to improve some aspect of the operation. For instance, how 
to achieve better results utilizing the same resources or achieving the same results with fewer 
resources at a lower cost. Achieving a new level of quality due to a change in customer demand 
or value at the same cost or lower than previously, etc. The intended improvement is then stated
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in terms of a problem based on a rhetorical question. “What is stopping us from achieving this 
result today already?” Obstacles found are then treated like normal problems to be solved with 
problem-solving tools and methods (Rother, 2010; Imai, 1986; Imai, 1997). 

 
According to Taiichi Ohno, the entire Toyota Production System can be seen as a result of the Five Why 
method (Ohno, 2013), giving a connection to the Evolutionary view. After the discovery of a root cause 
behind a deviation, a set of countermeasures are put in place to avoid any reoccurrence (Spears and 
Bowen, 1999). These specific countermeasures are slowly consolidated into proto-principles, tools, and 
methods (see Evolutionary view, Chapter 2.3.3.4). 
 
Any resolution of a deviation is regarded as temporary in nature, rather than a final solution (Liker and 
Franz, 2011). This follows on the continuous aspect of the improvement work and has a profound effect 
on both the Philosophical view and the Evolutionary view. Accepting that you are actually never finished 
and that any solution you have put in place, regardless of effort or investment, is only temporary, requires 
a deep understanding of the improvement process. 
 
Compounding the difficulty is the need to standardize the solution. Even if only temporary, a solution 
has to be standardized in order for the improvements to be continuous. This typically also goes against 
human nature as the effort to standardize a solution that you realize is only temporary seems 
counterintuitive (Liker and Franz, 2011; Imai, 1997). A process that has not been standardized cannot 
reliably be improved in Lean. “There can be no Kaizen without standardization” (Imai, 1986). A 
situation can be changed, but it cannot be regarded as an improvement until the changes are verified and 
form the basis for a new standard. This standard has to be trained and followed by everyone involved in 
the process. This is strongly connected to the collective aspect of the Cultural view as a solution has to 
be enacted by many in a process to achieve organizational synchronization. This would be impossible 
without standardization of the solutions (Monden, 2012). 
 
Concluding the Tools and Methods view of Lean 

The tools and methods connected to Lean implementation are numerous, and the ones discussed above 
represent only a small sample that are, directly or indirectly, necessary to understand the Jargon problem 
and the V-VA-W assumption. These are focused on transforming the desire of a customer into an 
acceptable result at a cost that is reasonable. This couples productivity to the result of every task, through 
an understanding of deviations or waste, to problem-solving tools. The tools and methods of Lean 
described above have evolved over the decades through experimentation and reflection. Each by itself 
can give benefit to a process, but they were developed to work together through interconnections and 
interdependencies. These interconnections and interdependencies are what form the Lean system. 
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2.3.3.6 Systems	view	
How the various Lean tools and methods relate, in a logically coherent system with emergent and 
synergistic effects. 
 

“The key to the Toyota Way and what makes Toyota stand out is not any of the individual elements… 
But what is important is having all the elements together as a system. 

It must be practiced every day in a very consistent manner, not in spurts.” 
Taiichi Ohno 

(Liker, 2004, p xv) 
 
Lean production is typically described as a system (Monden, 2012). In a generic description of a system, 
elements fit together and affect each other (Dekkers, 2017). This view is carried over into Lean, where 
the lack of distinction between the system and its components is seen as problematic (Shah and Ward, 
2007). Goyal and Deshmukh (1992) found that following the popularization of the IMVP research, many 
researchers agreed that understanding Lean requires taking a systems approach, typically illustrated with 
a picture of a house or a temple. The image represents the whole XPS, enabling it to be taught to the 
organization, thereby connecting the image of the system to the Philosophical view. 
 
The definition of a system used here is ”an organized and consistent set of principles and related 
practices broadly applied to any situation” (Emiliani, 2007, p16). The characteristics of a system in a 
Lean context are, for instance, defined by Dennis (2017): 
 

• Each part of the system has a defined purpose. 
• The parts of the system are interdependent. 
• We can understand each part by seeing how it fits into the system. 

 
Intentionally the system was developed to be fragile (Shimada and Macduffie, 1986), exposing problems 
so that the underlying issues can be resolved. However, this assumes that the practitioners’ have in-depth 
knowledge and experience of the dependencies within the system. Otherwise, the direct or indirect 
effects of solutions could be unpredictable. 
A System view of Lean production, therefore, focuses on the interaction of the different elements, the 
tools, and methods of Lean production in line with the reasoning of Shah and Ward (2007). Even though 
every part of a generic Lean production system has a purpose, as discussed in the literature (Dennis, 
2017; Wilson, 2010), the interactions and dependencies are not as well defined. In this view, Lean is 
seen as a system where every part is connected to every other part. Also, it is a system which, by design, 
will always be in flux (see Continuous Improvements in Tools and Methods view above). 
 
Though the overarching purpose of the system is described as cost reduction (increase in productivity), 
three sub-goals have to be met first to ensure sustainability in the system (Monden, 2012): 
 

• Quantity control  
• Quality assurance  
• Respect for humanity  

 
The three sub-goals do not exist independently but influence each other and the primary goal of cost 
reduction expressed in the Non-cost principle. The following illustration (Figure 6) devised by Shigeo 
Shingo is an example: 
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Figure 6. Systemic components of TPS from an industrial engineering point of view. 

Based on Figure 41 (Shingo, 1989) and Figure 32 (Shingo, 1984) 

 
As can be seen in Figure 6, the entire system has its roots in the Non-cost principle. Studying the details, 
it becomes clear that customer demand initiates action through the Non-cost principle, which leads to 
two primary branches. The most prominent branch is the XPS itself (albeit from an IE perspective), and 
the smaller branch is “Problem-solving through the elimination of waste.” In many ways, the large (XPS) 
branch is a consequence of the smaller (Problem-solving) branch. Everything in the Systems view 
presented by Shingo (Figure 4) is therefore based on cost reduction, and every practice is derived from 
this point (Ohno, 1988). Shingo refers simply to the “Five Why” practice for the elimination of waste, 
but the underlying system is as complex as the rest of the XPS described by Shingo. As seen in Figure 
6, all tools and methods in a Lean system are logically traceable back to that purpose (defined as the FP, 
see Chapter 2.3.2). If the logic or purpose of the system is forgotten, the application of the system might 
actually lead to an inefficient process rather than an efficient one (Emiliani, 2007). This aspect is strongly 
connected to the System problem, as it illustrates the importance of understanding the order of 
application as well as the nature of the connections in the system. 
 
The nature of demand (Figure 6) is essential to the application of Lean and is different depending on 
what market the process is aimed at. Thus the surrounding outside context also has to be taken into 
account when describing the XPS. This gives a strong connection with the V-VA-W assumption as the 
shifting “nature of demand” has to be taken into account when defining waste and solving problems. 
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Shingo (1984) describes that TPS is integrated in steps. Initial parts of the system have to be integrated 
before other parts can be introduced (Liker and Meier, 2006). For instance, JIT required that the process 
is organized to accommodate flow (Ohno and Mito, 1988). It is also clear that merely mimicking tools 
and methods will not bring the proposed benefits. This will instead cause what Emiliani (2007) defined 
as “False Lean” where all the methods, principles and tools of Lean seems to be introduced, but will not 
affect the fundamental performance of the process. 
 
The order of integration of an XPS depends on process pre-conditions and employee ability. This gives 
a strong connection to the Jargon problem and the System problem for different reasons. The order is 
affected by the actor's understanding and enactment of the system. The order is also affected by what 
the particular process needs, what the strengths, weaknesses, and particular conditions are. As 
experience shows through the low rate of success (Hines et al., 2010; Liker and Convis, 2012; Emiliani, 
2007; Jablonski, 2001), there seems to be no blueprint or recipe universally applicable in the integration 
of an XPS, though many have been proposed. 
 
Concluding the Systems view of Lean  

There are several reasons why a System view of Lean is necessary. An understanding of the XPS as a 
system will affect Problem-solving and Continuous improvements, resulting in predictable results, as 
the consequences of a solution and the conditions necessary for that solution can be known and 
understood. Taking a system approach in Lean gives logic to the implementation of Lean in a process. 
The system works as a whole but is built part by part. This illustrates the importance of both the System 
problem and the Jargon problem. However, it is not the system by itself that produces results in a 
process; it is the people in the process, using the tools and methods. By organizing the process as an 
efficent system, human effort is transformed into results. This, therefore, requires a more humanistic 
approach, a Philosophical view of Lean. 
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2.3.3.7 Philosophical	view		
This covers the personal understanding of Lean by an individual acting within the XPS. There is an 
emphasis on responsibility within Lean where people in general, and leaders in particular, are 
responsible for continuously learning and reflecting upon the various aspects of the system.  

“The broader philosophy was learned tacitly… hearing stories and being mentored.” 
Jeff K. Liker  

(Netland and Powell, 2017, p 15) 

The emphasis on understanding the philosophy of the system is traced back to the teaching methods 
used by Taiichi Ohno, emphasizing “Going beyond common sense” (Ohno, 2013). Exemplifying this is 
a conversation that took place between the researcher Fujimoto Takahiro and Tanaka Michikazu, Plant 
manager at Daihatzu in 1984.  

 
“What do you think is the essence of Just in Time? There are three possible answers. The 
beginner´s answer would be that JIT is good simply because it reduces inventory costs. An 
intermediate-level answer is that JIT reveals production problems and triggers Kaizen. But the 
third answer is that JIT infuses cost-consciousness into all employees. When JIT keeps forcing 
workers to face production problems one after the other, employees start to see everything as a 
potential source of cost or productivity problems and then seek problems actively. This is the 
level we have to reach.” 

(Fujimoto, 1999, p 271) 
 

A concept such as Lean is foremost an idea and does not exist except as an idea of how to organize an 
efficient process. Artifacts can be observed as a manifestation based on these ideas, reflecting the 
understanding of the people involved in the process. This is strongly connected to the Tools and Methods 
view as it describes the inherent properties of each element, indicating a high level of complexity. 
Seemingly simple methods, such as 5S, have a depth that has to be understood to avoid sub-optimization 
and wasted efforts. 

This also leads to the understanding that the application of methods and tools sometimes are in conflict 
with each other, creating apparent paradoxes (Dennis, 2017; Osterman, 2015). The concept of Lean 
production is partly seen as counter-intuitive when compared with traditional manufacturing (Lewis and 
Lewis, 2000). Companies have to replace a system that they understand with a new concept they do not 
fully understand (Liker and Meier, 2006). 

Resolving these apparent paradoxes and dilemmas requires a philosophical approach to Lean, which 
may be labeled as the second generation of the Lean evolution (Schonberger, 2007). This, in itself, also 
leads to a problem. Interpretation of Lean practices is necessary as this allows for a contextual adaptation 
of the system (Langstrand, 2012). However, an immature application or lack of experience in Lean also 
creates a risk of misunderstanding based on a superficial grasp of the practices. This is the root of the 
Jargon problem. The apparent dilemmas and paradoxes also create a risk of misinterpretation of the 
system as it is not always obvious how it should be understood.  

Concluding the Philosophical view of Lean  

Whereas the concepts of Lean are seemingly easy to grasp, the dynamics of the application of a Lean 
system are more difficult to understand. Based on the Foundational view, the founders were pragmatic 
and had the ability to deeply analyze all aspects of a problem. With the Evolutionary view, it becomes 
clear that the system evolved over many years. During this time, the founders resolved problems 
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traceable to the Non-cost principle, thus slowly building a system. The real challenge during the 
evolution was to continue to stay true to the initial purpose and to resolve any conflicts, dilemmas, or 
paradoxes. This required deep reflection and understanding and illustrates the importance of the Jargon 
problem as misunderstanding and misalignment in the organization could result in an incorrect 
application of the system that will not be readily apparent. The Philosophical view captures the level of 
understanding of the concept on a personal level by individuals in a process. Understanding is essential 
but insufficient, as each idea must be translated into behavior in order to produce good results in an 
efficient manner. This leads to the Cultural view of Lean. 

2.3.3.8 Cultural	view		
This covers the factors that transform personal understanding into actual results, both on an individual 
level as well as a collective level. If the Philosophical view of Lean discusses the understanding of Lean, 
the Cultural view of Lean is concerned with enactment, transforming ideas into behavior within an 
organization. 
 

“… the sum of people's habits related to how they get their work done.” 
(Mann, 2005, p 3) 

 
The Cultural view of Lean has an individual aspect and a collective aspect. It is the totality of each 
individual's behaviors within a process that will produce the result of the process. Cultural view and the 
Management view are strongly connected, as the preconditions and guidance of behaviors are affected 
by the management of a process, both directly and indirectly. Ideas and understanding have to be brought 
together and translated into sustainable results (Langstrand, 2012). Ideas form behavior. 
 
Culture in a Lean context can be defined as: 
“The pattern of basic assumptions that a given group has invented, discovered, or developed in learning 
to cope with problems of external adaptation and internal integration, and that have worked well enough 
to be considered valid and, therefore, to be taught to new members as the correct way to perceive, think, 
and feel in relation to these problems.” 

(Liker and Hoseus, 2008, p 6,  referring to E. Schein, 1984). 
 
Preconditions 

Some researchers emphasize the importance of the cultural aspects of Lean (Bhashin, 2012). Even 
though substantial initial gains are possible when implementing Lean, if they are to be sustainable, a 
cultural change must occur (Wilson, 2010).  
 
Adler (1993) mentions three sources of motivation forming the behavior of people, which a Lean 
(exemplified by NUMMI) production system has to tap into. 
 

• The desire for excellence. Employees generally want to do a good job. A proper Lean training 
program will raise an employee's real competence and, equally important, his or her feeling of 
competence. 

• A mature sense of realism. An understanding that if you do not help improve the process you 
are working in, competitors will run you out of business. 

• A positive response of respect and trust. A sense of reciprocity and the removal of fear is 
essential to sustainable continuous improvements. 
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These three sources form a foundation that affects the application of Lean, as discussed by Adler (1993). 
This results in a connection between the Cultural view and the Management view and goes in both 
directions as it is as important for management to understand the behavior of an organization as it is to 
provide the necessary prerequisites for the culture to form and develop. 
 
Individual 

The individual perspective of the Cultural view covers actions and decisions made by each individual 
in a process. These are based on each person understanding his or her XPS, giving weight to the 
importance of the Jargon problem. Any results, god or bad, in a process can ultimately be traced back 
to decisions and actions by individuals. It was recognized that, if given the right conditions, employees 
contribute to the development of Lean through methods such as Quality Circles (Keys and Miller, 1984). 
Employee involvement is seen as necessary for the development of process quality and efficiency in 
Lean (Schonberger, 2007). This requires a sense of involvement and responsibility on a personal level 
(Dennis, 2017). As Taiichi Ohno discovered in early teamwork experiments, the requirement of 
consciously improving the process is impossible to meet without involved employees, giving a strong 
connection to the Tools and Methods view. Also, the sense of responsibility can be reinforced through 
job rotation. If every worker is allowed to participate in every process, he or she feels responsible for all 
the goals of the shop. For this to succeed, there has to be adequate support from management (Khim and 
Rogers, 2008), as stated, giving a connection that goes both ways with the Management view. 
 

Collective  

Involvement should be channeled through activities that are concrete and have relevance in the daily 
operation of the process. This leads to a problem in the integration of an XPS. Although each individual's 
active participation is necessary for the operation and improvement of a process, the approach can also 
result in a considerable waste of effort if not properly guided. The synchronization of effort within a 
process is difficult even in the most straightforward circumstances, giving weight to the System problem. 
If you add the requirement that each individual improves the process, in accordance with his or her own 
understanding of the direction and speed of each effort, this becomes an even more significant problem. 
The tools and methods of a process (Standardized work, Kaizen, or Takt) provide a structure for 
organizational synchronization, but far more important is the management role of training and follow-
up. Allowing each individual to develop ability and experience in the execution of a common structure 
leads to an aspect of the Cultural view: a need for structure. 
 
An example of these structures is the Kaizen process (Imai, 1986; Imai, 1997), where managers' personal 
participation is essential (Emiliani, 2007), or the Kata process (Rother, 2010), also based on management 
participation. This aspect, therefore, has a strong connection both to the Tools and Methods view and a 
connection to the Management view that goes in both directions. It would seem that typical human 
behavior when a deviation is detected is to try to “catch up” or to let the deviation slide. Such behavior 
hides problems and is contrary to the norms stated in Lean (see the Foundational view, Jidoka). In 
contrast, there is abundant anecdotal evidence of employees at Toyota being publicly recognized and 
receiving praise when stopping the process (Liker and Convis, 2012). This would seem to reinforce 
behavior in two ways. The individual receiving praise is likely to continue the behavior. Also, since the 
praise is public, the rest of the organization will see that the behavior is praised, reinforcing it for the 
collective, enabling organizational synchronization. 
 
It is one thing to respond to deviations and problems, but Lean requires development if it is to be 
sustainable. It would seem that complacency with the results is not unusual human behavior. One tends 
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to not change things that work. This is in opposition to what is needed in Lean. A sense of discontent 
helps drive the next step of improvements and is therefore strongly connected to the evolutionary 
component of the System view. This would seem necessary to avoid stagnation after the initial phase of 
a Lean integration. This can also be seen as striving for perfection whilst knowing that perfection itself 
is not obtainable (Liker and Convis, 2012; Womack and Jones, 2003). 
 
Concluding the Cultural view of Lean  

Lean culture can be defined as the sum total of individuals' behaviors. Each person seemingly behaves 
according to what is rational, within a given context, for that individual. Therefore a Lean culture has to 
provide a context where the employee's choice of behavior is compatible with the intentions of Lean, 
illustrating the importance of the Jargon problem. Lifting the view to the organizational aspect of Lean 
culture, it also serves as a collective pattern, where the actions of one person are aligned with the actions 
of another, even when acting independently, or even when these persons are unaware of each other. This 
illustrates the importance of the System problem. Establishing a Lean culture within a process is 
necessary for the long-term sustainability of a Lean process. Requiring and reinforcing the right 
behaviors of individuals forms the culture for all (Mann, 2005), and leads to the Management view of 
Lean. 

2.3.3.9 Management	view	
The responsibilities of management in providing proper directions, balance, incentives, and conditions 
for Lean integration.  
 
“We say that providing management with information feedback is the job of the production workplace.  

Conversely, management is responsible for absorbing information from [the plant floor].  
Amazing things happen when both ends of the flow fulfill their responsibility” 

 
Michikazu Tanaka 

Plant manager, 1998, Daihatzu 
 (Shimokawa and Fujimoto, 2009, p 67) 

 
The management view of Lean is concerned with finding a balance between technical aspects of Lean 
and humanistic aspects, aiming to achieve results and increase productivity (Osterman, 2015; Morgan 
and Liker, 2006). Herein lies the responsibility for daily operations (Liker and Meier, 2006; Emiliani, 

2007; Liker and Convis, 2012). Also, responsibility for continually improving the process (Womack et 
al., 1990; Shook, 2009; Rother, 2010) and setting targets and strategies (Keys and Miller, 1984; Keys et 
al., 1994; Mann, 2005; Liker and Convis, 2012). This also results in a strong reciprocal connection 
between the Management view and the Cultural view. The Management view can also be traced back to 
the intentions and values described in the Fundamental view of Lean, thus completing the circle. 
 
Providing the right preconditions 

Getting Lean to work in a process requires proper training and follow-up (Monden, 2012). This, in turn, 
requires time, proper conditions, incentive, a sense of responsibility, and commitment from management 
(Liker and Convis, 2012), providing the right conditions for the employees to succeed in their tasks. 
This is one of the reciprocal connections with the Cultural view. Thoroughly understanding Lean from 
a manager's viewpoint is possible only through direct participation (Emiliani, 2007). Part of this 
participation is to resolve dilemmas and paradoxes arising within Lean as well as the responsibility to 
provide the right working conditions for employees. 
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Supporting and training the individual

The key role of the supervisor and dialogue with personnel is discussed by Rother (2010), explaining 
the behavioral aspects and coaching necessary to achieve a Kaizen mindset, as defined by Imai (1986). 
Simply put, “if management fails to lead and the workforce feels there are no reciprocal obligations in 
force, it is quite predictable that lean production will revert to mass production” (Womack et al., 1990,
p103). 

However, it is essential to note that the principle of Respect for People (Sugimori et al., 1977) is not 
altruistic. It is a prerequisite for the continuous aspect of Continuous improvements and also a reason 
why management in Lean typically avoids laying off regular employees (Monden, 2012). Continuously 
improvement requires harnessing the creativity of employees within a process if it is to be sustainable
over time. If the results of the improvements are used to lay off people, some initial cost reductions will 
be achieved, but the involvement (not to mention the trust) of people will be lost. Respecting people is,
therefore, an absolute prerequisite for Continuous improvements (Emiliani, 2007). The Non-cost 
principle, therefore, has to be guided by Respect for People if Lean is to be sustainable. This provides a 
strong connection to the V-VA-W assumption, as the driving force in finding and eliminating waste (and 
thus reducing cost) is the people in the process. If not, Lean turns into a tool-based program to cut costs
in the short term (Liker and Convis, 2012). Based on this realization, one crucial role for the manager 
in a Lean Production System is that of a coach of improvements (Shook, 2009). This is done through a 
teaching approach where employees are encouraged to solve problems, thereby increasing insight into 
their specific work (Spear and Bowen, 1999). 

Guiding a group

A short cycle between dialogue with individuals is also a method of synchronizing the collective and
used to reinforce an improvement culture (Rother, 2010). Problem-solving, either directly or indirectly, 
is a vital part of a manager's work (Womack et al., 1990). The purpose of having an organizational 
hierarchy in Lean is different compared to, for instance, mass production. This can be exemplified by 
looking at NUMMI, where “the function of hierarchy at NUMMI is not control but support” (Adler, 
1993). Also, “at NUMMI, middle management layers are layers of expertise, not of right to command, 
and if middle managers have authority, it is the authority of experience, mastery, and the capacity to 
coach” (Adler, 1993). Therefore, communication and interaction become one of the most important, if
not the most important, aspect of a manager’s job, as it is fundamental for employee motivation and
collective synchronization (Fujimoto, 1999; Spear and Bowen, 1999). This communication requires a 
common language and is one of the reasons the Jargon problem is essential.

Improvement culture within Lean requires organizational alignment, connecting the System view with
the Cultural view. Even if employees are empowered, responsible, and contributing to improving the 
process, the total sum of all improvements might be less than each effort by itself if everyone is
“improving” by themselves (Bengtsson and Osterman, 2014). Therefore there is a need for a “True
North” in Lean (Liker and Convis, 2012; Mann, 2005). A given direction which an organization can use 
to coordinate and align improvement efforts even though everyone is working independently. Striving 
for “perfection” (Womack and Jones, 2003; Schonberger, 2007) is an example of True North. “Zero
defects” serves the same purpose (Shingo, 1989). Taking a more strategic view (Keys and Miller, 1984; 

Keys et al., 1994) emphasizes the long-term view as an underlying factor when examining management 
practices. This long planning horizon is seen as an important factor for Lean management, as it
counteracts the tendencies of sub-optimization and rewards management behavior that builds 
relationships and encourages responsibility. 
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“Practicing Lean management requires managers to question everything.” 
(Emiliani, 2007, p 19) 

 
The long-term view is taken to maintain continuity, which helps reinforce the shared Lean culture of an 
organization (Liker and Meier, 2007). The purpose of this is to reduce the costs of the production system 
and achieve higher profitability connecting to the importance of the V-VA-W assumption. Depending on 
the maturity of the organization, there is a need for an aligning vision by which each improvement effort 
can be evaluated (Liker and Convis, 2012). Upper management's responsibility in providing this 
guidance cannot be overstated (Monden, 2012). The need for alignment grows as the maturity of the 
organization increases, and more people get involved in improvement efforts. 
 
Developing as a leader 

A manager whose responsibility it is to train others must, therefore, lead by example to create a template 
for the organization (Sörqvist, 2013). A structured approach is described by Liker and Meier (2006) in 
The Toyota Way Field Book, where the standardized work of supervisors is exemplified. Any training or 
follow-up of the tools and methods has to be grounded in the personal ability of the manager in the 
methods being taught (Liker and Convis, 2012). The methods should be mastered to such a degree that 
the manager himself- or herself is able to achieve results at the desired level (Emiliani, 2007). The 
reasoning behind this is simple. It would be challenging to lead and coach something you yourself are 
not proficient at.  
 
This, however, leads to an unfortunate connection to the Jargon problem as well as the System problem. 
The difficulty of defining Lean is as valid for leaders in a process as it is for any other employee. Adding 
to this is the problem of understanding the system at the level required to understand what the employees 
should be trained in, as the next step. Planning the development of individuals and groups requires an 
understanding of the system. 
 
To be an effective manager in Lean, therefore, requires a long-term commitment to the role of teacher, 
trainer, and student (Emiliani, 2007). Lean leadership also requires the leader to continually challenge 
the process, thereby also developing the leader's own skills (Liker and Convis, 2012). To an extent, this 
depends on cultivating the right attitude in the organization, even at the leadership level. 
 
Concluding the Management view of Lean 

The importance of Management in Lean can perhaps best be understood by returning to the Fundamental 
views of Lean. The historical view is based on visions of leaders (for instance, Taylor and Ford) who 
influenced the founders of Lean. They themselves were highly focused, pragmatic, willing to learn, and 
able to adapt. The Evolutionary view of Lean illuminates the importance of the consistency of purpose 
necessary if the leaders were to resolve problems, paradoxes, and dilemmas during the development of 
TPS. Therefore the need for what today is known as establishing a True North for the organization. 
Perhaps the most essential function of Lean management is continuously balancing productivity 
development in the process with the Respect for People principle. Taking shortcuts or increasing 
productivity by overloading people (Muri) gives initial gains but also kills the sustainability of Lean 
necessary to keep improving in the future. In total, the Management view is connected to all three gaps 
as it is the manager’s responsibility to continue lowering costs (V-VA-W assumption) through 
communication with, and training of the employees (the Jargon problem), and finally to be responsible 
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for the next steps of the organization’s development (the System problem). This makes the manager’s 

role the most challenging one in the integration of Lean in a process.  

2.3.3.10 Concluding	the	views	
Each view asks questions unique to that perspective. When joined, the answers to these questions form 

a system. Understanding these views and how they relate is here seen as a necessary background in 

order to provide contrast to the gaps in Lean. 
 
The different views of Lean (Osterman, 2015) are used to bring some order into the perspectives used 

in Lean research and literature. Though all views are important and connected, it is clear that some views 

are better defined in research and literature, and some have received less attention. Mainly four views 

have weaknesses or are based on faulty logic, giving three gaps in Lean: 
 

• Fundamental view: The Value – Value- adding – Waste assumption used to understand problems 
within Lean, in accordance with the FP, is only superficially defined. More in-depth, the logic 
of the assumption has several problems, as will be discussed in Chapter 2.4.1 below. 

• Philosophical view and Cultural view: Definitions of the various parts of Lean are open to 
interpretation and misunderstanding, giving a Jargon problem, as will be discussed in Chapter 
2.4.2 below. 

• System view: Although Lean is described as an interacting system, it is typically taught through 
the application of separate methods. The cohesion of the system is not described systematically, 
giving a System problem as will be discussed in Chapter 2.4.3 below. 

Even though the gaps mainly have their roots in the four views above, more connections (strong or 
supporting) exist as detailed in the text above and summarized in Figure 7. The gaps are fundamental in 
nature, as shown in the discussion above (all Lean views), and together might explain part of the reason 
why it is so difficult to succeed in the implementation of Lean. They could also explain some of the 
difficulties the research community has experienced. This finally leads to an in-depth discussion of the 
nature of the gaps. 

Figure 7. Connecting views with gaps. 
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2.4 The gaps in Lean 
Since these gaps are, by definition, aspects of Lean missing in research and practice, it is here seen as 
necessary to provide an in-depth discussion of what and where the gaps are in relation to the views of 
Lean. 
 

“The gap between common views of lean, and the reality of how this powerful thing Toyota 
has been pursuing for almost one century actually works, 

is preventing organizations from accomplishing these goals.” 
Jeffrey K. Liker,  

 (Netland, 2017, p 10) 
 

Critics of Lean have, over time, pointed to various gaps in Lean thinking (Hines et al., 2004). As 
discussed in Chapter 2.3.2, a gap in the concept of Lean can be said to occur when some part of the 
application cannot be traced back to the fundamental problem. This thesis describes three interlinked 
gaps, the V-VA-W assumption, the Jargon gap, and the System gap. Each gap describes a part of Lean 
that is ill-defined or where a definition is missing altogether. Merely stating that part of a concept is 
missing is not enough, however. Each gap is important because each gap can be said to be a source of 
some of the problems practitioners experience attempting to integrate Lean. As discussed above and 
given the limitations of this thesis, a group’s ability, or lack thereof, to solve problems in the process 
(elimination of waste and reduction of cost) is the measure used to distinguish the gaps. Therefore, in 
the descriptions below, the gaps will be described, relating back to the Lean views framework (above) 
The importance of each gap will be described. 
 
Note: 
This thesis does not have the ambition to describe all possible issues and gaps in Lean. The gaps first became apparent during 
the process of establishing the views of Lean during 2015. Most likely, there are many more gaps and problems that are beyond 
the scope of this thesis. My aim is, therefore, simply to contribute to a slightly deeper understanding, while acknowledging that 
much more work needs to be done before we may begin to have a better understanding of Lean. 

2.4.1 Gap 1: The Value–Value-adding–Waste assumption (V-VA-W) 

How is the nebulous concept of customer value transformed into the distinct (and measurable) concept 
of value-adding in a way that enables problem-solving at a group level? 
 

“Our products are scrutinized by cool-headed consumers in free, competitive markets  
where manufacturing costs of a product are of no consequence.  

The question is whether or not the product is of value to the buyer.” 
(Ohno, 1988a, p 9) 

 
This gap initially became apparent during the first case study (see Chapter 3.2.4.1). As discussed in 
Chapter 2.3, one of the most fundamental definitions of Lean is that of the connection between value, 
value-adding, and waste (see Figure 8). Ohno defines the Non-cost principle using one formula: Price - 
Cost = Profit (Ohno, 2013), wherein the only factor you can control in order to make a profit is your 
cost. “Costs exist to be reduced, not to be calculated” (Ohno, 2013, p 178). Intuitively it makes sense. 
Within a process, you perform activities that are either value-adding (the customer is willing to pay you 
for what you are doing) or not value-adding (the customer has no interest in paying for what you are 
doing) (Hines et al., 2004). The concept of Value provides the outside reference necessary to define 
system boundaries (Dekkers, 2017). Since all activities (value-adding or non-value adding) have a cost 
(in resources or money), it makes sense for a process to try to eliminate the steps that you do not get 
paid to carry out. Even though this makes intuitive sense, the reasoning has several flaws.  

• Although it is often presented this way, a process rarely has a single customer (exceptions can be 
found in, for instance, the shipping industry). This means that there is seldom an unambiguous single 
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customer voice informing you of how to identify value. Instead, it should be recognized that there 
are often a multitude of voices, which each can provide different ideas of what value is. Hines et al. 
(2002), for instance, notes a number of value attributes where customers either agree or disagree in 
various proportions. These (sometimes conflicting) voices, therefore, have to be interpreted and 
consolidated. The method describing how to use the nebulous idea of what a customer wants and is 
willing to pay for, deriving value-adding process steps (each step in a process has to be described in 
detail, sequence, and time (Spear and Bowen, 1999)), is not defined in Lean. There is no process 
determining how to do this, and yet, it is essential for the logical cohesion of Lean. Therefore this 
forms part of the first gap in Lean (Gap 1a). 
 

• As discussed above, the nebulous nature of Value is different from the distinct and measurable 
nature of Value-adding activities (VA), where work is highly specified (Spear and Bowen, 1999). 
Following this, the concept of Waste is often seen as the inverse of VA, and since waste is used to 
define problems in a process from an operator viewpoint, it depends on the definition of VA. In 
reality, differentiating VA from W is far from straightforward, except in the simplest cases, despite 
the seven traditional wastes. Yet it is necessary for the efficiency of a process acting in a free market 
to connect the idea of a problem (Waste) to an external reference (Customer), or the entire system 
becomes arbitrary. It is not possible to have a rational, efficient process if the measurement system 
is self-referring. It is not defined in Lean how to judge a process where the boundary between VA 
and W is unclear, and this, therefore, forms the second part of the gap (Gap 1b). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

So why is this gap a problem? 

TPS and Lean were built from the bottom up (Fujimoto, 1999) following the Non-cost principle and 
lowering cost through the elimination of waste leading to the following conclusion:  
 

The entire point of having the V-VA-W assumption at all 
is to enable problem-solving on an operator level. 

 

Value-adding is 

defined as the 

distinct production 

of the attributes of 

the product or 

service the 

customer is willing 

to pay for. V-A is 

distinct and 

measurable. 

Figure 8. V-VA-W assumption 

Customer Value 
Value-

adding 
Waste Problem- 

solving 

System 

boundary 

Value is defined as 

attributes of the 

product or service 

the customer is 

willing to pay for. 

Value is a nebulous 

concept. 

Customer is the 

recipient of the 

result of the process 

or service. Also the 

Customer decides if 

a product is worth its 

price. Customer 

definition of value 

serves as an external 

reference in the 

system. 

Waste is defined 

as the opposite of 

Value-adding. 

Activities that cost 

resources but do 

not contribute to 

product value. 

Waste is a distinct 

measurable 

concept.  

Problem-solving is 

defined as the actions 

necessary to increase 

the proportion of V-A in 

relation to W (increase 

productivity), thereby 

reducing the total cost 

of a process in line with 

the Non-cost principle.  

Gap 1a: The step between the nebulous concept 

of value and the distinct and measurable concept 

of value-adding is not defined in Lean. 

Gap 1b: The relation between Value-adding and 

Waste is typically described as binary in Lean 

(Borris, 2014; Womack and Jones, 2003). In reality 

the distinction is far from clear. 

 

36 

customer voice informing you of how to identify value. Instead, it should be recognized that there 
are often a multitude of voices, which each can provide different ideas of what value is. Hines et al. 
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Therefore, a correct definition of waste (based on V and VA) is essential to solving the right problems. 
Gap 1, the V-VA-W assumption affects the ability to choose the right problems, based on an external 
reference, and can become a significant problem when integrating Lean in a process. This is also here 
claimed to be a reason why definitions of customer value that rely on borrowing theory from other 
research areas (such as the Kano model (Stevenson, 2018, for instance) will not suffice. Borrowed 
models are unlikely to produce a definition of value that can bridge the gaps described above, as it still 
has to provide a problem definition relevant at the group level of a process. 

2.4.2 Gap 2: Jargon problem  

Terminology is not unambiguous, and neither interpretation on a personal level nor agreement on a 
collective level is managed in the concept of Lean. 
 
 

“lean means different things to different people.” 
Pauline Found and John Bicheno, 

(Netland, 2017, p25) 
 
The awareness of this gap slowly became apparent throughout all the different case studies (especially 
study 3 and 4, see Chapters 3.2.4.3 and 3.3.3.9) when comparing to Lean literature, research, and reality. 
Every case and most respondents had their own interpretation of what Lean was. Typically, the XPS 
was not logically cohesive and, in some cases, made no sense at all. 
 
Historically, understanding of TPS was accomplished through a sensei system where a master provides 
training for a student over a long period of time (Spear and Bowen, 1999; Liker and Meier, 2007), slowly 
building the student's experience and ability (see Chapters 2.3.3.4 and 2.3.3.9 above). This approach 
soon became impractical as the need for tutors outgrew availability (scarcity combined with an 
expanding need was one of the main reasons why TPS was documented at all (Hines et al., 2004)). 
Without a sensei system, there is no mechanism to help guide a practitioner in how to understand and 
apply Lean principles as a whole. This was how Lean was introduced in the West and strongly affects 
the practical application of the system and the ensuing definitional and semantic problems (Shah and 
Ward, 2007; Hines et al., 2004). There seems to be an unmet need for knowledge from the practitioner's 
side, either because of rapid expansion (Liker and Ogden, 2011), poor implementation (Jablonski, 2001; 
Flinchbaugh and Carlino, 2006), poor leadership (Emiliani, 2007) or lack of guidance (Emiliani, 2007). 
 
It did not help that Lean was simplified and presented as just applied common sense (Sayers and 
Williams, 2007; Dennis, 2017). As discussed by Osterman (2015), a number of dilemmas and conceptual 
paradoxes typically occur in the application of Lean, which are not resolved through common sense. 
 
“ …where there is a big advantage, there will always be a big disadvantage. The right way to think 
about this is that if you eliminate the disadvantages, you will be left with the big advantages. This is 
what I call `going beyond common sense`”. 

(Ohno, 2013, p 17)  
 
The realization of the Jargon problem is reinforced when examining user stories and case studies 
(Flinchbaugh and Carlino, 2006; Sederblad, 2013; Jablonski, 2001), where respondents could spend 
time and effort explaining how Lean will not work in their particular circumstance. The actual 
application of a Lean tool or method also depends on the context and is open to interpretation 
(Langstrand, 2012). This is necessary (according to Langstrand) as it leads to adaptation. But at the same 
time, when learning a concept without guidance or with immature tutelage, the unclarity of the concepts 
in Lean leads to misinterpretation and misunderstanding. (see Chapter 2.3.3.7). 
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“Our knowledge of Lean has come to us in pieces over time. As a result, most people today recognize 
Lean as simply a set of tools to help drive improvement. This is a great misunderstanding.”

(Emiliani, 2007, p15)

Based on these difficulties, the personal enactment and applications of the T&M of Lean, actually 
working with standardized work and problem-solving (see Chapter 3.2.4.1), become problematic. Each 
person working with Lean will typically have to form his or her own idea of what Lean is, based on
personal experience and/or some level of outside tutelage. Adding to the problem is the fact that much 
of the leadership in the organization might be inexperienced in the concept as well, unable to provide 
guidance (Emiliani and Stec, 2005). 

Without the sensei system, there is no defined alternative process of dissemination, describing how to 
achieve an understanding of Lean that is in line with the requirements of the Non-cost principle, and at
the same time, is open to adaption and translation of the practice in order to suit a particular context. 
Therefore this forms part of the second gap in Lean (Gap 2a). 

The first part of gap two is multiplied by the number of people involved in the process. This leads to 
the next part of the gap. The collective aspect occurs where individuals (who may or may not be working 
in proximity), who each have a limited and/or separate understanding of Lean, have to work together.
Again based on user stories (Flinchbaugh and Carlino, 2006; Sederblad, 2013; Jablonski, 2001) and the
difficulties of getting results from a Lean integration (see initial problem statement), the organizational 
synchronization of the understanding of the concept often seems to be lacking. This is not to say that the 
superficial aspects of the XPS are not in place. As made apparent in all studies (study 3 and study 4 in
particular), it is not uncommon to have an image that depicts part or all of the XPS. Nor is it uncommon 
to have a department responsible for the dissemination of the XPS in the organization. However, when
studying how the XPS is put into practice at the group level, it became clear that apart from a superficial 
agreement on some of the terminology, mutual agreement and common understanding was often
missing. If it is up to each practitioner to form his or her own opinion and idea of what Lean is and how 
it works, there is no deeper mechanism to synchronize the learning and experience within the 
organization, beyond superficial symbols and terminology. Therefore this forms part of the second gap 
in Lean (Gap 2b). 

Figure 9. Jargon gap 
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So why is this gap a problem? 

The ability to understand a concept on an individual level and agree on how that concept works at a 
collective level is necessary for a Lean integration to work. One of the fundamental aspects of Lean (as 
given by the introduction of the “idea suggestion system”), is a massively parallel, small-scale approach 
to improvements, Kaizen (Imai, 1986; Imai, 1997; Rother, 2010). Since this approach assumes that every 
group and individual works semi-independently, and at the same time that everyone improves in the 
same direction, uses a mutually defined and understood language, and uses the same tools and methods. 
This is essential. If an organization has individuals with a poor understanding of Lean and a lack of 
agreement, two problems might manifest.  
 

• The total results of everyone’s improvement efforts might be meager at the same time; the costs 
of sustaining the resources necessary for the Kaizens are high (Bengtsson and Osterman, 2014). 
Working on problem-solving without a common language and individual understanding might 
actually increase costs for a process in the long run. 

• Lean is conceptually simple at the same time that it is complex and challenging to apply in 
actual processes. Hence, an organization might be unaware that there is a language problem 
simply because they assume that everyone understands Lean and agrees on what it means (see 
Chapter 3.2.4.3).   

2.4.3 Gap 3: System problem  

Lean is said to be a system, but the nature of the connections and the system boundaries are ill-defined. 
 

“If you try to study a dog by taking all its pieces apart, the first thing you get is a non-working dog!” 
(Bicheno and Holweg, 2016, p 25) 

 
The system problem became apparent in stages. When first attempting to describe the framework of 
Lean views (Osterman, 2015), it became clear there was a lack of depth in system descriptions that were 
available. The studies also showed that typically (especially studies 2 and 4), respondents referred to the 
XPS as a system, but had difficulties defining how the system connected. 
 
On further examination, it was not unusual to describe Lean as a system in everyday language. It is also 
common to refer to Lean as a system in research and literature. This colloquial use of the term “system” 
hides several problems. A typical definition of a general system is that it consists of elements, 
boundaries, and connections between the elements (Meadows, 2008; Dekkers, 2017) As illustrated in 
Figure 10, the elements of Lean are easily found, and there is much written about the different tools and 
methods of Lean. However, there is much less written about how these methods and tools interrelate. 
The evolutionary nature of Lean gives aspects that are non-reducible, in that it cannot be understood 
simply by reducing it to constituent parts. No definition of the nature of the dependencies within Lean 
(what they consist of) have been found either in literature or in research. Three examples of the problem 
are given below. 
 

Example 1. Describing Lean as a system dates back to the formulation of TPS (Toyota 
Production System). This was famously illustrated in a study of the Toyota Production System, 
by Shingo (1984), in which he describes the logic of the system as a whole, from an industrial 
engineer’s viewpoint. This is shown in Figure 6 in the System view. The illustration starts with 
the Fundamental Problem of Lean, cost reduction through the Non-cost principle (see the 
definitions of waste, Chapter 2.3.2). The result is a highly complex illustration of the system, 
but nowhere in either the text or illustration is the nature of the connections defined.  
 
Example 2. In The Birth of Lean by Shimokawa and Fujimoto (2009), the authors interview a 
number of TPS founders, both known and unknown to a Western audience. Masao Nemoto was 
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responsible for the implementation of TQC at Toyota during the 1960’s and1970’s. The 
illustration he presents correlates highly with Shingo's (Figure 6) and traces the purpose of each 
method, through a classification of waste, back to productivity gains through cost reduction. As 
previously discussed, the elements of the system are described; the nature of the connections 
are not. It is also clear that a number of interdependent methods or tools are needed in order to 
achieve cost reduction. For instance, in order to address “The waste of producing defective 
items,” four tools and methods are connected. But there is no description of how they actually 
interrelate and depend on each other. Nor is there any description of the underlying logic behind 
the connections and how they work synergistically to achieve their purpose. 
 
Example 3. can be found in the Toyota Production System, An Integrated Approach to Just-In-
Time by Monden (2012). The system is described at a higher level of abstraction and describes 
a connection between the two parts of Lean (the technical elements and respect for humanity, 
see chapter 2.3.3.1). This is an academic perspective of the system and describes higher-level 
attributes. However, the intent of the system is clear with a reduction of cost through the 
elimination of waste providing and expansion of profit. As with the previous examples, neither 
the nature of the dependencies nor the logic in the system is described. 

All these examples illustrate various aspects of TPS, and what would later become known as Lean, from 
a system perspective. All of them describe the elements of the systems and place them in relation to 
each other. None of them discuss the nature of the connections within the system or the logic of the 
system. Also, in no case do they clearly describe system boundaries, except indirectly through the 
concepts of profit and quality (which requires an external element, a customer). These examples are but 
a few of many referrals to Lean as a system. Although it is not uncommon to find some descriptions 
alluding to connections going back to the first descriptions of TPS (Sugimori et al., 1977; Ohno, 1988b), 
there is little to be found exploring what the dependencies actually mean. In short, Lean acknowledges 
there are connections between the elements of the system but fails to define the nature of those 
connections. 

Connections are what actually turns a collection of elements into a system. They also determine the 
order of application, depending on the context, in the integration of Lean. In addition, awareness of the 
connections is necessary for a more efficient problem-solving in the system. This leads up to the third 
gap (Gap 3).  
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problem (Sayers and Williams, 2007; Flinchbaugh and Carlino, 2006) for an organization attempting to 
apply Lean, and likely one of the reasons Lean integration fails. A possible cause could be that the order 
of application is not clear. Nor are the supporting effects of the elements understood. Examples of 
consequences could be: 

• The methods chosen as solutions to problems might not support each other. An example of this 
is when leadership is seen as a separate skill from training and/or problem-solving. 

• If the methods are connected on an abstract level, but the practitioners are unaware of the 
practical implication of these connections, the system is still going to fail. An example of this is 
when 5S is applied separately from standardized work. Another example is the dependencies 
between variation and utilization, where the effects are highly counter-intuitive (Hopp and 
Spearman, 2011; Bicheno and Holweg, 2016). 

• The emergent effects of a system do not appear. The sum is equal to, or less than, the parts. An 
example of this is when Kanban is introduced, but no problems are solved, and buffers still 
remain. Everything is in place, but the actual costs of the process have increased instead of 
decreased (Emiliani, 2007). 
 

A system approach should describe how the whole system is connected in order to address the 
fundamental problem of the system and thereby the order of introduction of the various methods and 
tools. As study 4 made apparent, when this is not done for the XPS of an organization, it might not even 
be aware there is a problem. 

2.4.4 The connection between the gaps  

Each of the gaps describes an area of Lean unclear or ill-defined in its relation to the FP of Lean. In 
addition, the gaps in Lean are connected to each other. The V-VA-W assumption (Gap 1) describes the 
inner logic of Lean that needs to be understood in order to make proper decisions when solving 
problems. The Jargon problem (Gap 2) describes how we transform understanding into enactment via a 
Lean philosophy into Lean culture, necessary for the results of the process. The System problem (Gap 
3) captures how the enactment of part of the system interlinks and depends on the enactment of every 
other part for solving problems. Only at this level is there a possibility for emergent and synergistic 
behavior in the system. It is important to note that it is through the understanding and actions of the 
people in the process that Lean has effects on the cost and productivity of that process. Each gap has an 
effect on its ability to do this. 
 

Figure 11. Connecting gaps 

It all goes back to the FP of Lean and an important realization. Defining the gaps is measured in the 
ability to understand, analyze, and solve problems at the lowest organizational level (i.e., the team or 
group level) of a process. The teams' actual ability to sustainably and continuously reduce waste of all 
kinds in its area of influence is seen as the only relevant measure of how well gaps are resolved. As with 
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any problem-solving, this means the problem first has to be defined, leading back to the research 
questions. 
 

2.5 Concluding the theoretical review 
The theoretical review in this thesis is based on a number of views on Lean, first presented by Osterman 
(2015). Each view asks unique questions and brings different, albeit connected, perspectives to Lean as 
a concept. The presentation of the views does not aim to add anything new, but simply present the some 
perspectives that can be taken in understanding Lean in a comprehensive and systematic manner. Even 
though the views themselves are not new, they are not equal. Some of the views are ill-defined and have 
gaps. These gaps occur when aspects of the views cannot be, through logic or in practice, traced back to 
the fundamental problem of Lean. This brings us to the purpose of this research, defining the gaps and, 
perhaps, bringing a bit more clarity to them. 
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3 Research View and Methodology  
The research approach has been driven by personal curiosity and a need to understand why it is 
so difficult to succeed in integrating Lean. It has been a winding road of exploration, trying to 
uncover and understand the mechanisms that govern success. The scientific approach and outlook 
reflect this quest.  

3.1 Scientific outlook 
 

Several years ago, struggling to finalize my licentiate thesis, I was trying to understand “scientific 
outlook” as a concept. After some time, I sought the advice of a senior researcher. 

“What is a scientific outlook?” I asked. 
 

He looked at me over his glasses and answered, “Why do you need a scientific outlook?” 
“Well, it’s expected in the thesis.” 

 
“OK,” he said, “but why do you need a scientific outlook?” 

“I don’t know,” was my answer. 

 
“Well then, begin there.” 

 

Taking inspiration from critical realism (Alvesson and Sköldberg, 2008; Bhaskar, 2016), and aiming to 
uncover the causes or generative mechanisms (Bhaskar, 2016) that govern the success of a Lean 
integration, my research has taken a qualitative and somewhat explorative approach (Booth, 2008; 
Corbin and Strauss 2015; Creswell, 2009; Salkind, 2012). Deciding what approach to use has been 
affected by several aspects, but my choice has mostly been guided by the nature of the phenomena to 
make sense of. 

These aspects include, among others: 

1. The integration of Lean has a strong social aspect. People are typically organized and expected 
to produce results in a group or team setting (Hines et al., 2004; Halling, 2013). 

2. Lean also emphasizes the training aspect of leadership, where the leaders within an organization 
are expected to be adept in both the execution of the process itself, as well as coaching and 
training the people in the process (Liker and Convis, 2012; Petersson et al., 2012). 

3. Lean can also be seen as an organizational idea with a strong conceptual core of productivity 
from which all other issues and priorities stem (Monden, 2012; Shimokawa and Fujimoto, 
2006). 

4. There are a number of tools and methods which can be seen as fundamental to Lean. Even 
though few of the methods or tools are unique to Lean by themselves, together, they form a 
system with emergent properties giving what can be described as a hybrid production system 
(Fujimoto, 1999). 

Researching Lean is, therefore, by necessity somewhat based on a sociological view, since Lean is 
foremost a system of ideas on how to organize human activity as efficiently as possible, given a set of 
core problems and conditions. But Lean also objectively affects the generation of results in a 
transformational process that consumes some form of resource. Lean as a topic for research is, therefore, 
neither purely sociological, nor is it purely objective and technical. Consequently, a mainly positivist 
research approach would not work, and the same goes for a relativist and purely socially constructive 
approach. Neither would make sense of the complexities of Lean by themselves. Here, critical realism 
allows for an alternative approach (Fleetwood and Ackroyd, 2004), and the research can be guided by 
practical relevance (Danermark et al., 2003). 
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In critical realism, as initially developed by Bhaskar (2016), the idea is to uncover the underlying 
generative mechanism and structures behind the observed phenomena. Bhaskar describes this as a shift 
from epistemology to ontology, and within the ontology, there is a shift from events to mechanisms. 
Further discussed by Fleetwood & Ackroyd (2004), because of this, critical realism offers much for the 
analysis of organization and management in general. This realization, that there are mechanisms that 
affect observable results, but that are in themselves not directly observable, fits the two parts of Lean 
(Halling, 2013), and would seem to make sense of the integration of Lean production and inspired the 
research approach. 

So, in order to make sense of Lean in research, an approach that sees reality as objective and existing 
independently from the observer and not just as a social construct is essential. But the results of a process 
are generated in a complex social context, which means that some sort of sociological approach is needed 
to make sense of the complexities of integrating Lean.  

What signifies the phenomenon being examined? 

• It is not primarily a theoretical construct, such as math. Nor is it like natural sciences such as 
chemistry or physics. But since the integration of Lean affects physical reality, it can be studied 
through observation. However, the underlying systems cannot be understood through observation 
alone. 

• There are people involved, making any research quite messy compared to the stark beauty of 
mathematics. Understanding, motivation (or a lack thereof), and other human drivers strongly affect 
the results. 

• There are emergent and complex properties of the phenomena. So whatever approach that is used, 
it has to make sense of the phenomena of Lean integration, given these conditions. 
 

Based on an understanding of the properties of the phenomena examined, a research methodology can 
be chosen.  

3.2 Choice of research methodology 
If you’ve never been wet, how can you know how to swim? 
 
The concepts of Lean are seemingly easy to understand and make intuitive sense, but the application of 
the concept is anything but simple and many times counter-intuitive, or in the words of Ohno (2013) 
“going beyond common sense.” In fact, the simplicity of the presentation of the concept creates a mental 
trap, where a researcher might assume that every aspect of a system is understood, and still miss the 
entire point. This is a difficulty that has a profound impact on the choice of research methodology. 
 
The approach to research methodology, therefore, has been guided by several factors in an elimination 
process. First and foremost, the intent of this research is to build a better understanding of Lean, or at 
least define some of the ideas in the concept. This desire is behind most of the methodological choices. 

3.2.1 Main method: Case study 

The primary method used in this research has been that of the case study. This is a well-established 
method within Lean research, as it concerns the in-depth study of practice within a context and allows 
the researcher to understand why some practices succeed and others fail (Salkind, 2012; Creswell, 2009). 
It is particularly powerful when the conceptual foundation behind a phenomenon has not yet been fully 
established, and the researcher needs to explore a process (Creswell, 2009). It can give the rich account 
necessary for theory-building within phenomena affected by human behavior (Salkind, 2012). Although 
this method has limitations when it comes to establishing casual links and generalizability, it reveals 
diversity and richness of human behavior not accessible through other methods (Yin, 2009; Salkind, 
2012). Conducting case-based research requires an approach to research that balances adaptivity with 
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rigor, not rigidity. Therefore the case study researcher should have enough experience in the topic being 
studied to be able to make decisions on the fly (Yin, 2009). 
 
Multiple case studies 

A number of companies and organizations have been purposefully selected (Creswell, 2009). Some 
companies were the same for all or a majority of the studies, even though different departments were 
involved in each study. Other organizations or companies were different depending on the specific 
question studied. In all cases, the studies were designed to achieve some level of comparability between 
the companies and organization studied, despite their differences. This was done to ensure comparability 
and increase the generalizability of the results (Yin, 2009). 

3.2.2 Data collection methods 

Different information sources have been used in the case studies. They have been selected to fit the 
research question as well as the context of the cases.  
 

Observation 

The perhaps most important source of information (primary or supplementary method) in the 
studies has been observation; either of a process, people in a process, or people observing a 
process (study 3). All of the observation was performed in an open manner (Holme and Solvang, 
1991), meaning that people were aware of being observed. In all cases, observations have been 
guided by, but not limited to, an observation protocol (Creswell, 2009). The protocols have been 
prepared during the research design phase of the study (Yin, 2009) and are a practical translation 
of the initial research assumptions and questions. In some cases, the observations bring new 
aspects of the cases to light, and these are also explored as much as the allotted time allows. All 
observation protocols were later scanned or photographed for later analysis. 
 
Interviews 

In addition and often in combination with observations, interviews have been an important 
source of information in this research. This method allows the researchers to examine the stated 
motivation of the respondents in a way that no other data collection methods allow, through a 
focused conversation and social production of knowledge (Kvale and Brinkman, 2009). Each 
study utilized an interview guide developed particularly for that study in the research design 
(Bryman, 2011; Creswell, 2009; Yin, 2014). Two primary and a secondary interview method 
were used in the studies.  

• In Studies 1 and 2, the primary interview method was mainly based on a semi-structured 
format where the interview was guided by a predetermined structure, but which also 
allowed room for follow-up questions depending on the responses (Yin, 2014). The 
interviews were all recorded for later analysis. 

• In Study 3 and particularly Study 4, the interview method was mainly based on a focus 
group interview and discussion format where several participants simultaneously 
participated in a discussion, resulting in a meaning-making dialogue (Bryman, 2008). 
The interviews were all recorded for later analysis. 

• In all the studies, there was also room for a more informal format of dialogue, 
particularly during process observations, where a respondent could explain particular 
phenomena or artifacts in context. The dialogue was then guided by the observation 
protocol, giving depth to the observations. This format turned out to be a fertile source 
of information and quotes, as the respondents seemed to be comfortable in their own 
context. Responses were written down on the observation protocol and incorporated in 
the analysis. 
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Artifacts, documentation, sketches, and photographs  

In some cases, my research was given access to information boards or sent copies of documents 
or booklets as a secondary source of data. This was used to support the later analysis and to 
ensure the validity of the interviews in a triangulation of data (Creswell, 2009). In all cases 
where observation was a major part, the layout and flow of the entire process were illustrated 
by the researcher or respondent to support the analysis and provide a wider perspective, 
protecting against research myopia7. In some cases, the respondent permitted photography as a 
source of data. 

3.2.3 Research process 

The research has been divided into four major studies. Each study contributes to the overarching aim of 
achieving a greater understanding of the challenges that affect and are affected by a Lean integration of 
a process. The long-term ambition has also been to connect these challenges to the efficiency of a Lean 
integration. However, no single approach can claim superiority in producing knowledge (Fleetwood and 
Ackroyd, 2004). The choice of research approach has to be shaped by curiosity and creativity, not by 
routine use of particular research tools. Selecting a research approach requires some pre-knowledge of 
the contextual particulars of the research area one wishes to make sense of (Bryman, 2011). 
 

As an industrial Ph.D., some of the challenges of Lean integration were known before the theoretical 
foundation was in place. This, in turn, has led to a multi-layered, iterative approach as inspired by 
Blessing and Chakrabarti (2009), where each study contributed to new understanding and knowledge 
but also led to new questions. 

  

                                                           
7 My own term. Many of the processes observed were truly fascinating. As a researcher it is tempting to chase after enticing 
details.  

Figure 12. Research process 
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3.2.4 Four	studies		
Each study had its roots in Lean, where a single supposition or an idea within Lean was the basis for 
exploration and research. Each study is also connected to one or more research questions within this 
thesis. 

Table I. Four studies 

 Type of 
study 

Data Collection  Connection to Thesis RQ  Paper  

Study 
1 

Explorative 
 
Multiple 
case study 

4 Companies 

 
19 Respondents  

Semi-structured 
interviews 
 
7 Groups observed 

Observation protocol 
 

RQ 1: How could the gap of Value 
− Value-adding – Waste assumption 
be defined? 
 
RQ 2: How could the Jargon gap be 
defined? 
 
RQ 3: How could the System gap 
be defined? 
 

I:  
Exploring Approaches to 
Measure a Lean Process 
 

Study 
2 

Explorative 
 
Multiple 
case study 

2 Companies 

 
11 Respondents 

Semi-structured 
interviews 
 
2 Process observed in 

entirety  
Observation protocol 
 

RQ 1: How could the gap of Value 
− Value-adding – Waste assumption 
be defined? 
 
RQ 2: How could the Jargon gap be 
defined? 
 
RQ 3: How could the System gap 
be defined? 
 

II:  
Examination of the Flexibility 
Paradox in a Lean System 
 
Additional paper 1: 
Flexibility in Lean Mixed-Model 
Assembly Lines 

Study 
3 

Explorative 
 
Embedded 
case study 

1 Company 

 
4 Production sites 

Different countries 
 
16 Respondents 

Workshop and 
interviews according to a 
research protocol 
 
4 Processes followed at 

16 stations 

RQ 1: How could the gap of Value 
− Value-adding – Waste assumption 
be defined? 
 
RQ 2: How could the Jargon gap be 
defined? 
 
RQ 3: How could the System gap 
be defined? 
 

III:  
Conceptions and operational use 
of value and waste in Lean 
manufacturing – an interpretivist 
approach 

Study 
4 

Explorative 
 
Multiple 
case study 

3 Organizations 

 
25 Respondents 

Workshop according to a 
research protocol 
 
 

RQ 2: How could the Jargon gap be 
defined? 
 
RQ 3: How could the System gap 
be defined? 
 

IV:  
Understanding company-specific 
Lean production systems. Is Lean 
getting lost in translation? 
 
V:  
A systems theory for Lean 
describing natural connections in 
an XPS 

 

3.2.4.1 Study	1	
Study 1 focused on describing and understanding the ability of the lowest organizational unit to create 
a stable process. In Lean literature, the stability of the transformational process is seen as a prerequisite 
for process improvement (Wilson, 2010; Monden, 2012). Specifically, in Lean, this means the ability to 
continuously lower costs and increase profitability according to the Non-cost principle (Ohno, 2013). 
Hence, establishing a well-defined and stable normal situation is essential. On a team level, the two 
interacting concepts of standardized work and problem-solving are the actual tools used to establish a 
stable transformational process (Fujimoto, 1999). 
Study 1 was a multiple-case study as defined by Yin (2009), with a mixed-method approach inspired by 
Creswell (2009), with four chosen companies in different areas. In order to verify the method, a pilot 
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study was conducted at one of the companies, using a separate process to calibrate the research protocol. 
At each of the case companies, two separate but similar processes were studied using a case-study 
protocol. In order to resolve the problem of company-specific Lean jargon, the purpose of each method 
was used to design the case-study protocol. This enabled comparison between cases, even though the 
processes and vocabulary were different. 
The data was gathered using a combination of observation of the processes as well as interviewing the 
team leaders in situ. The data was entered into a matrix to enable a comparison between the processes 
within each company, as well as between the companies themselves. The qualitative analysis comprised 
of referencing the data based on Lean, as well as analyzing the contextual differences between the cases 
in order to find patterns and explanations. 
 

3.2.4.2 Study	2	
Study 2 examined the connection between Lean and flexibility in a multiple-case study. There is a debate 
within the research community, whether Lean is to be considered flexible or not. A given assumption 
by the proponents of Lean is that Lean is in itself flexible (Womack and Jones, 2003). This is also a 
reasonably standard view within Lean companies where flexibility ranked as twenty-two of forty-six 
principles found (Netland, 2012).  
On the other hand, other researchers have found Lean to be inflexible due to the insistence on 
standardized work and process stability. This drives the adaptation of Lean into a more flexible 
(sometimes hybrid) system (Krishnamurthy and Yauch, 2007; Elmoselhy, 2013). This background 
generates the question: Is Lean flexible or inflexible? A literature review gave a definition of flexibility 
as a concept (Upton, 1994) compatible with Lean. Although there is no precise academic agreement of 
what constitutes a Lean system (Pettersen, 2009), in practice, the intent of a company to work with Lean 
and the apparent alignment of the operational terms served the purpose.  
The multiple-case study (Yin, 2009) was designed around two large multinational companies similar 
but not in direct competition. These companies were chosen as some of the internal processes were very 
similar, differing only in the production pace and physical size of the products. Two pilot studies were 
conducted to verify and adjust the integrity of the case-study protocol. After some adjustments after the 
first pilot study, the protocol was judged to be sufficient to ensure the logic and comparability of the 
responses after the second pilot study. The study focused mainly on semi-structured interviews where 
the responses were later verified as much as possible through observation and study of the process itself.  
Treating the XPS (Netland, 2012) of each process as a given, five different scenarios were presented to 
the respondents, each requiring some level of flexibility in the process. The hypothetical scenarios were 
designed to be normal within the process so that some level of actual experience in the choice of response 
could be assumed. This was verified when conducting the interviews.  
All interviews were transcribed and analyzed to find the factors the respondents named as necessary for 
flexibility in each of the scenarios. These were later grouped in an analysis matrix and filtered for similar 
meanings.  
 

3.2.4.3 Study	3	
Study 3 explored how the Lean concepts of value (V), value-adding (VA), and waste (W) were executed 
within one company at multiple sites in different parts of the world, in an embedded case study (Yin, 
2014). These concepts are considered a cornerstone within Lean (Womack and Jones, 2005) but lack a 
clear definition (Taylor et al., 2014). There is a lack, among other things, of theoretical and definitional 
rigor, as well as a variety of linguistic usage. The focus of this study was, therefore, to see how the 
concepts of V, VA, and W were used and interpreted by individuals within an organization.  
The study is based on a review of Lean, research as well as textbooks where the concepts of V, VA, and 
W are used to improve process productivity, meaning the proportion of VA compared to W (Womack 
and Jones, 2003; Hines et al., 2004; Liker, 2004). Further, VA and W are considered mutually exclusive. 
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An activity is either VA or W (Womack and Jones, 2003). The relationship of VA to W is based on the 
concept of Value as defined by an external customer or recipient of the process results and is used as an 
external reference in the process (Hines et al., 2004; Osterman, 2015).  
The study is designed as a comparative case study using a mixed-method approach. One large 
automotive company was used. The company has a well-established XPS going back several decades. 
Enabling cross-case comparison, four production sites with highly similar processes were selected. The 
same four stations at each production site were selected based on low product variation and high 
stability. At each site, a number of participants were chosen from the local group of Lean trainers. These 
individuals were responsible for the training and follow-up of the XPS and, therefore, well versed in the 
operational side of Lean. All were well familiar with the concepts of V, VA, and W, and all assumed 
VA and W to be mutually exclusive. The participants were divided into two groups, and both groups 
observed the same station at the same time. One group was asked to note all the VA activities and the 
other to note all the W activities. These observations were then used as a basis for a group discussion 
where differences in observation with gaps and overlaps of the observed times served as a starting point 
in the discussions. The discussions were recorded and transcribed for use in the analysis, where several 
categories were found.  
 

3.2.4.4 Study	4	
Study 4 inquires how the XPS (company/organization-specific production system) is understood and 
described by the Lean support functions in a multiple-case study (Yin, 2014). It is common for 
organizations to employ some sort of support function in its effort to integrate Lean into its processes. 
These functions can be either external, and act as consultants, or internal and be a small group or team. 
This internal team then supports the organization and also acts as the internal experts on Lean. The exact 
configuration of this support function can vary depending on many factors such as organizational 
maturity, external and internal preconditions, management interest, etc. In their role as experts, support 
function personnel have to understand, describe, and define the XPS in a manner relevant to the rest of 
the organization. The focus of Study 4 is to explore how these support functions describe their own XPS 
in comparison to Lean. This refers to organizational factors such as maturity, knowledge, and 
assignment.  
The research design was inspired by several sources. Storhagen (1993), for instance, considers the case-
study methodology as a natural choice for Lean research. Due to the nature of the questions explored, a 
multiple-case study approach was chosen (Yin, 2009). The research design was based on a visual 
workshop method where a group can structure and display concepts together and use these concepts to 
discuss and reach consensus as well as visualizing any disagreements.  
Three separate organizations were selected for the case study. All of the cases had several years of 
experience in their XPS, and the group targeted with the workshop was the group that formed the highest 
XPS support function. The workshop protocol was designed to explore the entire XPS ranging from 
simple concepts up to complicated system questions concerning connections and dependencies. All 
workshops were recorded for later reference. The analysis is based on relating key concepts and 
keywords, as described by the support function, to the different Lean views, as described by Osterman 
(2015).  
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3.3 Choice of literature 
It is not uncommon for researchers interested in Lean to refer, not only to peer-reviewed publications 
but also to a variety of other sources. In fact, there seems to be a sliding scale of Lean literature all the 
way from peer-reviewed research papers (Sugimori et al., 1977; Ohno, 1982; Krafcik, 1988; Cusumano, 
1994; Lewis and Lewis, 2000; Netland, 2012) and research-based books (Womack et al., 1990; 
Fujimoto, 1999; Monden, 2012; Netland and Powell, 2017), seminal management literature (Imai, 1986; 
Ohno, 1988; Ohno and Mito, 1988; Shingo, 1989; Womack and Jones, 2003), through modern 
management literature (Liker, 2004; Womack and Jones, 2005; Liker and Meier, 2007; Pound et al., 
2014), Lean practice-based books (Feld, 2001; Meyers and Stewart, 2002; Hines et al., 2010; Wilson, 
2010), and in some cases fictional stories (Ballé and Ballé, 2005, 2009; Shook, 2009). All of these 
literature categories influence both practice and research to different degrees. This practice seems to be 
common for several research fields (Six Sigma, TQM, Agile, and others, see Chapter 2.1) within the 
domain of OM. 
This research follows the tradition of referring to a wide range of sources, even though, from a pure 
research perspective, peer-reviewed literature is preferable. It is relevant for the research community to 
be aware of the wide-ranging publications as well and referring to them when necessary, and that the 
researcher is familiar with an entire field of publications. The literature and research exemplified here 
should by no means be seen as exhaustive. The field is too vast for this. Still, a case can be made for the 
impact of the chosen literature. Of the hundreds of research papers and dozens of books published each 
year (Danese et al., 2018), only a few actually seem to influence the industry. The selection of reviewed 
literature is therefore based on the Lean research tradition, balancing academic publications with a base 
in the Emerald database, influential practice-based publications, as well as the author’s own experience. 
 
Table II. Literature 

Sources Contribution to research Significant examples 
Research 
papers 

Pro: Provides the foundation for research 
through peer-reviewed publications. 
Con: Some researchers might have limited 
actual experience in the topic they are studying. 

Triumph of the Lean Production System 
(Krafcik, 1988) 
Toyota production system and Kanban system 

Materialization of just-in-time and respect-

for-human system, (Sugimori et al., 1977) 
Exploring the phenomenon of company-

specific production systems: one-best-way or 

own-best-way? (Netland, 2012) 
Learning to Evolve: A Review of 

Contemporary Lean Thinking (Hines, Holweg 
and Rich, 2004) 
Etc.  

Academic 
books 

Pro: Provides in-depth knowledge not available 
through research papers. More pages can be 
used to discuss, expand, and explore topics. 
Con: Often not peer-reviewed in themselves 
although commonly based on peer-reviewed 
papers. 

Toyota Production System (Monden, 2012) 
The Evolution of a Manufacturing System at 

Toyota (Fujimoto, 1999) 
Produktionsutveckling (Bellgran and Säfsten, 
2005) 
Etc. 
 

Research-
based 
management 
literature 

Pro: Can provide accessible and well-presented 
knowledge. Often mixed with case descriptions 
and examples. 
Con: Might present an overly positive image of 
the concept. Not as academically rigorous. 
Often normative.  

The Machine that Changed the World 
(Womack et al., 1990) 
Lean Thinking, (Womack and Jones, 2003) 
The Toyota Way, (Liker, 2004a) 
Etc. 
 

Seminal 
management 
literature 

Pro: The closest we can get to source material, 
as the initial founders and developers of the 
system explain their own thoughts and ideas. 
Con: Often challenging to interpret as the 
authors typically do not explain context or 
assumptions. Easy to misunderstand or treat as 
gospel. 

Toyota Production System (Ohno, 1988) 
Workplace Management (Ohno, 2013) 
A study of the Toyota Production System 
(Shingo, 1989) 
Kaizen, (Imai, 1986) 
The Birth of Lean (Shimokawa and Fujimoto, 
2009) 
Etc. 
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Management 
literature 

Pro: Often experience-based descriptions of the 
concepts. Provide insight into thoughts and 
ideas.  
Con: Can be overly simplistic, speculative, and 
sometimes false or misleading. It is sometimes 
used to sell a concept or consultancy services. 

Lean (Petersson et al., 2015) 
The Toyota Way to Lean Leadership (Liker 
and Convis, 2012) 
Lean Solutions (Womack and Jones, 2005) 
Etc. 
 

Handbooks 
and manuals 

Pro: Detailed and well-structured descriptions 
of how the tools and methods of Lean actually 
work. 
Con: Can be context-dependent, normative, and 
only reflects the author's own current level of 
understanding. 

Lean Assembly (Baudin, 2002) 
Lean Manufacturing Implementation (Hobbs, 
2004) 
The Toyota Way Fieldbook (Liker and Meier, 
2006) 
Etc. 
 

Lean fiction Pro: Can be excellent introductions into how 
Lean works as a holistic system. It connects the 
human experience with problem-solving in an 
emotional journey.  
Con: Are not literally true in any objective 
sense. 

The Gold Mine (Ballé and Ballé, 2005) 
The Lean Manager (Ballé and Ballé, 2009) 
Managing to Learn (Shook, 2009) 
Etc.  
 

 

3.3.1 Some words on the use of Japanese terminology 

Some Japanese terms have become part of the lingua franca of the Lean research community. Examples: 
Andon, Kanban, and Heijunka. Other Japanese terminology has not come into everyday use, for 
instance, the Nagara system, meaning doing two things at once (Shingo, 1989), or Kadoritsu, which can 
mean either Operational availability or Rate of operation, depending on the Japanese spelling and 
context (Ohno, 2013). This practice of integrating Japanese terms further adds to the Jargon gap as well 
as the System gap in Lean.  
 

3.4 Research Quality  
The research presented in this thesis has a heavy focus on case studies. This approach has been motivated 
by the nature of the subject of Lean in general, following the tradition popularized in the IMVP studies 
(Womack et al., 1990; Womack and Jones, 2005), where the study of an established practice dictates 
the methodological choices. But more important than tradition, the choice of methodology is motivated 
by the nature of the questions that initiate each study. As discussed by Yin (2009, p 4), “The more your 
questions seek to explain some present circumstance (e.g., “how” and “why” some social phenomena 
work), the more that case-study research will be relevant.” 
 
This becomes even more relevant; the deeper one attempts to describe a social phenomenon with no 
control of behavioral components (Figure 1.2, Yin, 2009). Given the lack of a rigorous theoretical 
definition of the research topic of Lean, methodological transparency, and research quality become 
crucial. 

3.4.1 Construct validity 

This concerns establishing a sufficiently operational set of measurements to avoid subjectivity. This is 
especially important in the role of an industrial Ph.D. candidate, as one enters the role of researcher with 
a given set of beliefs established by the company one works for. The strategies used in the studies were: 

• Use more than one company for each study, requiring the development of measures in the 
research design that yield comparable answers despite the different contexts. 

• In all cases, explore the underlying meaning of the terminology used. This is an inherent 
problem when researching Lean, as the theoretical definition is incomplete, and therefore it is 
essential to understand what the respondents actually mean. Triangulation between interviews, 
observation, and artifacts was used. 
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3.4.2 Internal validity 

This concerns finding casual relationships within a study where one condition is believed to lead to 
another. The case studies are not longitudinal in nature. All observations are done in a short time period. 
Therefore the casual nature of the phenomena studied has to be established with other strategies. The 
strategy used for this was, therefore, mainly triangulation attempting to establish causal links. 

• Interviews and observations: In all cases where either interviews or observations have been the 
main research method (Study 1, 2 & 3), it was always complemented by the other. That is, if 
the focus was on the interview, the respondents' answers were verified (as far as possible) by 
observing how the process acted or was structured. Artifacts (such as information boards, 
flowcharts, and maps) were documented as far as possible. 

• For Study 4, a different approach was used due to the research setup, where the visual artifact 
of the formal XPS (a lean house or temple) was used to compare with the results of the 
workshops. 

• For Study 1 & 2, each interview on each hierarchical level of each case was duplicated (one 
exception in study 2), where two people having the same or closely related roles in the same 
organization were given the same questions. This gave the opportunity to compare answers as 
well as functioning as a prerequisite for respondent anonymity (see Chapter 3.6). Study 4 was 
based on a workshop format where this was built into the structure of the workshop. 

3.4.3 External validity 

Within case-study research, one inevitably has to grapple with the nature of the findings. In what manner 
can the findings be generalized, and how are they applicable to other settings (Yin, 2009)? This problem 
was approached in the following manner: 

• For all studies, multiple cases were used as a foundation of the research (Study 3 was an 
embedded case study, but the intent was the same). For studies 1, 2, 4, the cases were all 
different companies or organizations, and certain common and differentiating factors were 
identified and used in the selection of cases. The common factors were intended to increase 
comparability, ensuring that the same phenomena were studied in all the cases. The 
differentiating factors were chosen to increase the generalizability, as the findings would be 
common to different organizations with different purposes, thus increasing the breadth of the 
study.  

o Common factor 1: Each case had a clear intent to work with Lean, although the artifacts 
could differ. 

o Common factor 2: Each case had several years of experience in the application of Lean, 
thereby eliminating false positives from organizations that experienced an initial rush 
of success. 

o Differentiating factor 1: None of the companies in the studies were in the same business 
or in direct competition. 

o Differentiating factor 2: All organizations had varying experience (excluding 
beginners, see common factor 2), thereby making it possible to assess if Lean maturity 
was a factor. 

• For Study 3, the approach was different. Given the nature of the research questions, it was seen 
as essential to only use one, very experienced, company for the study. Instead, four different 
production units, with almost exactly the same process and product, were used. Similar factors 
between the cases were increased, given the similarities of organization, process, product, and 
training. The differentiating factors were instead that each unit was in different countries with 
different cultural contexts. 
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3.4.4 Reliability 

This is a topic requiring some thought, given that the focus of research is multiple-case studies. Would 
a later researcher come to the same findings if studying the same cases following the same procedures? 
To satisfy this requirement, the following procedures were used for all studies following Yin (2009): 

• All cases and all studies were structured around case-study protocols developed specifically for 
each study. Where applicable (in Study 1 and 2), the protocol was verified through a pilot study 
and revised as necessary. 

• All interviews were structured around semi-structured interview protocols explicitly developed 
for the studies requiring interviews (Kvale and Brinkmann, 2009). 

• Observation protocols in Studies 1, 2, and 3, giving structure to the observation and comparison 
of different processes. 

• The results of each study were documented in a case-study database, including documentation, 
interviews, observations, and in some cases, artifacts, documents, and photographs. 

3.5 Role of the researcher 
Being an industrial Ph.D. candidate 
 
The role of an industrial Ph.D. candidate is a tricky one. Several counteracting forces and requirements 
have to be balanced. The two major stakeholders, academia and the sponsoring company, have different 
and sometimes conflicting requirements. 
The academic demands are strictly focused on the progression of the Ph.D. candidate. How do you meet 
the academic requirements and produce research that is at a sufficiently high level? 
Industrial needs are less formal and more focused on the utility of knowledge generated. In some cases, 
these requirements can be in conflict. The academic requirements are absolute and measured against the 
current frontier of research in the world. The industrial needs are relative and measured against the needs 
of the company regardless of where state of the art is. Therefore one strategy a Ph.D. candidate might 
use is to deliver two results. The primary result is delivered based on academic requirements, and the 
secondary result is focused on providing utility for the parent company. The secondary delivery might 
consist of information or knowledge that is not cutting edge but relevant to the situation the company is 
in. As a researcher, when reading through a vast amount of material required for referencing, part of the 
attention has to be turned to finding snippets of theory and information interesting to your particular 
company. However, being based in one company carries its own problems. As an industrial Ph.D. 
candidate, there is a risk of bias confirming the views one already has (Yin, 2009). The strategy used in 
this research is to include other companies and organizations in the research, apart from the one you 
originate in8. 
 

  
Figure 13. Role of an Industrial Ph.D. candidate  

                                                           
8 Personal observation:  
This has been important as every company and organization studied has revealed new aspects and surprising new insights. 
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3.6 Ethics in research  
Ethical considerations in Lean research might intuitively seem unnecessary. However, though the topic 
seems benign, one has to respect that the results, as well as the research process, can affect and possibly 
harm the people involved. Especially since an industrial Ph.D. candidate might have a higher 
probability of having research results enacted than a traditional academic Ph.D. candidate. 
 
Almost nowhere in Lean literature has a mention, discussion, or even a whisper about the ethics of Lean 
or research in Lean been found. This holds true for both management literature and research-based 
literature. It is as if the question of ethics does not exist. As discussed by Helgesson (2015), research 
ethics concerns both the research itself, as well as the consequences of research. Two aspects of the 
research results are important from an ethical perspective. First, how they affect the process itself, 
secondly, how the research results affect the people working in the process. Any ethical consideration 
in the application of Lean has to have both a process perspective and a resource perspective. Both might 
be negatively affected if Lean is implemented incorrectly. The first principle of any research is 
protection from harm (Salkind, 2012). 
 
This is an issue on several levels. The application of Lean in a process has the potential to affect many 
people’s lives. Lean calls for a fundamental shift within many organizations’ ways of working that 
affects every level of the process. This will have implications for the employees that could be perceived 
as negative. Therefore, there should at least be a moral discussion or even an ethical one (Helgesson, 
2015). 
 
As stated in Chapter 2.3.2, the idea of Lean is the sustainable, continuous reduction of the “Waste” of a 
process in order to increase productivity. “Do more with less.” Both the “more” and the “less” part can 
have negative implications for people. If there is no moral compass in how this is done, the results could 
be profound for the people affected. 
 
In a situation where the success of the Lean implementation project is in question, the protection of 
respondents is important (Salkind, 2012). Particular care has to be taken during the interviews and after, 
to provide deniability for the respondents (Kvale and Brinkmann, 2009; Helgesson, 2015). In other 
words, even if the respondent is not strictly anonymous, there has to be some mechanism in the research 
design that ensures confidentiality (Salkind, 2012). One such mechanism utilized in the studies was to 
interview several respondents with the same area of responsibility so that any particular information 
could have come from anyone with that specific competence. This has affected the research design and 
design of research protocols (see Chapter 3.4) 
Observation within case studies presents an interesting problem. Can the people observed in a process 
actually be considered volunteers? They are (often) employees, and they are (often) performing actions 
that they are paid to do. But have they really signed up for being scrutinized (observed), and do they 
really feel free to abstain from participation? How will their performance be affected by being observed? 
Care was taken in the studies to ensure that the participants were informed and understood the purpose 
of the observation. 
 
Though it is likely (by experience) that most people don’t mind being observed and there is no noticeable 
effect on their performance, there are no guarantees that close observation of individuals doing their 
work might not feel at least uncomfortable for the participants. Therefore, in every case study, some 
time was spent on getting to know the participants and to give them a chance both to understand the 
purpose of the research and to get to know the researcher as a person. 
 
An additional complication is how well the researcher understands and interprets studied phenomena. 
Lean is conceptually straightforward. However, drawing conclusions solely based on the conceptual 
level of Lean risks leading to results that are unintentionally misleading or completely wrong, 
unbeknownst to the researcher or practitioner. Therefore, ethical considerations for the researcher are; 
how well you actually understand the phenomena of Lean implementation so that you do not 
inadvertently draw the wrong conclusions and arrive at incorrect results? 
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Herein lies one of the benefits of being an industrial Ph.D. candidate; you might have actual experience 
of the topic being studied. This was especially important for Studies 3 and 4 (Chapters 3.2.4.3 - 3.2.4.4).  
 
Being an industrial Ph.D. candidate, you also have to consider the recipient of the research result. Or, 
more specifically, the management functions of the various processes that try to implement Lean. So the 
ethical questions when presenting research results lie in presenting results that illuminate the entire 
complexity of the system. The principle of parsimony (Berggren, 2016), meaning that results should be 
presented using as few terms as possible, and that presentation should be simplified, is a gold standard 
in research. But, even if simplicity is regarded as a virtue, the problems following the implementation 
of Lean might, in part, be due to a subconscious oversimplification. Following this reasoning, 
researchers interested in Lean have an obligation to be aware of the risks of oversimplifying the results 
and to avoid writing executive briefs, even if it is an apparent conflict with the principle of parsimony. 
The complexities of the results should be made clear to the recipients, even if they are management 
functions, as the understanding of the results might affect the employees in the process. 
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4 Research papers 
This chapter summarizes each of the appended papers describing the goal, method, results, and 
conclusion. 

4.1 Paper I. Exploring Approaches to Measure a Lean Process 
Purpose of paper 
This paper attempts to explore a practical method used to measure the implementation of Lean at a group 
level. It does so through assessing two lean methods dependent on each other, Standardized Work (SW) 
and Problem-Solving (PS). These methods, in conjunction, are used at a group level in a process in order 
to generate the results of the process and are here seen as fundamental to a Lean process. 
 
Method 
The research uses a multiple case study involving four globally active manufacturing companies. 19 
respondents responsible for the implementation of Lean in their organizations were interviewed 
following a semi-structured interview protocol. Seven groups were then followed and observed in their 
respective processes, studying the implementation of SW and PS in practice. 
 
Results 
The impact of a centrally defined method of SW was shown to be of limited importance in the practical 
application within the groups. Key factors for the success were when the groups expressed ownership 
of the process, and there was a direct connection to the results of the process, a correct workload, and 
leader demand. The methods of PS were superficially similar but turned out to be different in practice 
when comparing cases. 
 
Conclusion 
The evaluation method used was successful in providing comparable results between the different 
organizations despite the processes and purposes of the organizations being dissimilar. This was 
achieved through an assessment at the group level of the processes. The demands of value-adding work 
at this level are similar regardless of the process. This provides the lowest common denominator when 
comparing cases. 

4.2 Paper II. Examination of the Flexibility Paradox in a Lean System 
Purpose of paper 
The aim of this paper is to examine the connection between Lean and flexibility. Within the literature, 
it is common to find the view that Lean is inflexible due to its focus on standardized work and methods. 
Likewise, the opposite discussion can be found were Lean brings natural flexibility due to standardized 
work and other practices. This apparent paradox was the initiating impulse of this research.  
 
Method  
Two comparable cases were studied. In both cases, similar processes were observed, and the end product 
of the processes had the same purpose and size. Both companies had worked with implementing Lean 
for several years and could demonstrate relatively mature systems. A series of eleven semi-structured 
interviews were conducted, and the respondents described, based on experience, how their organizations 
would handle or had handled several different scenarios requiring flexibility.  
 
Results 
The results were somewhat surprising in that the analysis found that flexibility and Lean were 
independent of each other. Lean was neither directly flexible nor inflexible by itself. Also, the results 
indicated that flexibility was asymmetrical. The respondents indicated that considerably more effort had 
to be spent increasing than decreasing production. This was by itself a new finding not been found in 
any literature where flexibility factors are listed, but the asymmetry was not discussed. 
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4.2 Paper II. Examination of the Flexibility Paradox in a Lean System 
Purpose of paper 
The aim of this paper is to examine the connection between Lean and flexibility. Within the literature, 
it is common to find the view that Lean is inflexible due to its focus on standardized work and methods. 
Likewise, the opposite discussion can be found were Lean brings natural flexibility due to standardized 
work and other practices. This apparent paradox was the initiating impulse of this research.  
 
Method  
Two comparable cases were studied. In both cases, similar processes were observed, and the end product 
of the processes had the same purpose and size. Both companies had worked with implementing Lean 
for several years and could demonstrate relatively mature systems. A series of eleven semi-structured 
interviews were conducted, and the respondents described, based on experience, how their organizations 
would handle or had handled several different scenarios requiring flexibility.  
 
Results 
The results were somewhat surprising in that the analysis found that flexibility and Lean were 
independent of each other. Lean was neither directly flexible nor inflexible by itself. Also, the results 
indicated that flexibility was asymmetrical. The respondents indicated that considerably more effort had 
to be spent increasing than decreasing production. This was by itself a new finding not been found in 
any literature where flexibility factors are listed, but the asymmetry was not discussed. 
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Conclusion 
A direct connection between Lean and flexibility was not found, but in further analysis, an indirect 
connection was revealed. When changing or improving the process in accordance with the Lean 
production system of each company, flexibility could be seen as an attribute of Continuous 
Improvement. For instance, two solutions could be found to a problem that was equally efficient (thus 
satisfying the requirements of Lean), but one solution could also be more flexible than the other, thereby 
building in the ability to change quickly with few consequences, the next time a change was required. 
This flexibility might entail costs and be wasteful if that ability to change is not required.  

4.3 Paper III. Conceptions and Operational Use of Value and Waste in Lean 

Manufacturing – an interpretivist approach 
Purpose of paper 
In this paper, the concepts, definitions, and understanding of value (V), value-adding (VA), and waste 
(W) are explored from a Lean trainer’s viewpoint. The terms of V, VA, and W are commonly used in a 
Lean context to describe, analyze, and resolve problems within a process. They can also be used for 
training purposes when introducing new employees into the terminology and logic of the system.  
 
Method 
One large multinational company was the basis for the study, which followed the sixteen trainers in four 
different locations around the world. Each group of trainers at each site was divided into two groups and 
instructed not to communicate with each other. Both groups then observed the same process; one was 
instructed to classify the activities they thought were value-adding; the other group classified the 
activities they thought were waste. After observing two process steps in this fashion, the groups switched 
viewpoints (VA-W) and observed two more process steps. After the observation, both groups at each 
site summarized their observations and compared them for gaps and overlap in their classifications. 
They also discussed what lay behind their classifications.  
 
Results 
The results of the observations and classifications revealed a problem the respondents were not aware 
of. Assuming a binary relationship between value-adding activities and wasteful activities (a step in a 
process is either VA or W), they had typically been content just to map waste in any process, assuming 
that everything else was VA. By mapping both VA and W at the same time, observing the same process, 
they became aware that they were not aligned. An observed process could have either a gap between 
VA and W, indicating that some aspects were not classified at all, they could also have an overlap of 
VA and W, indicating that some process steps were being classified as both VA and W at the same time 
or they could be in compliance (± 5%) between VA and W.  
 
Conclusion 
Two dimensions were found that explained this discrepancy. Firstly the character of the work, ranging 
from mechanistic to craftmanship. Secondly, the trainers' approach to key concepts could range from 
rule-based to reflective. These two dimensions combined gave four distinct cases, where rule-based 
analysis/mechanistic work gave a quick and reasonably accurate result. Reflective analysis/mechanistic 
work also gave a reasonably accurate result but at a much slower rate. Reflective analysis/Craftsmanship 
gave a complex and accurate assessment of a process at a slow rate. But most interesting, a Rule-based 
analysis/Craftmanship gave a quick and inaccurate result with the twist that the respondents did not 
themselves recognize that the analysis was faulty. This blind spot could have significant consequences 
when analyzing a problem in a process. 
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4.4 Paper IV. Understanding Company-Specific Lean Production Systems. Is 

Lean getting lost in translation?  
Purpose of paper 
The purpose of this paper is to explore how Lean is translated from a generic concept to a company-
specific production system (XPS) through an idea-oriented translation. However, the concept of Lean is 
in itself not well defined, and therefore the research uses a multidimensional approach based on seven 
different views of Lean.  
 
Method 
Three different cases ranging from participants with a few years’ experience to several decades are 
approached in a multiple-case study. Groups studied are the organizations´ principal Lean support 
function, responsible for the dissemination, translation, and development of the XPS. In total, 25 
respondents participated in three separate workshops based on a research protocol and through a group 
discussion. This methodology enabled in-depth discussion within the groups defining the underlying 
purpose and definition of their XPS’s. Each case also had a visualization of their XPS in the form of an 
icon or an image in the tradition of Lean implementation (such as an image of a temple or a house). 
 
Results 
The case studies resulted in a total of 401 responses, explaining how the XPS’s of each respective 
organization is defined and functions. The responses are then analyzed and subdivided using the seven 
different views of Lean and visually compared in radar charts. Three charts are used for each case, 
illustrating how each XPS compares to the keywords used by the respondents and how the XPS is further 
explained. This enabled a comparison of the consistency profile of each XPS, in how it is described and 
how it is explained. 
 
Conclusion 
The translational process from a generic Lean concept into an XPS is problematic. Definitions and 
meanings can shift from the clear-cut visualizations of each XPS, through how they are defined, and 
how they are explained. The focus of the XPS can also range from narrow (almost single-minded focus 
on only one view of Lean) to broad (using several views of Lean covering more of the system). The 
results indicate that it is possible to understand and visualize the translational process. It is also possible 
to compare the profile of different cases despite superficial differences, but most importantly, the visual 
method of measuring and comparing provides a map of weaknesses, strengths, imbalances, and blind 
spots of the applications of the XPS. 

 

4.5 Paper V. A Systems Theory for Lean Describing Natural Connections in an 

XPS 
Purpose of paper 
This paper aims to understand and explore one of the most significant gaps in Lean. Lean is often 
described as a system. However, the description is not complete. Systems theory typically describes a 
system consisting of elements and connections. The elements of a Lean system are easily defined, but 
the connections remain undefined. The purpose of this paper is, therefore, to understand the nature of 
the connections between the elements in Lean. 
 
Method 
This was a multiple-case study based on three different organizations. Each organization had an 
expressed intent of working with Lean, and each of the organizations had been active in this pursuit for 
several years up to several decades. The respondents came from each organization's Lean expert group. 
The study was conducted in a workshop format where a series of questions were presented to each group. 
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The questions were designed to define and explore the XPS of each organization, trying to understand 
how each part of the XPS was defined and connected. 
  
Results 
Through the use of an analytical model based on an evolutionary approach, the dependencies between 
elements are seen as a duality, where one element provides a problem, and the connecting element is 
seen as a solution. The nature of the duality in one of need and utility. This connection also has varying 
levels of complexity where both the problem and the solution, could range from technical and 
straightforward up to intricate and complex.  
 
Conclusion 
The connections found within XPS’s of each case were plotted in a graph with the complexity of the 
problems on one axis and the complexities of the solutions on the other. This provided a profile 
describing the connections in the entire XPS. This profile can be used to classify and understand the 
XPS in a novel way and can also serve as a tool when establishing an XPS in a new organization. As 
became apparent in the workshops, this approach was also novel to the respondents, and the very act of 
asking what the connections actually were, created a whole new area of exploration and understanding 
for Lean experts in each organization. 
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5 Analysis 
This section describes how the conclusions of the research papers related to the gaps in Lean. The 
analysis attempts to contribute to a better definition of the gaps in accordance with the research 
questions.  
 
Table III. Analysis 

 Gap 1: Value –Value- Add–
Waste assumption 

Gap 2: Jargon problem Gap 3: System problem 

Paper I 
Exploring approaches how 
to measure a Lean process.  
 

The connection between 
Standardized Work and Problem- 
Solving. 

Local definition of each XPS 
dependent in process context. 

Different levels of 
standardizations were found, 
depending on the context. 

Paper II 
Examination of the 
flexibility paradox in a Lean 
system.  
 

Flexibility is seen as necessary to 
manage shifting customer demands.  
Flexibility is also asymmetrical. It 
is easier to change in one direction 
than another. 

Differences in vocabulary 
adjusted through Lean factors 
based on an underlying 
meaning. 

Lean and flexibility were 
found to be independent of 
each other and thus not 
directly connected. Indirect 
connection to problem-
solving found. Flexibility is 
asymmetrical. 

Paper III 

Conceptions and 
operational use of value 
and waste in Lean 
manufacturing – an 
interpretivist approach.  
 

The theoretically binary relationship 
between VA and W is explored. 
Dependent on the nature of work. 
Complex work cannot be clearly 
defined as either/or. 

Exploring VA and W at the 
same time exposed personal 
misunderstanding and mutual 
misconception not previously 
known. This came as a 
surprise to the respondents. 
A more rigid definition of 
Lean leads to increased 
conformity but decreases the 
ability to analyze a situation. 

The connection between 
definition and understanding 
of VA and W was more 
complex than previously 
assumed. 

Paper IV 

Understanding company-
specific Lean production 
systems. Is Lean getting lost 
in translation?  
 

 Idea-oriented translation 
from generic Lean, to XPS’s. 
Shifting description, 
explanation, and focus. 

Different Lean views show 
weaknesses and blind spots 
in the XPS application. 

Paper V 

A systems theory for Lean 
describing natural 
connections in an XPS. 

 Respondents explore and 
explain what they actually 
mean with their XPS. 

Defined the nature of the 
connections in a Lean system 
through an exchange of need 
and utility. 

Summary of all 

conclusions 

A pragmatic, utilitarian approach to 
V-VA-W is necessary, based on the 
ability to understand and solve 
current problems and, at the same 
time, build in the potential for 
change in accordance with the Non-
cost principle. 

 

There is a balance to strike in 
the definitions of Lean. There 
is a need for contextual 
adaptation at the same time 
that an organization has to 
speak the same language.  

 

A more in-depth definition of 
the dependencies of the 
system based on utility and 
need. It is necessary to 
establish the order of 
introduction of the tools and 
methods and to establish the 
synergistic effects in Lean.  

 

Gap 1  

Gap 1a: Value − Value-adding – Waste assumption, Response to external change 
Meeting customer demand and providing customer value are basic tenants of Lean. One of the problems 
organizations face, as discussed in Paper II, is customer requirement are not static. There can, for 
instance, be a change in the current offering, or increasing or decreasing the volumes customers demand, 
or other demands. It can be a demand for new types of products requiring an introduction of a new 
product and the removal of an old product from the process. All of these require a flexible response 
(Liker and Franz, 2011). One constant in these fluctuations is the requirement to keep costs low, 
regardless of the changes, in line with the Non-cost principle (Ohno, 1988; Shingo, 1989; Monden, 
2012). Therefore, the idea of customer-defined value cannot be static but has to adjust to meet changes 
in customer demand. This requirement adds a further aspect to how problems are solved, the addition of 
changeability to a solution. As discussed in Paper II, a solution should not only result in low costs in the 
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current application but should also be changeable and able to meet future shifting customer demand 
with flexibility (low cost). Adding to the problem is that flexibility is asymmetrical, adding the 
requirement for symmetrical changeability. Adjusting to meet an increase in demand was seen as easier 
than meeting a decrease, while at the same time keeping the process efficient. A solution to a problem,
according to the NCP, should incorporate symmetrical flexibility in order to build in a potential to meet 
shifting customer demands at a low cost. Providing customer value when demands are changing can, in 
itself, be seen as a problem requiring a solution in accordance with Paper I, as it forces the process to 
redefine Standardized work, the agreed-upon manner of working, through an influence that is outside
the system boundary. See Figure 14 (Based on Figure 8). 

Figure 14. Gap 1a connection between V and VA 

Gap 1b: Value − Value-adding – Waste assumption, Response to the internal requirement of
productivity 
Another factor discussed in Paper III is the relationship between Value-adding and Waste. The
relationship is typically seen as binary (Borris, 2014; Ohno, 1988), where an activity can either be 
classified as adding value (an external customer is willing to pay for the results) or an activity can be 
classified as wasteful (an external customer is not willing to pay for the results). However, Study 3 
exposes that VA and W can be seen as a continuum, depending on the character of the work process. At
one end of the continuum is mechanistic work. This is characterized by distinct and straightforward 
tasks with low complexity, easily separated, and understood by an external observer. These tasks can be
separated using the traditional binary relationship between VA and W. At the other end of the continuum 
are tasks that are complex and crafts-oriented, requiring skill and tacit knowledge. The nature of these
tasks, therefore, strongly affects the ability to assess the problems in a process. Not being able to clearly
distinguish VA from W can result in Muri (overload) and Mura (variation), as discussed in Chapter
2.3.2, which in the long run, increases costs. Therefore understanding the complexity of a task is 
necessary in order to properly assess problems and potential in a process in accordance with the Non-
cost principle. See Figure 15 (Based on Figure 8). 
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Gap 2 

Gap 2a: The Jargon problem, between concept and understanding 
 
The problem of definition, understanding, and enactment of Lean has been a reoccurring theme for all 
papers. Paper I discussed the application of the tools and methods described in Lean and noted how the 
groups applied the idea within their context. Sometimes the application seemed in apparent conflict with 
the conceptual ideas of Lean. The contextual dependency became apparent when comparing the different 
cases where the level of detail depended on the nature of the process and the groups' proximity to the 
results of their processes. In total, this resulted in local definitions and interpretations of the tools and 
methods of Lean. In essence, the same phenomena repeated in Paper II, where an interpretive layer was 
used to adapt the concept of Lean to the needs of a process. A respondent from one case might use the 
same vocabulary as a respondent from another case, but the details, nuances, or sometimes entire 
methods, would be different.  
 
In Paper III, it became apparent that the differences in meaning did not only occur when comparing 
different companies XPS’s. They occur internally in the same company as well, and the respondents 
were unaware of the differences. This could have two consequences when evaluating problems and 
productivity potential. As discussed in the previous gap (1b above), the respondents assumed a binary 
relationship between VA and W. Those respondents that adopted a reflective approach to complex work 
processes could, in time, make a reasonable judgment call and had a more nuanced discussion. 
Respondents with a rule-based approach would perform a quick assessment, which, when compared to 
the reflective approach, could result in a superficial and sometimes wrong assessment of the problems 
and potentials of the process. However, the rule-based respondents believed they had done a proper 
assessment and were not aware that they were addressing the wrong problems. As discussed in Paper 
III, understanding, therefore, lies in finding the balance between the conceptual ideas of Lean and the 
contextual adaptation, as both approaches have their place depending on circumstance. See Figure 16 
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Gap 2b: Jargon gap: Between understanding and enactment 

Study 4 resulted in Papers IV and V. Each paper had a different perspective and addressed different 
questions, but the study found that meanings and definitions could shift between those expressed in the 
XPS and when the respondents were asked to use their own words. When asked to further explain, in 
some cases, the explanations shifted focus again. This shift indicates a misalignment between the stated  
meaning, the understanding, and the enactment of the concepts. It is also in line with the findings in 
Paper III, where the respondents were not aware that they had a different understanding of the concepts 
of Waste and Value-adding. However, both Paper I and II captured the need for conceptual adaptation 
where, for instance, a process industry could not have the same enactment as a manufacturing industry. 
But, as the workshop approach in study four showed, basing the discussion on the utility of the tools and 
methods served as a calibrating mechanism for the groups. If a group can agree on the purpose of a tool, 
it results in a mutual understanding and agreement of each part of the system. See Figure 17 (based on 
Figure 9). 

Figure 17. Gap 2b Jargon gap 
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Gap 3: System gap. How do the pieces fit together? 
 
Understanding Lean as a system can be seen as a prerequisite for process efficiency in the long run 
(Dennis, 2017). Initially, once the XPS is in place, applications of the tools and methods can bring quick 
results (Netland and Ferdows, 2016). Picking the low-hanging fruit of the process. But as the XPS 
matures, the pace of process improvement can slow down (Netland and Ferdows, 2016). This could, at 
least in part, be understood through the systemic perspective. As discussed in Paper V, Lean 
practitioners, even in experienced organizations, were not used to viewing their XPS as an 
interconnected system. See Figure 18 (based on Figure 10).   
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In Paper I, the complexity of Lean became apparent as different levels of application were found in such 
a simple method as Standardized Work. In Paper II, Lean and flexibility were found to be independent 
of each other, and only indirectly connected, as flexibility was a potential attribute of problem-solving. 
Flexibility can be seen as an investment in the potential to solve future problems efficiently. Paper III 
connects people's understanding and mutual agreement of the concept of Value-adding and Waste to the 
complexity of work. In short, connecting understanding and complexity. Paper IV discusses weaknesses 
and blind spots that occur when Lean is applied piecemeal, causing problems the organization is unaware 
of. Paper V explores the nature of the connections within the system.  In general, even though the nature 
of the connection was not well defined in either the literature or through practice, it can be described as 
an exchange of the utility of an element and the need of the receiving element. This approach also falls 
in line with the calibrating mechanism of Gap 2b.  

6 Increasing the ability to solve problems in a production system  
Structured around a brief recapitulation of the underlying logic of the thesis, leading up to a discussion 
of the definition of the gaps in Lean.  
 
Over the years that have passed since results of the IMVP study were presented, Lean has spread and 
grown in popularity around the world, despite a low success rate (Bicheno and Holweg, 2016). The 
reasons are not always clear. Lean is a seductive concept since it addresses a problem that is recognizable 
in many processes, that of productivity. Despite its success in some organizations and companies, for 
most others, the concept fails to deliver on its promise (Hines et al., 2010; Liker and Convis, 2012; 
Emiliani, 2007; Jablonski, 2001). Something is clearly missing. Lean was initially presented as a five-
step process (Womack and Jones, 2003), and the presentation was intentionally structured as a story 
intended to capture the imagination of a broad audience (Holweg, 2007). The presentation was scant on 
details and heavy on promises “…doubled labor productivity…, …cutting production throughput times 
by 90 percent…, reducing inventories in the system by 90 percent…” (Womack and Jones, 2003, p 27). 
Further publications focused on details, as principles, tools, and methods that could be observed were 
introduced (Wilson, 2010; Hobbs, 2004; Feld, 2001). Yet it was difficult to succeed. This is the starting 
point for the research in this thesis.  

Since the IMVP study, much attention has been focused on understanding and researching various 
aspects of Lean (Netland and Powell, 2017). Lean is here seen as a part of the Operations Management 
domain (Holweg et al., 2018; Slack et al., 2016). The fundamental problem of Lean (the reason why it 
exists) is that of increasing productivity in a process (see Chapter 2.3.2). This problem is typically 
presented as the Non-cost principle, where the costs of a process are minimized by the elimination of 
waste in the process (see Chapter 2.3.2). Defining Lean as a concept is problematic, and many different 
views exist (Netland and Powell, 2017). Each of these views asks unique questions, and none of them, 
on their own, cover Lean in its entirety. In this thesis, the selection of views is limited to those seen as 
most important at the lowest operational level of a process, i.e., the group, or the team. These are put in 
relation to each other in a framework in Chapter 2.3.3. Other views exist but fall outside the scope of 
this research.  

The views of Lean all cover some aspects of Lean as a concept, but every view is not equally well 
defined. Some of the views have weaknesses where aspects do not connect, either through logic or 
practice, back to the fundamental problem of Lean (see Chapter 2.3.2). The relevance of these gaps, in 
accordance with the limitation of this thesis, are found in their relation to the group’s or team's ability 
to achieve results and, more importantly, to correctly perceive and resolve problems in their process.  

Lean gaps are positioned in the framework of Lean views and further discussed in Chapter 2.4., and are 
connected to each other as they affect and reduce some aspects of the group’s or team's ability to solve 
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problems in the process. The ability to solve these kinds of problems at the lowest organizational level 
is seen as the driver of the evolution of Lean (Fujimoto, 1999).  

In fact, all aspects of Lean have evolved through the experience many small solutions of many small 
problems distilled into rules of thumb or proto-principles shared in the organization over the years 
(Fujimoto, 1999). Each solution, in turn, generated other problems to be solved, which in turn led to 
new solutions in a web of interdependent methods, principles, and tools (Shingo, 1989, Figure 41).  

The term “problem” in Lean carries a particular meaning, traceable back to the founders of Lean, and 
their continuous endeavor to minimize cost (see Chapter 2.3.3.3). Given the history and near bankruptcy 
of Toyota, every unnecessary cost in the process had to be minimized or eliminated. The granularity of 
this view made the recruitment of the groups or teams into this effort essential. Every simple fractional 
cost was a target, in a massively parallel, and semi synchronized effort to reduce the costs of a process. 
“Costs do not exist to be calculated. They exist to be reduced” (Ohno, 2013, p 178). Raising the group’s 
ability to do this is an essential part of leadership in Lean (see Chapter 2.3.3.9). This also gives us the 
fundamental problem in Lean formulated as the Non-cost principle. Taking an evolutionary approach, 
any problem or solution in a process should be traceable back to the NCP. 

Given the importance assigned to the ability of groups or teams to solve problems, anything that reduces 
that ability is, in itself, a problem traceable back to the NCP. For organizations, other than the few that 
have successfully been able to integrate Lean, the gaps might not be evident. However, the gaps in Lean 
might affect groups' abilities to understand, solve, and integrate solutions regarding the problems they 
face. Therefore, any resolution of the gaps has to be measured against how much a group’s ability to 
solve problems increases.  

Several methods for solving problems have been distilled out of the collective experience of problem-
solving in Lean as a side effect of the effort to lower process costs (Bicheno and Holweg, 2016). This is 
made clear in Figure 6, where one branch leads to the problem-solving aspect of the system (five why) 
(Shingo, 1989). As with any of the principles, these methods of problem-solving are based on many 
people's experiences and divided into several steps (Shook, 2009).  Given this experience, the first step 
in resolving the gaps lies in defining them. This is the focus of this thesis and the source of the research 
questions (see Chapter 1.3). The analysis gives the following results:  

6.1 The first gap, the V-VA-W assumption: Increasing understanding.  
How could a “problem” in Lean be defined? 
 

Defining the gap (V-VA-W) is measured against the ability of the groups and teams in a process to 
understand their problems. Therefore, any definition of V-VA-W has to provide practical utility, 
avoiding theoretical constructs with little practical use. Based on the analysis (see Chapter 5), a number 
of factors have been found that can affect a group´s ability to describe and understand problems in their 
process (reduction of waste).  
 
Being able to respond quickly and with little expenditure of resources requires the introduction of 
changeability into the Lean concept of problem-solving. In other words, being able to adapt to new 
external demands should meet the same Non-cost principle requirement as the regular running of the 
operation. Therefore, an organization’s problem-solving ability has to be expanded with changeability, 
where a solution is not just evaluated by its ability to resolve a current problem but also how easily it is 
able to respond to future changes with little or no investment or cost. In addition, the solution has to be 
as symmetrical as possible with little consequence, if demand is increasing or decreasing.  
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The assumption that the value-adding activities in a process and waste in the process are inversely related 
is, as discussed in Chapter 2.3.1, an oversimplification. Accurately assessing the nature of the problems
in the process depends on an understanding of the nature of the work in that process. If the work has 
low complexity, the simple definition of waste traditionally used is sufficient. However, as work 
becomes more complex, understanding the nature of the problems in a process becomes more difficult
(see Figure 19). Therefore, an understanding of the complexity of work (see Figure 15)must be achieved 
before problem-solving and attempting to increase productivity, to avoid the risk of actually 
unintentionally increasing Muri and Mura, thereby inadvertently increasing the costs of a process instead
of decreasing it (Liker, 2004; Liker and Franz, 2011). 

Figure 19. Complexity of work 

Referring back to RQ1: How could the gap of the Value – Value-adding – Waste assumption be

defined?

Gap 1 is defined by the ability to properly understand problems in order to sustainably reduce costs. 

The FP of Lean is that of cost reduction through the reduction of waste. As given in the analysis above, 
this requires that any solution should include a measure of changeability. Therefore, a solution in a 
process should not only have a low cost right now but must also be able to be changed at a low cost. 
Such potential is essential as customer demands are not static; they fluctuate. If a process is not able to 
follow the dance of changing customer demands with little consequence, unnecessary costs will occur 
as a result.

Therefore: Solutions should not only be evaluated based on their ability to meet the Non-cost 
principle requirements under current conditions but also have to be evaluated by their ability 
to meet changing demands with little or no cost through symmetrical changeability. 

Also, to meet the Non-cost requirements, the complexity of work has to be assessed before attempting 
to reduce waste, as a simple definition of waste can result in an overly simplistic problem description.
This can result in the addition of unintended Mura and Muri (overburdening and variation), thereby 
increasing the costs of the process in the long run (Liker, 2004; Liker and Franz, 2011). 

Therefore: Problems have to be understood not only through a classification of waste but
through study and evaluation of the complexity of the work in a process. 

These conclusions affect the problem-solving ability at the group level, which is the center of Lean
(Bicheno and Holweg, 2016; Liker and Hoseus, 2008; Fujimoto,1999). It also affects the nature of what
can be accepted as a viable solution, and it affects the understanding of how to evaluate a problem.
These realizations should increase the ability to resolve the fundamental problem of Lean and contribute
to the definition of the V-VA-W assumption. 
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6.2 The	second	gap,	the	Jargon	problem:	Raising	ability.		
How is Lean understood and enacted in an organization? 
 
Defining the gap (JP) is measured against the ability of individuals and teams to understand and enact 
Lean in order to solve problems in the process. Therefore, defining the JP has to provide an increased 
ability to run the process efficiently, and also, to use the tools and methods of Lean to solve problems. 
With a base in the analysis (see Chapter 5), several factors, such as context and proximity to the results, 
could affect a group’s ability to work in an efficient manner. 
 
Some interpretation and translation were, therefore, necessary to adapt practice to external 
circumstances (Langstrand, 2012; Bicheno and Holweg, 2016). At the same time, adaptation carries its 
own risks (Mann, 2005). Finding the right level of adaption to suit the context without losing the intent 
of the tool or method can be seen as a form of problem-solving (Monden, 2012). Therefore, adaptational 
solutions also have to be compatible with the Non-cost principle, or cohesion of the XPS will be at risk.  
 
Also seen in the analysis, it was not uncommon that there was a misalignment between the stated purpose 
of the XPS and how it was described and explained by respondents. The respondents typically did not 
indicate awareness of the differences between their understanding, the stated purpose of the XPS, or a 
misalignment between them and their colleagues. As seen in Study 3, this affected the ability to describe 
and understand problems. This carries the risk that solutions will be based on partial understanding and 
incomplete coordination within the organization.  
 
Referring back to RQ2: How could the Jargon gap be defined? 

Gap 2 is defined through balancing contextual adaptation and the purpose of the XPS. This is done 
through an organizational synchronization of meaning and practice through an understanding of utility. 

 
Contextual adaptation of practice would seem unavoidable, as the needs and nature of each process 
strongly affect what can be seen as a problem and also the importance of a particular problem 
(Langstrand, 2012, Bicheno and Holweg, 2016). Therefore, there is a need to clarify how the generic 
tools and methods can be adapted to suit the context and avoid a dogmatic view of Lean. This has to be 
done while retaining the intended purpose and connection to the FP of Lean. In other words, when 
adapting Lean tools and methods, care should be taken to ensure costs are kept in control, and the 
resulting XPS makes sense. 

 
Therefore: Interpretive freedom is necessary to find a balance between the contextual 
adaptation of tools and methods while at the same time retaining the overall purpose of the XPS 
in accordance with the NCP.  

 
There is a risk of methodological drift if it is up to anyone to interpret the tools and methods as they like 
based on superficial understanding (Emiliani, 2007). Even when an individual attempts to solve 
problems with the best of intentions, unsynchronized problem-solving potentially leads to sub-
optimization of the whole process, creating efficient islands in a sea of waste (Modig and Åhlström, 
2012; Bengtsson and Osterman, 2014). Such a risk may be countered by ensuring the entire organization 
agrees on the purpose of every part of the XPS and has a deeper personal understanding focused on the 
utility of the tools and methods.  
 

Therefore: Understanding has to be synchronized in the organization based on the utility of 
each tool and method.  
 

These conclusions affect the problem-solving ability of an organization. The ability to solve the right 
problems depends on an understanding of the context of the process. Applying Lean textbook solutions 
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carries the risk of increasing the costs of a process in the long run (Hines et al., 2010). At the same time 
interpretative freedom has to be curtailed by an organizational agreement of the utility and dependency 
of the tools and methods, enabling a deeper understanding of the purpose of each tool and method in 
Lean.  
 

6.3 The	third	gap,	the	System	problem:	Finding	solutions.	
How does Lean connect as a whole? 

Defining this gap (SP) is measured against the ability to implement solutions in a process without 
unintended consequences. Therefore, defining SP has to provide a practical understanding of how Lean 
works as a whole, clarifying cause and effect in the entire system (Dennis, 2017; Shah and Ward, 2007). 
Based on the analysis (see Chapter 5), two aspects have been found, which may affect the understanding 
of the causal links in Lean when seen as a system.  
 
Given the evolution of Lean, the tool and methods can be seen as elements in a system (Fujimoto, 1999). 
The elements are interconnected and depend on each other. This is also connected to the Jargon problem 
above (Gap 2a). The XPS acts as a coherent whole, where all aspects of the system rely on all other 
aspects, directly or indirectly (Shingo, 1989). Therefore, any solutions to new problems or contextual 
adaptation of the tools and methods of the XPS have to account for this. When finding solutions based 
on a contextual adaptation of a tool or method, the connections and dependencies vis-à-vis other 
elements of the system have to be taken into account. This requires an understanding of the nature of 
the connections.  
 
As a consequence of the systemic aspect of an XPS, the order of application of the tools and methods 
depends on where in the system the organization has weaknesses in the XPS, as seen in Study 4 (see 
Chapter 3.2.4.4). The elements of the system have to be put in place, depending on the particulars of the 
context of the organization. Some processes have strengths that others lack. The same goes for 
weaknesses. This order cannot be perceived without at least an informal understanding of how the 
solutions (elements) of the system connect.  
 
Referring back to RQ3: How could the System gap be defined?  

Gap 3 is defined through the needs and utility generated by solutions within the XPS. 
 
Solving a problem in an XPS based on the NCP can be difficult. Unintended side-effects of the solutions 
(such as a need for new information or more resources) can be managed if you understand the utility of 
the solutions, as discussed above in the Jargon problem. A more subtle effect is how the solutions affect 
every other solution already in place. A change can also have an unintended knock-on effect, where 
already established methods and tools will also have to be changed as a consequence. The consequences 
of a solution could ripple through the process, and there is a risk of an unintentionally increased cost of 
running an operation.  
 

Therefore: The utility of a solution will have to be balanced against the needs that the solution 
creates and how it affects other parts of the system.  

 
Integrating Lean in a process will also have to be connected to the current strengths and weaknesses of 
the process. There seems to be no approach that will fit any organization under all circumstances. One 
process will have to have a different starting point than another. However, since it is a system, this means 
that the next step of the integration will be a consequence of the starting point if the system is to function 
as a whole, and not just a collection of separate tools and methods. This approach is based on the 
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evolutionary approach used in the development of TPS (Fujimoto, 1999), where one part of the system 
builds upon the previous one.  
 

Therefore: The order of application of the tools and methods is determined as a consequence of 
the contextually dependent starting point in evolutionary growth. 

 

6.4 Connecting	the	definition	of	the	gaps.	
Defining the gaps is the first step to solving them. As discussed in Chapter 2.4.5, the gaps are connected. 
Each of them affects the ability to solve problems based on the FP of Lean at the lowest organizational 
level of the process.  
 
The first gap (Gap 1: V-VA-W assumption) comes from a weakness in the ability to formally describe 
the right problems to solve.  
 
The second gap (Gap 2: Jargon problem) is based on the difficulty of understanding Lean on a personal 
level and transforming that understanding into action, both as individual employees and as a group. This 
concerns both the operation of the process and the ability to actually solve problems.  
 
The third gap (Gap 3: System problem) is in the problem of understanding how solutions to particular 
problems can have effects on other parts of the system.  
  
Together gaps interact and affect an organization's ability to integrate Lean successfully. See Figure 20 
(based on Figure 11).  
 

Figure 20. Connecting gap definition. 
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7 Conclusion 
This chapter discusses some of the general conclusions that can be drawn from the research and the 
theoretical and practical implications. 
 

7.1 General conclusion 
It is quite possible that the caveat “Lean is not well defined” will always be valid. The same probably 
goes for every field within Operations Management or any socially based research. As research 
progresses and more is learned about the phenomena studied, new questions will arise, and the field of 
study will never be completely defined. However, the point made in this research is that, even though 
Lean probably never will be fully defined, one can always attempt to achieve a better definition than 
before. It can never be enough just to be satisfied, claiming that “Lean is ill-defined,” and not attempt 
to do anything about it.  
 
This is a field of research partly concerned with the study of human behavior within a socio-technical 
process (Bicheno and Holweg, 2019; Holweg et al., 2018; Mann, 2005), the purpose of such a process 
can be related to the Fundamental Problem of Lean. Will the practices in place help improve the results 
of the process, and will they act according to the Non-cost principle? Are the total costs reduced as a 
consequence of an understanding of value and waste? Are the people in the process able to understand 
and eliminate problems in the process? Therefore, even if Lean cannot be adequately defined, it can be 
better defined than it is. The fact that this is a never-ending journey should not discourage researchers 
from trying, or at the very least, not accepting the definitional problem as a given. There are several 
important implications of this conclusion, both theoretical as well as practical.   
 

7.1.1 Theoretical contribution  

A clearer, albeit imperfect, definition of Lean could have several implications. The first gap, the V-VA-
W assumption, describes a problem in how the underlying logic behind Lean is constructed. Even though 
the NCP (Ohno, 1988; Ohno, 2013) is easy to understand, it on shaky ground. The mechanism for 
actually translating an idea of customer value into measurable and defined steps of value-adding, which 
in turn gives a definition of how problems are perceived and, in turn, how problems are solved in a Lean 
system, as discussed by Womack and Jones (2003), is unclear. This ambiguity could also affect how 
empirical results from any research are interpreted. The possible analysis of results and resulting claims 
depends on having a stable theoretical foundation (Booth, 2008; Creswell, 2009; Bryman, 2011). 
Recognizing the gap and integrating a slightly better definition into the analysis could, potentially, 
provide the researcher with better analytical tools. How does the process you are studying connect with 
its customers? How is a “problem” defined in a process? Does the XPS actually make sense?  
 
The Jargon problem causes another set of issues for research into Lean. Quantitative research, based on 
a survey research methodology, typically assumes that Lean terminology is understood by the people 
answering the survey (Bryman, 2011; Creswell, 2009). As seen in Study 3 and 4 above, this assumption 
is problematic as individuals, though they have a formally defined XPS to refer to and agree upon, have 
different levels of underlying understanding and experience. The personal interpretation might differ 
from the inherent logic of the system, as discussed in Paper IV, even though there might be a superficial 
definition of the XPS they can recite. Also, they might also be unaware of their own lack of 
understanding, as discussed in Paper III. In addition to the personal understanding of Lean, there is the 
Jargon problem of mutual agreement (where people in a group might think that they are in agreement, 
but in actuality, they mean entirely different things) as discussed in Paper IV.  
From a research perspective, this creates some issues that have to be taken into account. Recognizing 
that a group of respondents might actually understand the supposedly common terminology differently 
leads to an increased demand for careful research design, including carefully selected calibrating 
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measures. As shown in Studies 3 and 4, a formalized XPS in use for a few years might provide 
terminology that people refer to in the same way, but the actual mutual understanding of the concepts 
are shown to be superficial and/or shifting, as seen in Paper IV and V. This is even more valid if the 
researcher uses surveys as a basis for data gathering. A more subtle but important aspect to consider in 
the design of research is the researcher's own understanding of the topic. A possible method is to utilize 
the Fundamental Problem of Lean as a calibration tool in the design of the research. If an XPS, the 
reasoning of respondents, or indeed, the researcher's own assumptions, cannot be logically connected to 
the FP of Lean (expressed as the NCP), some caution should be exercised in the analysis and design of 
research. Therefore a more rigorously defined vocabulary and, more importantly, a check for consistent 
understanding and agreement on terminology and its meaning is essential to increase the validity of both 
qualitative and quantitative research (Bryman, 2011; Creswell, 2009).  
 

The third gap in Lean is the System problem. This gap is particularly problematic from a research 
viewpoint. When analyzing data gathered through qualitative or quantitative methods, the interpretation 
depends on the researcher's understanding of causal effects within the phenomena studied (Corbin and 
Strauss, 2015). This might lead to two problems; false positives and false negatives. The false-positive 
occurs when the analysis shows a correlation between two aspects and conclude that they together cause 
a result. Without a more in-depth description of how these two aspects are connected and depend on 
each other in some way, there is a risk that this conclusion is incorrect. The same logic goes for getting 
a false negative in the analysis. 

Without a tool or method by which to study Lean as an actual system, describing both the elements of 
an XPS and the connections within that system, it can be challenging to understand and describe cause 
and effect in an analysis. Moreover, a researcher might also be unaware of this aspect. Recognizing the 
System problem within Lean provides an additional perspective to ensure the validity of any analysis in 
Lean research. The inclusion of the connections in the system into the research design will, at least, 
provide additional data. 

7.1.2 Practical contribution 

It has been a long-standing truth in the Lean research community that many attempts to integrate Lean 
into a process fail (Hines et al., 2010; Liker and Convis, 2012; Emiliani, 2007; Jablonski, 2001). Even 
though there have been several attempts to remedy this, the vast majority of attempts seem to have 
yielded little or no results. From a practitioner's viewpoint, the first gap (the V-VA-W assumption) is 
straightforward. Understanding customer value will always be difficult even though it provides a 
convenient teaching tool (Ohno, 2013). Instead, one possible approach could be to acknowledge that 
customers’ demands change and that changeability, therefore, has to be included as a factor when 
assessing solutions. Instead of finding ever more precise definitions of waste trying to add to the 
precision of the model (Monden, 2012; Ohno, 2013), the measure could instead be the relative 
development of the process in relation to the Non-cost principle. As long as overall costs are 
continuously decreasing, productivity is improving. The added bonus is the increase in experience for 
the people working with problem-solving. Keep the momentum going and utilize this experience to 
develop new solutions and principles, akin to the evolutionary development of TPS (Fujimoto, 1999; 
Shimokawa and Fujimoto, 2009).  
The second gap (Jargon problem) is more difficult as it requires balancing a contextual adaptation with 
conceptual intent (Bicheno and Holweg, 2016; Liker and Hoseus, 2008; Mann, 2005). But here too, the 
solution perhaps lies in gaining experience. Instead of presenting Lean as a topic to be studied, Lean 
could be the end result of a long chain of solved problems. The definition of what a “problem” is, serves 
as the starting point (Liker and Franz, 2011; Rother, 2010; Shook 2008). Standard practice and 
agreement arise in the mutual effort of problem-solving, where a solution to one problem serves as a 
starting point for the next (Liker and Franz, 2011; Rother, 2010). 
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This leads us to the third gap (System problem), which perhaps will be more problematic than the 
previous two. Understanding the connections of an XPS, how the tools and methods interact and connect 
requires some levels of abstraction (Dekkers, 2017). In an evolutionary developed system, the 
documented XPS can serve as an organizational memory of manufacturing capabilities (Fujimoto, 
1999), but perhaps the concept should be expanded. Instead of illustrating the XPS in the conventional 
way (typically through the symbol of a temple or house), the XPS should perhaps be illustrated as an 
interconnecting web, clearly depicting not only the tools and methods but also visually, illustrate and 
explain the connections in the system. 
 

7.2 Future research 
So, is the research done? Most likely not. There are a few more probable gaps in Lean that fall outside 
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mechanisms and how experience is preserved in an organization. The Management gap is perhaps more 
surprising, considering how much research attention has focused on the area. Nevertheless, when 
looking at the results and the supposed role of a Lean manager, it is clear that something is missing. 
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