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Abstract 

This paper explores if Lean is to be considered flexible or not. A multiple case study in the 

automotive industry is conducted to find the dependencies between Lean and flexibility. Since 

many definitions of flexibility and Lean exists, a pragmatic approach is sought where each 

cases own definition of Lean is used to analyze if the factors that enable flexibility are to be 

considered Lean or not. The context of this paper is volume and product flexibility. 

Lean and flexibility are found to be independent of each other in a direct sense. However, 

indirectly it is found that flexibility in a Lean context is achieved through decisions made 

when finding solution during problem solving. Also, the level of flexibility can also be seen as 

a decision. Therefore Lean in itself cannot be regarded as either flexible nor inflexible but 

flexibility can be achieved when choosing solutions to particular problems. 
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1 Introduction  

In which the paradox is presented and a research question proposed. 

 

As customers worldwide are demanding a greater product variation, there is a need to handle 

more diverse products and fluctuating volumes on the same production line thus giving rise to 

the need of both flexible and efficient production systems. In order to be efficient many 

companies have chosen to adopt Lean as an integral part of their production systems. 

However, there seems to be an ongoing discussion within the research community whether 

Lean can be considered flexible or not. 



1.1 Lean is flexible 

On one hand Lean can be seen to be flexible. For instance, the more modern and flexible 

aspects of Lean production lead to it supplanting mass production (Stone, 2012). Indeed, 

achieving flexibility within production, as well as efficiency through the complete elimination 

of waste, was one of the most important motivations for Taiichi Ohno in his development of 

the Toyota Production System (TPS), (Liker, 2004) (Ohno, 1988). 

 

In the book The machine that changed the world the authors describes how the flexibility of 

TPS allows Toyota to supply the variety the customers wants with little cost penalty 

(Womack et al., 2007). 

Also, flexibility and responsiveness is seen as critically important and a driving force behind 

the implementation of Lean production as the shortened lead times will give the ability to 

respond to abnormalities more quickly (Wilson, 2010). 

 

Expanding the view, through benchmarking and studies, Lean has spread between companies 

and can be considered normal within a large range of manufacturing industries. When 

examining the common characteristics of different companies with Lean production systems it 

was found that flexibility ranked as twenty-two of the forty-six principles found, indicating 

that it is a fairly common view among the companies that Netland (2012) studied. 

 

1.2 Lean is not flexible 

On the other hand there are a number of researchers arguing for the inclusion of other 

production paradigms such as, Agile manufacturing systems or Flexible production systems, 

implying that there is a need for flexibility which Lean does not offer. 

 

For instance, in the paper Leagile manufacturing: a proposed corporate infrastructure, the 

authors describe Lean as focusing in reduction of waste and streamlining flow whereas Agile 

aims to be more flexible and adaptive and therefore proposes the combination of the two into 

a Leagile system through decoupling points (Krishnamurthy and Yauch, 2007). 

 

Other researchers holds a similar position where Lean is seen to outpace Flexible /Agile (F/A) 

manufacturers in stable environments because there is no need to adapt. But not so in a 

turbulent environment because the Lean strategy sees extra resources as waste, whereas F/A 

uses them to respond rapidly to change (Duguay et al., 1997). 

 

Another example is a study examining the technical validity of Hybrid Lean-Agile 

manufacturing systems. Lean manufacturing is defined as principally focused on reduction of 

the seven wastes and Agile manufacturing uses flexible technology and trained human 

resources to respond to changes in customer need and market demands (Elmoselhy, 2013). 

  



1.3 Research question 

These discussions guide into the objective of this paper, to explore how flexibility is 

connected to Lean and leads to the following research question. 

 

 What are the dependencies between Lean and flexibility? 

 

Based on this question, a multiple case study of assembly production lines in the automotive 

industry is conducted to better understand what flexibility entails in a Lean system. Together 

with observations, 17 interviews are conducted to further analyze the research question at 

hand. 

 

2 Literature Review 
Wherein Lean and flexibility are defined. A pragmatic approach is sought. 

 

2.1 Defining flexibility  

The extensive body of knowledge regarding flexibility is divided in different categories. At a 

manufacturing decision level, it is considered an important attribute as well as cost, time and 

quality(Chryssolouris, 1996). In addition, there are a wide range of definitions that refer to 

diverse aspects of flexibility such as those defined by Brown et al. (1984) for flexible 

manufacturing systems, regarding machine flexibility, process flexibility, product flexibility, 

routing flexibility, volume flexibility, expansion flexibility, operation flexibility and 

production flexibility. For the purpose of this study, volume and product flexibility will be 

further described. Brown et al. (1984) defines volume flexibility as the ability to operate 

profitable at different production volumes which could be achieved by multipurpose 

machines, non process dedicated layouts, and automated material handling systems. Product 

flexibility is defined as the ability to changeover to produce a new (set of) product(s) very 

economically and quickly. 

 

Sethi and Sethi (1990) defined flexibility and presented an ample analysis of flexibility and its 

dimensions. The definitions of volume and product flexibility are very consistent with those 

presented by Brown et al. (1984). 

 

Upton defined flexibility “as the ability to change and react with little penalty in time, effort, 

cost or performance” (Upton, 1994). 
 

Considering the increasing demand of customized products and uncertainty, companies deal 

with more complexity in their processes and therefore the strategies they adopt to deal with 

flexibility could have different implications. These implications are defined to be Flexibility 

factors for the purpose of this paper.  

 

2.2 Defining Lean  

From its first definition when the term was originally coined (Krafcik, 1988), through the 

works done by International Motor Vehicle Program (IMVP) at MIT and published in the 

book The machine that changed the world (Womack et al., 2007), Lean has remained an multi 

facetted concept. It can be argued that much of its popularity can be traced back to the 

publication of Lean thinking (Womack and Jones, 1996) in where the concepts of Takt, Flow, 

Value and Muda (waste) and many others were made available to the general public. 

  



Even though the understanding of the concept was deepened by books such as The Toyota 

Way (Liker, 2004), Evolution of Manufacturing Systems at Toyota (Fujimoto, 1999) , and 

Toyota Production System: An Integrated Approach to Just-In-Time (Monden, 2012), the 

concept of Lean production has remained difficult to clearly define. Some writers have 

pointed out that Lean and Toyotas Production System are not the same, but there is no 

denying that there is a close kinship. In many practical cases Lean can be seen as a 

development from TPS (Sörqvist, 2013). 

 

Many of the defining principles date back to the work done by Taiichi Ohno during the 

middle of the last century and whose thoughts were late published in Toyota Production 

System: Beyond Large-Scale Production (Ohno, 1988). With all this information available it 

would seem that Lean as a concept should be well defined and explored.  

 

However, as Pettersen (2009) concludes in his paper Defining Lean production: some 

conceptual and practical issues, where he reviews the contemporary Lean literature, no 

aggrement on what contitutes a Lean system can be found. In practical terms this seems to 

matter little, as he also states that there seems to be an alignment of the operational terms that 

define the concept (Pettersen, 2009).  

Therefore the intent of companies to work with Lean is seen to be important for the context of 

this paper. This intent seen in each companys XPS, a term defined by Netland (2012) meaning 

a company (X) specific Lean production system. The XPSs of each case will be used in the 

analysis to evaluate if a flexibility factor is to be regarded as Lean or not in the context of that 

company. 

 

3 Research Methodology 

The following chapter describes the design of the case study, as well as contextual 

considerations. 

 

3.1 Case study design 

For the purpose of this study, two manufacturing companies have been selected. The cases 

where chosen as they assembled comparable components. The final products made by the 

companies are dissimilar. The cases are not in direct competition with each other.   



Case A 

Case A is an international Business to Business and Business to Consumers manufacturing 

company. Two processes were studied. 

 

The process organization of case A is based on a division of the components into AA type, 

AB type and AC type onto separate lines. Every component is customer specific and they are 

consolidated into sets at a shipping point, where AA/AB/AC are combined and shipped to the 

final assembly where they are added to the end product of the company. The strategy also 

means that the component lines may be out of synchronization without immediate 

consequences for the final process as the buffers at the end of the lines can handle the 

differences up to the consolidation point. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Illustrative visualization of the production area of Case A.  

 

Case B  

Case B is a manufacturing company. The products are sold Business to Business and Business 

to Consumers. Three processes were studied. 

 

The process organization of case B is based on several lines where sets of components are 

manufactured in sequence. The difference between the lines is that each line is dedicated for a 

specific customer category. These are here designated as component BA, BB and BC. The 

components are already consolidated as they leave their lines and can be shipped to other 

plants in which the components are added to others, thus making the end product of the 

company. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Illustrative visualization of the production area of Case B.  
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Similarities and differences between the cases 

Although the main component of case A and case B are largely similar in size and purpose, 

the number of variants in case A is significantly higher than for case B. The setup of case A is 

more sensitive to imbalances caused by the amount of work in components of the same type 

but with different configurations. The number of stations in the process of case A is higher 

than that of process B. The cycle time of a single station in the process of case A is 

significantly lower than for the stations in case B. Internally the cycle time for the AA, AB 

and AC lines of case A are roughly similar, depending on specification of end product as the 

lines are indirectly dependent on each other. If one line increases its pace the other lines must 

follow. For case B the cycle times are different and the lines are independent from each other. 

 

Lean maturity of the cases 

Case A and case B were chosen as they both are companies that are mature within Lean as 

they have many years experience in the principles as well as the practical application. Both 

companies have a central Lean support function that calibrates and aligns the structure of the 

Lean principles. Both work with standardized work processes in Takted flows and have a 

group-team leader organization as the lowest organizational unit as well as standardized 

processes for problem solving and continuous improvement. 

 

The Lean production system of the cases.  

Apart from the practical applications that are common for companies with Lean intentions 

both cases have their production system defined and use a visual depiction of their XPS where 

the fundamental principles are described. However, further details of the XPS of each case 

will not be presented in this paper for anonymising purposes. The XPS of each case are 

similar to a large extent and comparable between each other. 

 

3.2 Pilot study and interviews 

Prior to the main interviews two separate pilot studies were conducted. One at each company 

where the case study protocol was evaluated and refined. The groups used for the pilot studies 

were chosen based on the similarity to the process that was the focus for the main study, but 

was not otherwise directly connected. The case study protocol was significantly revised after 

the first pilot study as it was found that the original phrasing of the questions was difficult to 

understand for the respondents. The questions where further revised after the second pilot 

study to ensure the logic and comparability of the answers from the different respondents. 

 

Interviews were conducted with two interviewers where one asked questions in accordance to 

the protocol and was mainly responsible for the dialogue with the respondent. The other 

interviewer took notes and occasionally interjected with additional questions. The interviews 

of the main study were recorded in addition to the notes taken. 

 

All respondents read and signed an informed consent explaining the purpose of the interview 

and study as well as giving the information that the results would be anonymised and 

participation was entirely voluntary and they could choose to withdraw from the study at any 

time. In addition, questions directed at understanding the specific conditions of the 

respondents process, as well as their background and education, were added. 

 

  



The respondent where chosen as they represented a function, either management, logistics or 

industrial engineering, that was connected to a certain process in the companies, giving a total 

of six functions and seventeen respondent as detailed in the following table. The functions 

were chosen due to their relation to flexibility (Svensson Harari et al., 2013). 

  
Table No. I Data collection overview 

Function Interview  
Duration (minutes) 

 Interview  
Duration minutes) 

CASE A CASE B 

Production Management  

Pilot - Pilot - 

1 66min 1 52min 

2 55min 2 55min 

Industrial Engineering 

Pilot - Pilot - 

1 52min 1 59min 

2 58min 2 55min 

Logistics 

Pilot - Pilot - 

1 55min 1 34min 

2 58min   

 

The respondents were also asked to illustrate the layout of the process with which they were 

connected as well as the organizational structure. This gave a sense of scale and proportion 

and organizational boundaries and responsibilities which would later be verified through 

observation.  

 

In order to verify the information given from the respondents, but also to better understand the 

details of the answers given, each process was observed following a case study protocol (Yin, 

2009). Basic process information such as Takt time, layout, flow, results and functional 

boundaries were noted. No significant discrepancies between the information given by the 

respondent and the observed process were found. 

 

3.3 Case study protocol 

The case study protocol was designed based on the need to find factors that enable flexibility 

within the processes. The effect of flexibility around five different scenarios are investigated. 

The scenarios where chosen with focus on volume and product flexibility. 

 

S1. Increase of volume 

S2. Decrease of volume 

S3. Change of sequence 

S4. Introduction of a new product 

S5. Removal of a product from production 

  



 

Each scenario stated above, was further broken down into sub-questions designed to capture 

the factors that are important for flexibility in the process. In general, sub-questions for each 

scenario where organized according to the following logic.  

 

a. In what way is the process affected by (scenario SX)? 

b. What factors are important to succeed when (scenario SX) occurs? 

c. Do you have (documented) routines of what needs to be done in (scenario 

SX)? 

d. What problems or obstacles would prevent you from (scenario SX)? 

e. How are these problems resolved? 

f. What is the cost in time/money? What is the price of flexibility? 

 

(scenario X meaning any of the scenarios stated above) 

 

The sub-questions were designed to understand flexibility within each process as well as the 

success factors and problems. The specific phrasing of each question varied depending on if 

the respondent represented management, logistics or industrial engineering but the underlying 

logic was the same.  

 

3.4 Analysis 

All main interviews were transcribed and analyzed to find the factors that the respondents 

named as important for flexibility in response to the five scenarios. Inspired by Creswell 

(2009) the responses where organized into groups. The interviewers analyzed the answers 

independently and compared the results. 

 

The main author grouped the factors and compared them to the XPS used by each case. The 

groups consist of factors given by different respondents that have the same meaning. For 

instance, if a respondent reported “Takt change” and another “Takt increase” in response to 

the scenario Volume increase, the responses where both grouped as “Adjusting the takt” and 

regarded as a Lean factor whereas the grouped factor “Adjusting the manning” was not 

regarded as a Lean factor. The number of different factors that the respondent regarded as 

important for each scenario was noted. A further classification was to differentiate the 

response from case A and case B but no distinction was made between the functions. For 

further details see the tables below.  



 

3.5 Context, conditions and limitations of study 

The study is based on two large Swedish companies. The cases where chosen because it is 

essential for the study that the companies are experienced in Lean. The cases also have to be 

similar in the products to ensure comparability as well as dissimilar in the organization of the 

processes to give a larger range to the cases. 

 

The study is a multiple case study, as defined by Yin (2009), with a qualitative approach 

inspired by Creswell (2009). Moreover, as suggested by Yin (2009), the questions were 

organized logically in a case study protocol to ensure reliability. Further data was collected 

using an observation protocol. The case study protocol was also used for semi structured 

interviews (Bryman, 2008), where people in various positions that are either affected by or 

responsible for the application of flexibility in a Lean context were interviewed.  

 

A significant limitation in the study is that only assembly processes with connected support 

processes where studied. Thus only flexibility that was important in an assembly process was 

considered. Also, the interviews were conducted to a management level. Results from the 

analysis are presented in next chapter. 

 

4 The empirical investigation 

The following chapter describes the results of the interviews as well as comments on the 

results. 

 

Factors that are regarded by the respondents as important in the scenario are grouped and 

listed in the left column. The factors are taken from the analysis of the respondents answers. 

The numbers in the columns signify the number of respondent that think the indicated factor 

is of importance.  

 

In the case where the classification “Lean?” is used, the factor is judged to have a strong 

implicit connection to Lean as defined by case A & B even though the factor is not explicitly 

stated within the XPS of each case. For instance, even though the factor s Training/ 

Knowledge and Productivity are not explicitly stated in either XPS, it is regarded as a 

necessary part of Standardized work (Osterman and Fundin, 2013), which is a defined part of 

each XPS.  



4.1 Volume increase 

The scenario is based on an increase of the planned production volume within the process. 

Volume increase in the scenario is proportionate to the current level of production for both 

cases (A&B) to ensure comparability. 

 
Table II Flexibility factors based on volume increase 

 
Comments on volume increase 

The two factors Rebalancing and Adjusting the takt could be regarded as only one factor since 

rebalancing occurs as a consequence of the takt time adjustment. It is also noteworthy that, 

for case A, the effort of rebalancing the process and the subsequent issues with quality have as 

a consequence that, even though it is possible to adjust the Takt time, case A chooses to adjust 

the volume increase through Adjusting the manning. This is typical for the responses. There is 

a number of possible factors that can be changed in response to the scenario of volume 

increase. The factor that is actually changed is a choice as indicated by the respondents. Case 

B placed a stronger emphasis on prognosis and investments as factors of importance than 

Case A did. 
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4.2 Volume decrease 

The scenario is based on a reduction of the planned production volume within the process. 

Volume decrease in the scenario is proportionate to the current level of production for both 

cases (A&B) to ensure comparability. 

 
Table III Flexibility factors based on volume decrease 

 
Comments on volume decrease 

Decreasing the volume was widely regarded as easier than increasing the volume. The most 

important factor was Adjusting the manning which explains why the respondent found no real 

problem in decreasing the volume as the problem of training personnel was significantly 

lower and only occurred if personnel was to be reassigned. Adjusting the shift form can be 

seen as a consequence of Adjusting the manning. 

Reassignment for studies can be seen as a special case of Adjusting the manning as the 

respondents indicated that individuals could be given leave for external studies. 

Shorter decreases in volume was handled with flexible work hours for case A. The need for 

maintenance was also seen to decrease as an effect of a decrease in volume. Adjusting the 

manning was chosen over Takt time adjustment. Especially case A strove to keep the Takt 

time constant for as long as possible to avoid the ensuing problems with quality after a 

rebalance of production. 
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4.3 Sequence changes 

The scenario is based on changing the order of the planned products within the process. 

 
Table IV Flexibility factors based on sequence changes 

 
Comments on sequence changes 

Changing the sequence of production was not seen to be significantly difficult for either case 

A or case B if enough time was given for preparation. If the time was short the difficulty of 

handling the sequence change went up, as materials could already be in place and would 

therefore have to be withdrawn from production at the same time as new material were 

presented instead. In case A the size of the sequence change was seen as a potential problem 

as the Takt time is significantly lower than for case B. Both cases responded that IT systems / 

Information where of key importance for a sequence change to occur, as it was not only a 

question of removing the changed components from production but also of knowing when to 

reintroduce them into the process again. 
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4.4 Introduction of a new part in the process 

The scenario is based on the introduction of new products within the process. 
 
Table V Flexibility factors based on introduction of a new part in the process 

 
Comments on introduction of new parts 

According to the respondents the communication with R&D is essential for the introduction 

of new parts in production as well as the involvement of personnel in training and 

verification. Some modification of equipment was often seen as necessary but should be 

avoided. Especially in case A the commonality of equipment was seen as vital. Introduction 

of new parts was seen as a longer process than any other scenario listed in this paper. 

Project leader has been referred as the one responsible for the contact with R&D by some 

respondents whereas a more general Contact with R&D is seen as a separate factor. 

 

4.5 Removal of a product from production 

The scenario is based on the removal of obsolete products from the process. 

 
Table VI Flexibility factors based on removal of a product from production 
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Comments on introduction of new parts 

This scenario was seen by the respondents as the easiest of the five. The information in the 

IT-systems had to be changed and the parts consumed or removed. Any obsolete equipment 

was to be sold, relocated or scraped. 

 

5 Conclusions 

Referring back to the research question, the following chapter concludes the findings from the 

case studies. 

 

Using the chosen definition of flexibility (Upton, 1994), see 2.1 Defining flexibility, to 

understand the respondents, it became clear that flexibility was achieved as a decision in 

production. 

 

Several of the factors that the respondents identified could potentially be changed in response 

to a particular scenario. For instance in Case A, Volume increase had previously been 

addressed by a Takt change and a rebalancing, but recently with a change in manning and in 

shift form. 

 

Referring back to the research question, achieving flexibility can therefore be seen as 

independent from Lean because even though there are flexibility factors that are related to 

Lean such as Rebalancing and Adjusting the takt there are also factors that have no connection 

to Lean such as Preplanning or Equipment that could also be used to achieve the same 

amount of flexibility. Therefore Lean cannot be seen as either flexible nor inflexible within 

the limitations given in this paper. 

 

Also, during the interviews the respondents not only identified the factors that were used to 

achieve flexibility but also indicated that the factors had limits or thresholds. Flexibility could 

be achieved up to a certain point using a chosen factor. Beyond that point other factors were 

used to enable further flexibility. 

 

An example could be the Adjustment in manning for the scenario Volume increase, indicated 

for instance in case A, were manning could be increased until the second shift was at full 

capacity. After this threshold other factors such as Adjusting the Takt and Rebalancing where 

considered instead of continuing to increase manning and conceivably open up a third shift. 

Thus it can be concluded that not only is the factor that is to be used to achieve flexibility a 

decision, but also, to what extent or up to what threshold the factor should be used, is a 

decision. 

 

Even if Lean and flexibility can be seen to be independent from each other, there seems to be 

an indirect connection. Using the chosen definition of flexibility: “as the ability to change and 

react with little penalty in time, effort, cost or performance” (Upton, 1994). It is of interest to 

understand where this ability to change and react is introduced in a Lean context. 

 

It seems that in a Lean context the ability to be flexible is therefore determined by the choice 

of what factor that is to be changeable and to what extent, when deciding on which solution to 

use during problem solving. In essence the decision of what is to be flexible can be seen as 

solving future problems before they occur. 

  



6 Discussion 

The following chapter discusses the conclusions of the paper and takes a broader view. 

 

The Lean principle of problem solving and continuous improvements contains the key to 

resolving the paradox proposed in the beginning of the paper. The key lies in the realization 

that the act of solving a problem also decides the ability to be flexible in that particular part of 

the process. It is entirely possible to choose solutions that are efficient in the current situation 

but are difficult to change in the future, thereby increasing the cost of the next change thus 

reducing flexibility. It is equally possible to chose solutions that are equally efficient, but are 

easy to change thereby increasing flexibility in the process. 

 

For instance, if the presentation of a particular part is important for efficiency in the process, 

the same efficiency would be achieved if the part has presented using a inflexible welded 

shelf or a flexible shelf on wheels. One solution would however be much more flexible when 

the process is changed next time. Thus the choice of a particular solution determines how 

flexible it will be next time. This could be confirmed during the observation where many 

solutions, flexible and inflexible, could be observed for similar problems. 

 

The insight is therefore that when you choose the solution for the problem to also weigh in 

changeability. Whatever solution that is chosen has to be able to change and easily adapt to a 

situation that is not currently known. 

 

7 Future research 

The concluding chapter proposes research avenues based on the conclusions as well as a 

possible new aspect of the definition of flexibility. Further research is needed. 

 

This paper examines the dependencies between Lean and flexibility based on cases in 

assembly. Possible avenues of further research can be expanded to manufacturing, process 

industries and indirect processes. The conclusions of this paper gives rise to other problems. 

How do you choose the correct factors in which to be flexible? How do you find solutions that 

are able to adapt to a future situation that you have limited information about? 

Having flexibility in factors that do not change can be considered waste since attaining 

flexibility can be connected to an effort and a cost for which there might be no benefit. 

 

An unexpected result that falls outside the context of this paper is that, respondents from both 

cases indicated that increasing volume was more problematic than decreasing volume. Also, 

the introduction of new parts in production was more problematic than the removal of parts. 

This indicates that flexibility is not symmetrical. In some cases changing in one direction can 

be more difficult than changing in another direction. This asymmetry of flexibility is 

interesting as it raises questions that have not been found in the research papers that were 

studied for the definition of flexibility. The asymmetry of flexibility that was found could be 

important for a deeper definition of what constitutes flexibility. 
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