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FOREWORD 
 
The more I have studied statistical methods, the more I have discovered the great things one can 
find. Before initiating a Six Sigma Project the project owner has the belief that he/she know 
exactly what the problem is. The wonderful thing about statistics that it isn’t a belief, a feeling or 
an opinion. It is based on facts, measures of the reality. Why believe, when you can know. 
 
I want to thank the supervisor at SMF for noticing me in the crowd of people and giving me a 
chance in this modern factory. I want as well thank Peter Cronemyr, who has helped me through 
this statistical jungle, from the Six Sigma courses to this thesis. 
 
This Master Thesis will be the end of my studies, three years in Jönköpings University and two 
years in Linköpings University. Studying Mechanical Engineering, as well as Industrial 
Engineering and Management. This wouldn’t been possible without my incredibly patient and 
understanding girlfriend Jennifer Nilsson, whom I dedicate this master thesis towards, thank you. 
 

 
Picture 1: Jonn Wenchert 

Thanks for taking your time and reading this Master Thesis. 
Best Regards, 

 
 
 
 
 
 
 
 
 
Wise words from W. Edwards Deming: 
 

“Data are not taken for museum purposes; they are taken as a basis for doing something. If 
nothing is to be done with the data, then there is no use in collecting any. The ultimate purpose of 
taking data is to provide a basis for action or a recommendation for action. The step intermediate 
between the collection of data and the action is prediction” (1942, p185). 
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ABSTRACT 
 
A new reality, where human labor is replaced by automated machines is causing production 
management to rethink how they can steer the production to meet their customers demand. 
There is a gap of values, techniques and tools to communicate with the processes existing in the 
new modern factories, where data sometimes is the single output. This thesis purpose was to 
develop a model out of Lean and Six Sigma, as an answer to how modern factory could work 
with an information system, reaching the ideal state. 
 
Through a theoretical analysis, Lean and Six Sigma differences in values, techniques and tools 
were weighted by the ideal state and recommendations from literature. Through a unstructured 
interview and system design review with a logistic group at a Swedish Modern Factory (SMF) a 
concept of an information system was developed. A project to test the model was initialized, 
where Define, Measure and Analyze phase was conducted. The model was thereafter modified 
from the projects implications. 
 
The result was a Lean Six Sigma model which values are customer focus, ideal state, result 
orientation, committed leadership, education and involvement. The technique follow a DMAIC 
cycle and continuous improvements through a current to future state approach. The used 
techniques were considered Six Sigma heavy, where Leans principles are considered into the 
models values. The information system supports the model in setting the processes of the factory 
in either stability or potential state, where they differ in Measure and Analyze phase. The test at 
SMF developed several assignable causes to variation on the component As lead time. The model 
adapted after the test to involve a Measurement System Analysis (MSA), before setting the next 
current state of the process. 
 
Keywords: Statistical Process Control, Lean Production, Six Sigma, Lean Six Sigma, Six Sigma 
Lean, Information System Development, Information System Research, Modern Factory 
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SAMMANFATTNING 
 
En ny verklighet där människor byts ut mot automatiska maskiner får produktionstekniker att 
fundera hur det ska styra produktionen för att möta kunders behov. Det finns en brist av 
värderingar, tekniker och verktyg till att kommunicera med processer i de moderna fabrikerna, 
där data ibland är det enda att analysera. Examensarbetets syfte var att utveckla en Lean och Six 
Sigma modell, som ett svar för hur moderna företag kan arbeta med ett informationssystem, för 
att nå det ideala stadiet. 
 
Genom en teoretisk analys har Leans och Six Sigmas skillnader blivit vägda mot 
rekommendationer från litteraturen och det ideala stadiet. Genom en ostrukturerad intervju och 
en genomgång av systemets design hos en logistikgrupp, på ett svenskt företag (SMF), har ett 
koncept av ett informationssystem framtagits. Ett projekt för att testa modellen påbörjades, där 
Define, Measure och Analyze fasen var genomförda. Modellen blev därefter modifierad genom 
de implikationer projektet stött på. 
 
Resultatet av den teoretiska analysen gav en Lean Six Sigma modell, vilka värdering är kundfokus, 
ideala stadiet, resultatorientering, engagerat ledarskap, utbildning och medverkande. Tekniken 
följde en DMAIC (Define, Measure, Analyze, Improve, Control) cykel och kontinuerliga 
förbättringar, från nuläge till ett framtida tillstånd. Teknikerna blev Six Sigma tunga, där Leans 
principer var beaktade i modellens värderingar. Informationssystemet var en supportfunktion av 
modellen och skapar en status för fabrikens processer, antingen i stabilitet eller potential stadiet, 
där de skiljer sig åt i mät – och analys fasen. Testet på SMF genererade flera grundorsaker till 
variation för komponents As ledtid. Modellen anpassades till att innehålla en mätsystemsanalys 
(MSA), innan nuläget av processen bestäms. 
 
Nyckelord: Statistisk process styrning, Lean Production, Six Sigma, Lean Six Sigma, Sig Sigma 
Lean, Informationssystemutveckling, informationssystemsforskning, Modern Fabrik  
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1 INTRODUCTION 

The introduction chapter will describe to the reader the background of the new environment of the modern factory 
and describe the two methodologies used in this thesis. After a problem description, the research purpose and 
research questions follows. The chapter ends with a description of the delimitations of the thesis. 

1.1 BACKGROUND 

Imagine a future where you can’t see your components, they’re in a long row of machines, being 
processed. There aren’t no one who can answer to: What is the status of the process? Is the 
product meeting the set specifications? When can we expect a delivery? This thesis will cover the 
initial efforts to adapt towards a new factory, where there are minimal human interaction in 
manufacturing. 
 
Quality management strategies have been developed throughout the years and are today still 
evolving. There are new challenges of visualization and communication with data, where many 
talks about big data and industry 4.0 as the future. The organizations are adapting to this, 
investing largely in machines with abilities to gather historical data, rather than human labor. 
According to Maleyeff, Arnheiter & Venkateswaran (2012) the strategies must continuously adapt 
to the dynamic environment of the industry. How Lean and Industry 4.0 should interact is yet 
unknown, and according to Kolberg & Zühlke (2015) there is missing a framework. How the 
investors of machines with required data analytics are about to visualize and control their 
processes are described in this master thesis. 
 
Two of the greater quality methodologies and production strategies are Lean Production and Six 
Sigma, which both visualize the process and achieves waste reduction, however from two 
different perspectives. Lean is reducing waste through decreasing none-value adding activities 
and optimize process flow and Six Sigma through a decrease of process variation (Martin, 2007; 
Bicheno, 2009; Sörqvist, 2013) 
 
Lean Production is inspired by the car manufacturing company Toyota, which purpose is to 
eliminate different kinds of waste and make sure that the products are delivered at the right time 
by focusing on a stable and takted production flow. Lean is based on values and principles that 
encourage long time strategies and employee involvement (Liker & Meier, 2006; Bicheno, 2009; 
Sörqvist, 2013). 
 
Six Sigma was initially created by Motorola, which purpose is to reduce statistical variation in 
process with a systematically project based approach, with the goal of total customer satisfaction, 
by eliminating root causes to variation. Measurements of the improvements are conducted and 
profits or losses based on metrics can be shown (Magnusson, Kroslid, Bergman, 2000; Pyzdek, 
2001). 
 
According to Sörqvist (2013) and George (2002) there are several positive synergies that can be 
done by integrating the both strategies. A combined strategy of Lean and Six Sigma will improve 
the process flexibility, robustness, cost-efficiency and agility at the same time according to 
Andersson, Hilletofth, Manfredsson, & Hilmola (2014), making the methodology up to two-three 
times more effective according to Bicheno (2009). 
 
Both Lean and Six Sigma have values, techniques and tools that are likely to identify and 
eliminate Wheeler & Chambers (1992) assignable causes, according to Sörqvist (2013) continuous 
improvements, elimination of waste, lead time reduction and error-proofing both occur in Six 
Sigma and Lean. 
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Wheeler & Chambers (1992) suggests that there are four stages towards process control; State of 
Chaos, Brink of Chaos, Threshold State and Ideal State, depending on the amount of assignable 
causes. With statistical diagrams (Shewhart control charts) the current state of your process may 
be displayed and through product and process improvements you can decrease the measured 
data variation to be held within the control limits, moving towards the ideal state of a process. 

1.2 PROBLEM DESCRIPTION 

Both strategies have their qualities and flaws. According to Bicheno (2009) Six Sigma is a great 
structural problem solving tool, with integrated goal setting economics, however according to 
Bell & Orzen (2011) the method requires high competence employees as well as several time-
consuming projects in comparison to Lean Productions continuous improvement lifestyle. 
 
Lean is not only a methodology that is focusing on short term profits with the use of process 
improvement tools, it’s as well a philosophy that has a large impact on the organizations culture 
that over a long period of time will improve the process efficiency (Liker & Meier, 2006; Sörqvist, 
2013). However, Lean doesn’t cover the sometimes complex and structured data analysis 
(Bicheno, 2009; Sörqvist, 2013; Habidin, Yusof & Fuzi, 2016). 
 
When a production changes from human assembly towards automation new set of values, 
techniques and tools may be required to effectively reduce waste to reach process control. 
According to Lee, Kao & Yang (2014) the new trend is predictive manufacturing, e.g., machines 
linked to a historic measurement system, able to register machine downtime for proactive 
maintenance strategies. Lee, et al. (2014) further describes how monitoring systems, industry 4.0 
and big data will have a large impact on the future industrial world with reduced labor costs, 
transparency and increased productivity. 
 
In a modern factory, where machines linked to historic data cover the majority of the production, 
new ways of quality management strategies may be needed. If Lean symbolizes a long term, 
efficient production and Six Sigma a way to cover statistical data analysis and problem 
identification, how would that integration look like? 

1.3 RESEARCH PURPOSE 

The purpose of this thesis was to create a conceptual model of the integrated strategy of Lean 
and Six Sigma, which was adapted to a modern factory, symbolizing a new circumstances of 
manufacturing. An environment, where automated machines replace human labor in 
manufacturing. The goal of the model is to reach the ideal state of Wheeler and Chambers 
(1992). Through an empirical test at a Swedish Modern Factory (here on mentioned as SMF) 
theory can be placed on a new reality. SMF has invested in machines and systems to support this 
new reality and became a practical example. A compatible information system was created to 
support the model in generating improvement projects. 
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1.4 RESEARCH QUESTIONS 

Three research questions were developed to answer the research purpose and are written below. 
 

Research Question 1: How can an information system of data analytics support the 
modern factory in lead time reduction? 

Research Question 2: Why is LSS or SSL, if any, suitable for a modern factory? 
Research Question 3: If so, how could the ideal state of Wheeler & Chambers (1992) be 

reached using a model of Lean and Six Sigma together with an information system? 

1.5 DELIMITATIONS 

According to Deming (1982) and Wheeler & Chambers (1992) the journey towards process 
control is a back and forth journey that will take a long time to reach. This thesis was therefore 
not aiming to improve the current product conformance, nor lead time stability existing in the 
SMF production. The goal was instead to visualize the current process through an information 
system, which thereafter is analyzed and processed through a conceptual model of Lean and Six 
Sigma to generate improvement projects. 
 
When testing the model a delimited project was conducted. The project covered Define, Measure 
and Analyze phase, however was delimited from Improve and Control phase. This was due to the 
thesis time restriction of 20 weeks. This delimited the evaluation of the model. The models ability 
of solution generation, selection and follow up on implementations of improvements weren’t 
evaluated. The measurement was limited to 2017-01-01 to 2017-04-24, this since the information 
system was yet not developed. The same database and time stamps was used in the data 
collection. 
 
When placing the components in their current states, individual control charts were used. The 
limits of these individual control charts were calculated as 20% from the central line (i.e., mean 
value). The three six sigma limits were not used, this due to the non-normal distribution and 
signs of out of control data. Since, sample sizes up to 100 weren’t reached and the method of 
removing out of control data points was difficult, the limits was instead set to +/- 20% of the 
central line. 
 
No project team was given the improvement project. The author did all the work in the Define, 
Measure and Analyze phase. This could limit ways of analyzing data, retrieving measurements 
and finding assignable causes. 
 
No MSA (Measurement System Analysis) was conducted to verify the time stamps, gathered by 
the database. Therefor the time stamps can’t be fully trusted, since there are no documents of 
previously MSA tests, however if the activities use the same routines in scanning orders the 
variation in time would still be accurate, which validates the current state of the process. 
 
The information system hasn’t completed the information system development methodology by 
Nunamaker, Chen, & Purdin (1990-1991). This thesis was limited to system building, step 2B. 
This was due to resource shortages in time for the IT department of SMF developing the 
information system.  
 
Reward and title system and flat and flexible organization was scoped out from this thesis, due to 
lack of clear correlation of achieving the ideal state. 
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2 METHODOLOGY 

In this chapter the research approach, material, method and informants are chosen, those are dependent and 
adjusted to the problem specification, subject and discipline of the thesis. This chapter will give the reader an 
understanding of the study’s approach as well as the strategy towards the research. 

2.1 RESEARCH APPROACHES TO THEORY DEVELOPMENT 

It is suggested that there are two main types of reasoning styles or strategies toward empirical 
collection of the reality, deductive and inductive reasoning. However, A third approach is 
suggested as an abductive approach. An abductive approach is the combination of the deductive 
and inductive approaches, where information is used to investigate a phenomenon to describe 
patterns and is used to modify or found new hypothesizes. These hypothesizes are thereafter 
tested, often by a new data collection (Patel & Davidson, 2011; Saunders, Lewis, & Thornhill, 
2016). The abductive approach is suited for when one wants to develop a theory to later test the 
model at the reality, after an analyzation of the gathered data from the test the hypothesize can be 
re-defined or strengthened (Saunders, Lewis, & Thornhill, 2016). 
 
This thesis had an abductive approach, since Lean and Six sigma was investigated to identify 
patterns which could result in process control. The gathered theory and patterns was developed 
into a model and adapted to contemporary factories. The model was thereafter tested in a 
delimited project in an empirical test. 

2.2 PURPOSE OF RESEARCH DESIGN 

Four purposes are suggested towards research design: exploratory, descriptive, explanatory and 
evaluative research. There is as well a fifth option of combining mentioned purposes in the 
design. By analyzing the purpose of the research one can discover what characteristic the research 
has and thereafter form an appropriate research design (Saunders, et al., 2016). Looking at Table 
1 below, the purposes are described accorded to Saunders, Lewis, & Thornhill (2016): 
 

Table 1 – Description of the four Research Purposes, freely translated from Saunders, Lewis, & Thornhill (2016) 

Research Purpose Research goals Research Questions 

Exploratory Clarification and broad to 
narrow research 

What or How? 

Descriptive Describing a phenomenon 
and is narrowed research 

Who, What, Where, When or 
How`? 

Explanatory Investigate and explain 
correlations 

 

Why or How? 

Evaluative Investigates to what extent 
something works 

How, what or to what extent? 

 
Since the thesis developed a model through a literature analysis the study became exploratory. 
The model was thereafter tested towards the reality, resulting in an exploratory, as well as an 
evaluative purpose. 

2.3 RESEARCH DESIGN 

A quantitative research, often made by the positivist, a person who see the world as observable 
events that can be measured and collected empirically, thereafter link the cause with the effect. A 
qualitative research however, often made by the interpretivist, a person who differ the human 
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from the nature of science (Jacobsen, 2002; Williamson, 2002; Saunders, Lewis, & Thornhill, 
2016). 
 

 
Figure 1 – The Research Design of the thesis, taken from Jacobsen (2002) 

The thesis had a qualitative study approach in the development of the model, however 
quantitative methods was used in the project at SMF, where broad samples of historic data was 
collected from several units. The study was therefore a methodological triangulation of the two 
approaches as illustrated in Figure 1, a method taken from Jacobsen (2002), as a pragmatic 
approach. 

2.4 RESEARCH STRATEGY 

This thesis used a shortcut on solution and action operational research approach by (Mitroff, et 
al., 1974), illustrated in Figure 2. The combination of the strategies forms an operational research 
approach that shortcuts the solution and implementation of the solution (Mitroff, Betz, Pondy, 
Sagasti, 1974).  
 
First a concept of combining the ideal state, information system, Lean and Six sigma was created. 
Thereafter a model of Lean and Six Sigma was created though a theoretical analysis and an 
information system generated from primary data from a logistic group at SMF. Thereafter, the 
model was tested at SMF as an empirical test. The result of the test was lastly analyzed and the 
model modified. 

 
Figure 2 – A shortcut on solution and action operational research approach by (Mitroff, et al., 1974) 
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2.4.1 CONCEPTUAL MODELLING 

A model is a further enhancement of the current theory that exist today. The function of a model 
is to explain certain questions and hypothesizes, however its purpose is as well to mirror the 
reality, how the real world can be perceived. A geographical map is an example of a model which 
explains for the user how to navigate through the reality. A model can be both descriptive as well 
as instructive (Ejvegård, 2009). 

2.4.2 SYSTEM DEVELOPMENT IN INFORMATION SYSTEM RESEARCH 

The system development in information system research is extended towards several approaches 
and varies depending on the application of the research. The empirical results can be collected 
through case, experiment, action, ethnographical and survey studies. The strategy is considered as 
the link between technological and social aspects of the Information system research area and is 
categorized as a R&D (research and development) approach, where the purpose is to produce a 
new and useful method towards a process (Williamson, 2002). 
 
The system development method according to Nunamaker, et al. (1990-1991) and altered by 
Williamson (2002), is illustrated in Figure 3. Concept building includes the foundation of 
applicable research questions, the exploration of the function and the needed requirements of the 
system. Thereafter one is to develop the systems functional design, components and their 
relations. Further create a database with system functions, analyze the design with other 
alternatives and lastly develop a prototype through the theoretical framework together with 
insights gained in the building process. After the system been built one is to test the system in its 
reality and thereafter evaluate the systems performance to enhance it further (Williamson, 2002). 
 

 
Figure 3 – The systems development method based on Nunamaker, Chen, & Purdin (1990-1991) and altered by Williamson (2002) 
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This thesis interviewed a logistic focus group at SMF to create the information systems concept. 
Their need of information, in regards of content and function was collected. Content was defined 
as type of visualized data and function was defined as how the data was visualized. Thereafter a 
system architecture was created from the collected requirements. A design review of the system 
architecture was conducted with the logistic group from SMF. The logistic groups response and 
feedback to the Information system was analyzed and the system modified. The information 
system was thereafter handed over to the IT-department of SMF for the construction of a system 
prototype. 

2.5 PRIMARY DATA STRATEGY 

Primary data is the data one provide oneself, e.g., observations, surveys or experiments in a 
scientific research (Yin, 2014; Saunders, Lewis, & Thornhill, 2016). 
 
Focus Group Interview 
Two types of interview methods are suggested for qualitative methods, unstructured and semi-
structured interviews. The unstructured interview allows the interviewee to respond freely 
towards a subject or a single phrased questions, where the interview is similar to a conversation. 
A Semi-structured interview is when the researcher has a list of questions and guiding the 
interviewee through the questions to cover a more specific subject (Bryman & Bell, 2011). 
 
Focus group interview are often done to analyze behaviors, where the researcher can develop an 
understanding about why the individuals are answering in the way they are, but can as well be 
placed to establish a interaction with a result of a discussion (Bryman & Bell, 2011). 
 
An interview guide is a line of prepared questions the research intend to ask the interviewee(s). 
An interview guide can be used in both unstructured and semi-structured interviews, however are 
more specific for semi-structured interviews. An interview guide doesn’t have to be in written 
words, pictures can be used to relate to the subject(s) (Bryman & Bell, 2011). 
 
This thesis used a unstructured interview method, where the author used an interview guide 
towards a logistic focus group. The interviewees were able to answer freely, where discussion 
were allowed to weigh their individual needs to the common Information system. By using this 
method a discussion of what is the most important to visualize in the Information system could 
be brought up, where individual needs would be difficult to rank if individual interviews were 
held. 
 
A logistics group at SMF was appointed to gather user needs. The first occasion was a 
unstructured interview, that lasted for 60 minutes and was conducted 2017-03-14 in Sweden at 
the SMF factory and an interview guide can be found in B2 in Appendix B. 
 
System Design Review 
A design review enables verifications of assumptions, answers to questions and advise to be 
collected. There are several types of design reviews that can be conducted, honorable mentions 
are Requirement Review, System Design Review, Preliminary Design Review and Critical Design 
Review. This thesis have used a System Design Review, due its suitability to Information system 
development, the review is collecting individual requirements for a system. In a Design Review it 
is important to have a set agenda and the focus lies on constructive criticism (Dalhousie 
University, 2012). System Design Review displays the function of the system, where the 
participants give feedback in a system walkthrough (AcqNotes - A simple source of DoD 
Acquisition Knowledge for the Aerospace Industry, 2016). 
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The second occasion was a system design review and was conducted 2017-04-04 in Sweden at the 
SMF factory, with the same individuals from the logistics group and lasted for 30 minutes. The 
logistics group was introduced to a first concept of the Information system. 
 
Gemba Walk 
Gemba is the place activities are taken place, that often is the production floor in factories. The 
author goes to the reality where the process occurs to gather information. The author can gather 
information either by direct observation, but as well ask personnel to locate root causes to 
problems (Bicheno, 2009). 
 
The golden rules of Gemba according to Imai (1997): 
 

1. When a assignable causes occurs go to gemba 
2. Check for relevant object (gembutsu) 
3. Take relevant measures on the spot if you can prevent the problem 
4. Find the root cause to the problem 
5. Standardize 

 
First the researcher go to Gemba when assignable causes been detected, thereafter the researcher 
check for relevant Gembutsu, i.e., ask the process why? Until root causes to the assignable cause 
been found. If authorized, take measures to eliminate the root causes. If Gembutsu was a failure, 
than the researcher have to investigate further to identify the root cause, e.g., problem solving 
tools or start a kaizen project. When the root causes are found eliminate these and standardized 
the improvements (Imai, 1997). 
 
This thesis conducted two Gemba walks, the first in 2017-04-17, at the SMF factory to create a 
flow chart for the chosen project. The second was conducted 2017-05-08, at the SMF factory to 
verify and establish assignable causes. 
 
Structured Query Language (SQL) 
SQL is a computer language to communicate with databases. The language is more common than 
people think, e.g., every internet search, PIN-code are based on SQL. A database is a collection 
of data that is categorized into tables and columns, where a piece of observation/data can own 
up to several columns in a single tables. The SQL language are filtering the database to gather 
specific data for e.g., a time period, a component or a specific order (Forta, 2004). 
 
This thesis used SQL to gather order specific data from the database, where activities are 
automatically sending information toward from a Manufacturing Execution System (MES). 

2.5.1 SOFTWARE 

When collecting data from the database Microsoft SQL Server Management Studio 2016 was 
used to frame the SQL questions and withdraw the tables and columns. Microsoft Excel 2016 
was thereafter used to filter the data and thereafter visualized in descriptive diagrams in Minitab 
2017. 

2.6 SECONDARY DATA STRATEGY 

Secondary data can be surveys, experiments and observations as well, the difference however is 
that the source of data comes from somewhere else, e.g., databases, literature or organizations. 
The advantages of using secondary data is that it’s time and resource efficient, since the data is 
already collected, the risk however is that the data can be collected with a different purpose than 
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one’s research question(s), the consequence could be that one can only answer the research 
question(s) partially (Yin, 2014; Saunders, Lewis, & Thornhill, 2016). 
 
The theory used for the theoretical analysis was based on both books and articles. Lean and Six 
Sigma was mostly based on printed books. The reason for this was that both methodologies are 
(in relation to new methodologies of process control) old, the books describe the methodologies 
in a deep and pedagogically manner and articles already base their theoretical frameworks on 
published books. Both books and articles have been used to develop an understanding of the 
produced theory of the (in relation to the individual methodologies) new integration of Lean and 
Six Sigma. When searching for theory of Lean, Six Sigma and the integration of Lean and Six 
Sigma key words as values, techniques and tools have been used, the reason for these keywords is 
explained further in 2.7. Statistical quality control and the concept of variability is described 
through Wheeler & Chambers (1992), with additions from Montgomery (2005). 
 
The databases for books and articles for Lean and Six Sigma will be Jönköping’s University 
Library and Linköping’s University (Vallabiblioteket) Library. The article search for the 
integration of Lean and Six Sigma has been on Scopus and Web of Science. An overview of the 
theory extraction can be viewed in Table A-1 in Appendix A. 

2.7 STRUCTURE OF THE THEORETICAL ANALYSIS 

How to assure and control quality is redefined continuously over the years. The year 1988 quality 
was defined as the comparison between actual and standard measures, where one acts upon the 
difference. The year 1987 the definition changed, quality control is rather the operational 
techniques and activities which meet the determined needs. The year 2000 quality control is a 
fraction of the management concept, where the focus is to fulfill the quality requirements. The 
evolution of the quality definition was noticed in Japan 1996 where the Quality Control (TQC) 
was renamed into the Total Quality Management (TQM) (Wadsworth, et al., 2002). 
 
Both strategies, Lean and Six Sigma have similarities of their predecessor TQM, their roots are 
said to be descended from TQM philosophies (Wadsworth, Stephens, & Godfrey, 2002; Pepper 
& Spedding, 2010; Chiarini, 2012). According to Hellsten & Klefsjö (2000) TQM is a quality 
management system which is built upon values, techniques and tools. Similarly, Besterfield, 
Besterfield-Michna, Besterfield, & Besterfield-Sacre (2003) is framing TQM as tools, techniques, 
principles and values. 
 
As can be viewed in Figure 4, Six Sigma and Lean was first studied from three perspectives; 
Values, Techniques and Tools. The Values, Techniques and tools for the individual 
methodologies have been summarized into a list of claims. 
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Figure 4 – Theoretical Analysis Strategy of the research 

These claims was thereafter analyzed and categorized into similarities and differences. The 
similarities was directly applied into the developed model. The differences was now analyzed in 
how the individual difference could meet the ideal state of Wheeler and Chambers (1992) and if it 
had an alignment with recommendation from literature. The differences that correlate to the 
requirements of the ideal state and recommendations from literature was integrated into the 
developed model. 

2.8 RESEARCH QUALITY 

Saunders, Lewis, & Thornhill (2016) is defining validity as being able to generalize. The definition 
of reliability according to Williamson (2002) is the consistency and the stability of the outcome or 
the dependability of the measurements. Saunders, Lewis, & Thornhill (2016) are defining 
reliability as the ability of the research design to replicate itself with the same result. 
 
According to Nunamaker & Chen, Systems development in information systems research (1990) 
there are five criteria that needs to be fulfilled for a paper to be quality research, the research 
should be new, extend the existing theory, important and be able to be generalized. 
 
To be able to show the validity the Information system should be tested in the real world to 
discover its limitations as well apply the opportunity for refining the system. The system 
development approach is exploring the field of study and as well integrates available technologies 
to create the new system. The system development approach is iterative, i.e., cyclic process when 
developing the system, testing and refinements can continuously be made (Williamson, 2002). 
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2.8.1 RESEARCH VALIDITY 

To secure the thesis validity the model has been developed from a wide range of theory of Lean 
and Six Sigma and is not developed from strengths and weaknesses of the individual 
methodologies. Instead the differences has been analyzed in how they are achieving the ideal 
state. Since processes in general share process control and defect rate issues, the validity is 
strengthened. The modification of the model after the test was set to minimal, and therefore is 
not jeopardizing the validity. 
 
The Information system was developed to reach the ideal state of Wheeler and Chambers (1992) 
in first hand, which had to involve cycle- and lead time information, as well as defect rate 
information to secure the validity. Further needs of the logistics group was thereafter added to 
the system, e.g., work in process (WIP) and quantity data. The logistics group consisted of six 
logistics and production engineers, which all had an experience level of five years and been 
working with the SMF processes for a year. 
 
The research extended the information system theory by applying Lean and Six Sigma 
methodologies to create an Information system for modern factories with machines linked to 
historic data. The author has been working as a support function for the IT department, to 
secure that the concept and architecture been correctly translated into the prototype. 

2.8.2 RESEARCH RELIABILITY 

In the creation of the claims of values, techniques and tools the similarities has been further 
described and linked to references in order to secure the reliability. When analyzing the 
differences of Lean and Six Sigma it was required to have support from literature, the founders 
of the ideal state, Wheeler and Chambers (1992) was used to secure the reliability. 
 
When interviewing the logistics group the author had already specified questions, which were 
content and function specific for the Information system development. The Information system 
that was shown in the design review was based on the initial theory and group interview, where 
the logistic group had the opportunity to correct potential misunderstandings. 

2.9 ETHICS 

According to Bell & Orzen (2011) there are four ethical principal areas in business research: 
Harm to participants, lack of informed consent, deception and invasion of privacy. Harm to 
participants involve either physical harm, physical (e.g., stress) or to the participants carrier. Lack 
of informed consent is an observation that wasn’t discussed beforehand, the researcher observe a 
participants without his/her agreement. Invasion of privacy is when the researcher invade the 
participants privacy hours (e.g., lunch break or before/after work hours) or invade on the 
participants values and personal information. Deception is when the researcher lies about the 
purpose of the research (Bell & Orzen, 2011). 
 
Harm to Participants 
Since the factory is newly established and products fresh from the oven, the participants have 
taken a great trust in the author not leaking vital information, risking their carriers. Therefore 
have most the work been conducted at the SMF site, minimizing Information leakage. The 
withdrawal of data has been made from a single computer unit, programmed to contain 
confidential information, using Virtual Private Network (VPN) security. The author has been 
aware of not discussing sensitive process nor product information with public figures, partner or 
relatives. The author, by this thesis, entered a none-disclosure agreement. 
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Lack of informed Consent 
During the unstructured interview and the system design review have the participants been called 
to a meeting before hand, and been participating by own choice. The operators at the production 
floor have been briefed in what the research is about and been politely asked to participate before 
questions were asked. 
 
Deception 
During the time when the author been positioned at SMF, the supervisor have been briefed of 
the research purpose and updated when changes been made. Before publishing the final thesis 
the supervisor have had a moment to read through the thesis to analyze its content before giving 
his permission. 
 
Invasion of Privacy 
The author has shown respect and positive team spirit towards both the logistics group and the 
IT experts, especially avoid discarding their opinions with theoretical references, instead gathered 
primary data and asked polite questions. When the participants been occupied, had breaks or off 
work the participants haven’t been confronted by the author. 
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3 THEORETICAL FRAME OF REFERENCES 

In the theoretical framework chapter the reader will get familiar to the concepts of both Lean, Six Sigma and their 
identified integrations. As described before will the focus be on values, techniques and tools. In the end of the 
framework the reader will be able to read more about statistical process control, the ideal state and individual 
control chart with its complexity. 
 
In the theoretical frame of references, the reader can first discover a historical definition of the 
Lean methodology by Bicheno (2009), thereafter the values of Lean, where Liker & Meier (2006) 
describes Toyotas 4P, Dennis (2016) definition of the Lean house. The techniques of Lean is not 
clear according to Liker & Meier (2006), Petersson, et al (2009) and Sörqvist (2013), but has a 
specified implementation procedure, developed by Womack & Jones (2003) and emphasized by 
Bicheno, 2009. The Lean Tools are not specified according to (Petersson, et al, 2009), but 
common tools are still suggested. Leans strengths and weaknesses are thereafter identified from 
different sources. 
 
Further in the theoretical frame of references, Six Sigma is introduced and historically defined by 
Magnusson, et al. (2004). The Top and Bottom Line is explained by the Magnusson, et al. (2004) 
and the focus areas of Six Sigma is described by Sörqvist & Höglund (2007). The technique of 
Six Sigma, defined by the DMAIC cycle, is described by Sörqvist & Höglund (2007), Sörqvist 
(2004) and Sörqvist (2013). The 7QM and 7QC tools are described by Magnusson, et al. (2000) 
and Pyzdek (2001). Six Sigmas strengths and weaknesses are thereafter identified from different 
sources. 
 
Further in the theoretical frame of references, the tools and techniques of the integration of Lean 
and Six Sigma are mapped. Lean Six Sigma and Lean Six Sigma is described by Sörqvist (2013) 
and integrations than exist in-between LSS and SSL are Statistical Kaizen, Map the Need of the 
Problem, The 10 Step Solution and Current and Future State. 
 
Statistical Process Control, definition of variation and Shewhart Control Charts and the state of 
the process are explained by Wheeler and Chambers (1992), where a description of the individual 
chart is emphasized by Montgomery (2005). 

3.1 LEAN 

The Lean principles can be tracked back to the industrial revolution, where Henry Ford 
introduced a new and effective production system with standardized manufacturing methods, 
continuous flow and low lead times (Bell & Orzen, 2011; Bicheno, 2009). Lean Production 
however has its origin in Japan. A man named Kiichiro Toyoda transformed a part of his dads’ 
loom company to Toyota Motor Co. 1927, he visited and studied car factories in both USA and 
in Europe (Bicheno, 2009). 

3.1.1 VALUES OF LEAN 

Lean focuses the customer, creating value for a need which the customer is willing to pay for. 
The customer will determine the production rate, where over- and under-production is avoided. 
To have a flat and flexible organization is desired, where workers within the production are given 
responsibility and are encouraged to be actively involved in the decision-making (Sörqvist, 2013). 
Petersson, Johansson, Broman, Blücher, & Alsterman (2009) are describing values as how the 
organization should adopt to its stakeholders, where the values set pushes the organization and 
the produced result. 
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According to Liker & Meier (2006) The Toyota Way, which Lean originates from, has four 
principles (Toyotas 4P): Philosophy, Process, People & Partners and Problem solving. 
Philosophy is the long-term thinking and values within the organization that set the foundation 
for the other Ps. The process is the right designed processes that achieves the right result. 
People & Partners is when you integrate and challenge the things that surrounds the 
organization to improve, e.g., employees or suppliers, if they improve the organization is as well. 
Problem solving is where you every day solve problems in your processes to learn about the 
production, through problems one can achieve further knowledge (Liker & Meier, 2006). 
 
Organization which have adapted Lean can visualize how they work with an illustrated house, 
called the house of Lean. It’s a way of spreading Lean across the organization. The house of Lean 
is often adapted and modified to fit the organization (Petersson, et al, 2009; Sörqvist, 2013). 

 
Figure 5 – The house of Lean, taken from Dennis (2016) 

As seen in Figure 5, the ground, which illustrating the foundation of Lean are standardization and 
stability. The walls are made of Just-in-time and Jidoka. The heart of the Lean house are the 
leaders that motivates for improvements. The roof or the goals of the lean house is the customer, 
decreasing muda (waste defined by the customer) to increase quality, lower the cost and lead 
times (Dennis, 2016). 
 
Stability is realized when eliminating root causes of continuous occurring problems, the tool of 
stability is visual management and the 5S system. According to Sörqvist (2013) standardization 
is when the standardized tools and techniques are performed as decided in the actual work, where 
a default mode is implemented in the process. Just-in time (JIT) is when one has continuous 
flow, pull system, tact time and short changeovers to be able to deliver the right amount at the 
right time (Sörqvist, 2013). Jidoka means that quality is secured by assuring that everything is 
done accordingly from process beginning to end, if anything is done wrong the production will 
stop immediately (Womack & Jones, 2003; Bicheno, 2009). 
 
Involvement is essential for fixing big to small problems. In ages, we have believed that not 
involving the shop floor worker is beneficial, since they lack the necessary competence, however 
todays productions are showing the opposite (Dennis, 2016). 
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Customer Focus through a marketing perspective, the customers buy results and not products, 
i.e., all decisions made should surround the customer too enable the selling of the product 
(Bicheno, 2009). 

3.1.2 TECHNIQUES OF LEAN 

According to Petersson, et al (2009) Lean doesn’t have determined techniques and procedures, 
the only thing that is certain are the principles. Depending on principle you should choose a 
supporting method, none the matter the origin of the method. Petersson, et al (2009) further 
describes how principles, methods and result correlate with each other, where you steer your 
principles with the method to gain result. 
 
According to Liker & Meier (2006) The Toyota Way is not a step by step instruction or a blueprint 
for every organization. The Toyota Way is rather suggesting some methods that support the 
principles of Lean and that every organization have their own solution to implement the 
principles. Liker & Meier (2006) emphasizes that “what works” comes from experience and 
lessons learned by doing. The foundation of Lean is including continuous improvements; these 
are techniques as well. New and more efficient ways of steering the principles of Lean should be 
developed continuously (Sörqvist, 2013). 
 
However, literature has still analyzed these principles and making general Lean implementation 
steps. Bicheno (2009) and Sörqvist (2013) have their own interpretations of Womack & Jones 
(2003) list of Lean implementation steps below: 
 

1. Specify Value. 
2. Identify the value stream. 
3. Flow. 
4. Pull. 
5. Perfection. 

 
The first step is to specify the value of one’s customers. This step is essential to be able to 
understand what creates value (what customers are willing to pay for) in the process. By doing 
this one can be certain that your improvements strive towards the right direction, fulfilling the 
needs of the customer (Womack & Jones, 2003; Bicheno, 2009; Sörqvist, 2013). 
 
The second step is identifying the value stream in the process. Based on what you know from 
the customer you now investigate how one’s process looks like and work. Thoroughly analyze its 
content and separate value and waste to create a current situation (Womack & Jones, 2003; 
Bicheno, 2009; Sörqvist, 2013). 
 
The third step is developing an effective flow in your process. From what you know of your 
current situation you eliminate disturbances and wasteful activities, decrease variations and 
establish balance (Womack & Jones, 2003; Bicheno, 2009; Sörqvist, 2013). 
 
The fourth step is to develop a pull system. Where you identify the amount of the customer need 
and produce accordingly, pass information upstream in the production flow to avoid 
overproduction (Womack & Jones, 2003; Bicheno, 2009). 
 
Sörqvist (2013) describes the fourth step differently, where he develops a production system that 
consist of methods as 5S, Total productive maintenance (TPM), poke yoke, andon and kaizen. 
The system according to Sörqvist (2013) will attack areas of importance and areas where problem 
occur. 
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The fifth step is perfection. When achieving this step, the journey of continuous improvement 
have just begun, where everything can be improved and done better (Womack & Jones, 2003; 
Bicheno, 2009; Sörqvist, 2013). The continuous improvement cycle is further described below. 

3.1.3 TOOLS OF LEAN 

As mentioned earlier, there are no static techniques regarding how to steer the principles of Lean, 
this includes tools as well (Petersson, et al, 2009). However, there are tools which today are 
known as Lean tools and often used when an organization wants to make their process more 
efficient (Bhasin, 2015). 
 
Common tools are visual management, 5S, standardized work, production leveling (Heijunka), 
Pull System (e.g., Kanban), Total Productive Maintenance (TPM) and Value Stream Mapping 
(VSM) (Womack & Jones, 2003; Liker & Meier, 2006; Bicheno, 2009; Dennis, 2016). 

3.1.4 STRENGTHS WITH LEAN 

Lean is centered around develop and better streamline the processes and flows of the 
organization. The strength in this are the clear principles, techniques and tools that own 
continuous improvements and creates resource efficient, fast and flexible processes which goals 
are to meet the customer’s needs (Sörqvist, 2013; Bhasin, 2015). 
 
If managed to implement Lean successfully several parameters are improved positively, 
Petersson, et al (2009) is listing these parameters below: 
 

 Quality. 

 Cost. 

 Flexibility. 

 Delivery reliability. 

 Delivery time. 
 
A great advantage of Lean is the ability to visualize the process to locate the waste. If the 
identification and elimination of waste is done correctly this will result in reduced manufacturing 
costs, increased productivity, customer satisfaction and profits (Chen, et al., 2010). 
 
Lean has a great way of involving all levels of the organization, striving toward the same goal 
with responsibility. A culture of teaching one another about how to achieve the principles, 
learning from one another from great leadership. Employees have improvement as common 
activity in the everyday work (Petersson, et al, 2009; Sörqvist, 2013). 

3.1.5 WEAKNESSES WITH LEAN 

Lean emphasizes the importance of having continuous improvements, however it doesn’t have 
the necessary tools, techniques and structure to implement the continuous improvements lifestyle 
and is therefore required to import these elsewhere. Lean could be as much cultural as 
operational, missing a standard methodology and framework (Sörqvist, 2013; Bhasin, 2015). 
 
Lean is criticized to be an implementable strategy for startups, that one requires an already high 
degree of maturity in your organization that is determined to focus on quality and quality 
development. Lean is considered a long-term strategy, which require stubbornness and 
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commitment to be implemented and will else fall unsuccessful, creating stress and monotone 
motions (Petersson, et al, 2009; Sörqvist, 2013; Bhasin, 2015). 
 
Since Lean is long-term beneficial, a complete Lean implementation might not suitable for a 
manufactured product that has a market that changes rapidly, i.e., the customer’s needs could 
change and transforms the value into no-value (Bhasin, 2015). 
 
Since Lean tend to decrease batch sizes and limits stock ups it increases the pressure on the 
suppliers delivering the raw material and components with the right frequency, size and time, 
ultimately relying heavily on the suppliers (Bhasin, 2015). According to Shahin & Alinavaz (2008) 
Lean doesn’t value analyzing data through an Information system or the use of a system. 

3.2 SIX SIGMA 

Six Sigma is initially an improvement programme of Motorola in 1986, trying to diminish their 
gap in production quality between themselves and Japan. Robert W. Galvin, the sitting CEO 
together with The Communication Sector (Motorola’s main manufacturing division) initialized a 
project that would improve the productions quality performance from three sigma (i.e. 6800 
dpmo, defects per million opportunities) to six sigma (i.e. 3400 dpmo) in six years (Magnusson, et 
al., 2004). 

3.2.1 VALUES OF SIX SIGMA 

Six sigma is suggested to not only a method for improvement, it is as well a vision, goal, 
philosophy, symbol, and a metric. The vision and the goal of Six Sigma leads to “excellent quality 
in the total satisfaction of customer needs”, the philosophy is total customer satisfaction, the 
quality variation symbol “σ” and the name is the same and is a metric that emphasizes that quality 
is measurable as a number (Tennant, 2001; Tennant, 2002). 
 
According to Pyzdek (2001) the values of Six Sigma have a direct connection to the organizations 
goals, that an organization’s values should guide the work forward. Pyzdek (2001) further 
describes that a transition to a Six Sigma strategy is a transition to a customer-driven 
organization, where features as flattened hierarchies, risk taking encouragement, communication, 
unions and reward progress emerge. 
 
In Six Sigma it is suggested to exist an underlying rationale, consistent of a top and a bottom line 
loop. The bottom line loop illustrates that through improvements projects with positive will 
produce more commitment towards improvement. The top line loop describes how process and 
product improvements increased customer satisfaction. To conduct successful projects and 
improve processes and products quality the top management need to be committed to 

materialize the projects and set goals of the production. Training from green belt  black belt  
Champion is required within the organization to increase the competence and elevate the profits 
(Magnusson, et al., 2004). 
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According to Sörqvist & Höglund (2007) Six Sigma have five focus areas that together complete 
the basis of Six Sigma improvements: 
 

 Focus on Variation. 

 Focus on Customers. 

 Focus on Processes. 

 Focus on Chronic problems. 

 Focus on Results. 
 
Six Sigma has a focus on reducing the variation through tools of statistics. By making 
analyzation through facts one can develop new knowledge, breakthroughs and solutions that 
wouldn’t be possible by traditional tools (Sörqvist & Höglund, 2007). More on variation can be 
read in the later section, 3.4. 
 
The central focus is on the customer, where the customer’s needs and expectation is not taken 
lightly. A customer is the one that gets affected by the production and as well as the products 
receiver. Six Sigma projects are often chosen according on how it affects the customer, high 
relation and it will be prioritized. The voice of the customer (VOC) is central in a Six Sigma 
project and the customer satisfaction is a result variable for projects to achieve and reflect upon 
(Sörqvist & Höglund, 2007). 
 
Six Sigma see the productions processes as several cross-functional flows that consist of all the 
work activities creating the product or service. Through mapping and identifying these flows one 
can thereafter analyze them, where improvements can be done on individual activities. To 
eliminate root causes and make improvements Six Sigma use a cross-functional perspective 
where causes to the problem often can be in a sub-process (Sörqvist & Höglund, 2007). 
 
Six Sigma is suggested to see problems as either chronic or acute. Where the acute problems are 
samples of data that significantly strive away from the process mean or target value and can be 
seen as none acceptable. Chronic issues are everyday variated work that can be eliminated, 
however often seen as acceptable due its limited effect. Chronic issues need to be addressed 
through highly sophisticated analytic methods to identify and eliminate the root cause (Sörqvist & 
Höglund, 2007). 
 
The result and impact of the Six Sigma project justifies its creation. Six Sigma is therefore highly 
result oriented. Depending on the increase customer satisfaction and decrease of economical 
savings a Six Sigma is evaluated or chosen. The goals of a projects are often highly set and the 
result validated and well-documented (Sörqvist & Höglund, 2007). 

3.2.2 TECHNIQUES OF SIX SIGMA 

Through the Six Sigma perspective, to enhance the effectiveness of the improvements requires a 
systematic approach to guide the project team to find and eliminate the root cause of the 
problem. Without a systematic technique, there is a possibility to solve the symptom, rather than 
the root cause of the problem. By working systematically and standardized the whole 
organization will work in union and have the same approach to problem solving, creating a norm 
to steer and follow up projects (Sörqvist & Höglund, 2007). 
 
The systematic technique consists of five phases: define-measure-analyze-improve-control and is 
shortened DMAIC, illustrated in Figure 6. The DMAIC cycle will guide the project team to 
understand, find, verify and eliminate root causes to the problem to decrease the variation 
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(Eckes, 2001; Pande & Holpp, 2002; Sörqvist, 2004; Sörqvist & Höglund, 2007; Sörqvist, 2013; 
Quentin, 2014). A description of each phase is written below. 
 

 
Figure 6 – DMAIC cycle, taken from Magnusson, et al. (2000) 

Define Phase 
In the define phase an understanding of the problem and its symptoms are carefully examined, 
which is developed into a problem description (Sörqvist & Höglund, 2007; Sörqvist, 2013). 
According to (Sörqvist & Höglund, 2007) it is easier to solve a problem with a total 
understanding and will often generate better solutions in the end. 
 
The project team should decide the purpose, goal and potential benefit of the project. It is 
important to align the project goals to the organizations goals, scope the project and set realistic 
goals (Sörqvist & Höglund, 2007; Sörqvist, 2013). According to Sörqvist & Höglund (2007) and 
Magnusson, et al. (2000) the benefit should consist of money, customer and employee. 
 
Next one should identify the customer’s needs a.k.a. the customer’s voice (VOC), reason for this 
is to examine if the customer gets affected by the possible improvements of the project. Based on 
the customer’s needs together with other important properties critical factors are developed, 
a.k.a., critical to quality (COQ), these describe what factors that has the greatest importance to 
achieve the intended quality. The factors should be measurable and able to use as specifications 
(Sörqvist & Höglund, 2007). Thereafter in the define phase one shall map the flow of the process 
where the problem occur and lastly the project team shall plan the future of the project with a 
project plan (Sörqvist & Höglund, 2007; Sörqvist, 2013). 
 
Measure Phase 
The foundation in making improvements is with facts, and facts comes from measurement from 
the production. It is therefore important to measure the activities in the production in order to 
understand the variation of data, form patterns and identify issues (Sörqvist, 2004; Sörqvist & 
Höglund, 2007). Initially, before making measurements one has to decide the required need of 
information. Depending on the level of complexion, the more complex the problem, the more 
data required (Sörqvist & Höglund, 2007).  
 
The next step is to identify important measures, the ones that are the most important to solve the 
problem and not the easiest to carry out. The deep understanding of the problem and the process 
flow will help the project team identifying these measures. In Six Sigma one wants to solve the 
problem as an equation: Y = f(X), where Y stands for the measure of improvements and result of 
the process and X as the factors that impact the outcome of Y. In this stage one wants to identify 
Y to measure it and decrease the variation by decreasing the variation of the x factors, which are 
either dirigible or none-dirigible factors (Sörqvist, 2004; Sörqvist & Höglund, 2007). 
 
According to Quentin (2014) one should select what to measure through a data collection plan, 
determine sample size and frequency. Further Quentin (2014) describes that data can be 
continuous (i.e., Measuring an event), Count (i.e., Counting items) or Attribute (i.e., Classifying 

DEFINE MEASURE ANALYZE IMPROVE CONTROL 
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items). According to Sörqvist (2013) a method of measurement can be a forms, sensors, surveys 
or interviews.  
 
Next one is to test the measurement method to be able to trust that the data is accurate and 
reliable. The test is often conducted by a Measurement System Analysis (MSA) which test the 
methods accuracy, reproducibility, repeatability and stability (Sörqvist, 2013; Quentin, 2014). To 
plan the measurement is important, so that no data gathering is forgotten, instructions 
misunderstood or data documentation is not carefully conducted (Sörqvist & Höglund, 2007). 
According to Sörqvist (2013) the amount of planning is in relation to the measurements 
complexity and extent. 
 
Analyze Phase 
The data that have been gathered in the measure phase is now analyzed to increase the 
understanding of the data and through the analyze develop root causes to the significant 
deviations and patterns in the data (Sörqvist, 2004). It is suggested to exist two kinds of analysis 
models, a quantitative analysis of variations (a.k.a., data door) and a qualitative analysis of 
processes (a.k.a., process door) to examine the gathered data (Sörqvist, 2004; Sörqvist & 
Höglund, 2007; Quentin, 2014). 
 
When analyzing variation one is studying a lot of data with statistical methods and tools. You are 
then able to determine differences, patterns, co-existent variations and ultimately validate the 
variation. The validation is often done by verifying developed hypothesis and determine its 
significance. When the root causes are identified, further validation of their existent is conducted 
by analyzing more data or develop new measurements (Sörqvist, 2004; Sörqvist & Höglund, 
2007; Quentin, 2014). 
 
When analyzing the process flows you focus on mapping the process in detail and analyze the 
process effectivity, lead-times and flaws in the process steps. An important focus is to have a 
customer perspective and understand what in the process that fulfill their needs. The project 
team develops hypothesizes of root causes developed from the process flow and selects the most 
significant hypothesizes. Thereafter further analysis and data gathering is conducted to validate 
the hypothesis and set the root cause (Sörqvist & Höglund, 2007). From the two models the root 
causes are identified and verified. The root causes are categorized according to their importance 
and impact on the problem and waits for elimination by improvements in the improve phase 
(Sörqvist, 2004; Sörqvist & Höglund, 2007; Quentin, 2014). 
 
Improve Phase 
The first stage in the improve phase is to generate solutions which often deviates from a 
systematic approach and are instead developed creatively (Quentin, 2014; Sörqvist & Höglund, 
2007; Sörqvist, 2004). 
 
All the generated solutions are now systematically selected depending on their individual impact 
on the root cause and certain developed criteria (e.g., effect on customer, cost reduction, 
implementation). For each solution, the risk of assessment is conducted, often by a failure mode 
and effect analysis (FMEA). Another risk assessment and assurance that the improvement is 
implementable, it is tested through a pilot test. The execution of the pilot test is described in an 
action plan (Sörqvist, 2004; Sörqvist & Höglund, 2007; Quentin, 2014). When the solution is 
implemented should a first and direct verification of the output be conducted verifying the result 
of the improvement and check if the goal is achieved (Sörqvist & Höglund, 2007). 
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Control Phase 
After the improvement and new routines have been implemented it is important to secure the 
standardization of the implementation and that the result keep being as intended. The risk of not 
follow up and control is that the improvements are ignored and the root cause emerge ones again 
(Sörqvist, 2004; Sörqvist & Höglund, 2007; Sörqvist, 2013). 
 
To secure the implementation one should standardize the process and work procedures, this can 
be done by develop instructions, process description or checklists. Education of the implemented 
changes and routines is required to consolidate the standardization (Sörqvist, 2004; Sörqvist & 
Höglund, 2007; Sörqvist, 2013). To avoid that the output of the process deviates from the 
wanted result one should systematically plan the operations management, perform continuous 
measurements and follow up on result, methodology and return of investment (Sörqvist, 2004; 
Sörqvist & Höglund, 2007; Sörqvist, 2013). 
 
A final project report is written which contain the projects purpose, procedures and achieved 
result. The final report can be spread across the organization and deliver interesting findings and 
solutions. Before the project closure the learnings and responsibility is transferred to the ordinary 
operation with correspondent managers. Lastly it is important to spread the gained experiences 
of implemented solutions and other interesting findings further in the organization (Sörqvist, 
2004; Sörqvist & Höglund, 2007; Sörqvist, 2013). 

3.2.3 TOOLS OF SIX SIGMA 

In Six Sigma several tools for problem solving are used, tools to map and analyze the reality, 
either at a broad or in in detailed perspective. E.g., Tools for process mapping, cycle time 
reduction, flow charts, check sheets are honorable mentions which are often used in Six Sigma 
Projects (Pyzdek, 2001). 
 
The tools are suggested to be categorized into quantitative and qualitative tools. These mirrors 
the need of analyzation in the data and process doors that been previously described. The 
quantitative tools are called the Quality Control tools (QC tools) and are used to display and 
analyze quantitative data (Pyzdek, 2001). According to Magnusson, et al. (2000) the QC tools are 
described as the 7QC tools and consist of the check sheet, histogram, Pareto Chart, cause-effect 
diagram, stratification, scatter plot and control chart. Magnusson, et al. (2000) further describes 
that flow chart was added in the 1990’s as a part of the 7QC tools. 
 
Qualitative tools are called Management tools (7M tools) and are used to plan and manage the 
activities in the quality improvements. These seven qualitative tools consist of Affinity diagrams, 
Tree diagrams, Process decision program charts (PDPC), Matrix Diagrams, Interrelationship 
diagrams, prioritization matrices, Activity network diagrams (Pyzdek, 2001). According to 
Quentin (2014) other important tools in a six sigma project are FMEA, brainstorming and 
benchmarking. 

3.2.4 STRENGTHS WITH SIX SIGMA 

Six Sigma is a strategy that has a focus on financial returns that are both quantifiable and 
measurable (Sörqvist & Höglund, 2007; Antony, Vinodh, Gijo, 2016). 
 
Conduct improvements in a disciplined and sequential manner (i.e., DMAIC cycle) with placed 
tools and techniques (Sörqvist, 2004; Sörqvist & Höglund, 2007; Antony, et al., 2016). Sörqvist & 
Höglund (2007) further describes that Six Sigma have a strategic connection when setting goals 
which correspond to the organizations vision and strategy. 
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Have a clear infrastructure of roles (i.e., green belts, black belts, master black belts and 
champions) that together integrate to pass knowledge, vision and verification of quality projects 
(Sörqvist & Höglund, 2007; Antony, et al., 2016). Sörqvist & Höglund (2007) emphazises that the 
leadership of Six Sigma has a clear source of responsibility, where improvement projects are 
better followed up, goal set and personal committed than of other improvement concepts. 
 
Six Sigma strategy base its decisions on facts and data and not assumption nor hunches (Sörqvist, 
2004; Sörqvist & Höglund, 2007; Antony, et al., 2016). Sörqvist & Höglund (2007) further 
explains that using fact based problem solving work often gives high credibility and generates 
better solutions. 

3.2.5 WEAKNESSES WITH SIX SIGMA 

Having data available when you need it can be hard, time consuming and take the proportion of 
the project time. The start-up cost to completely implement Six Sigma can be extensive (Antony, 
et al., 2016). 
 
According to Magnusson, et al. (2000) companies that have implemented Six Sigma show very 
good improvements and bottom-line result in the short run, however the transition towards a 
long-term strategy is not as evident. Magnusson, et al. (2000) further describes that taking on Six 
Sigma as the only strategy is not recommended, even companies as Motorola, ABB and GE that 
define themselves as Six Sigma companies use other integrated strategies in their organization. 
 
If a company doesn’t focus on its people and culture the process of gathering necessary data can 
be difficult without people awareness or compliance. Aiming towards a unrealistic goals can be 
difficult to stick with, where to focus become more towards the tools than the problem (Salah, et 
al., 2010). 
 
Criticism of Six Sigma according to Shahin & Alinavaz (2008) is that process improvements are 
done independently, where Six Sigma is not considered for a system interaction., e.g., 
Information systems. 
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3.3 THE INTEGRATION OF LEAN AND SIX SIGMA 

Today the integration of Lean and Six Sigma are undeveloped, the integration both lack practical 
examples as well as detailed frameworks (Sörqvist, 2013; Bendell, 2006; Salah, Rahim, Carretero, 
2010; Shahin & Alinavaz, 2008). There are however developed recommendations of criteria that a 
future framework would need to have by Salah, et al. (2010) that can be viewed at A4 in 
Appendix A. 
 

 
Figure 7 – Existent models with tools and techniques of the integration of Lean and Six Sigma, created by the author 

Lean Six Sigma and Six Sigma Lean have been described previously as either Lean dominant 
(SSL) or Six Sigma dominant (LSS). Besides from these both extremes other frameworks have 
been discussed in the recent years. However, all frameworks lacks broad evidence of 
performance and enough practical examples to determine what framework actually is the most 
effective and for what purpose. In Figure 7 six frameworks have been identified, that exist in the 
current literature. Two of them have previously briefly been described (LSS and SSL), the other 
four are further described in this below. 
 
Lean Six Sigma (LSS) 
In 2000’s century the Six Sigma methodology was enhanced by introducing Lean tools in its 
arsenal and by that renamed into Lean Six Sigma. By integrating Lean tools, the structured 
DMAIC-cycle could cover more, where quantitative data wasn’t enough Lean tools would be 
useful, e.g., mapping the process flow through VSM (Sörqvist, 2013). 
 
Lean Six Sigma is using both Six Sigma and Lean tools and methods. Lean methods to secure a 
flow of the process, where there is not flow is considered waste. Six Sigma is securing the 
performance of the process with the systematic improvements of the variation (George, 2002; 
Wedgwood, 2007). 
 
Six Sigma Lean (SSL) 
Similarly, Six Sigma Lean consist of a foundation of Lean with daily continuous improvements by 
implement statistical tools identical to those who are used in a Six Sigma project. These are called 
Japanese TQM-programs, which use daily improvements instead of project based improvements. 
The focus is on high quality, rather than economical aspects, which will in the long run develop 
profits (Sörqvist & Höglund, 2007). 
 
Thomas, Francis, Fisher & Byard (2016) is suggesting an innovative framework to realize the 
Lean thinking’s five principles of Womack & Jones (2003) by placed DMAIC projects. Thomas, 
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et al. (2016) specifies value, set internal value stream, create flow, pull the demand and create 
perfection all by defining each principle and make improvements using both Lean and Six Sigma 
tools. 
 
Statistical tools that support Kaizen events 
Sheridan (2000) is describing a practical example, where Six Sigma black belts are assisting in 
kaizen projects with statistical data analyses when Lean gets stuck or fails identifying the cause 
and effect. Sheridan (2000) further describes that a kaizen project can be finished after a week, 
but a Six Sigma project can be four to six months. However according to Sheridan (2000) it is 
sometimes necessary to have the six sigma tools to be able to fully solve the issues faced at a 
kaizen event, sometimes only Six Sigma can fix a Lean problem. 
 
Map the need of the problem 
According to Bendell (2006) Lean and Six Sigma shouldn’t be either submissive or dominant in 
its integration, rather a holistic approach. The choice of method should be determined by 
mapping the process. 
 
Bendell (2006) is suggesting that every project should start by mapping the process and if it is a 
chronic waste, Lean is used. If the process map shows problems in variation Six Sigma is applied. 
Further Bendell (2006) is suggesting using certifying tools as if one has a market pressure issue 
and invest in employees if one has a people issue. 
 
Lean Six Sigma for small companies 
Thomas, Barton and Chuke-Okafor (2009) are suggesting a ten-step model for small engineering 
businesses where both Lean and Six Sigma are used. The first five steps are based on the 
DMAIC-cycle and thereafter five steps of lean tools, e.g., VSM and 5S. 
 
The Current and Future state 
Pepper & Spedding (2010) is suggesting a model based on Lean thinking, as seen in Figure 8. The 
Lean thinking set the strategic direction of the business (i.e., future state), however how to get 
there is up to Six Sigma’s techniques and tools. When Six Sigma projects have fulfilled the 
hotspots towards the future state the process restarts, Lean set the direction and Six Sigma fulfill 
the path (Pepper & Spedding, 2010). 
 

 
Figure 8 – Conceptual model of Lean Six Sigma, according to Pepper & Spedding (2010) 
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3.4 STATISTICAL QUALITY CONTROL 

Walter A. Shewhart described variations as either within or without control limits. He studied 
samples from the nature and applied the same methodology to manufacturing data. Dr. Shewhart 
realized that the manufacturing data didn’t behave as the samples of the nature did and realized 
that two kinds of variations; Controlled variation, that showed consistent and stable patterns and 
named “Chance causes”, example of this variation could differ in operators, machines or 
materials, patterns which are stable over time. Uncontrolled variation, which are defined as data 
which pattern changes over time, named “assignable causes”, which are identified as patterns of 
marked impact of the variation (Wheeler & Chambers, 1992). 
 
The assignable causes do not only impact the variance significantly it is as well unpredictable. 
Without identifying and eliminating the assignable causes a process can’t be predictable. If the 
data streams are viewed as outputs of a process, one can, if the process variance is in control, 
predict the outcome and the future of the process output. According to Dr. Shewhart two 
approaches of process improvement could be implemented. The first approach is when the 
assignable cause couldn’t be removed or identified, the variance is created from the process and 
therefore the process had to be changed. The second approach is when the process is not 
working as intended and the output is changing time to time. If the assignable cause is causing 
harm, remove it or if it’s beneficial, modify it to be a part of the process. The charts which 
displays the data and the variance are named “Shewhart Control Charts” and they are a 
combination of practical experienced and probability theory (Wheeler & Chambers, 1992). 
 

 
Figure 9 – The four possibilities for any process, taken from Wheeler & Chambers (1992) 

Wheeler & Chambers (1992) identified four states which a process can be categorized within as 
illustrated in Figure 9. The Ideal State is when one has a 100% conforming product within a 
process that is in statistical control and using control charts as maintaining the control as well as 
give warnings of failure of crossing the control limits in time (Wheeler & Chambers, 1992). 
 
The Threshold State is when one has a process that is in control using control charts, however 
the conformance of the product is not 100%, in the Threshold state one should either change the 
process or specifications (Wheeler & Chambers, 1992). 
 
The Brink of Chaos is a state when one has a process that is not in control, however is still 
producing 100% conformance products. Everything seems to be in order, but in this state the 
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process can change to the worse and both quality and conformance level can shift, caused by 
assignable causes (Wheeler & Chambers, 1992). 
 
The State of Chaos is a state when one has a process and a conformance level which is not 
known or controlled. The cause of the problem of varying outputs is not known and decision 
changing the process is not based on facts of the assignable causes (Wheeler & Chambers, 1992). 

3.4.1 INDIVIDUAL CONTROL CHART 

Individual Control charts is developed from a single sample (n=1), an example of when the 
individual chart is used is when the production rate is slow and where it isn’t possible to do 
several observations (subgroups) (Montgomery, 2005). 
 
According to Wheeler and Chambers (1992) the limits of the individual control chart is very 
delicate and easy to do wrong. The wrong way of computing limits for a process that is out of 
control is to use all the averages and standard deviation data. The data points that are out of 
control is a part of calculating the limits. The effect of this is that the limits will get a lot wider in 
range than theoretically correct, in an example of Wheeler and Chambers (1992), the incorrect 
way made the limits 86% wider than if done correctly. Instead the correct way is to add the +/- 
average moving range from a smaller sample of data that is in control (Wheeler & Chambers, 
1992). 
 
Furthermore, Montgomery (2005) writes as well about caution using individual control chart 
limits. If the data isn’t normally distributed the limits can’t be trusted. To solve this, one can use 
the limits generated from percentile of the data that are normally distributed (at least 100 
samples). (Montgomery, 2005). 
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4 THEORETICAL ANALYSIS 

In the theoretical analysis, the reader get to know how the developed model of Lean and Six Sigma was 
established. First seeking similarities and thereafter analyzing the differences towards the ideal state of Wheeler 
and Chambers (1992) and recommendations from the literature. In the end of the chapter the impact of an 
information system is analyzed. 

4.1 SIMILARITIES IN VALUES OF LEAN AND SIX SIGMA 

After analyzing the values of Lean and Six Sigma, by the content of the theoretical frame of 
references, six similarities have been identified. The similarities are however not identical, but 
share the same purpose or that they use different methods, but the outcome is similar. The 
similarities can be viewed in Table 2 and further described below. 
 

Table 2 – Similarities in values of Lean and Six Sigma, created by the author 

 
 
Customer Focus 
The first step of Lean is to set the customer value, and is symbolically integrated in the Lean 
house. Focus on the customer demand for its Just in Time vision, but as well their product 
conformance in a decrease of defects. Their customer focus mirrors their seven wastes, where the 
waste is determined from the customer perspective (Petersson, et al., 2009). 
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Similarly to Lean, Six Sigma has the initial step to identify the customers’ perspective and need in 
the define phase, e.g., CTQ tree. The result is determined how well the customer needs are 
improved (Pyzdek, 2001). 
 
Both Lean and Six Sigma share the common ground that the long-term results or project results 
are dependent on the customer perspective on the process outcome. 
 
Committed leadership 
The centerpiece of the Lean house is motivated and flexible leaders, through them the employees 
are motivated to decrease waste and improve the process. Through the leaders’ teachings 
employees gets involved and motivated (Dennis, 2016). A part of the Six Sigma framework is 
committed leadership, leaders are involved in defining the projects goals and channel resources 
where it is necessary. Through the hierarchical belt system employees learn from both the black 
belts and champions (Magnusson, et al., 2004). Lean and Six Sigma emphasizes the importance of 
committed leadership to motivate and implement quality improvements. 
 
Education of employees 
Lean educate their employees and suppliers with the principles of the Lean culture and Six Sigma 
educate their employees to improve their knowledge in statistical procedures and analysis. Both 
methodologies with the goal to increase their in-house competence in quality improvements 
(Liker & Meier, 2006; Dennis, 2016; Magnusson, et al., 2000). 
 
Focus on stability and variation 
Lean focuses on standardization in their process flow to create stability, which will decrease 
variation (Bicheno, 2009). Six Sigma’s primary focus is to decrease all kinds of variation, both 
process and defect related (Magnusson, et al., 2004). Both methodologies share the vision of a 
decreasing variation, however how to get there, the methods differentiate. 
 
Focus on Result 
Both Lean and Six Sigma focus and follow up on results and base their decisions on facts. They 
differ in how to view result. Lean has a long-term strategy, where Lean organizations expect their 
seeds of improvements to grow and results can be viewed thereafter. Six Sigma on the contrary 
wants immediate or calculated result in the beginning and end of their improvement projects 
(Bicheno, 2009; Dennis, 2016; Pyzdek, 2001). 
 
Focus on Processes 
In the beginning of a Lean implementation or a Six Sigma project is the process visualization. 
The need of process mapping is similar in both methodologies, e.g., VSM and SIPOC (Pyzdek, 
2001; Bicheno, 2009). Lean and Six Sigma both intend to improve their processes. Lean do so 
through a holistic perspective, e.g., Standardization and Just in Time, where instead Six Sigma 
focus on a concentrated part of the process. 
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4.2 SIMILARITIES IN TECHNIQUES OF LEAN AND SIX SIGMA 

If analyzing similarities of Womack & Jones (2003) implementation guide and the DMAIC cycle 
one can find that there are similarities. Table 3 below is based on analysis of Salah, et al. (2010): 
 

Table 3 - Similarities in Womack & Jones (2013) implementation guide and Six Sigma, inspired from Salah, et al. (2010) 

 
 
There are similarities in specifying the values of the customer in “Specify Values” and “Define 
phase”, however differences, e.g., when Six Sigma is setting progress and financial goals. Both 
techniques are mapping the process that both occur in DMAIC and Lean, however the extent of 
different measurements exceeds in Six Sigma.  
 
Six Sigma and Lean both aims to improve the process. Six Sigma is focusing on validating and 
analyzing affective data before entering the improve phase. Lean is swifter in reducing wasteful 
activities, balancing the flow and create a pull system. Both Six Sigma and Lean seeks to 
standardize and implement the improvements, the difference is that Six Sigma seeks to control 
the changes, where Lean improve the process daily to keep control with the goal to exceed the 
current state (Womack & Jones, 2003; Bicheno, 2009; Sörqvist, 2013; Quentin, 2014). 

4.3 SIMILARITIES IN TOOLS OF LEAN AND SIX SIGMA 

As previously mentioned by Petersson, et al. (2009), Lean uses any tools or techniques, if the 
principles of Lean are intact. In some sense Six Sigma has the same relation to tools, according to 
(Sörqvist & Höglund, 2007) Six Sigma toolbox broadens every year and ads more tools to its 
qualitative and quantitative arsenal. Similarly, according to Pyzdek (2001) the TQM toolbox is 
continuously increasing in numbers. 
 

 
Figure 10 – Similarities in tools of Lean and Six Sigma, taken from Salah, et al. (2010) 

The reason for this openness to new tools is according to Salah, et al. (2010) and Kumar, et al. 
(2006) that the tools are not originally created from either Six Sigma and Lean. The tools are 
taken to be connected to the values of each method (Salah, et al., 2010). As illustrated in Figure 
10 by Salah, et al. (2010), some common tools are Brainstorming, Process Mapping, 
Standardization and Mistake-proofing. 
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4.4 DIFFERENCES OF LEAN AND SIX SIGMA 

As seen in Table 4 the identified differences are analyzed and correlated to positively affect a 
process in control, as well as a 100% conforming product. Reward and title system and flat and 
flexible organization are scoped in this thesis, due to lack of correlation of achieving the Ideal 
state, nor recommendations from literature concerning the combination of Lean and Six Sigma. 
 

Table 4 - Analysis in differences of Lean and Six Sigma, created by the author 

Method 
Identified 
Difference 

Process Control 
100% Conforming 

Product 
Recommendation 

Lean 
Continuous 

improvements 

Continuous 
improvements are 
necessary to both 

achieve and maintain a 
process in control. 
Able to exceed the 
limits and prevent 

entropy (Wheeler & 
Chambers, 1992) 

Continuous 
improvements are 
necessary to both 

achieve and maintain a 
product in control. 
Able to exceed the 
limits and prevent 

entropy (Wheeler & 
Chambers, 1992) 

Use a DMAIC-cycle 
as the core structure 

of improvement 
(Salah, et al., 2010) 

Lean Supplier Involvement 

The supplier 
involvement is key to 

enhance and verify the 
quality of the raw 
material or bought 

components (Sörqvist 
& Höglund, 2007) 

The supplier 
involvement is key to 

enhance and verify the 
quality of the raw 
material or bought 

components (Sörqvist 
& Höglund, 2007) 

Involve both suppliers 
and customers (Salah, 

et al., 2010) 

Lean Focus on Culture 

A culture where the 
individual care about 

improvements and are 
data driven can 

decrease process 
variation (Bhasin, 

2015; Sörqvist, 2013) 

A culture where the 
individual care about 

improvements and are 
data driven can 

decrease process 
variation (Bhasin, 

2015; Sörqvist, 2013) 

Focus on both 
transactional and 
manufacturing 

processes (Salah, et al., 
2010) 

Six Sigma 
Focus on chronic 

issues 

Focus on chronic 
issues, rather than 

acute should be made 
to keep the process 
stable (Sörqvist & 
Höglund, 2007) 

Focus on chronic 
issues, rather than 

acute should be made 
to keep the product 
stable (Sörqvist & 
Höglund, 2007) 

Have characteristics of 
an effective change 

program (Salah, et al., 
2010) 

Six Sigma DMAIC structure 

To remove the 
assignable causes, 

rather than the 
symptoms a structured 

way of working is 
needed (Sörqvist & 

Höglund, 2007) 

To remove the 
assignable causes, 

rather than the 
symptoms a structured 

way of working is 
needed (Sörqvist & 

Höglund, 2007) 

Use a DMAIC-cycle 
as the core structure 

of improvement 
(Salah, et al., 2010) 

Six Sigma Use Six Sigma tools 

The use of control 
charts is a necessity to 
be able to monitor the 

process (Wheeler & 
Chambers, 1992) 

Without statistical 
tools one are not able 

verify a 100% 
conforming product 

(Wheeler & 
Chambers, 1992) 

Use the right tools for 
the right problem 
(Salah, et al., 2010) 

Lean Use Lean Tools 

Some variations can’t 
be measured and need 
to be addressed with 

qualitative tools 
(Sörqvist & Höglund, 

2007) 

Some variations can’t 
be measured and need 
to be addressed with 

qualitative tools 
(Sörqvist & Höglund, 

2007) 

Use the right tools for 
the right problem 
(Salah, et al., 2010) 
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4.5 SUMMATION OF INCLUDING SIMILARITIES AND DIFFERENCES 

Previously Lean and Six Sigma has been broken down in values, techniques and tools. The 
values, techniques and tools of Lean and Six Sigma have been sorted from similar to different. 
Thereafter the parts which differentiate have been analyzed to meet the Ideal state of Wheeler 
and Chambers (1992), both process in control and 100% conforming product. 
Recommendations has been taken into an account from literature, especially from Salah, et al. 
(2010). In Table 5 both the Similarities and the differences are summed up which will be the 
foundation of the developed conceptual model of Lean and Six Sigma. 
 

Table 5 – Similarities and differences that are taken into an account 

Similarities Differences 

Customer Focus Supplier Involvement 

Committed Leadership Have an improvement culture 

Education of Employees Focus on chronic issues 

Focus on Stability and Variation Have the DMAIC structure 

Focus on Result Use both Six Sigma and Lean tools 

Focus on Processes Have organization culture that is 
improvement and data driven 

4.6 THE IMPACT OF AN INFORMATION SYSTEM 

According to Lee, et al. (2014) there are new trends towards industry 4.0 and big data, where human 
assembly and human interaction will decrease in size. A large part of the process well-being will have 
to be analyzed through data the machines and internal processes are gathering. 
 
The second step in a Lean implementation is identifying the value stream, similarly the second 
step in a Six Sigma project is the measure phase. Both the steps towards identifying the current 
state of the process or the current sigma value requires data, informative data (Pyzdek, 2001; 
Womack & Jones, 2003; Bicheno, 2009; Sörqvist, 2013). 
 

An organization which implement Six Sigma would need an information system to support the 
required statistical analyses made (Pyzdek, 2001). Lean requires visualization to set the current 
state and move towards the future state, but as well discovering problems in the production flow 
(Liker & Meier, 2006). 
 
Wheeler and Chambers (1992) emphasizes the importance of control charts, which needs 
gathered historical data to set the process state and improve the process and the product. 
Wheeler and Chambers (1992) further describes that to reach the Ideal State the process should 
be maintained and receive timely warnings of failure. 
 
Both Six Sigma and Lean are either not considering interacting with an Information system or 
values its potential (Shahin & Alinavaz, 2008). In an integrated model of Lean and Six Sigma 
Salah, et al. (2010) is recommending supporting structure of IT (Information technology), which 
includes IS (information systems) (Fayoumi & Loucopoulos, 2016). 
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5 PROPOSED MODEL OF LEAN SIX SIGMA 

The proposed model of Lean and Six Sigma is described as the individual methodologies in the theoretical frame of 
references. The proposed model is similarly, based on values, techniques and tools and is further described below. 

5.1 LEAN SIX SIGMA VALUES 

The Lean Six Sigma values are chosen to meet the similarities of Six Sigma and Lean, in a highly-
automated environment and as well enable the ideal state of Wheeler & Chambers (1992). When 
humans are replaced by machines results and facts become even more important. One cannot 
trust in a machines effort, ability and routine to do what is intended. Instead humans can interact 
with an Information system, which enables humans to perform as before. Trusting employees 
ability to analyze data and identify assignable causes becomes more evident than before. 
 
Leadership is committed to new technology and IT solutions. Employees is to be educated in 
statistical analysis skills and identifying process potential. The supplier is connected to the 
Information system and involved in the improvement process. What both Lean and Six Sigma 
agrees upon is the customer focus (Pyzdek, 2001; Dennis, 2016). As seen in Figure 11 the values 
of the proposed conceptual model are summarized in a house, similar to the Lean house 
according to Dennis (2016) and further described below. 

 
Figure 11 – The Lean Six Sigma House, created by the author, inspired by (Dennis, 2016) 

5.1.1 CUSTOMER FOCUS AND THE IDEAL STATE 

Both Lean and Six Sigma have their foundation to improvements set for the customer. Lean is 
letting the definition of waste be defined by the customer, thereafter removes wasteful activities 
that are none-beneficial for the customers (Bicheno, 2009). Six Sigma is similarly, but differently 
focusing on changing process variables that are important for the customer and decrease its 
variation without jeopardizing anything else, which would affect the customer negatively 
(Magnusson, et al., 2004). The integrated model can take the benefits from both methodologies, 
removing waste in activities and in variation, that are defined by the customer and controlled in 
the projects. 
 
The customer will be focused on through the ideal state of the process. The result from this 
model from a customer point of view will be a received quality product on time, however over 
time will be able deliver the same quality on time, but in a faster rate. 
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5.1.2 POTENTIAL AND STABILITY 

When Lean perform its relocation from current state to future state it is mapping the process and 
evaluates the potential for a future state. Changes in the process are conducted, removes waste or 
invest in activities to level the total capacity to meet the takted demand from the customer, i.e., 
just in time (Bicheno, 2009). Quick changes can jeopardize both established process control and 
product conformance (Wheeler & Chambers, 1992). Six Sigma is as well conducting 
improvements, however mostly on chronic issues, which is followed up in the control phase of 
the DMAIC-structure (Sörqvist & Höglund, 2007). A single Six Sigma project is removing 
assignable causes, but not alone dramatically improves the process (Shahin & Alinavaz, 2008). 
 
Six Sigma can´t do the quick and needed improvements to change the process throughput or 
capital utilization dramatically, in the same way Lean can’t bring a process under control (Shahin 
& Alinavaz, 2008). 

 
Figure 12 – The weighing of potential and stability, created by the author 

That is why the two pillars supporting the Lean Six Sigma model are Potential and Stability, as 
seen in Figure 12. The Lean perspective to utilize the potential of the future state and make 
necessary changes to meet the customer takted demand. Six Sigma has the analytical and 
structured ability to find the assignable causes, created from these changes to stabilize the 
process. Balance should be focused, in order to keep up with the demand and at the same time 
be within the ideal state. An information system will decide the current state of the process and 
the organization will initiate projects depending on the need of the current state. 

5.1.3 INFORMATION SYSTEM 

The information system will always visualize the current state of the process. After an analyzation 
of displayed data, the current state can be determined and with that the future need of the 
process, i.e., the future state. Depending on the variation of the process cycle- and lead times and 
product conformance (rate of defects or quality yield) the improvements can pursue either 
stability or potential. According to Deming (1982) the capacity can’t be determined without a 
stable process. This model will make sure that the process is stable before conducting dramatic 
improvements, at the same time, when the information system show signs of stability a future 
state can be pursued. Dramatic changes in process activities can be placed, e.g., bottleneck cycle 
time reduction, capacity increase or implementing a new pull system. 

5.1.4 COMMITTED LEADERSHIP 

Both Lean and Six Sigma point out the needed commitment of the organizations leaders. The 
leaders are the ones that motivate improvements, drive methodology, allocate resources and 
share knowledge. In Six Sigma there’re black belts and champions, in Lean gurus and figureheads. 
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This committed leadership, motivation of improvements and knowledge sharing is as well a base 
for this Lean Six Sigma model. 

5.1.5 EDUCATION AND INVOLVEMENT 

Education and involvement of all employees need to be prioritized. In projects on all levels of 
the organization need to be involved in the improvement projects. Both to share their 
perspective and knowledge of the process, but at the same time can learn from each other. E.g., 
the Lean Six Sigma expert can share his knowledge of variation and general process behavior, 
while the operator can share his knowledge of established routines with actual observations. With 
the involvement and an accessible information system, the operator can in the future see 
assignable causes while it occurs, i.e., statistical andon. 
 
Involvement of the supplier is as well important, to be able to make sure that the raw material, 
purchased components and machines are delivered with the quality intended. The organization 
must extend its improvement projects within its supply chain. Share knowledge, start 
improvement projects outside the factory and follow up on collaborations. 

5.2 LEAN SIX SIGMA TECHNIQUES 

First step in Lean is to specify what the customer perceive as value within the process and after 
mapping the process, move a part or the whole process from the current state to a theoretical 
future state (Bicheno, 2009; Sörqvist, 2013; Womack & Jones, 2003). Six Sigma is instead focusing on 
chronic issues, variables within the process that are causing e.g., defects or variation in cycle time 
(Sörqvist & Höglund, 2007). 
 
This developed model use both Lean and Six Sigma techniques, however with a DMAIC 
structure, recommended by Salah, et al. (2010). This structure is possible since there are high 
similarities with Womack & Jones (2003) implementation steps and the DMAIC cycle (Salah, et 
al., 2010). When the system indicate stability the future improvement project focus on large parts 
of the process to increase capacity, throughput time, new products or new product futures. When 
the information system indicate instability the improvements projects focus on chronic issues, 
locating root causes (assignable causes) to the discovered variation. 
 

 
Figure 13 – The technique of the Lean Six Sigma model, created by the author 
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As seen in Figure 13 the technique starts with the information system, indicating the current state 
of the process. Thereafter projects are generated to either focus on stability or potential, 
depending on the variation from either targeted or theoretical limits. 
 
The projects are thereafter sorted by a deciding matrix. The criteria can be developed depending 
on what’s important to the organization. An example of a deciding matrix is developed by 
Sörqvist & Höglund (2007), where the projects are weighted by cost, economical savings, 
customer influence, difficulty and possibility of spread. Thereafter the projects are conducted 
according to a DMAIC cycle, that is shown in Figure 14. 
 

 
Figure 14 – The structure of the DMAIC project, created by the author, inspired by Quentin (2014) 

Define 
The first step in the cycle is the define phase, where the problem or the potential is described. 
The projects goal and scope are set and defined. The individuals in the team are chosen to be 
able implement improvements, care about the projects outcome and know the process (Quentin, 
2014). The customer perspective is taken into account, what’s critical to the customer should not 
be jeopardized in the improvement projects. 
 
The problem or potential are analyzed to meet the long-term goals of the organization. If the 
problem or potential is not affecting the long-term strategies and goals positively the project is 
closed. The short-term benefits are not taken into account. If short term loss is discovered it is 
further analyzed to see if it can be avoided, if not continue, even if there are losses in the short 
run. 
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Measure 
The first step in the measure phase is to map the process in a flow chart. A Gemba walk could be 
taken place, where the project members meet at the located process to verify its existence and 
gather observable knowledge. Thereafter the technique splits depending on if it’s a stability issue 
or a potential project. 
 

 Stability: If the Information system isn’t already displaying the necessary data, a data 
collection plan is initiated and measurements are collected or conducted. If new 
measurements are conducted they are implemented in the Information system directly. 
The real sigma value is established. The measurement are shown in descriptive statistics 
where Null hypothesizes are established and taken further into the analyze phase. 

 

 Potential: Further specify the needs of the customer, e.g., market analysis or customer 
interviews to specify in detail what creates value for the customer. Activities that is not 
appreciated by the customer are directly taken into improve phase for elimination. 

 
Analyze 
In the analyze phase the procedure is differentiating depending on if the project is a stability or a 
potential project. 
 

 Stability: The assignable causes are identified through data and process doors (Quentin, 
2014). 

o Data Door: Assignable causes are generated through statistical investigation, 
pinpointing the source of the problem e.g., variation in lead time. 

o Process Door: A Gemba walk is conducted at the established assignable causes 
from the data door for verification. As well new assignable causes can be 
established from the process. 

 

 Potential: A Value Stream Map or a simulation is created and analyzed. The real gap 
between Current and Future State (goal) is established. 

 
Improve 
The improve phase extends beyond the project group, to operators, managers, technicians and 
suppliers, where involvement is of importance. In the improve phase the improvements are 
generated and systematically selected to those that have the most impact on the current and 
future gap or the sigma value. The improvements that most effectively eliminate root causes or 
waste are chosen. 
 
Control 
In the control phase the improvements generated in the improve phase are implemented and 
spread across the organization. An action plan is created to successfully implement the 
improvement. Simultaneously the Information system is monitored to verify the projects impact 
on process control and/or product conformance. 
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Continuous Improvements 
After the improvement projects been conducted and implemented a new current state of the 
process is established and continuous improvement cycle is initiated, as seen in Figure 15, where 
the process will in control improve in both stability and capacity. 
 

 
Figure 15 – Continuous Improvements by establishing new states of the process, created by the author 

Lean Six Sigma Tools 
Looking at the measure and analyze phase of the Lean Six Sigma model the chronic issues 
requires a higher degree of statistical tools (7QC Tools) and data analytic abilities to find the 
assignable causes. Beyond that, the integrated toolbox is open for every stability issue or potential 
the user see fit (Bicheno, 2009). 
 
Since the toolbox is continuously growing and is available to the employees of the organization, 
internal educational programs need to be established. The more knowledge of locating potential, 
waste, solutions and assignable causes the more impact will the improvement projects have. 
Beyond educational programs the involvement and interaction of employees in all levels will 
spread the knowledge of both Lean and Six Sigma techniques and tools (Pyzdek, 2001). 
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6 EMPERICAL TEST OF MODEL AT SMF 

In this chapter the reader will be able to read about the company background and how the Information system was 
developed in the empirical test. The result of the Information system is as well described. The stability project 
conducted in the project is described, followed by recommendations towards the company. 

6.1 COMPANY BACKGROUND 

SMF is a factory within that is manufacturing batch flow products, mostly towards the end 
customer at retail stores. The factory has been active since 2016 and is in the initial stages of 
producing batches of the new product, consisting of four components; Component A, B, C and 
D. As seen in Figure 16, the components have to reach the assembly at the same time to be able 
to produce the final product. Variation in the components individual lead times become 
important, if high variation the other components has to wait, causing great losses in total lead 
time. 

 
Figure 16 – Illustration of the SMF manufacturing process 

The focus has been on securing the products conformance towards the customer, rather than the 
control of the process flow. Most the production is executed by automated machines that are 
linked towards a Manufacturing Execution System (MES), that is gathering historical time data of 
manufacturing components. SMF is planning for a production ramp up for the new product and 
as well new introductions to the product family. 
 
To secure that SMF is meeting the current demand, future capacity, they are redirecting their 
focus towards the production flow and their current production performance in order expand the 
production while performing continuous improvements. 

6.2 INFORMATION SYSTEM DEVELOPMENT 

An Information system development, following the Information system research methodology, 
which goal was to visualize the components cycle – and lead times, WIP and as well as the 
individual buffer sizes. The concept was generated through a unstructured focus group interview 
and refined through a system design review. 
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6.2.1 CONCEPT BUILDING 

To be able to give initial basic support for a Lean Six Sigma model, according to Wheeler and 
Chambers (1992) can define the current state by visualize historical cycle- and lead times and 
product conformance levels. 
 

Table 6 – Result from interview with SMF logistics team 2017-03-14 at the SMF factory 

Content Function 

Display Lead times Easy accessible 

Display Cycle times A clear separation between historical and 
current data 

Buffer sizes Have dynamic diagrams where one can 
change the period of measurement 

Display Work in Process (WIP) Show several measurement units: feet, 
quantity and kilo 

 
The concept of the Information system is divided into content and function. The requirements 
of the system were created to be able to support a Lean Six Sigma model, as well as requirements 
from the SMF logistics group. The initial needs from the logistics group is described in Table 6 
and the response from the System design review listed below: 
 

 Good to see target values. 

 Good with colors indicating status. 

 Appreciated information for daily control. 

 Add WIP levels between buffers in the overview together with buffer size would be 
appreciated. 

 Add averages in cycle time in the flow chart for cycle – and lead times. 

 Can remove customer orders that has been put over holidays and weekends. 

 Have a traceability function for work orders. 
 
The concept can be viewed in Figure B-1 –  Figure B-7 in the Appendix B, where their feedback 
as well were used to modify the concept. 
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6.2.2 SYSTEM INTERFACE 

The system interface is describing the Information systems functional design, architecture and 
the relationship between components (Williamson, 2002). 
 

 
Figure 17 – Information systems architecture 

The Information system interface and architecture, in detail seen in Figure B-1 – Figure B-7 in 
the appendices is built as a funnel, illustrated in Figure 17, where the user receives broad 
information in the beginning of the system and with more choices the user make, the more 
detailed information of the produced components is given, as seen in Figure 18. The Information 
system is divided in two sections, WIP and Quantity is one branch and Cycle and Lead time is 
the other. Process Conformance (i.e., Sigma Value) is as well considered in the development of 
the concept, but not implemented in the empirical test. 
 

 
Figure 18– Interface of the developed Information system 
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In the first version of the Information system the defect rate (sigma value) is not uploaded or the 
WIP and buffer size control charts. This is however thought of in sequential versions of the 
system. In this stage, the Information system is applied on a single product, the Information 
system can be expanded to several products in sequential versions using the same module. 
 
Production Overview 
In the production overview the user can identify the current status of critical quantity segments 
of production logistics. The users can see the current status in comparison to the set targets. 
Current buffers sizes and WIP levels between buffers are displayed, as seen Figure B-1, in 
Appendix B. Colors (green, yellow and red) indicate the current status. At buffer size the quantity 
should be at or above target value to have status green. At WIP between buffers the quantity 
should be at or under target value to be green. Yellow indicates when the quantity is 1-10% from 
target value and red when further away from target value. The user has now the choice to enter 
the “WIP & quantity” branch or “Cycle time & Lead time” branch as seen in Figure 18. 
 
Flow charts and Activity List 
The flow charts, seen in Figure B-3 and Figure B-5, in Appendix B display the current process 
steps. Within the flow chart boxes the user is given broad and current data. The boxes give the 
user color indication (red or yellow) when the process is 1-10% (yellow) or further away (red) 
from the target value. The user has the choice of clicking the flow chart box (process step) for 
detailed data, either listed or charted. 
 
Control Charts 
The control charts display the historical data points observed for every individual order. The user 
can see patterns and assignable causes through analysis as seen in Figure B-6and Figure B-7, in 
Appendix B. 
 
Traceability  
In the flow chart interface for WIP and Quantity the user is as well able to search for an 
individual order for current location and value or for historical analysis as seen in Figure B-3, in 
Appendix B. 

6.3 CURRENT STATE 

As mentioned previously, SMF focus has been securing product conformance level to secure a 
quality product to the customer. Less effort has been on stabilizing or decreasing cycle- and lead 
times. Therefor will this empirical test limit itself to process control in cycle- and lead times and 
not consider product conformance level, i.e., Sigma Values. Since the product conformance level 
isn’t verified in this thesis the components can’t enter Brink of Chaos, nor the Ideal state. 
 
The target values in Figure C-5, seen in Appendix C are set to 20% from the mean of all the data. 
The theoretical limits (upper and lower control limits) can be used when more data is collected 
and is showing a normal distribution (Wheeler & Chambers, 1992; Montgomery, 2005). The Lead 
Time is defined as from initiating work on the raw material to the buffer before the assembly to 
the final product. 
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Figure 19 – Boxplot of the first 54 data points of Component A, B, C and D 

As seen in Figure 19 Component C indicates the largest value of standard deviation. The 
variation in lead time in the Component A is the second highest. Since both Component A and 
Component C indicate high values in standard variation, these are set to the stability state. 
Component B indicates an increasing trend in lead time, which as well are set in the Stability 
state. Component D is set to Stability state as well, since a fair share of data points is not within 
20% from the mean value. 
 
As further can be viewed in Figure C-5, in the Appendix C, Component A show signs of 
instability. The lead time in January was higher than average, where it shifted in mid-January to 
around 30 days. The lead time decreased in March and seemed to have shifted to a lower average 
lead time. Component B lead time has slowly increased over the time of January to end of 
February. Thereafter irregularities in lead time is shown from beneath lower bound to above 
upper bound. Analyzing the pattern the lead time seems to be increasing towards out of control. 
Component C mean lead time is shifting in January and two times in March. In January lead 
times reaching far above the upper bound, where in March reaching both away from upper and 
lower bound. Component D has high lead times in February to be reduced in March. A 
drastically change in the mean value in March. A pattern is shown in mid-March, for every eight 
data point the mean shifts. 

6.4 PROJECT SELECTION 

The project selection for SMF is straight forward, where important variables are the current 
length of the component lead time, as well as the variation. The lead time is important since a fast 
move from stability to potential state will enable the entire product to lower its total lead time, 
since the component with the highest lead time becomes a bottleneck. The variation is a degree 
of difficulty, moving from stability state towards potential state. A reduction in standard 
deviation for one component would likely positively affect the products standard deviation as 
well. When one component has both highest lead time and high standard deviation it should be 
important to reduce this one first, since the other components will wait for bottleneck in 
assembly. The Lead time is therefore weighted as 70% of importance and Standard Deviation as 
30% of importance. The result of the priority matrix can be seen in Table 7. 
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Table 7 – A priority matrix for the four components 

 Component A Component C Component B Component D 

Lead Time 29,12 16,50 20,72 7,95 

Standard Deviation 7,46 9,58 5,37 5,03 

Scores with weights 22,62 14,42 16,12 7,07 

Rank 1 3 2 4 

 
For this thesis a single project was pursued as an evaluation of the model. A Component A 
Stability State project was conducted in Define, Measure and Analysis phase of the DMAIC-cycle 
to move the Component A from State of Chaos to the Threshold State as seen in Figure 20. 
Improve and Control will not be conducted, due to the thesis time restriction of 20 weeks. 
 

 
Figure 20 – Placement of components within the current state matrix, Component A is chosen for the test of the model, taken from Wheeler and 

Chambers (1992), Potential state added by the author 

6.5 SMFS’ QUALITY POLICY AND LONG TERM STRATEGY 

SMF has quality policies which is inspired from Lean principles, customer focus, involvement of 
all levels of the organization and continuous everyday improvements. 
 
SMF is an organization which has a long-term goal to be market leaders in the future. Doing this 
by improving their manufacturing quality, link products with customer segments and grow in 
emerging and unexplored markets. This is done by great leadership. 
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6.6 DEFINE 

In the define phase the project goal, scope and long term linkage to quality policies and strategy 
are described. After this phase, the project is decided if to be continued into measure phase. 
 
Project Goal 
The projects goal is to find root causes to variation in lead time for Component A, which current 
state as the stability state. The goal is to change the Component A from a state of chaos to 
threshold state, lowering the variation in lead time to be within 20%. 
 
Project Scope 
The measurement will limit itself to 2017-01-01 to 2017-04-24, due to that the Information 
system is not yet developed and online and the data has been collected manually using SQL 
language. No MSA (Measurement System Analysis) will be conducted in this project. This means 
that the timestamps, when measuring the cycle- and lead times aren’t validated. 
 
The Project has been conducted by a single individual and not in a project team. This may limit 
the number of perspectives and may jeopardize the quality in the analyze phase. The Project was 
conducted over a limited amount of time, a complete period of three weeks. More root causes 
could have been found with more time. Since the project is limited to Define, Measure and 
Analyze the project won’t suggest improvements or implementation plans. 
 
Long term Strategy and Policy linkage 
The project support the continuous improvement policy. The decrease of variation will make it 
easier to determine the capacity for Component A and initiate a decrease in lead time. The 
decrease of lead time for Component A will as well decrease the total lead time for the complete 
product. 
 
A decrease of lead time for the product will give the customer a lower delivery waiting time, by 
that covering the customer focus policy. Further this improvement supports the strategy of being 
market leader in the future, since a decrease in variation will make it easier to initiate improved 
manufacturing quality through e.g., capacity leveling. 
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6.7 MEASURE 

In a Gemba Walk following the Component A production flow. The flow chart, containing the 
Component A activities, buffers and queues, seen in Figure C-4 in Appendix C, was developed. 
Thereafter a data collection plan, as seen in Table C-1 in Appendix C, was conducted and data 
withdrawn from the database where activities in between measured activities was calculated. 

6.7.1 PROCESS CAPABILITY AND PROCESS SIGMA 

If viewing a data point above or below the upper and lower limit as a defect the quality yield is 
currently 60,4% as seen in Figure 21 (100% - 39,6%). Resulting in a process sigma of 1,7. This 
means that the process has 39,6% away from an 100% ideal state defined as within 20% of the 
mean value. The Cpk and the Cp value is 0,30 which indicates according to Montgomery (2005), 
that the process is centered at the midpoint of the specifications. 
 

 
Figure 21 – Process Capability Report for Component A Lead Time 

6.7.2 DESCRIPTIVE STATISTICS 

As seen in Figure 22, Activity 1, QC1 & MTRLT1, MTRLT7 and Activity 10 show a high 
standard deviation in cycle time, especially MTRLT5. Negative values are shown in Activity 1, 
MTRLT4, MTRLT6 and MTRLT7. 
 

 
Figure 22 – Cycle Times for Component A, shown in a Box Blot and an Interval Plot 

The interval plot further show a unexpected pattern surrounding Activity 5. It can be viewed as 
well that MTRLT4 show a mix or entirely negative values. 
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Figure 23 – Line Plot of Standard Deviation for Variant 1 and 2 of Component A 

In Figure 23 one can follow the difference in standard deviation for variant 1 and variant 2 of 
Component A through the same production flow. Both variant 1 and variant 2 is following the 
same pattern, except in MTRL7 and MTRL8, where they differ. 
 
Established Null hypothesizes 
 

1. There is no difference in the line of activities for Component A between Buffer 2 and 
Activity 11. 

2. There is no difference in the line of activities between Activity 4 and Buffer 2. 
3. There is no difference in standard deviation for: Activity 1, Quality check 1 & 

Material Transportation 1, Material Transportation 5, Material Transportation 7 and 
Activity 10. 

4. There is no difference in standard deviation between Variant 1 and 2 in MTRL7 and 
MTRL 8. 

6.8 ANALYZE 

In the Analyze Phase the hypothesizes, generated in the measure phase is verified and assignable 
causes is developed through a data door with statistics. Thereafter the author performed a 
process door analysis, conducted as a Gemba walk at located areas of assignable causes verify 
assignable causes and establish new ones. 

6.8.1 DATA DOOR 

Null Hypothesis 1 
There is no difference in the line of activities for Component A between Buffer 2 and Activity 
11. 
 
If viewing the Start and End times for Activity 5 between Buffer 2 and Buffer 3, Activity 5 is not 
following the process flow and has a cycle time that starts in several places. The Material 
Transport 6 will therefor always indicate wrong calculated cycle time. If viewing Figure 24 one 
can see that the majority of Activity 5 starts 30% of the times where it supposed to and ends 
often in Activity 10, but as well on other places. Therefore can’t the null hypothesis 1 be rejected. 
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Standard Deviation for variant 1 and 2 of Component A 
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Figure 24 – Pareto chart of Activity 5 actual starts and ends within Component A production flow 

Established Assignable Causes: 

 The Activity 5 is a Sub Process. 

 The end time stamp is scanned together with another procedure or before/after the 
actual Activity 5 cycle time. 

 The time stamps in Activity 5 are fault. 
 
Null Hypothesis 2 
There is no difference in the line of activities between Activity 4 and Buffer 2. 
 

 
Figure 25 – Time Series Plot of Material Transportation 4 

The work between Activity 4 and Buffer 2 is a material transfer activity of approximately 50 
meters. Looking at Figure 25, the majority of the cycle times gives negative values of one, up to 
eight days. 14 data points are positive and give values below one day. Due to the negative values 
the null hypothesis 2 can’t be rejected. 
 
Established Assignable Causes: 

 Different scanning routines, where the operator either scan the material after or before 
the material entered Buffer 2. 

 Activity 4 is conducted after the order been scanned in Buffer 2, and thereafter returning 
to Buffer 2. 

 The data time stamps in MTRLT4 are fault. 
 
 
 

0 
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Null Hypothesis 3 
There is no difference in standard deviation for: Activity 1, Quality check 1 & Material 
Transportation 1, Material Transportation 5, Material Transportation 7 and Activity 10. 
 

 

Figure 26 – Test for Equal Variances for all cycle times in the Component A production flow 

Viewing Figure 26 Activity 1 and QC1 and MTRLT1 has a significant different standard 
deviation. MTRL5 can be viewed as significantly different, depending on its activity content, e.g., 
Activity 5 procedure occurs in MTRLT5 the variation can be explained for. MTRLT7 and 
Activity 10 can’t be said to be significantly different. The null Hypothesis can be rejected 
MTRLT7 and Activity 10, but not for Activity 1, QC1 & MTRLT1 and MTRLT 5. 
 
Established Assignable causes: 

 Material Transportation 5 has a significant difference in standard deviation. 

 Activity 1 has a significant difference in standard deviation. 

 Quality Check 1 & Material Transportation 1 has significant difference in standard 
deviation. 

 
Null Hypothesis 4 
There is no difference in standard deviation between Variant 1 and 2 in MTRL7 and MTRL 8. 
 
Looking at the normal distributions in Figure C-3 found in Appendix C, the thesis proceeds with 
considering MTRLT8 as normally distributed for both variant 1 and variant 2. MTRLT7 is not 
considered as normally distributed for both variant 1 and 2 for Component A. 
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Figure 27 – Test for Equal Variances for MTRLT7 and MTRLT8 

As seen in Figure 27 the variance for variant 1 and 2 in MTRLT8 can be said to be statistically 
significantly different, based on that the P-value is below 0,05. Further seen in Figure 27 the 
variance can be said to be statistically significantly different, based on that the P-value is below 
0,05 and that the intervals do not overlap. Based on that the P-value is below 0,05 and that the 
intervals don’t overlap the null hypothesis 4 can’t be rejected. 
 
Established Assignable Causes: 

 Since a product requires both variant 1 and 2 the orders are waiting for each other in the 
process flow, likely to be standing still in both MTRLT7 and MTRLT8. 

6.9 VERIFICATION OF ASSIGNABLE CAUSES 

The author went on a Gemba walk, talking to operators at the production floor to verify and 
further discover assignable causes. The author initially starts at areas of identified problems, i.e., 
assignable causes that are listed below in Table 8. 
 
Table 8 – Established Assignable Causes 

Process Step Established Assignable Cause 

Activity 1 Activity 1 has a significant difference in standard deviation 

Activity 5 Activity 5 is a Sub-process 

Activity 5 The time stamps in Activity 5 are fault 

QC1 & MTRLT1 
Quality Check 1 and Material Transportation 1 has a significant 
difference in standard deviation 

Buffer 2 The data time stamps in MTRLT4 are fault 

Buffer 2 
Different scanning routines, where the operator either scan the 
material after or before the material entered Buffer 2 

Buffer 2 
Activity 4 is conducted after the order been scanned in Buffer 
2, thereafter returning to Buffer 2 

MTRLT5 
Material Transportation 5 has a significant difference in 
standard deviation 

MTRLT7 
There is a significant difference in Standard Deviation of 
Variant 1 and 2 for Component A 

MTRLT8 
There is a significant difference in Standard Deviation of 
Variant 1 and 2 for Component A 

 
Process Step: Activity 5 

According to an operator the loading rack is a sub-process that is active from Activity 6  
MTRLT8. The operator couldn’t explain why the Activity 5 is scanned within Activity 10, nor at 
other places. The operator forwarded the author to the IT department. According to the IT 
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expert the wrong time stamps have been given for measuring the Activity 5. New data was 
developed through MES tracking overview system, shown in Figure 28 in 6.10. 
 
Process Step: Buffer 2 
According to the operator the Component A is taken from Activity 3 and directly processed 
through Activity 4 to thereafter be placed just before Buffer 2. Logistics thereafter take over and 
both weighing and scanning Component A. The operator thereafter forwarded the author to the 
logistics department. The logistics department agreed and had the same version as the operator, 
the logistics forwarded the author to the IT department responsible for MES. 
 
The IT expert clarified that the Start time stamp can’t always be trusted within buffers, that the 
thesis should rely on the End stamp as a start time for Buffer 2. The new established data is 
shown in Figure 28 in 6.10. 
 
Process Step: Activity 1 
The operators are following the established routines with scanning the material before and after 
leaving the Activity 1 machine. However, new discoveries were made which validates the high 
variation. 
 

 The machines manufacturing speed variates depending on the Activity 1 machines tool, 
which lower the quality or certainty of quality and lower the throughput time. The cycle 
time can therefor variate from seven up to twelve hours. 

 The quality department should verify the continuing manufacturing of an order for the 
Component A, not the other components, where the operators do the quality 
measurements themselves. According to the asked operator, the quality department could 
take up to a half a day to verify the Component A orders. 

 The first batch of the order takes longer time to processes, since the operator should 
establish scanning procedures for the order, i.e., tool and material. Following batches in 
the same order can be scanned using the same source of scanning, the result is a faster 
order processing. 

 
Process Step: MTRLT7 and MTRLT8 
According to the operators at Activity 6, Activity 7 and Activity 8 there is no difference in 
routines regarding Variant 1 and Variant 2 for Component A. The current routine is first in first 
served. The assignable cause can therefore not be verified. 
 
Process Step: Quality Check 1 and MTRLT1 
According to the operators at Activity 2 and Activity 3 it happens that they are waiting on Quality 
Check 1 to verify Component A before entering the Buffer 1 and that the time for Quality Check 
1 can variate. For further investigation, the operators forwarded the author to the Quality 
Department. 
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6.10 SUMMARY OF THE ASSIGNABLE CAUSES 

As seen in Figure 28 the negative values concerned Activity 5 has decreased. Activity 5.1 and 
MTRLT6 still have negative values, which can’t be explained. Buffer 2 and MTRLT5 increased in 
both lead time and standard deviation. 
 

 
Figure 28 – Cycle Times for Component A, shown in a Box Blot and an Interval Plot with new data 

In the interval plot, viewed in Figure 28 the negative values surround the Activity 5 has drastically 
decreased with the new data. Activity 5.1, MTRL6 still can’t be explained and need to be further 
investigated. 
 
List of changed/added data Figure 28 and Figure 29 

 New Start and End time stamps for Activity 5. 

 New created activity “Activity 5.1”. 

 New created activity “Activity 5.2”. 

 Removed Start time for Buffer 2. 
 
If viewing Figure 29 Activity 5 has been separated to a sub process and two new activities added 
(Activity 5.1 and Activity 5.2). 
 

 
Figure 29 – The new Component A Flow Chart 

More is explained since the start of the Component A Stability Project, however more assignable 
causes are to be discovered, as well as data justification for the data time stamps. The result of the 
Analyze phase can be viewed in Table 9. 
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Table 9 – Result of the investigation of the assignable causes 

Process Step Verified Assignable Cause Verified 

Activity 1 

Activity 1 has a significant difference in standard deviation 

 Different tools, with different quality are used 

 Variation in Quality Departments verification of 
the Component A 

 Variation in scanning batches for the same 
material and tools 

Operator, 2017-05-08 

Activity 5 
Activity 5 is a Sub-process 

 Two new activities created 
Logistics, 2017-05-08 

Activity 5 
The time stamps in Activity 5 are faulty 

 New data added 
IT Expert, 2017-05-08 

QC1 and MTRLT1 

Quality check 1 and Material Transportation 1 has a 
significant difference in standard deviation 

 QC1 variates in time with the quality checks of 
the Component A 

Operators, 2017-05-08 

BF2 
The data time stamps in MTRLT4 are faulty 

 New data added 
IT Expert, 2017-05-08 

Process Step Discarded Assignable Causes Discarded 

BF2 
Different scanning routines, where the operator either scan 

the material after or before the material entered BF2 
Logistics, 2017-05-08 

BF2 
Activity 4 is conducted after the order been scanned in 

BF2, thereafter returning to BF2 
Logistics, 2017-05-08 

Process Step Unverified Assignable Causes Reason 

MTRLT5 

Material Transportation 5 has a significant difference in 
standard deviation 

 BF2 is a part of the MTRLT5 after new added 
data 

Thesis Time Limit 

MTRLT7 
There is a significant difference in Standard Deviation for 

Variant 1 and 2 of the Component A 
Beyond knowledge of operators 

MTRLT8 
There is a significant difference in Standard Deviation for 

Variant 1 and 2 of the Component A 
Beyond knowledge of operators 

 

6.11 RECOMMENDATIONS TO SMF 

To be able to rely entirely on the data used in this thesis it should be tested. A definition of the 
timestamp events would be recommended (e.g., timestamp for machine cycle time, pallet or 
processed order). 
 
If the problem is that the Component A is stuck in its process and missing in assembly, the long 
standard deviation in MTRL5 and Buffer 2 would be recommended to analyze further and find 
the assignable causes and/or shorten the average cycle and holding time. Beyond that the Activity 
1 and Quality Check 1 would be necessary to analyze if the routines decrease the standard 
deviation (e.g., use the same speed in the Activity 1 machine and standardize routines in checking 
the quality of the Component A). 
 
Since the process is heavy on relying on machines a strict maintenance and competence boost is 
recommended. Move the competence from the suppliers to in house for the machines and start 
with TPM. Similarly, in viewing the Component A process the individual activities need SPC 
methods to find assignable causes to unknown malfunctions. 
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7 ANALYSIS 

In the Analysis chapter the reader can get an understanding of the result that the Information system and the 
empirical test of the model delivered according to already established theories and individual models. In the end of 
the chapter the changes to the model is displayed after the analyze phase of the stability project. 

7.1 INFORMATION SYSTEM 

The collected needs from the logistics group, can in communion be described as the need of 
immediate visualization. The logistics groups need for current cycle time, WIP, buffer time and 
lead times, illustrates a need of being in control. The historical data function wasn’t taken up as 
relevant. According to Wheeler and Chambers (1992) this supports that their processes are in fact 
in a state of chaos. The result became an Information system that directly displayed a current 
overview of the production. It isn’t until the Threshold State the use of historical data become 
more significant (Wheeler & Chambers, 1992). 
 
However the Information system can still be of service, according to Womack & Jones (2003) a 
Lean transformation requires an identification of the value stream, the Information system can be 
used as a value stream map and the capacity +/- standard deviation can be set. Similarly towards 
a Six Sigma project, one already has a lot of data collected for the measure phase (Pyzdek, 2001). 

7.2 THE EMPIRICAL TEST AT SMF 

Current State 
The current state is important for both Lean and Six Sigma, and even more for Wheeler and 
Chambers (1992). Leans continuous improvement strategy revolve in decreasing the gap between 
current and future state (Liker & Meier, 2006). Six Sigma seeks the current capability analysis for 
the investigated process (Pyzdek, 2001). Without the ability of setting the current status for a 
process, weather it is a VSM or a capability analysis, the continuous work is difficult without 
them. For SMF the result showed that the components were far from the potential state, where 
the +/- 20% limits was breached almost up to 40% for Component A. When the current state 
been set there is room for identifying waste and assignable causes that are causing the inefficiency 
and irregularities shown in the data. 
 
Define Phase 
The SMF organization shared quality policies and long term strategies that are aligned with the 
Lean Six Sigma house. Customer focus and operational excellence are clear targets for both the 
methodology and the organization. Operational excellence according to both Lean and Six Sigma 
is the reduction of wasteful activities and variations (Bicheno, 2009; Sörqvist, 2013). Both Lean 
and Six Sigma share the value of setting the customer in the centre. Six Sigma through its top line 
loop, that will increase future market share (Magnusson, et al., 2004). Lean through long term 
customer and supplier involvement to change the values of the production to enable the 
customer to be willing to pay for their product (Womack & Jones, 2003; Bicheno, 2009; Sörqvist, 
2013). 
 
The developed and tested model has both a long term perspectives from Lean, but as well goals 
of reduction in variations and effeciency. This will ultimately lead to a internal and external 
customer perspective. An external customer perspective that puts the customer in focus and 
make sure the projects are aligned with long term policies and strategies. The internal customer 
are the goal setting function, where the the project team drives to cut waste and eliminate 
assignable causes in the internal processes towards the project owner. 
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Measure Phase 
In the measure phase for SMF hypothesizes could be established and further investigated in the 
analyze phase. The hypothesis covered standard deviations and process alignment. The standard 
deviation hypothesis ultimately led to significant causes to variations, especially in Activity 1. 
However the negative values showed in MTRLT4 and MTRLT6 was caused by fault columns of 
data in the SQL towards the database. This could have been avoided if the model have had tested 
the data in before-hand. Six Sigma emphasized the need of validating, both assignable causes and 
the collected data (Magnusson, et al., 2004; Sörqvist & Höglund, 2007; Quentin, 2014). The Lean 
Six Sigma model lacked the technique of validating data before a collection. 
 
Analyze Phase 
In the analyze phase the null hypothesis was investigated and assignable causes established, they 
concerned standard deviations as well as process alignment. Most of the null hypothesizes was 
rejected and widely thought of assignable causes established. Here on out the analyze phase has 
followed the Six Sigma methodology (Quentin, 2014). The process door however, delivered a 
new method of the Gemba walk, from Lean (Imai, 1997). The result from the empirical test gave 
both the author verification of established assignable causes, but as well new assignable causes, 
that unlikely would have been identified without the direct communication at the shop floor. The 
operator even guided the author to key players that could further answer the questions, this 
validates Leans involvement of employees and flat organization strategy that a Lean Six Sigma 
model is recommended to have according to Salah, et al. (2010). 

7.3 CHANGES MADE TO THE MODEL AFTER THE EMPERICAL TEST 

In the empirical test at SMF some of the collected data in the measure phase turned out not to be 
reliable. This could have been avoided if a Measurement System Analysis was done in beforehand 
(Magnusson, et al., 2004; Sörqvist & Höglund, 2007; Quentin, 2014). A database has a capacity of 
collecting several variants of timestamps that can be defined as similar. What timestamp that 
correspond to should be defined before analyzing the plotted data, otherwise assignable causes 
becomes faulty time stamps or worse, unidentified assignable causes. 
 
The technique of the Lean Six Sigma model therefore adds a step before setting the next state of 
the process, as seen in Figure 30. Initially or after completed projects the organization should 
confirm that the data is reliable before setting the next current state. By comparing real-time 
observations with outputs from the Information system the data can be verified. Unfortunately, 
this wasn’t done in the test at SMF and faulty time stamps became reasons for established 
assignable causes. The Information system is as well adding an Information text in the interface 
describing when the system was latest updated, e.g., “Updated 2017-05-10 by JOWE”. This to 
assure the analyst that the data is valid to be analyzed. 
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Figure 30 – The technique of the Lean Six Sigma model with changes, created by the author 

In the test at SMF the flow – and control charts wasn’t enough to identify the assignable causes 
to the shown variation. Descriptive statistics and other analytical methods had to be plotted to 
both identify and verify assignable causes. Therefore, the Information system needs a data 
withdrawal function, where the user can download the wanted data into data sheets. An external 
software program (e.g., Minitab or Microsoft Excel) can thereafter be used for further 
analyzation. Since not all the users have the competence of SQL-language and the database 
architecture this need to be a function of the Information system with already established SQL-
query questions. 
 
According to Quentin (2014) individuals that “can/care/know” has to be involved within the 
project for its success. The “know” often refers to the Lean Six Sigma expert (i.e., the black belt) 
or the operator that has process knowledge (Quentin, 2014). When conducting an improvement 
project in an environment similar to this modern factory, an analyst must be reliable towards the 
IT-department. The model therefor adds IT-expert in the team to be responsible for the MSA, 
SQL-query and updating the Information system after the measure phase with new data. 
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8 DISCUSSION 

In the discussion chapter it is discussed how the research questions been answered. What kind of model has been 
developed? How can the ideal state be reached? 
 
How can an Information system of data analytics support the modern factory in lead 
time reduction? 
If viewing the big picture, a factory’s purpose is to meet the demand from the customer. To be 
able to do so the organization needs to know the time until delivery and the products quality in 
comparison to the customers’ requirements. These customer requirements are dynamic and the 
industry should adapt accordingly through improvements (Sörqvist, 2004). To be informed of the 
customers’ demand is one part, the other is to have the information to be able to meet them. 
 
SMF has components that are manufactured over several activities, buffers and quality checks 
and that should meet up in assembly to form the finalized product. Without an Information 
system that displays current status of the whole process and individual events the factory can’t be 
proactive or at best active in their reaction. A reactive approach is instead formed, where 
components in assembly is known or at worst missing. An Information system could detect after, 
e.g., the very first buffer that the Component A won’t be able to reach the expected delivery to 
assembly in time. 
 
According to Wheeler and Chambers (1992), Shewhart control charts is the first step towards 
initiating process control and taking the temperature on the factory. With current and historical 
information, which is generated from the information system one can act upon the shortages and 
find the assignable causes of the delay, discover the existing or new bottleneck of the process or 
find the source of a product defects. The organization can thereafter act upon the information 
and initiate improvement projects to reduce the lead time of the process, both in variation and in 
average lead time. 
 
Why is LSS or SSL, if any, suitable for a modern factory? 
The values, techniques and tools chosen for the model depended on the need of the ideal state of 
Wheeler and Chambers (1992) and recommendations from Salah, et al. (2010). SMF needed a 
way to visualize their processes to discover where to initiate resources to improve the products 
lead time. Similar organizations are as well following the new trend of big data and smart 
factories (Maleyeff, et al., 2012). How to visualize the process, work with data and improvement 
projects is however not “written in stone”. An integration of Lean and Six Sigma could represent 
the solution to need of visualize hidden processes and work with data, generated from the 
automated machines. 
 
The developed model in this thesis have been an attempt to create a framework that would meet 
these new needs, needs the new reality is bringing. The current identified frameworks of the Lean 
and Six Sigma integration have two corners: SSL and LLS. When analyzing the developed model 
of this thesis it is similar to “Map the need of the problem”. Depending on if the process met the 
ideal state or not in the current state step. The difference is however that the developed model 
use the same technique in solving the problem, the DMAIC cycle, recommended by Salah, et al. 
(2010). If “Map the need of the problem” is in the center of SSL and LSS, the developed model 
is more towards LSS. Six Sigma has too many qualities that are beneficial in a factory which 
variables is more machine developed than from human labor. The machines output is data, 
where Six Sigma techniques over-perform Lean techniques. 
 
The developed model isn’t however a copy of existing LSS methodologies. The no-budge long-
term approach and policy linkage is inspired from Lean principles. The potential state is similar to 
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a kaizen event, the difference is the DMAIC cycle and that the process visualization is developed 
from collected data or simulations. 
 
If so, how could the ideal state of Wheeler & Chambers (1992) be reached using a model 
of Lean and Six Sigma together with an Information system? 
The ideal state is reached once the process is in control and produce products at a 100% 
conformance level. The Information system is the heart in a developed LSS model and will 
determine the current need for the process. If the Information system display the process as 
Chaos, Brink of Chaos or Threshold State, the Stability projects, following a DMAIC structure 
will locate the assignable causes and eliminate these in the Improve phase. A new current state is 
displayed and after continuous improvements the process will eventually reach the ideal state of 
Wheeler and Chambers (1992). 
 
However, the ideal state is a state of continuous monitoring according to Wheeler and Chambers 
(1992). The developed LSS model will advance in difficulty in monitoring and rename the ideal 
state to the potential state. After implemented potential projects the process can show signs of 
failure and out of control, drawing the process back to Stability state. The model is made to 
achieve the ideal state, but as well encourage both change and innovation once the ideal state has 
been achieved, resulting in a “two step forward and one step back” approach. 
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9 CONCLUSIONS 

In the conclusion chapter the reader can read about what the thesis has established. The answer to the research 
questions are summarized. Future Research is discussed and the thesis end with some final words from the author.  

9.1 WHAT HAS BEEN ESTABLISHED 

This thesis has developed a model from values, techniques and tools from Lean and Six Sigma 
through a theoretical analysis. The goal of the model was to enable processes to reach the ideal 
state of Wheeler and Chambers (1992), by visualizing data through a compatible information 
system. An information system, which concept was developed from visualization needs from a 
logistic group. The model was tested through a stability project of Component A, where Define, 
Measure and Analyze phase were conducted. 
 
An information system at a modern factory for lead time reduction 
The collected needs from the logistic groups were to enable visuals on current PIA, cycle- and 
lead times and buffer quantity data of the factory. If analyzing their needs, they’re aligned with 
the factories current status, state of chaos, where the current status were more interesting than 
the historical. An informational system to be able to visualize current, but as well historical data is 
therefore needed to set the current status of the processes. The informational systems concept 
was built as a funnel, where the system starts with a production overview, displaying current 
buffer quantities and PIA levels between buffers. The user can thereafter make choices between 
WIP, cycle- and lead time and defect ratios for the individual components. A flow chart visualize 
the components processes, where the user further can pinpoint buffers, activities or queues and 
discover individual orders, as well as individual control charts. 
 
The information system, which can visualize individual control charts, placed all SMF 
components in the state of chaos, where four stability projects was generated. Component A 
stability project was weighted as the most important process to be conducted first. Component 
As processes had the highest lead time average and second highest standard deviation. The 
component A stability project generated several assignable causes in the Analyze phase, that if 
eliminated, would decrease the variation for the component A lead time and by doing so, 
decrease the total lead time for the produced product. 
 
A Lean Six Sigma Model that encourages IT, data, stability and change 
The developed model became a Lean Six Sigma (LSS) model, which components of the model 
were developed through a theoretical analysis of values, techniques and tools from Six Sigma and 
Lean. The similar components were directly taken into the model, where the differences was 
weighted against recommendations from literature (especially Salah, et al. (2010) 
recommendations) and the ideal state of Wheeler and Chambers (1992). The Lean Six Sigma 
models values are focus on customer focus, the ideal state, results and facts, committed 
leadership and education and involvement. The values first encourages stability, through a 
stability pillar and thereafter, when reached, the processes and products potential can be pursued 
through the potential pillar. 
 
The models technique became a current state setting mechanism, either within a stability or a 
potential state. DMAIC projects are chosen and conducted to decrease variation (stability) or 
improve process/product performance (potential) through e.g., capacity leveling or innovative 
new product developments. After conducted projects a new current state of the process can be 
established creating a circle of continuous improvements. The tools used in the model, both 
originated from Lean and Six Sigma (TQM-tools), where the tools should fit the appointed 
problem. The model is similar to “Map the need of the Problem” by Dennis (2016). The 
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difference is a more integrated technique with long term initiatives, involvement of suppliers and 
IT department. New challenges involve updating and verifying data, educating employees in 
statistical analytics and continuously monitoring the information system. 
 
A model that reaches the Ideal state, but thereafter allows change 
The model will theoretically, after conducted DMAIC projects, reach the ideal state of Wheeler 
and Chambers (1992). The stability projects, if conducted effectively, can decrease the variation. 
The variation can be visualized in the current state from the information system and the Measure 
phase. In the Analyze phase the assignable causes, causing the variation can be found and 
verified. By eliminating the assignable causes in the Improve phase, the variation should decrease, 
placing the process closer to the ideal state. The control phase function is to assure that the 
improvements been implemented and standardized correctly. When the ideal state eventually 
been reached, the model motivates dramatic process/product changes, e.g., innovation and 
capacity leveling, which goal is to dramatically increase the customers received value, with 
internal waste reduction. 

9.2 FUTURE RESEARCH 

Future work would be to finalize what this thesis have started: 

 Conduct improve and control phase with the developed Lean Six Sigma model. 

 Analyze how well the model can close the gap between current and future state in the 
potential state. 

o Analyze how the model encourage innovation. 
o Analyze how the innovation affect the future state of the process. 

 Develop a standardized procedure for the MSA. 

 Establish an organizational structure, where the IT departments are involved in 
improvement projects. 

 Analyze how the organizational structure and culture is affected by the Lean Six Sigma 
Model. 

 
If the model is conducted through more practical examples it could verify how effective it is to 
reach the ideal state. Interesting comparisons can be made by comparing the LSS model with 
Lean and Six Sigma projects, where they share the same goal and analyze the performance. 

9.3 FINAL WORDS 

The new trend of Big data, Smart factories and Industry 4.0 is not far away. The competition in 
quality and process control would therefore be more important to create production flows that 
produce as intended. To control the factory a big part is usually to involve the employees, but 
what happens when your employees are replaced by machines? What is affected with lower labor 
costs? 
 
I believe IT and production management will be more connected in the future than today. It 
wouldn’t be strange to see embedded-system courses within the production engineers’ education 
in the future. It is time for the IT experts to have a seat in the production management table. 
 
For myself, I plan to apply a few courses in embedded system and how to set up a functional 
database, that significant competence would have been a good complement to my current 
education and kick start my carrier towards the potential state. 
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 THEORETICAL FRAME OF REFERENCES 

In the Appendix A the reader can view material that is considered as extensive material, large 
pictures and tables from the theoretical frame of references. 

 LITERATURE SEARCH 

In Table A-1 the reader can view the literature search made by the author in 2017-02-16. 
 

Table A-1 – Overview of the literature search, search made 2017-02-16 in Linköping, Sweden 

Area of 
Research 

Book/article 
Search 

Filters used Databases used Number of hits 

Lean “Lean” in title Available 
Books 
English 
Swedish 

 

Linköping 
(Vallabiblioteket) 

AND 
Jönköping’s 
University 
Libraries 

Linköping’s 
University 
Library: 94 
Jönköping’s 
University 
Library: 83 

Six Sigma “Six Sigma” OR 
“Sex Sigma” in 

title 

Available 
Books 
English 
Swedish 

 

Linköping 
(Vallabiblioteket) 

AND 
Jönköping’s 
University 
Libraries 

Linköping’s 
University 
Library: 15 
Jönköping’s 
University 
Library: 27 

Lean Six Sigma “Lean Six Sigma” 
OR “Six Sigma 
Lean” in title 

Available 
Books (only 
LiU and JU) 
Sc. Articles 

(only Scopus 
& Web of 
Science) 
English 
Swedish 

 
 

Scopus and Web 
of Science 
Linköping 

(Vallabiblioteket) 
AND 

Jönköping’s 
University 
Libraries 

Scopus: 253 
Web of Science: 

91 
Linköping’s 
University 
Library: 1 

Jönköping’s 
University 
Library: 6 

  

https://eds-a-ebscohost-com.e.bibl.liu.se/eds/resultsadvanced?sid=b1d25b84-2b12-4d4f-9ffa-4d3424cea7f4%40sessionmgr4010&vid=6&hid=4210
https://eds-a-ebscohost-com.e.bibl.liu.se/eds/resultsadvanced?sid=b1d25b84-2b12-4d4f-9ffa-4d3424cea7f4%40sessionmgr4010&vid=6&hid=4210
https://eds-a-ebscohost-com.e.bibl.liu.se/eds/resultsadvanced?sid=b1d25b84-2b12-4d4f-9ffa-4d3424cea7f4%40sessionmgr4010&vid=6&hid=4210
http://primo.library.ju.se/primo_library/libweb/action/search.do?ct=facet&fctN=facet_tlevel&fctV=pmtrl&rfnGrp=show_only&vl(5322206UI1)=creator&fn=search&indx=1&mulIncFctN=facet_lang&mulIncFctN=facet_lang&dscnt=0&vl(1UIStartWith0)=contains&vl(1UIStartWith2)=contains&mode=Advanced&vid=jul&mulExcFctN=facet_lang&mulExcFctN=facet_lang&mulExcFctN=facet_lang&fctExcV=pol&fctExcV=nor&fctExcV=ita&vl(5322207UI0)=title&vl(boolOperator1)=AND&tab=jul_tab&vl(drEndMonth5)=00&vl(freeText1)=&vl(5322223UI3)=books&vl(drEndDay5)=00&dstmp=1487251921977&fctIncV=swe&fctIncV=eng&vl(drEndYear5)=&frbg=&rfnGrpCounter=1&vl(drStartMonth5)=00&rfnExcGrp=1&rfnExcGrp=1&rfnExcGrp=1&title1=1&vl(8032546UI2)=sub&rfnIncGrp=1&rfnIncGrp=1&vl(1UIStartWith1)=contains&ct=facet&srt=rank&vl(boolOperator0)=AND&Submit=S%C3%B6k&vl(freeText2)=&vl(boolOperator2)=AND&vl(drStartYear5)=&dum=true&vl(freeText0)=Lean&vl(5322210UI4)=all_items&vl(drStartDay5)=00
http://primo.library.ju.se/primo_library/libweb/action/search.do?ct=facet&fctN=facet_tlevel&fctV=pmtrl&rfnGrp=show_only&vl(5322206UI1)=creator&fn=search&indx=1&mulIncFctN=facet_lang&mulIncFctN=facet_lang&dscnt=0&vl(1UIStartWith0)=contains&vl(1UIStartWith2)=contains&mode=Advanced&vid=jul&mulExcFctN=facet_lang&mulExcFctN=facet_lang&mulExcFctN=facet_lang&fctExcV=pol&fctExcV=nor&fctExcV=ita&vl(5322207UI0)=title&vl(boolOperator1)=AND&tab=jul_tab&vl(drEndMonth5)=00&vl(freeText1)=&vl(5322223UI3)=books&vl(drEndDay5)=00&dstmp=1487251921977&fctIncV=swe&fctIncV=eng&vl(drEndYear5)=&frbg=&rfnGrpCounter=1&vl(drStartMonth5)=00&rfnExcGrp=1&rfnExcGrp=1&rfnExcGrp=1&title1=1&vl(8032546UI2)=sub&rfnIncGrp=1&rfnIncGrp=1&vl(1UIStartWith1)=contains&ct=facet&srt=rank&vl(boolOperator0)=AND&Submit=S%C3%B6k&vl(freeText2)=&vl(boolOperator2)=AND&vl(drStartYear5)=&dum=true&vl(freeText0)=Lean&vl(5322210UI4)=all_items&vl(drStartDay5)=00
http://primo.library.ju.se/primo_library/libweb/action/search.do?ct=facet&fctN=facet_tlevel&fctV=pmtrl&rfnGrp=show_only&vl(5322206UI1)=creator&fn=search&indx=1&mulIncFctN=facet_lang&mulIncFctN=facet_lang&dscnt=0&vl(1UIStartWith0)=contains&vl(1UIStartWith2)=contains&mode=Advanced&vid=jul&mulExcFctN=facet_lang&mulExcFctN=facet_lang&mulExcFctN=facet_lang&fctExcV=pol&fctExcV=nor&fctExcV=ita&vl(5322207UI0)=title&vl(boolOperator1)=AND&tab=jul_tab&vl(drEndMonth5)=00&vl(freeText1)=&vl(5322223UI3)=books&vl(drEndDay5)=00&dstmp=1487251921977&fctIncV=swe&fctIncV=eng&vl(drEndYear5)=&frbg=&rfnGrpCounter=1&vl(drStartMonth5)=00&rfnExcGrp=1&rfnExcGrp=1&rfnExcGrp=1&title1=1&vl(8032546UI2)=sub&rfnIncGrp=1&rfnIncGrp=1&vl(1UIStartWith1)=contains&ct=facet&srt=rank&vl(boolOperator0)=AND&Submit=S%C3%B6k&vl(freeText2)=&vl(boolOperator2)=AND&vl(drStartYear5)=&dum=true&vl(freeText0)=Lean&vl(5322210UI4)=all_items&vl(drStartDay5)=00
https://eds-a-ebscohost-com.e.bibl.liu.se/eds/resultsadvanced?sid=b1d25b84-2b12-4d4f-9ffa-4d3424cea7f4%40sessionmgr4010&vid=14&hid=4210&bquery=(TI+(Six+AND+Sigma))+OR+(TI+(Sex+AND+Sigma))&bdata=JmNsaTA9RlQxJmNsdjA9WSZjbGkxPUZUJmNsdjE9WSZjbGkyPUxCJmNsdjI9JTdlTEIrQnlnKiU3ZUxCK0NhbXB1cytOb3Jya29waW5ncytiaWJsaW90ZWslN2VMQitNYWcqJTdlTEIrTWVkaWNpbnNrYStiaWJsaW90ZWtldCU3ZUxCK1ZhbGxhYmlibGlvdGVrZXQmbGFuZz1zdiZ0eXBlPTEmc2l0ZT1lZHMtbGl2ZSZzY29wZT1zaXRl
https://eds-a-ebscohost-com.e.bibl.liu.se/eds/resultsadvanced?sid=b1d25b84-2b12-4d4f-9ffa-4d3424cea7f4%40sessionmgr4010&vid=14&hid=4210&bquery=(TI+(Six+AND+Sigma))+OR+(TI+(Sex+AND+Sigma))&bdata=JmNsaTA9RlQxJmNsdjA9WSZjbGkxPUZUJmNsdjE9WSZjbGkyPUxCJmNsdjI9JTdlTEIrQnlnKiU3ZUxCK0NhbXB1cytOb3Jya29waW5ncytiaWJsaW90ZWslN2VMQitNYWcqJTdlTEIrTWVkaWNpbnNrYStiaWJsaW90ZWtldCU3ZUxCK1ZhbGxhYmlibGlvdGVrZXQmbGFuZz1zdiZ0eXBlPTEmc2l0ZT1lZHMtbGl2ZSZzY29wZT1zaXRl
https://eds-a-ebscohost-com.e.bibl.liu.se/eds/resultsadvanced?sid=b1d25b84-2b12-4d4f-9ffa-4d3424cea7f4%40sessionmgr4010&vid=14&hid=4210&bquery=(TI+(Six+AND+Sigma))+OR+(TI+(Sex+AND+Sigma))&bdata=JmNsaTA9RlQxJmNsdjA9WSZjbGkxPUZUJmNsdjE9WSZjbGkyPUxCJmNsdjI9JTdlTEIrQnlnKiU3ZUxCK0NhbXB1cytOb3Jya29waW5ncytiaWJsaW90ZWslN2VMQitNYWcqJTdlTEIrTWVkaWNpbnNrYStiaWJsaW90ZWtldCU3ZUxCK1ZhbGxhYmlibGlvdGVrZXQmbGFuZz1zdiZ0eXBlPTEmc2l0ZT1lZHMtbGl2ZSZzY29wZT1zaXRl
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 TOYOTAS 4 P’S 

Surrounding the four philosophies Liker & Meier (2006) instruct the reader how to make the 
Lean transformation and enhance your own Lean culture: 
 
Philosophy 

1. Place decisions for the long run, rather than short term. The financial goals will eventually 
overcome the short term benefits. 

Process 
2. Develop a process flow, by doing so problems will float up to the surface. Focus on the 

value adding activities and continuously make improvements. 
3. To avoid overproduction and inventory costs, use a pull mechanism or system, e.g., 

Kanban system. 
4. Use heijunka, which is schedule leveling. The result is a stable and continuous flow that 

isn’t fluctuating in demand. Level the workload, where fluctuations can be addressed 
through outsourcing or contracting. 

5. Create an environment that stops the production when problems occur and fix the 
problem before proceeding. 

6. Standardized processes and tasks. By standardize one has a foundation to start improve 
as well does the employee have the chance to do right and together with management 
improve the activities. 

7. Visualize the process by using visual control where no problems can hide. 
8. Only use equipment and technology that work. Before completely implement a piece of 

tech, test it first. 
People and Partners 

9. Develop and grow leaders who have the competence necessary, have the right philosophy 
and able to share the knowledge with others. 

10. Develop colleagues and teams who follow the philosophies and principles set by the 
organization. 

11. Show respect towards the suppliers and your network of stakeholders. Challenges them 
to improve as well and involve them in your organizations principles and philosophies. 

Problem Solving 
12.  Go to and interact with the problem to be able to solve it. It is not sufficient to solve a 

problem from a distance. 
13. Make decision when you know everything, rather take your time making the decisions 

and thereafter execute them quickly. 
14. Never suffice with the current situation, always make continuous improvements. Reflect 

upon the implementations of the improvements and gain knowledge of the lessons 
learned.  
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 7QC AND 7M TOOLS 

The 7QC and 7 M Tools can be viewed in Table A-2 and Table A-3 below. 
Table A-2 – 7QC + flow chart 

7QC Tool + Flow Chart Description Result 

Check Sheet Used for specific data collection e.g., 
checklists or more advanced forms of 

questions that are checked and answered 
(Magnusson, et al., 2000; Pyzdek, 2001). 

Will answer the questions of the investigator 
and generate answer frequency able to 

identify patterns (Pyzdek, 2001). 

Histogram A frequency distribution tool, used to gather 
information of distribution of data, i.e., 

amount of observation showing the same 
value (Magnusson, et al., 2004). 

What kind of distribution the data has in the 
analyze phase collected from the measure 
phase, develops an idea of improvements 

(Magnusson, et al., 2004). 

Pareto Diagram Able to plot category by frequency and see 
the “vital few from the trivial many” 

(Magnusson, et al., 2000, p.114). 

Appropriate projects selected in the define 
phase and identified root causes in the 
analyze phase by distinguish the few 

(Magnusson, et al., 2004). 

Cause-effect Diagram Brainstorming to find all possible causes to a 
problem and graphically displayed in a flow 
chart that dives further in the causes to find 
the root cause, i.e., ask the branch why? five 

times (Magnusson, et al., 2004). 

By applying cause-effect diagram it results in 
record of your research, inspires to new 

ideas, display of the current understanding of 
the problem and identify root causes in the 

analyze phase (Pyzdek, 2001). 

Stratification Split data into subgroups to determine 
special cause variation (Magnusson, et al., 

2004). 

Identify special cause variation (Magnusson, 
et al., 2004). 

Scatter Plot A scatter plot is used when one wants to see 
relations and correlations between two 

factors (Magnusson, et al., 2000; Pyzdek, 
2001). 

Understanding of how to set the input 
variables which effect the special cause 
variation and able to verify the normal 
distribution (Magnusson, et al., 2004). 

Control Chart Plot number of observation in a time axis 
with control limits to identify patterns, 

trends and/or distance from mean/target 
value (Magnusson, et al., 2004). 

Used in the analyze, improve and control 
phase to predict if the process is under 

control and identify normal and special cause 
variation (Magnusson, et al., 2004). 

Flow Chart Mapping the activities and identify the main 
flows, creating visualization of both 

information and products (Magnusson, et al., 
2004). 

A visualized process that can be known to 
everyone and a basis of understanding in the 

measure phase (Magnusson, et al., 2004). 

 

Table A-3 – 7M Tools 

7M Tool Description Result 

Affinity Diagram Qualitative data organizing tool, categories 
ideas, concepts and find similarities (Pyzdek, 

2001). 

Good for qualitative data reduction and 
develop important factors (Pyzdek, 2001). 

Tree Diagram A tool to break down problem or ideas into 
detail e.g., break down goals to sub-goals 

from left to right (Pyzdek, 2001). 

Can be used to break down critical factors 
(CTQ-tree) and causes to root causes 

(Magnusson, et al., 2004). 

PDPC A PDPC tool is able to track possible 
outcomes and their impact, to help set up a 

contingency plan (Pyzdek, 2001). 

Helps prevent problems and failures from 
occurring, where you can prevent or take 

actions towards possible outcomes (Pyzdek, 
2001). 

Matrix Diagram Used to identify correlations between two 
sets of ideas. With a quality function 

deployments (QFD), an advanced Matrix 
diagram one can rate ideas towards selection 

(Pyzdek, 2001). 

Forces the project team or the investigator to 
analyze ideas and concepts systematically and 

have ground in decision making (Pyzdek, 
2001). 

Interrelationship Diagram Closely related to affinity diagram, the 
difference is that this diagram tries to find 

relations and common ground in generated 
ideas and concepts (Pyzdek, 2001). 

One can find the “root idea”, which is the 
idea or solution that will improve the 

problem or system the most (Pyzdek, 2001). 

Prioritization Matric A combination of matrix and tree diagram 
and used to narrow down options, issues, 

goals, activities that are the most important 
by rating them to each other and specific 

criteria (Pyzdek, 2001). 

The team are able to find the most important 
options, issues, goals or activities that are the 

most important in a rationally manner 
(Pyzdek, 2001). 

Activity Network Diagram Used to determine which/when/what order 
activities are conducted by lining them up 

and use arrows to illustrate a path from start 
to finish (Pyzdek, 2001). 

Able to illustrate how activities should be 
formed and conducted together, with a 

simplified method (Pyzdek, 2001). 
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 RECOMMENDATIONS FROM LITTERATURE 

The list below enables the reader to view the recommendations for what a framework of the 
integration between Six Sigma and Lean should include, by Salah, et al. (2010): 
 

 Be holistic and have a strategic linkage 

 Use the DMAIC-cycle as the core structure 

 Use the right tools for the identified problems 

 Use Six Sigma and Lean simultaneously and not in parallel 

 Don’t have a dominant methodology 

 Use VSM as the mapping platform 

 Be aware of the differences of the two methodologies 

 Own a detailed understanding of both methodologies 

 Don’t let sub-optimal process improvements emerge 

 Focus on results 

 Focus on both transactional and manufacturing processes 

 Have an infrastructure of well-educated people that represent the organization 

 Ensure to have management and key-people on board 

 Use the criteria for a robust project selection 

 Have a supporting structure of systems, e.g., Information and management systems 

 Involve both suppliers and customers 

 Have characteristics of a change program that is effective 
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 INFORMATION SYSTEM DEVELOPMENT 

In the Appendix B the reader can view material that is considered as extensive material, large 
pictures and tables from the Information System Development. 

B1. INFORMATION SYSTEM INTERFACE 

 
In Figure B-1 - Figure B-7 the reader can view the established interface in the concept build for 
the Information system development. 

 

 
Figure B-1 – The overview 

 
Figure B-2 – The Choice of Component view 
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Figure B-3 – The WIP and Quantity view for a component 

 
Figure B-4 – The order view for an activity of a component 
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Figure B-5 – The cycle – and lead time view for a component 

 
Figure B-6 – The cycle time control chart for an activity of a component 
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Figure B-7 – The lead time control chart for a component 

B2. INTERVIEW GUIDE 

2017-03-14 at SMF, Sweden, a logistic focus group was interviewed with a interview guide, 
questions that were openly asked towards the group and created discussion. 
 
Content 

 What do you want to know in your current work situation? 
 

 How detailed would you like to see the data? E.g., every order or every second order? 
 

 Would you like to know the transportation times between activities? 
 

 Are there any more important activities that you are interested in? 
 
Function 

 How much in the past do you wish to view the data? E.g., a year, a month or a week? 
 

 In which unit do you wish to see the data? 
 

 Do you wish to see number of defects, Sigma Values or Quality yield? 
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 THE EMPERICAL TEST OF THE MODEL 

In the Appendix C the reader can view material that is considered as extensive material, large 
pictures and tables from the empirical test of the model. 
 
In Figure C-1 - Figure C-3 the reader can view the established normality testes that have been a 
part of choices in statistical methods in Measure and Analyze phase of the conducted empirical 
test of the model. 

C1. NORMALITY TESTS OF CURRENT STATE 

 
Figure C-1 – Normality tests for the components 
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C2. NORMALITY TESTS OF ANALYZE PHASE 

 
Figure C-2 – Normality tests of analyzed activities 

10 
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Figure C-3 – Normality Tests of MTRLTT 7 and 8 of Variant 1 and 2 for Component A 
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C3. FLOW CHART OF COMPONENT A 

In Figure C-4 the reader can view the established flow chart of Component A. The Unit for the data in the flow chart boxes are time unit. 

 
Figure C-4 – Flow Chart of Component A 
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C4. DATA COLLECTION PLAN 

In Table C-1 the reader can view the data collection plan that was conducted in the Stability project. 
 

Table C-1 – Data Collection Plan: Database, Name of measure, Table and Columns have other names in the reality 

Name of Measure Type of Data How to Measure Database Table Columns Measured Calculated 

Activity 1 (AT1) Continuous Variable AT1 End Time – AT1 Start Time DB1 Production1 Start 1, End1 x  
Quality Check 1 (QC1), Material 

Transportation 1 (MTRLT1) Continuous Variable AT1 Start Time – BF1 Start Time DB1 Production1 Start 1, End1  x 

Buffer 1 (BF1) Continuous Variable BF1 End Time – BF1 Start Time DB1 Production1 Start 1, End1 x  

Activity 2 (AT2) Continuous Variable AT2 End Time – AT2 Start Time DB1 Production1 Start 1, End1 x  
Queue 1 (Q1), Material 

Transportation 2 (MTRLT2) Continuous Variable AT2 Start Time – AT3 Start Time DB1 Production1 Start 1, End1  x 

Activity 3 (AT3) Continuous Variable AT3 End Time – AT3 Start Time DB1 Production1 Start 1, End1 x  
Quality Check 2 (QC2), Queue 2 (Q2), 
Material Transportation 3 (MTRLT3) Continuous Variable AT3 Start Time – AT4 Start Time DB1 Production1 Start 1, End1  x 

Activity 4 (AT4) Continuous Variable AT4 End Time – AT4 Start Time DB1 Production1 Start 1, End1 x  

Material Transportation 4 (MTRLT4) Continuous Variable AT4 Start Time – BF2 Start Time DB1 Production1 Start 1, End1  x 

Buffer 2 (BF2) Continuous Variable BF2 End Time – BF2 Start Time DB1 Production1 Start 1, End1 x  

Material Transportation 5 (MTRLT5) Continuous Variable BF2 Start Time – AT5 Start Time DB1 Production1 Start 1, End1  x 

Activity 5 (AT5) Continuous Variable AT5 End Time – AT5 Start Time DB1 Production1 Start 1, End1 x  

Material Transportation 6 (MTRLT6) Continuous Variable AT5 Start Time – AT6 Start Time DB1 Production1 Start 1, End1  x 

Activity 6 (AT6) Continuous Variable AT6 End Time – AT6 Start Time DB1 Production1 Start 1, End1 x  

Material Transportation 7 (MTRLT7) Continuous Variable AT6 Start Time – AT7 Start Time DB1 Production1 Start 1, End1  x 

Activity 7 (AT7) Continuous Variable AT7 End Time – AT7 Start Time DB1 Production1 Start 1, End1 x  

Material Transportation 8 (MTRLT8) Continuous Variable AT7 Start Time – AT8 Start Time DB1 Production1 Start 1, End1  x 

Activity 8 (AT8) Continuous Variable AT8 End Time – AT8 Start Time DB1 Production1 Start 1, End1 x  

Material Transportation 9 (MTRLT9) Continuous Variable AT8 Start Time – AT9 Start Time DB1 Production1 Start 1, End1  x 

Activity 9 (AT9) Continuous Variable AT9 End Time – AT9 Start Time DB1 Production1 Start 1, End1 x  
Material Transportation 10 

(MTRLT10) Continuous Variable AT9 Start Time – AT10 Start Time DB1 Production1 Start 1, End1  x 

Activity 10 (AT10) Continuous Variable AT10 End Time – AT10 Start Time DB1 Production1 Start 1, End1 x  
Material Transportation 11 

(MTRLT11) Continuous Variable AT10 Start Time – BF3 Start Time DB1 Production1 Start 1, End1  x 

Buffer 3 (BF3) Continuous Variable BF3 End Time – BF3 Start Time DB1 Production1 Start 1, End1 x  



14 
 

C5. INDIVIDUAL CONTROL CARTS FOR THE COMPONENTS 

In Figure C-5 the reader can view the individual control charts that was established in the 
measure phase of the empirical test of the model. 
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Figure C-5 – Individual Control Charts for the components lead time 


