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ABSTRACT 
 
 

 
 

FORMULATION OF LEAN SIX SIGMA CRITICAL BUSINESS 
 

PROCESSESS FOR MANUFACTURING 
 

 FACILITIES 
 
 
 
 

Publication No. _______________             
 
 
 

Chaucey M. D. Chandler, Ph.D. 
 
 

The University of Texas at Arlington, 2007 
 
 

Supervising Professor:  Dr. John Priest 
 

The author desired to create a method organizing the concepts from Lean, Six 

Sigma, critical business processes, and simplifying the usage of these concepts to identify 

Lean Six Sigma Critical Business Processes.  Inspired by Laura Meade (1997) and the 

author’s passion concerning process improvements, this research was created. 

Lean activities eliminate waste, Six Sigma activities eliminate variation, critical 

business processes focus on those areas that need improvement and are critical to the 

process, and Analytical Network Process (ANP) models problems considering the 

interactions between levels.  There is value for all companies to implement at least one of 
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these tools.  Since the author understands joining these concepts will definitely improve 

manufacturing facilities, this document identifies Lean Six Sigma Critical Business 

Processes and its impact to the business.  

The objectives of this dissertation are: 1) use Laura Meade’s procedure to identify 

the critical business processes, 2) develop an assessment method for companies to 

identify high priority Lean Six Sigma processes, and 3) create an evaluation tool for 

configuring Lean Six Sigma Critical Business Processes. 

In order to met these objectives, the following tasks are completed: 1) identify 

capabilities that support the vision, 2) determine the core ratings, 3) recognize the 

performance levels, 4) select the critical processes, 5) decide the Lean Six Sigma process 

rating, 6) place the Lean Six Sigma worthy processes into an Analytical Network Process 

model to analyze the process enablers, and 7) conduct cost / benefit analysis for Lean Six 

Sigma Critical Business Process implementation.   

From this research, a guide is created for manufacturing companies to identify 

Lean Six Sigma Critical Business Processes using Analytical Network Process (ANP).  

This will assist companies in their improvements generating both time and money 

savings.  
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CHAPTER ONE 

 
INTRODUCTION 

 
 

Lean Six Sigma focuses on eliminating waste and variation within a product.  

This includes the design of the product, the acquisition of materials or component parts 

for manufacturing the product, the assembly of the component parts into a final product, 

the final product tested, the tested product shipped, and the products in the field improved 

per customer feedback until the product becomes obsolete or is replaced by a new 

product.  This dissertation will support all processes in order to expand knowledge on 

configuring Lean Six Sigma into critical business processes. 

Lean is a technique used to eliminate wasteful activities (Bicheno, 2000, p. 12).  

This reduces the time needed to make a specific product, which increases the time that 

can be devoted to making more products or to perform other activities that are value add 

for the customer and company.  

Six Sigma is a technique used to define the capability of any process, and its goal 

for improvement is to reach near perfection (George, 2002, p.17).  In other words, Six 

Sigma attempts to understand and eliminate variation in processes (Goldsby and 

Martichenko, 2005, p. 5).   

Critical business processes are activities that are related to the vision of the 

business and company (Meade, 1997, p. 37).  These processes are core and need 

improvement (Meade, 1997, p. 37).  By identifying the critical processes, a company can 
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strategically improve areas that have the greatest impact on the business.  By identifying 

those processes that need improvement through eliminating waste and reducing variation, 

the results can be enormous.     

1.1 Dissertation Outline 

Chapter 1 creates the incentive and need for the implementation of Lean Six 

Sigma Critical Business Processes.  The objectives, problem statement, and research 

limitations are provided within this chapter. 

Chapter 2 reviews the literature related to this research.  This chapter incorporates 

business processes, critical business processes, history of improvements, Lean, Six 

Sigma, and Analytical Processes.  This documents the background information for 

theories derived from new ideas or existing concepts, which gives a foundation for using 

Lean Six Sigma Critical Business Processes to improve a process or product. 

Chapter 3 provides an intellectual investigation about Lean Six Sigma Critical 

Business Processes.   This chapter includes gathering and interpreting information for 

joining these concepts of Lean, Six Sigma, and Critical Business Processes. 

Chapter 4 illustrates the knowledge obtained and new ideas proven to assist with 

the identification of Lean Six Sigma Critical Business Processes.  This includes the 

qualitative analysis of various manufacturing variables, quantitative analysis of 

manufacturing processes, and cost / benefit analysis evaluated in various case studies 

used within this research.   

Chapter 5 includes the three projects used within this dissertation to test the 

methodologies.  This chapter embodies a detailed description, forecast, and the steps to 

evaluate each product.       
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Chapter 6 presents the conclusion of the research.  This chapter provides 

guidelines for Lean Six Sigma Critical Business Processes.  This includes the results for 

various case studies and suggestions for future research.   

1.2 Problem Statement 
 

Companies are doing more with less, but not effectively (Campbell, 2007, p. 36).  

Whether it deals with problems on the production floor (i.e. part shortages, incorrect 

assemblies, machine breakdowns, etc.), new products created inside or outside the USA 

(i.e. component parts, completely assembled parts, tooling, etc.), and simple 

manufacturing (i.e. assembly, test, package, etc.), manufacturers make tough decisions 

daily (Campbell, 2007, p. 36).   

In order to improve the processes, companies have chosen one of these concepts, 

Lean, Six Sigma, or Critical Business Processes.  The first concept is Lean.  Companies 

perform kaizen events to eliminate perceived and identified non-value add tasks (Langer, 

2007, p. 71).  This increases the value in the product per the customer’s viewpoint, while 

the cost levels out from the manufacturer’s viewpoint (Arnheiter, & Maleyeff, 2005, p. 

8).  This creates a product with minimum non-value add tasks (Womack & Jones, 1996, 

38).  This is what the customer likes to see. 

The second concept is Six Sigma. Companies create teams to eliminate variation 

within the production process (Nash, Poling, and Ward, 2006, p. 43).  This reduces the 

cost of the product from the manufacturer’s viewpoint, while the value of the product 

levels out from the customer’s viewpoint (Arnheiter, & Maleyeff, 2005, p. 8).  This 

creates a product with minimized variation within the process (Nash et al., 2006, p. 38).  

This is what the manufacturer likes to see. 
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The third concept is Critical Business Processes that identifies those processes 

that are key and need improvement (Meade, 1997, 37).  This focuses on the processes 

that affect both the customer and the manufacturer.     

Each concept has its benefits, as discussed earlier.  Consequently, the author 

believes that joining these concepts will increase opportunities for improvement.     The 

major challenge is identifying the benefits of joining these concepts, which then will 

justify the time and the money for implementation. 

This research document shows the value of joining Lean, Six Sigma, and Critical 

Business Processes.  In addition, this demonstrates several scenarios with the 

implementation of Lean Six Sigma Critical Business Processes, and their results. 

1.3 Dissertation Objective 

The topic of Lean and Six Sigma are widely understood terms and are often heard 

within manufacturing.  The author has chosen to research Lean Six Sigma and its 

implementation with critical business processes.  Lean thinking is a unique way to 

improve products quickly and effectively, and Six Sigma makes the change consistent 

and repeatable for the future.  Lean and Six Sigma are tools used today in the industry 

because of their ease of implementation.   

From Laura Meade’s (1997) research on agile critical business processes, the 

author chose research that focused on product manufacturing and critical processes for 

Lean and Six Sigma.  This paper will benefit those that support manufacturing facilities, 

whether it is a manual process or automated process.  The determining factors to 

implement Lean Six Sigma are the resources to make the change, the buy-in from the 
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production floor and management to make the change, the implementation of the change, 

and sustaining the change until further improvements are implemented. 

The objective of this dissertation is to 1) use Laura Meade’s procedure to choose 

the critical business processes, 2) develop an assessment method for companies to 

identify high priority Lean Six Sigma processes, and 3) create an evaluation tool for 

configuring Lean Six Sigma Critical Business Processes. 

The completion of these objectives can be attained by:  1) identifying capabilities 

that support the vision, 2) determining the core ratings, 3) recognizing the performance 

levels, 4) selecting the critical processes, 5) deciding the Lean Six Sigma process rating, 

6) placing the Lean Six Sigma worthy processes into an Analytical Network Process 

model to analyze the process enablers, and 7) conducting cost / benefit analysis for Lean 

Six Sigma Critical Business Process implementation.  This will determine the best Lean 

Six Sigma Critical Business Process. 

1.4 Dissertation Tasks 
 

In all business products, Lean and Six Sigma can be implemented to create 

improvements.  The question business owners and project leaders should ask, “What 

areas will most benefit the Lean Six Sigma initiative”?  This is a critical question.  This 

research assists others in answering this question in both an effective and timely manner 

because businesses have limited resources 

 

In this Lean Six Sigma Critical Business Processes dissertation, the author 

achieves the following: 

1) Complete Literature Review 
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2) Identify Lean Six Sigma Critical Business Processes using Analytical 

Network Process (ANP)  

3) Apply and test methodologies 

4) Review contributions and suggestions to research 

Task 1 - Literature Review.  This task will incorporate business processes, critical 

business processes, history of improvements, Lean, Six Sigma, and Analytical Processes.  

This will provide background information for theories derived from new ideas or existing 

concepts, which gives a solid structure for using Lean Six Sigma Critical Business 

Processes to improve a process or product. 

Task 2 - Lean Six Sigma Critical Business Processes using an Analytical Network 

Process Model (ANP).  This task will furnish more detailed information about Lean Six 

Sigma Critical Business Processes collectively, and will conduct a pilot study combining 

both qualitative and quantitative characteristics to create a Lean Six Sigma Critical 

Business Process.  This study will supply a method to improve the process or product 

with the use of Lean Six Sigma Critical Business Process model. 

Task 3 – Application and Testing of Methodologies.  This task will present the 

various case studies used within this research.   

Task 4 – Contributions to research and suggestions for future research.  This 

task will make available the Lean Six Sigma Critical Business Process tools.  In addition, 

suggestions for future research will be identified.  The results will facilitate a complete 

document that others can use for improving processes or products in the manufacturing 

facility. 
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1.5 Limitations of Dissertation 

Lean Six Sigma Critical Business Processes are terms and techniques well known 

to the manufacturing industry.  Defining a Lean Six Sigma Critical Business Process is 

labor intensive.  As a result, only those who are properly trained and knowledgeable 

about quantitative as well as qualitative characteristics should use this methodology.   

With the implementation of Lean Six Sigma Critical Business Processes, this 

methodology offers many different techniques and various statistical calculations.  

Consequently, the group leader should be knowledgeable about Lean, Six Sigma, and 

Critical Processes.   This includes, but is not limited to, knowing when and where to use 

each technique, understanding the statistical formulas, and interpreting the output of the 

data from the calculations. 

 

 

 

 

 

 

 

 

 

 

 

 



  
 

8

 

 

 
CHAPTER TWO 

 
LITERATURE REVIEW 

 
 

2.1 Business Processes 
 
2.1.1 Process Model 

A process can best be defined as a set of activities designed to produce a specific 

output for a particular customer or market from a specific input as described by Gavriel 

Salvendy.  For a process, the emphasis is on how the work is done rather than what is 

done (Salvendy, 2001, p. 34). 

There are three elements that are needed to transform inputs into outputs.  These 

items are 1) data and information, 2) decision making, and 3) implementation and actions 

(Salvendy, 2001, p. 1243). 

The explanation of a process can best be defined with a process model.  An 

example of a process model is Integration Definition for Function Modeling (IDEF0) 

developed for the US Air Force (Morgan, 2005, p. 23-24).   

 

   

   

 

Figure 1: IDEF0 Process Model 

Function Name Inputs 

Call Mechanism 

Controls 

Outputs
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This IDEF0 process model has two elements, 1) activities and 2) arrows.  The 

activities are identified with verbiage, while the arrows identify if the items are either 

added or produced from the activity (Salvendy, 2001, p. 508). 

Here is a further explanation of the items identified in the process model 

described by Laura Meade (1997, pp. 76-77).  The function name describes the model 

function or process.   

The inputs are the data and objects that are transformed by the function into 

outputs (Meade, 1997, p. 76).  The inputs for “Formulating a Lean Six Sigma Critical 

Business Process” are the enterprise assets (i.e. networking, internet, skills, employee 

knowledge, electronic commerce, computers, and systems), resources (i.e. land, 

equipment, labor, money, and capital), modularity (i.e. Suppliers combining their 

expertise for a mutual advantage), and voice of customer (i.e. the expectations and needs 

of customers given by the customers). 

The outputs are the data or objects produced by the function (Meade, 1997, p. 

76).  One of the outputs to "Formulate a Lean Six Sigma Critical Business Process" is the 

Lean Six Sigma Critical Business Process.  This process will respond positively to 

change. 

The Mechanism is the means used to perform the function (Meade, 1997, p. 77).  

The mechanisms for this model are the decision maker (who is making the decision) and 

the technology (technologies available at the time of making the decision). 

The call is a type of mechanism that enables sharing of details between models or 

within a model (Morgan, 2005, p. 24).  For this model a database would be a mechanism 

used to save, search, and compare models.  
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The controls are used to set the boundaries or standards for the model function or 

process (Meade, 1997, pp. 76-77).  The controls for this model are organization (i.e. 

innovation, improvement, and participation with measures and controls), planning tools 

(i.e. flexible tools used to plan for the process), and environment. 

2.1.2 Categories of Business Processes 

A business process is a logical, related, sequential connected set of activities that 

takes input from a supplier, adds value to it, and produces output to a customer 

(Salvendy, 2001, p. 40).  In other words, a business process is an activity or set of 

activities that must be performed to complete a defined process within a business.   

According to Gavriel Salvendy (2001), the business process can be placed into 

the following categories (p. 41): 

• Strategic Management Processes - Those processes that develop the value 

proposition of the enterprise and define the business objectives. 

• Core Business Processes - Processes that develop, produce, sell, and 

distribute products and services. 

• Resource Management Processes - Processes that support and provide 

resources to the value-creating processes of the enterprise. 

More discussion of these categories is given below. 

2.1.2.1 Strategic Management Processes 

Salvendy (2001) documents that Strategic Management is the most difficult 

activity of an organization (p. 41).  Strategic Management focuses on the change in the 

environment (internal and external) to transition from the demands of today to the 

requirements of tomorrow (Salvendy, 2001, p. 41).  Strategic Management is the process 
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of identifying opportunities to achieve tangible and sustainable success in the 

marketplace and understanding the risks that threaten achievement of that success 

(Salvendy, 2001, p. 41). 

An illustration of a Strategic Management Process is shown in Figure 2 

(Salvendy, 2001, p. 42). 

 

 

 

 

 

 

 

Figure 2: Strategic Management Process 

 

This figure reiterates that the system is a constantly changing entity.  For this 

reason, the processes must be continuously reviewed for opportunities of improvement 

and enhanced to a constantly changing environment and customer requirements – the 

entire focus of Lean. 

The external forces that affect businesses and their processes are changing so 

rapidly that organizational structures must be designed so they can respond quickly to 

changes in the business environment (Salvendy, 2001, p. 41).  Once again, this is the 

focus of this research –Lean Six Sigma Critical Business Processes. 
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The traditional approach to strategy development involved analytical tools that 

pushed executives to make fact based decisions about alternatives.  This served 

companies well with a stable business environment (Salvendy, 2001, p. 42). 

Due to rapidly changing economies and business environments with increasing 

uncertainty, unavailable facts, and shorter timeframes to make decisions, the traditional 

approach is not recommended.  Business leaders must make decisions with more 

imagination and vision – preparing for change (Salvendy, 2001, p. 42).  This new 

approach to strategy development and deployment will incorporate business opportunities 

and risks that the traditional approach could marginally support (Salvendy, 2001, p. 42). 

The key to success is to design business models such that they can respond 

quickly as economic realities change (Salvendy, 2001, pp. 42-43). 

For a quick overview, Figure 3 shows the business process model (Morgan, 2005, 

p. 27). 

 

 

 

Figure 3:  Business Process Model 

 
2.1.2.2 Core Business Processes 

In the Industrial Engineering Handbook, it is documented that the core business 

processes develop, produce, sell, and distribute products and services; this is the system’s 

value chain (Salvendy, 2001, p. 43).  These processes reflect the grouping of related 

business activities (Salvendy, 2001, p. 43).  Activities are best defined as work elements 
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that go within a process or sub-process where one person or a team of people performs 

the activity (Salvendy, 2001, p. 40). 

In the past, core business processes pushed product onto customers with the goal 

of convincing the customer that this product can fit their need (Salvendy, 2001, p. 545).  

With this focus, the customer would pay for value add tasks and non-value add tasks that 

were little to no benefit to the customer. 

  In the present, the core business processes work with the customer such that the 

customer pulls the product that is needed.  Pull means that the product is designed for a 

customer’s need (Salvendy, 2001, p. 545).  Once the need is discovered or surfaces, the 

customer requests the product versus pushing the product on the customer (Salvendy, 

2001, p. 545).  In addition, this also means that the customer is only willing to pay for the 

value add tasks.  This is a result of more information available to customers, more 

suppliers available to customers, and reduced economy for purchases (Salvendy, 2001, p. 

43).   

2.1.2.3 Resource Management Processes 

Resource management processes are the processes that support and provide 

resources to the value-creating processes of the enterprise.  In other words, the 

organization allocates resources to the business and monitors their use (Salvendy, 2001, 

p. 43). 

Resource management processes can be placed in one of the following groupings: 

information, people, and capital.  These resources are used internally and tracked within 

the business enterprise.  These are mandatory to offer the value customers need and 
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provide an effective competitive advantage as stated in the Industrial Engineering 

Handbook (Salvendy, 2001, p. 43). 

2.2 Critical Business Processes 

Critical business processes are processes needed for the production of a product 

or service.  These processes are related to the vision, core competence, core processes, 

and performance level of the business and company (Meade, 1997, p. 37).   

2.2.1 Vision 

Businesses and companies are focused on managing and anticipating change 

(Ivancevick, Lorenzi, Skinner, and Crosby, 1997, p. 340).  For this reason, leaders create 

a vision to assist in directing the business and the company.  The vision is a clear sense of 

the organization’s future (Ivancevick et al., 1997, p. 340).  As stated by Meade (1997), 

the vision is a focused statement simple to understand and inspirational to the company.  

In addition, the vision should be validated over time to determine its appropriateness and 

achievements with the current work environment (Meade, 1997, p. 37 & 38). 

The vision contains the mission, strategy, and culture (Meade, 1997, p. 37).  The 

mission is the goal of the company based on its purpose, its values, its distinctive 

competencies, and its place in the world (Stoner & Freeman, 1992, p. 188).  The strategy 

to meet the organization’s broad goals or the vision is identified by top and middle 

management (Stoner & Freeman, 1992, p. 188).  And lastly, the culture is a reflection of 

the values and beliefs held within the business and company (Meade, 1997, p. 37). 

2.2.2 Core Competence 

In the article The Core Competence of the Corporation, Prahalad and Hamel 

(1990) created the terminology of “core competencies” (QuickMBA, 2007).  Core 



  
 

15

competencies are tasks that a firm can do well and meet the following requirements 

(Wikipedia, 2007, May 4):   

1) Provide customer benefits 

2) Hard for competitors to imitate 

3) Leverage widely to many products and markets 

Meade (1997) describes core competence as the knowledge and skills needed by 

the employees throughout the company (p. 39).  The core competencies illustrate 

excellence and provide a competitive advantage (Meade, 1997, p. 38).  This is seen in the 

core products that represent at least one of the core competencies, which are the 

components or subassemblies that contribute to the value of the end product (Prahalad & 

Hamel, 1990, p. 85).  

In order to become and sustain the position as a leader in the core competence, 

the business and the company should seek to maximize their core products (Prahalad & 

Hamel, 1990, p. 85).  This grants the company the power to maintain dominance and 

shape evolution of end products (Prahalad & Hamel, 1990, p. 85). 

2.2.3 Core Process 

The core processes express the essential activities of a business (Wikipedia, 2007, 

January 6).  These are needed to meet the goals and objectives through the production of 

products that are provided for an external customer (Meade, 1997, p. 44).   

With the implementation of core processes, the goals and objectives of the 

company are met, and happy customers are created.  
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2.2.4 Performance Level 

The performance level identifies how well the products meet the demand of the 

customer.  With the use of existing tools and techniques, the team evaluates the 

performance of the critical processes as it relates to the identified expectations.   

The value of each activity in the process must be determined first and this can 

show which processes need improvement (Meade, 1997, p. 47).  Following this activity, 

the performance indicators must be identified (Meade, 1997, p. 47).  These indicators are 

ways of measuring the performance of the different activities.    The results will show if 

the expectations are being met by the activities performed.   

As a team, these core processes are identified and prioritized.  This provides the 

team with a priority list of areas that need improvement (Meade, 1997, p. 47).   The key 

to the success of the team is to identify the appropriate performance metrics to control 

and improve the process (Meade, 1997, p. 47). 

2.3 History of Performance Improvement Initiatives 

There have been many different initiatives for businesses to do things better, 

faster, and increase quality per the Six Sigma Black Belt Handbook (McCarty, Daniels, 

Bremer, and Gupta, 2005, p. 150).  Here are some initiatives. 

2.3.1 Quality Circles 

Quality circles involve the people because they are a plethora of knowledge 

(McCarty et al., 2005, p. 150).  Per Douglas Montgomery (1991), a quality circle is a 

motivational program in Japan including a team of workers and supervisors within a 

single company department whose objective is to conduct studies to improve the 

effectiveness of work in that department (p. 15).   The studies that are performed can 
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include quality, productivity, costs, safety, or other characteristics of the manufacturing 

environment (Montgomery, 1991, p. 15). 

Montgomery (1991) has noted, even though it is estimated that half the workers 

are involved, the quality circles are voluntary (p. 15).  The quality circle begins with a 

training program, which incorporates data collection and analysis, other successful 

projects completed by other quality circles, and the completion of an actual project. 

Montgomery (1991) writes that this program is extremely successful (p. 15).  As 

of 1991, it is estimated that approximately ten million workers have been trained and 

participated in Quality Circles, several million projects had been completed averaging 

approximately $5000 savings per project (Montgomery, 1991, p. 15). 

In the Introduction to Statistical Quality Control, Montgomery (1991) points out 

”there have been significant effects on product quality” and “training and experience 

given these workers in preparing them to be better supervisors and managers have also 

been significant” (p. 15). 

2.3.2 Total Quality Management 

Dr. W. Edwards Deming, Dr. Joseph Juran, and Phil Crosby pushed the concept 

that better quality is cheaper (McCarty et al., 2005, p. 151).  In Total Quality 

Management, it is documented: 

Total Quality Management (TQM) is an enhancement to the 

traditional way of doing business.  It is a proven technique to 

guarantee survival in world-class competition.  Only by changing 

the actions of management will culture and actions of an entire 

organization be transformed.  TQM is the art of managing the whole 
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to achieve excellence. (Besterfield, Besterfield-Michna, Besterfield, 

and Besterfield-Sacre, 1995, p. 1) 

Besterfield et al. (1995, p. 2) noted that there are six concepts for Total Quality 

Management (TQM).  The first concept is that management must be committed and 

involved (Besterfield et al., 1995, p. 2).  By showing their commitment and involvement, 

management must (Besterfield et al., 1995, p. 2): 

 Participate in the program 

 Create a quality council with a clear vision 

 Set long-term goals 

 Direct the program 

The second concept is the need for unchanging focus on the internal customer and 

external customer (Besterfield et al., 1995, p. 2).  Per Besterfield, Besterfield-Michna, 

Besterfield, and Besterfield-Sacre (1995), the key factor to a successfully effective TQM 

program, it must focus on the customer (p. 2).  “We must listen to the voice of the 

customer and emphasize design quality and defect prevention.  Do it right the first time. . 

. customer satisfaction is the most important consideration.” (Besterfield et al., 1995, p. 

2) 

The third concept is effective involvement and utilization of the group as stated 

by Besterfield, Besterfield-Michna, Besterfield, and Besterfield-Sacre (1995, p. 2).  

Quality is everyone’s responsibility, from the internal customers and suppliers to the 

shipping and receiving departments of the finished product.  Besterfield, Besterfield-

Michna, Besterfield, and Besterfield-Sacre (1995) believe that TQM is an organizational-

wide challenge that is everyone’s responsibility (p. 2).  The employees should be trained 
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on TQM, Statistical Process Control (SPC), and other appropriate quality improvement 

skills to effectively participate on the project teams (Besterfield et al., 1995, p. 2).  As 

Besterfield, Besterfield-Michna, Besterfield, and Besterfield-Sacre (1995) emphasize, the 

author is an advocate that all the people that are affected by the plan should be involved 

with the development and implementation of the plan (p. 2). 

The fourth concept is continuous improvement of not only the production 

process, but also of the business (Besterfield et al., 1995, p. 2).  The TQM projects should 

focus, but is not limited to, on-time delivery, order entry efficiency, billing error rate, 

customer satisfaction, cycle time, and scrap reduction (Besterfield et al., 1995, p. 2). 

The fifth concept is treating all suppliers as partners (Besterfield et al., 1995, p. 

3).  Besterfield, Besterfield-Michna, Besterfield, and Besterfield-Sacre (1995) report that 

on average the purchase product or service constitutes 40% of the sales (p. 3).  Given 

this, the focus should be on the total cost versus the price because both the buyer and 

seller have much to gain or lose based on the success of the product or service 

(Besterfield et al., 1995, p. 3).  For this reason, the fewer suppliers used, the more 

partnerships that can be acquired (Besterfield et al., 1995, p. 3). 

The sixth concept is establishing process performance measures (Besterfield et 

al., 1995, p. 3).  In Total Quality Management, it declares that up-time, percent 

nonconforming, absenteeism, and customer service are performance measures that should 

be identified for each area.  This information should be posted in an open area for 

everyone to see (Besterfield et al., 1995, p. 3). 
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By following all six of these concepts, TQM will provide quality products to each 

customer (Besterfield et al., 1995, p. 3).  This will result in increased productivity and 

lower costs (Besterfield et al., 1995, p. 3). 

2.3.3 Cost of Quality 

Costs are broken down into appraisal, prevention, internal failure, and external 

failure; the quality cost increases for each of these items, while the cost of quality is free 

(McCarty et al., 2005, p. 151).  However, the cost of poor quality is measured by lost 

customer bids, declining market share, and declining profit (McCarty et al., 2005, p. 151). 

Appraisal costs evaluate a product or service at different stages from design to 

delivery to determine its acceptability for continuation in the life cycle (Besterfield et al., 

1995, p. 144).  These costs include (Besterfield et al., 1995, pp. 144-145): 

- Purchasing Appraisal Costs – For the inspection and / or test of purchased 

supplies or services to determine acceptability of usage of the product or 

service 

- Operations Appraisal Costs – Inspections, tests, or audits required to 

verify acceptability of the product or service 

- External Appraisal Costs – Field setup or installation prior to customer 

acceptance 

- Review of Test and Inspection Data – Review test and inspection data 

prior to the release of the product for shipment 

- Miscellaneous Quality Evaluations – Quality evaluations or audits 
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Prevention costs identify and eliminate failures and their costs to prevent the 

reoccurrence of a specific failure (Besterfield et al., 1995, p. 143).  These costs include 

(Besterfield et al., 1995, p. 143-144): 

- Marketing / Customer / User – Evaluation of customer and user quality 

needs and perceptions 

- Product / Service / Design Development – Translation of needs into 

quality standards and requirements 

- Purchasing – Assuring conformance to requirements 

- Operations – Verifying capability and readiness of the operations meeting 

quality standards and requirements 

- Quality Administration – Administration of the quality management 

function 

- Other – Other expenses such as rent, travel, telephone, etc. 

Internal failure costs are unscheduled and potentially unbudgeted expenses 

(Besterfield et al., 1995, p. 145). These costs include (Besterfield et al., 1995, p. 146): 

- Product or Service Design Failure – Unplanned costs that result from 

design inadequacies in the documentation 

- Purchasing Failure – Purchased item is rejected 

- Operations Failure – Nonconforming product or service is discovered 

during the operations process 

External failure costs are actual or suspected nonconforming products or services 

that have been delivered to the customer (Besterfield et al., 1995, p. 146).  These costs 

include (Besterfield et al., 1995, pp. 146-147): 
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- Complaint Investigations of Customer or User Service – Investigation, 

resolution, and responses to an individual customer or user complaint or 

inquiry 

- Returned Goods – Items returned to the manufacturer or service provider 

not meeting acceptance by the customer nor used due to quality problems 

- Retrofit and Recalls – Modifications or updates of products or field 

service facilities to a new design or redesign 

- Warranty Claims – Covered expenses due to removing, cleaning, or 

replacing defective products 

- Liability Costs – Costs from liability claims 

- Penalties – Less than full product or service performance is achieved 

- Customer or User Goodwill – Customers are not completely satisfied 

with the quality of the product or service 

- Lost Sales – Profit that is lost due to sales reductions caused by quality 

problems 

- Other – All other external failure costs 

2.3.4 Statistical Process Control 

Dr. Deming focused on reducing variability; this concept introduced statistics to 

the common person – not only statisticians (McCarty et al., 2005, p. 151).  There are 

techniques used to monitor product variation while in the production facility (Salvendy, 

2001, p. 1857).  These techniques require and assume statistical independence with the 

data, and are known as Statistical Process Control (Salvendy, 2001, p. 1857).   
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Some of the common terms used are nonconforming, defects, occurrences, 

variables, and frequency.  These terms are used to gather data, document and define the 

process.  A nonconforming item is a product that does not satisfy one or more of the 

product specifications (Montgomery, 1991, p. 172).  Defects or nonconformities are the 

total points to which a specification is not satisfied (Montgomery, 1991, p. 172).  

Occurrences are the individual observations (Salvendy, 2001, p. 1857).  Variables are the 

quality characteristics of a product or service (Montgomery, 1991, p. 107).  Frequency 

shows how often different values occur (Rath and Strong Management Consultants, 

2003, p. 70).  Now the author will discuss the Statistical Process Control (SPC) tools that 

utilize these terms above. 

As stated by Salvendy (2001), there are seven commonly used tools for SPC that 

are claimed by Ishikawa to resolve 95% of quality related problems (pp. 1857-1875): 

- Histogram – Shows the frequency of occurrences 

- Check Sheet – Provides types of defects found in a product or service 

- Pareto Chart – Observes the types of defects from largest quantity or 

percentage to the smallest 

- Cause and Effect Diagram – Evaluates a defect type and its causes 

- Defect Concentration Diagram – Illustrates the part being produced 

- Scatter Diagram – Plots the process or product performance and the 

controllable variable(s) 

- Control Chart – Monitors the process variation 
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2.3.5 Reengineering 

In the Six Sigma Black Belt Handbook, it states Hammer took the idea of 

processes and applied it to the entire business (McCarty et al., 2005, p. 151).  This 

concept had a huge potential for change because it included information technology, 

business processes, and a clean slate to change (Salvendy, 2001, p. 1700).  These 

concepts together would bring great progress.  However, these concepts separately could 

be dangerous (Salvendy, 2001, p. 1700).  For example, by using information technology 

alone, this could bring institutionalized processes.  With the use of business processes 

solely, this could bring the company only incremental changes.  And lastly, with the 

implementation of using a clean slate to change, this could result in a lack of direction. 

In addition to joining the three concepts above, it is mandatory to focus on 

“growing the top line rather than cutting costs” documented by Salvendy (2001, p. 1701).  

Consequently, Salvendy (2001) notes that this will (p. 1701): 

- Enhance the value for cost to the customer 

- Realign the processes and business systems for growth 

- Refocus on the soft side of capabilities development 

In order to reengineer a process within a business, there are certain tools that can 

be used for implementation.  These tools are as follows (Salvendy, 2001, pp. 1703-1704): 

- Benchmarking – “… search for the best practices that will lead to 

superior performance of a company…”  

- Modeling Tools – Show pictures of the business, relationships, and the 

flow of information 
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- Analysis Tools – Illustrate different views of results; used to enter, view, 

and track the process inputs 

- Simulation – Allows the user to predict behavior of a system under 

certain circumstances without actually building the system 

- Activity Based Costing – Allocates costs to activities within a process 

versus to products or services 

2.3.6 Six Sigma 

Six Sigma is a technique used to evaluate business processes.  With the 

evaluation of the business processes, Statistical Process Control tools are used to make 

sound unbiased decisions that benefit the business, its customers, associates, and 

shareholders (McCarty et al., 2005, p. 152).   

Six Sigma is an entity birthed from Total Quality Management (TQM) and 

Statistical Metrics originating at Motorola per Arnheiter and Maleyeff (2005, p. 2).  TQM 

included the focus of the customer satisfaction when making management decisions and 

investments in statistical education, root cause analysis, and other problem solving 

methodologies (Arnheiter and Maleyeff, 2005, p. 2).  Quality was first, and the main 

TQM tools used were control charts, histograms, check sheets, scatter plots, flowcharts, 

cause and effect diagrams, and Pareto charts (Arnheiter and Maleyeff, 2005, p. 2).  In 

conjunction, the management tools used were affinity diagrams, interrelationship 

diagrams, tree diagrams, matrix diagrams, prioritization matrices, process decision 

program charts, and activity network diagrams (Arnheiter and Maleyeff, 2005, p. 2).   

The main focuses of Six Sigma are changing a culture within an organization and 

money (Zinkgraf, 2006, pp. 27 & 37).  If the implementation of Six Sigma is done well, it 



  
 

26

will change the thought process of those within the business.  Instead of providing 

information to the group, the group will want to know the origin of data and want to see 

the data that supports the decision making process (Zinkgraf, 2006, p. 37).  In addition, if 

Six Sigma implementation is successful, the money will be evident through increased 

productivity, growth, and freed up cash.   

2.3.7 Theory of Constraints 

Salvendy (2001) documents Goldratt developed the theory of constraints.  This 

effort can be viewed as a philosophy and methodology of improvement (Salvendy, 2001, 

p. 557).  Theory of constraints is used to find and eliminate bottlenecks to increase 

capacity (McCarty et al., 2005, p. 152).  The main focus is that every system has at least 

one constraint (McCarty et al., 2005, p. 152).   

For the success of this technique, the following steps must be followed 

(Salvendy, 2001, p. 557): 

1) Identify the system constraint(s) 

2) Decide how to exploit the system constraint(s) 

3) Subordinate everything else to the above decision 

4) Evaluate the constraints 

5) If the constraint has been broken, go back to step 1 

2.3.8 Lean Manufacturing 

From McCarty, Daniels, Bremer, and Gupta (2005), Womack and Jones focus on 

Lean Enterprise throughout the company and the way to do business – not just the 

manufacturing floor.  This concept is based on kaizen, continuous improvement, and 

elimination of waste (McCarty et al., 2005, p. 152). 
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In order to create a Lean process, Womack and James identify five Lean 

principles (Bicheno, 2000, pp. 12-13) that should be taken into consideration with the 

implementation of Lean.  These principles are value, value stream, flow, pull, and 

perfection (Womack & Jones, 1996, pp. 15-25).   These principles of Lean Thinking will 

eliminate waste (Bicheno, 2000, p. 12).  This will reduce the time for that individual 

product, and increase the time to make more products or to do something else that is 

value add to the customer and company.  

2.3.9 Author’s Focus 

In spite of all the different improvement initiatives, the author is interested in and 

focused on both Lean and Six Sigma.  Lean focuses on removing waste, while Six Sigma 

focuses on removing variability.  By putting these concepts together, Lean Six Sigma will 

be a very effective and useful tool.   

Lean Six Sigma focuses on the projects that are already in existence and can be 

brought into projects that are in development.  The sooner this concept is understood, 

implemented, and practiced, the more money and time that is saved within a company 

upfront.   

In the end, Lean Six Sigma gives companies more time to focus on new and 

different things – instead of focusing on and trying to improve existing issues.  Due to 

limited resources, it is in the best interest of companies to implement Lean Six Sigma as 

soon as possible. 
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2.4 Lean 

2.4.1 Lean Thinking 

The focus of Lean thinking is to provide simplicity, flow, visibility, partnership, 

and value (Bicheno, 2000, p. 8).  The end result eliminates waste (Bicheno, 2000, p. 12).  

This will reduce the time for that individual product, and increase the time to make more 

products or to do something else that is value add to the customer and company.  

This concept can be traced back to Toyota.  Toyota had a manufacturing concept 

called Toyota Production System (TPS) that was created by Taiichi Ohno and Shigeo 

Shingo based out of Japan (Womack & Jones, 1996, p. 23).  TPS was then transformed 

into Just In Time (JIT) due to Ford’s focus to reduce waste and reduce inventories with 

high throughputs (Arnheiter, 2005, p. 3).   

In order to create a Lean process, Bicheno (2000) suggests five Lean principles 

that should be taken into consideration with the implementation of Lean (pp. 12-13). 

First, specify the value from the point of view of the customers, not the viewpoint 

of the producers (Bicheno, 2000, p. 12).  The first question to understand is – what is 

value?  Presently value is defined as either what the producers want to make or are 

already making, or a slight change to what the customer is already receiving (Womack & 

Jones, 1996, p. 31).  The key to successfully specifying the value is for the producer and 

the customer to jointly analyze the value of a product and then challenge the old way 

things are done (Womack & Jones, 1996, p. 31).  This will further define what the 

company should do to create revenue and profits.  Customers create business, while a 

business creates customers.  And if the focus leaves from the customer, there will 

definitely be no business. 
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Second, identify the value stream (Bicheno, 2000, p. 12).  The value stream 

documents every action needed to design, order, and make a specific product (Womack 

& Jones, 1996, p. 38).  This allows the team to precisely identify, analyze, and link 

together all the activities that should be challenged, improved or perfected.  As an end 

result, the team can compete against perfection by identifying and eliminating waste, 

which creates a better flow (Womack & Jones, 1996, p. 37 & 49).  The following 

questions can be asked to determine the value or non-value of an activity or task (George, 

2002, pp. 52-53): 

Customer Value Add Questions 

- Does the task add form or feature to the product? 

- Will the task enable competitive advantage? 

- Would the customer be willing to pay extra for this task? 

Business Value Add Questions 

- Is this task required by law or regulation? 

- Can this task reduce financial risk of the owner? 

- Does this task support financial reporting requirements? 

- Would the process break down if this task was removed? 

Non-Value Add Questions 

- Does this task include counting, handling, inspecting, transporting, moving, 

delaying, storing, reworking, expediting, or multiple signatures? 

- Will the faster lead times and lower costs fill up existing facilities? 

- How many distribution centers can be eliminated with faster lead times? 
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Third, make the product flow (Bicheno, 2000, p. 12).  Once the value is defined 

and the value stream mapped out, the design, order, and product should be looked at 

(Womack & Jones, 1996, p. 52).  Following this activity, how things are normally done is 

ignored and all obstacles to a continuous flow removed.  The last step is to rethink work 

practices and define tools needed to eliminate scrap, backflows, and stoppages so the 

design, order, and production will be continuous (Womack & Jones, 1996, p. 52). The 

focus is now on one piece flow – avoid batching.  This will save time and money if any 

issue is found with a part, and in theory gets more products out of the door to customers.  

The assembler should only have (1) item to disassemble versus (15) items that are in 

queue from batching product.  In order to have this, Just In Time (JIT) should be in place 

(Salvendy, 2001, p. 545).   

Fourth, the product should be on a pull system (Bicheno, 2000, p. 12).  Some 

companies create a product that does not fit the needs of the customer, and the business 

tries to convince the customer that this is the best product for their needs (Womack & 

Jones, 1996, p. 17). Instead of pushing products, products should be pulled by the 

customer.  Customers should have a need for the product and request the product, which 

reduces inventory of finished goods on the production floor (Womack & Jones, 1996, p. 

67).  JIT should be in place to make this process go smooth (Salvendy, 2001, p. 545).   

And fifth, perfection should be the goal (Bicheno, 2000, p. 12).  This means that 

the business produces only what the customer needs exactly when the customer needs it – 

at a fair market price with minimum waste (Womack & Jones, 1996, p. 35).  In order to 

do this, start with a vision to pursue.  The vision identifies the final destination along the 

path.  Pushing toward perfection provides inspiration and direction, which are both 
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needed to move forward along this path (Womack & Jones, 1996, p. 94).  In addition, a 

timeline should be set for completing tasks along the path.  Remember, the goal is to 

eliminate waste in order to meet your vision (Womack & Jones, 1996, p. 95).   

In order to make these activities complete, management should have a Lean 

policy deployment.  This sets improvement targets for a specific area to be completed at a 

specific time, with the use of specific people and available resources (Womack & Jones, 

1996, p. 95).  Without this, the above principles are only considered the activities for the 

month versus a way to do business. 

2.4.2 Characteristics 

In addition to the five Lean principles, Bicheno (2000, pp. 14-15) also discusses 

several core characteristics of Lean.   

• Customer - The success of the business is based on the customer.  The 

customer must be understood, and there must be a need available.  The 

customer is the starting and ending point to the process making the 

product. 

• Simplicity – The concept of Keep it Simple Sweetie (KISS) should prevail 

in everything about the product.  KISS is focused on the development, 

manufacturing, assembly, production control, and shipping of the product. 

• Visibility – Make all operations as visible as possible; let all operations be 

known through documentation and training. 

• Regularity – Eliminate surprises in the operations.  If possible, create the 

same products at the same time and work with development to reduce the 

affect of new products on the production floor. 
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• Synchronization – Let the flow satisfy the demand, and keep the process 

moving. 

• Pull – Let the demand of the product from the customer make the product 

at the time and not before time.  This eliminates excess storage of products 

and over production; potentially missing dates for other products that are 

needed by other customers. 

• Waste – Eliminate waste.  Waste equates to non-value add tasks.  Non-

value add tasks are tasks that customers are not willing to pay for.  For 

example, if a process requires epoxy, and production wants the epoxy to 

cure faster, an oven is used.  A customer is not willing to pay for the oven, 

but is willing to pay for the epoxy because the epoxy is part of the product, 

while the oven is not part of the product. 

• Process – This is the order to which a product is made; how the product 

moves from idea to the finished product. 

• Prevention – Create a process that will prevent any problems.  Do not plan 

to fix problems, plan to avoid problems. 

• Time – Perform tasks in a timely manner.  Save time by performing tasks 

in parallel or ahead of schedule. 

• Improvement – There are always areas to better the product and the 

process.  Never stop improving. 

• Partnership – Lean thinking requires teams working together.  Goals will 

never be achieved if individuals do not communicate and remain okay 
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with the way things are done.  There is always room for improvement, and 

individuals’ ideas should be heard. 

• Participation / Empowerment – Give the production floor the first 

opportunities to solve the problems.  If the problem cannot be solved on 

the floor, support the concept of the open door policy.  The production 

floor can come to management with issues, but should have potential 

solutions also. 

• Gemba – Seek the facts, and implement actions on the floor. 

• Variation – Seek to reduce or eliminate variation in all processes.  This 

eliminates non-value add tasks. 

2.4.3 Time Based Competition 

Time to market is so important.  The more time required bringing a new or 

revised product to market, the greater the probability that another company will go to 

market first.  To eliminate a time to market disaster, “second place”, here are four rules of 

response per The Lean Toolbox (Bicheno, 2000, p. 19): 

•   0.05 to 5 Rule - Value is being added 0.05% to 5% of the total time 

•   3/3 Rule - The wait time to which no value is added is split into waiting for 

completion of batches, waiting for physical and intellectual rework, and 

waiting for management decisions to send the batch forward 

•   ¼-2-20 Rule - For every quartering of total competition time, there will be 

a doubling of productivity and 20% cost reduction 

•   3 X 2 Rule - Time based competitors enjoy growth at a rate of three times 

the average and twice the profit margin for that industry 
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In addition, here are a few major payoffs to bring a product to market faster 

(Bicheno, 2000, p. 19): 

•   Competitive advantage being first to market 

•   Higher profitability because revenue is realized earlier 

•   Fewer surprises 

Keep in mind, time based competition is important, but quality should never be 

compromised because of it. 

2.4.4 Muda 

Muda is a Japanese term for waste (Bicheno, 2000, p. 21).  Waste is the opposite 

of value; it is non-value add to a product or process.  Waste must first be identified and 

then eliminated with the implementation of Lean.   

2.4.4.1 Waste Identification 

The Lean Toolbox reviews the seven different types of wastes within a system 

(Bicheno, 2000, p. 21-24): 

• Overproduction – Producing more than is needed or requested by the 

customer; in other words, making too much, too early, or just in case. 

• Waiting – Time is not being used effectively, for example, waiting for work, 

waiting for a response, bottleneck, watching machines, parts late delivery, 

etc. 

• Transporting – Moving product from one location to another.   

• Inappropriate Processing – Pushing production as often as possible versus 

when needed or machines / processes that are used that are not quality 
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capable, which produce defects.  For example, machines shared between 

several lines, variation between operators, variation from the standard, etc. 

• Unnecessary Inventory – Inventory that is kept and not used in a timely 

fashion. 

• Unnecessary Motions – Non-value add and ergonomically incorrect motions 

to produce the product. 

• Defects – A failure in the process. 

In addition to these traditional wastes, John Bicheno (2000) identified some 

additional wastes (pp. 24-26): 

• Untapped Human Potential – Not empowering people to push the 

envelope with change to improve a process or product.  Empowerment 

requires clear communication, commitment, support, and a culture of 

trust and mutual respect. 

• Inappropriate Systems – Using the incorrect system for the process, 

making the process more time consuming or cumbersome than it needs 

to be. 

• Energy and Water – Eliminate the wasteful usage of energy and water. 

• Materials – Get rid of wasteful usage of materials from the design to 

manufacturing. 

• Service and Office – Do away with wastes created in the offices and 

services provided to customers. 
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• Customer Time – Avoid wasting the customers’ time, for example 

customers waiting in queues or customers providing the same 

information several times. 

• Defecting Customers – Loss of existing customers. 

These wastes can fall into two categories, either Type One muda or Type Two 

muda.  Type One muda creates no value to the process, but is required to complete the 

process.  Type Two muda creates no value to the process, but can be immediately 

eliminated from the process (Womack & Jones, 1996, p. 38).   

The key to successfully identifying the root causes for these wastes is looking at 

all the activities involved in creating the product, and understanding how all the 

machines, people, tools, etc. interact with each other – understanding the entire process 

(Womack & Jones, 1996, p. 48).   Through understanding, the team can challenge the 

actions that do not collectively create value for the customer (Womack & Jones, 1996, p. 

44). 

2.4.4.2 Lean Waste Elimination 

Eliminating waste requires four steps.  Step one identifies the opportunity waste 

(Nash et al., 2006, pp. 26-27).  In this process, all employees are encouraged to help with 

the implementation of change.  As stated by Nash, Poling, and Ward (2006), “buy-in and 

continued involvement of the employees is an invaluable asset to the project team and the 

company as a whole” (p. 27).  In order for this to be successful, management should 

provide throughout the company a common understanding of Lean by having team 

meetings and training (Nash et al., 2006, p. 26).  No matter what employment area a 

person is in, they should be able to see opportunities for Lean implementation. 
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Step two designs the solution waste (Nash et al., 2006, p. 27).  Within this step, 

the current state and the intended future state of the system are documented.  This is 

completed with the use of value stream mapping and 5S deployment.   

Value stream mapping documents all actions required to make or implement a 

specific product or process (Womack & Jones, 1996, 38).  The actions are placed into one 

of the three categories (Womack & Jones, 1996, 38). 

1) Value add tasks as perceived by the customer 

2) Non-value add tasks that are required to the process and cannot be 

eliminated 

3) Non-value add tasks that do not create value and can be eliminated 

immediately). 

5S deployment eliminates clutter and promotes order (Nash et al., 2006, p. 28).  

The 5Ss are sort, set in order, shine, standardize, and sustain (Carreira & Trudell, 2006, 

136). 

• Sort provides organization.  This removes unneeded items from the area 

and retains needed ones. 

• Set in order offers orderliness.  This activity defines a specific location 

for all required items in the area.  

• Shine cleans everything.  This activity causes employees to regularly 

clean and inspect everything in the area. 

• Standardize brings order.  This activity maintains the order and 

cleanliness of an area. 
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• Sustain practices discipline.  The practices of sorting, setting in order, 

shining and standardizing continue with this activity. 

Step 3 implements change (Nash et al., 2006, p. 29).   This provides a constant 

flow of project work.  The focus is to always have projects available that implement 

improvements within the area.  This process allows the area to have just enough projects 

so that when projects are completed they can also be controlled to follow the results.  

These projects are selected depending on the customer needs and the criteria created by 

the organization.  

Step four continuously improves (Nash et al., 2006, p. 30).  This is the process of 

sustaining and maintaining the changes that were implemented or making the necessary 

tweaks to reach the desired results.  This looks at the organization as a whole (Nash et al., 

2006, p. 30).  All improvements are evaluated to determine how the improvement efforts 

in one area can also be implemented in another area.   

The act of improving never ends.  It is a continuous cycle for the area and the 

company.  This is the cycle of Plan – Do – Check – Act (Womack & Jones, 1996, p. 

242).  Plan what will be improved and how it will be improved.  Implement the 

improvements.  Check to verify that the implemented changes are working.  Act on the 

changes or do nothing if the changes are good or make modifications if necessary. 

2.4.5 R’s of Lean 

Lean is a process that is usually focused on the internal processes and products of 

a company (Krar & Gill, 2007, p. 20).  In order to make Lean profitable for the company 

short term and long term, Lean should be extended to outside the manufacturing facility 

(Womack & Jones, 1996, pp. 35 & 37).  The new “Millennium Lean” quoted by John 
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Bicheno (2000) is noted as lean on internal operations and with a wider impact on society 

that will be very profitable (p. 27).  With the focus on internal and external operations, 

the 5 R’s set the stage (Bicheno, 2000, p. 27): 

• Redesign – Design the product for a longer product life for less 

maintenance with an ease of recycling. 

• Reduce – Decrease the energy and materials used in manufacturing and 

for the life of the product. 

• Recover – Recuperate waste materials and energy during product use. 

• Recycle – Reuse products and components when their life ends. 

• Remanufacture – Remake new products from old products. 

2.4.6 Target Cost 

In the manufacturing world, the cost is derived from the total cost of the 

components, labor, and packaging at a fully burden rate (Salvendy, 2001, p. 667).  This 

cost is then, given to Marketing, and Marketing includes the planned profit and creates 

the price for the product (Salvendy, 2001, p. 667). 

Per this document, costs are looked at differently.  It is suggested by Bicheno 

(2000) to start with the price and derive all other information from this (p. 38).   

Target Cost = Market Price – Target Profit 

What do you gain from this?  Well, the target cost can be identified ahead of time.  

This requires anticipation of what the customer will pay for the product which includes 

some risk and uncertainty. 

With this methodology, the cost begins with the customer in mind, and it is a 

proactive system.  Here is Bicheno’s overview (Bicheno, 2000, pp. 38-40). 
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Target selling price is a result of 1) the perception of value of the product, 2) the 

loyalty of the customers, 3) competitive offerings of the product, and 4) new markets and 

market share.  And, target profit margin is a result of predecessor products or product line 

margin. 

From the target selling price less the target profit margin, this gives the allowable 

cost.  The allowable cost is then dependent on the following (Bicheno, 2000, pp. 38-40): 

• Component Level Target Costing – This is divided into 1) the internal 

costs for labor at a fully burden rate including packaging, and 2) the 

supplier costs for the components. 

• Design – This is divided into 1) The time, cost, and quality to make a 

useful and inexpensive functioning product, and 2) The price, 

functionality, and quality to also make a useful and inexpensive 

functioning product. 

2.4.7 Design For Manufacturing and Assembly 

This is a key concept to Lean as described in the Lean Toolbox (Bicheno, 2000, 

p. 50).  The design of the components and the interface of the components with each 

other are included in the cost.  The main factors are 1) the number of parts, 2) the number 

of types of parts, and 3) the number of interfaces on the parts (Bicheno, 2000, p. 51).  

These factors are determined by addition, then the factors are multiplied and the cube 

root is then taken.  This provides the complexity of the design. 

Manufacturing the product is divided into four activities. The first activity 

identifies how the components are made.  The second activity determines the process 

used to make the components.  The third activity establishes the materials used to make 
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the components.  And the fourth activity specifies the tools used to make the components.  

This is included in the cost of the product. 

The assembly of the product identifies 1) how quickly the product is made, 2) 

how easy the product is made, and 3) how much time it will take to assemble the 

complete product.  This is also included in the cost of the product, so the smaller the costs 

the better the profit. 

2.4.8 Time 

Time is always of the essence.  With the design of a new product, it must be done 

in a timely fashion (Bicheno, 2000, p. 41).   

2.4.9 Quality Function Deployment 

Quality products are no longer an option, it is a need and expected by customers.  

For this reason, quality products are very important to manufacturers.  This identifies the 

customers’ needs which are set against the product characteristics to identify the most 

important characteristics (Bicheno, 2000, p. 57).  These characteristics need to be 

developed.  Remember the customer is the reason to make the product, due to a need. 

In laypersons terms, Quality Function and Deployment (QFD) implements 

quality from all aspects.  QFD is a forum for Marketing, Design, Engineering, 

Manufacturing, Distribution, and others to work together (Bicheno, 2000, p. 57).  In the 

end, this creates a quality product from all aspects. 

2.5 Six Sigma 

2.5.1 What is Six Sigma? 

Six Sigma is a management system to achieve lasting business leadership and top 

performance to benefit the business and its customers, associates, and shareholders 
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(McCarty, Daniels, Bremer, Gupta, 2005, p. 22).  This system defines the capability of 

any process, and the goal for improvement is to reach near perfection (George, 2002, p. 

17).  In simple terms given by Dr. Thomas Goldsby and Robert Matichenko (2005, p. 5), 

Six Sigma attempts to understand and eliminate the negative effects of variation in 

processes.   

Six Sigma is an entity birthed from Total Quality Management (TQM) and 

statistical metrics originating at Motorola per Arnheiter (2005, p. 2).  TQM included the 

focus of the customer satisfaction when making management decisions and investments 

in statistical education, root cause analysis, and other problem solving methodologies 

(Arnheiter, 2005, p. 2).  Quality was first, and the main TQM tools used were control 

charts, histograms, check sheets, scatter plots, flowcharts, cause and effect diagrams, and 

Pareto charts (Arnheiter, 2005, p. 2).  In conjunction, the management tools used were 

affinity diagrams, interrelationship diagrams, tree diagrams, matrix diagrams, 

prioritization matrices, process decision program charts, and activity network diagrams 

(Arnheiter, 2005, p. 2).   

The negative effects of variation in processes create defects.  These defects are 

measured to verify if the processes are in or out of control.  The control of the process is 

based on how far the process deviates from the mean, which is also known as the average 

(Basu & Wright, 2003, p. 34).   

The Sigma level represents the capability of a core business process as it 

measures in defects per million opportunities (George, 2002, p. 17). 
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Table 1: Sigma Level 

 

 
This does not calculate the total defects in the process.  Six Sigma identifies the 

ratio of defects compared to the number of opportunities for defects to occur (Gupta & 

Walker, 2005, p. 1).   

Reference Table 1 for the detailed explanation of two standard deviations, four 

standard deviations, and six standard deviations.  Two standard deviations away from the 

mean produces 69.2% of the time that a product meets customer requirements, which 

provides 308,537 defects per million opportunities (Smith, Blakeslee, and Koonce, 2002, 

p. xxiv).  Four standard deviations away from the mean produces 99.37% of the time that 

a product meets customer requirements, which provides 6210 defects per million 

opportunities (Smith et al., 2002, p. xxiv).  Six standard deviations away from the mean 

produces 99.9997% of the time that a product meets customer requirements, which 

provides 3.4 defects per million opportunities (Smith et al., 2002, p. xxiv). 

The source of defects is connected with variation, such as materials, procedures, 

and processes.  The goal is to minimize the number of defects.  As the standard deviation, 

also known as Six Sigma, is increased, the process improves. 

Sigma 
Leve l

Defects  per 
M illion 

Opportunitie s Yie ld
6 3 99.9997%
5 233 99.977%
4 6,210 99.379%
3 66,807 93.32%
2 308,537 69.2%
1 690,000 31%
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2.5.2 Critical Success Factors 

The critical success factors documented by George (2002) for Six Sigma are 

listed below (p. 17).  The first critical success factor is customer centricity.  With this 

factor, it is important to know what the customer values (George, 2002, p. 17).  The goal 

to any product delivered to any customer is to give the customer what they want, and the 

vendor must identify these things through several items (George, 2002, pp. 17-18).   

• Voice Of the Customer (VOC) is the customer communicating what they 

want. 

• Requirements are specifications and measurable elements communicated 

from the customer. 

• Critical To Quality (CTQ) is the requirement most important to the 

customer. 

• Defects are the products that are not delivered to a customer’s CTQ. 

• Design for Six Sigma is to design the products and processes based on the 

customer’s requirements. 

The difference in what the customer requires and what can be delivered is an area 

where value can be created for the customer and the supplier.  And, this is the focus of 

Six Sigma.  The gaps between the customer and supplier are reduced with Six Sigma 

while increasing profit (George, 2002, p. 18).  

The second critical success factor is financial results.  This is the main goal of 

implementing Six Sigma.  Financial performance is the overriding principle (George, 

2002, p. 19).   
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The third critical success factor is management engagement.  An infrastructure 

needed for success must be anchored by strong management involvement (George, 2002, 

p. 20).   

The fourth critical success factor is resource commitment.  Personnel are assigned 

full time to these projects to meet the goals of the identified project (George, 2002, p. 21).   

And the last critical success factor is execution infrastructure. Six Sigma 

possesses an infrastructure that effectively translates the company’s agenda into a 

customer focused set of projects to maximize shareholder value, provide effective 

management, and monitoring results (George, 2002, p. 21). 

2.5.3 DMAIC Process 

In order to reduce defects and achieve the goal of perfection, the defects must be 

eliminated and a structured process must be followed.   While Lean focuses on Plan – Do 

– Check – Act (PDCA) philosophy, Six Sigma follows the Define – Measure – Analyze – 

Improve – Control (DMAIC) philosophy.  It is interesting to note that both philosophies 

are similar, but each step of the DMAIC process utilizes the PDCA cycle (Nash et al., 

2006, p. 41).   

In Table 2, it includes the process, activity and tools used for the DMAIC 

process. 
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Table 2: Define – Measure – Analyze – Improve – Control (DMAIC) Tool Set 

 
 

 

The following gives more details for the different phases of the DMAIC process.  

The problem or objective is identified by the define phase (Carreira & Trudell, 2006, p. 

7).  A project charter is created which documents the intent and objective of the project 

Process Activity Tools
Define Establish Team Charter Voice of Customer (VOC)

Identify Sponsor and Team Resources
Supplier, Inputs, Process, Outputs, 
and Customers (SIPOC)
Rolled Throughput Yield (RTY)
Affinity Diagram

Measure Confirm Team Goal Control Charts
Define Current State Frequency Plots
Collect and Display Data Pareto Charts

Failure Mode and Effect Analysis 
(FMEA)

Analyze Determine Process and Capability and Speed Affinity Diagrams
Determine Sources of Variation and Time 
Bottlenecks Brainstorming

Cause and Effect Diagrams
Control Charts
Regression Analysis
Hypothesis Tests
Scatter Plots
Design of Experiments

Improve Generate Ideas
Failure Mode and Effect Analysis 
(FMEA)

Conduct Experiments Pilot
Develop Action Plans Implementation
Implement Solutions

Control Develop Control Plan Control Charts
Monitor Performance Data Collection
Mistake-Proof Process Standardize

Monitor
Evaluate
Closure
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(Carreira & Trudell, 2006, p. 7).  Once the project is reviewed and agreed upon, 

management signs off on the project and designates a Champion to support the project 

(Carreira & Trudell, 2006, p. 7).   

The measure phase gathers data on the current state of the process identified 

(Carreira & Trudell, 2006, p. 7).  The process is measured, data is collected, and metrics 

are created (Carreira & Trudell, 2006, p. 7).  With this information, the team identifies 

the current state of the process.  After discussing and evaluating the present state of the 

process, the team then decides what part of the process should be reviewed further and 

what results identify an improved process.   

The analyze phase reviews the data to identify the root causes of the defects, 

which develops solutions and improvements for the next phase (Carreira & Trudell, 2006, 

p. 8).  With this information, the defects that are produced can now be eliminated with 

the suggested solutions and improvements.   

The improve phase pushes to eliminate defects in the process by testing or 

implementing solutions from the prior phase (Carreira & Trudell, 2006, p. 8).  With this 

phase, the output is a plan to improve, creating little to no defects.   

The control phase ensures the desired results and prevents future occurrences of 

defects by using mistake proofing, monitoring the process, and getting feedback. 

(Carreira & Trudell, 2006, p. 9).  With this phase, the process is under control, creating 

little to no defects.   
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2.6 Lean Six Sigma 

2.6.1 What is Lean Six Sigma? 

James Schutta described Lean Six Sigma as a combination of Lean which 

eliminates wastes and Six Sigma which reduces variation.  The focus is to use the 

knowledge of the workers with the proper tools to design, improve, and control the key 

processes of the product manufactured (Schutta, 2006, p. 1).  In addition, management 

must provide a business process involving planning and strategic thinking (Schutta, 2006, 

p. 2).   

Looking at Lean and Six Sigma separately, each gives priority to different items 

of organizational performance resulting in diminishing returns (Arnheiter, & Maleyeff, 

2005, p. 8).  However, with the implementation of both Lean and Six Sigma together, the 

returns can be on-going as shown in Figure 4 (Arnheiter, & Maleyeff, 2005, p. 8&11). 

Figure 4:  Competitive Advantage 
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Lean Six Sigma can grow with the strengths of both Lean and Six Sigma which 

can be combined to develop a synergy as shown in Table 3 (Gore, 2003, pp. 5-6). 

 
Table 3:  Batch Synergy of Lean and Six Sigma 

 
 

The Lean concepts that would be used are (Arnheiter & Maleyeff, 2005, p. 8): 

1) Maximize the value-added content of all operations 

2) Ensure the incentive systems result in global optimization 

3) Base all decisions on the impact to the customer 

The Six Sigma concepts that would be used are (Arnheiter & Maleyeff, 2005, p. 

8): 

1) Stress data driven methodologies in all decisions 

2) Promote methodologies that minimize variation of quality characteristics 

3) Design and implement a company wide and highly standard education and 

training system 
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In order to make this Lean Six Sigma concept successful, the company must 

focus on processes and problem areas that will affect the company’s strategic plan and 

vision for leadership (Schutta, 2006, p. 1).   

2.6.2 Paradigm Shift 

As the author has learned, it is insane to expect different results if you continue 

the same actions.  In order for Lean Six Sigma to be effective and last, there must be a 

paradigm shift – change in thought, actions, and tools. 

As stated by Schutta, Lean Six Sigma is a new level of running business.  It is a 

cultural change which supports the idea of businesses focusing on the customer, key 

processes, and steps to continuously deliver a product that satisfies existing and new 

customers (Schutta, 2006, p. 1). 

2.6.3 Knowledge Worker 

The knowledge worker is the future worker’s capability to solve process variation 

problems (Schutta, 2006, p. 2).  The knowledge worker is in the process of change due to 

process know-how, knowledge of problem solving, and knowledge of how to handle 

statistical data to solve problems and improve capability of the process (Schutta, 2006, p. 

2).   

With this new knowledge worker, Schutta (2006) states the focus will be on 

customers’ needs, process measures, and improving the process.  The only way 

companies will be successful for the future is developing and empowering the knowledge 

worker (Schutta, 2006, p. 2). 
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2.6.4 Malcolm Baldridge National Quality Award 

In Business Performance Through Lean Six Sigma by Schutta (2006), the 

Malcolm Baldridge National Quality Award (MBNQA) recognizes, rewards, and shares 

ideas of companies that are performing well.  If the company and worker understand the 

MBNQA criteria, the worker can implement change, drive the organization into the right 

direction while Lean Six Sigma can provide the tools to get there (Schutta, 2006, p. 2). 

2.6.5 Customer Needs 

As discussed earlier, in order for the company to be successful, the focal point of 

any business providing a service or product to a customer should be the needs of the 

customer. Businesses should center their attention on the market, the end users, the 

customers’ expectations, the regulatory environment, and the customers’ specific needs 

per Schutta (2006, p. 2). 

If time is not spent doing the above, businesses will make products that are 

pushed on versus pulled by the customer.  In reality, it is much easier to sell products that 

have a demand than try to make a demand for a product where there is little to no need.  

This is why it is so important to understand the voice of the customer (discussed earlier) 

and build upon this for a successful and lasting business. 

2.6.6 Management Involvement 

The success of any project within any business is based on the involvement from 

Management.  The top down push for improvements is more effective, productive, and 

easier for others to buy-in versus the down to the top push.  It can be done, but the load is 

very heavy and can become overwhelming, hard to implement, and much more work. 
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Management must assemble key business indicators that monitor the performance 

of the organization and determining the status of the processes, customer satisfaction, and 

operational performance (Schutta, 2006, p. 3).   

Here are a few examples of items to monitor per Schutta (2006, p. 3): 

 
Table 4:  Management Items to Monitor 

 
 
 
2.6.7 Strategic Planning 

The business managers must plan to be successful.  If time is not spent to create a 

strategic plan, that business is definitely planning to fail. 

The main strategic planning guidelines per Schutta (2006, pp. 4-5) are shown in 

Table 5. 

 

 

 

Customer needs analysis report
Customer level of satisfaction
Market effects
Key business processes
Key performance processes
Financial indicators of performance
Sales per employee
Employee satisfaction
Community Needs
Key product performance
Key service performance
Supplier performance level
Project status level
Costs of non-conformances
Maintenance costs
Manufacturing and assembly costs
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Table 5:  Strategic Planning Guidelines 

Leadership involvement is crucial in the success of a 
project 
Drivers of change must be in the business 
Strategic planning process requires planning, executing 
the plan, checking the results, and acting on the findings 
Planning documentation 
Plan-Do-Check-Act (PDCA) process 

 

 
2.6.8 Twelve Pillars 

Per the author James Schutta, one of the weaknesses of Six Sigma processes is 

that it started in the retrospective approach without proper support (Schutta, 2006, p. 6).   

In addition, the author of this document sees an opportunity of improvement 

because both Six Sigma and Lean are implemented after the product and process are 

designed, prototyped, and available to the customer.  There is a better way to run the 

business without designing to improve later.  If businesses design to improve now, this 

would save lots of time and money.  Work on the front end when the product is in the 

design phase.   

At this point, have a team of people work to create a functioning, meet the needs 

of the customer, process improvement implemented, variation reduced, design for simple 

manufacturing, and assembly type of product.  All the necessary changes and 

implementations are completed at the front end.  This will require more time initially.  

However, after this becomes a way to do business, the time line will become shorter with 

more experience and better products at the beginning of a product life cycle. 

Given this background, there are fifteen fundamentals that must be followed to 

make Lean Six Sigma victorious (Schutta, 2006, p. 6).  See Table 6. 
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Table 6:  Lean Six Sigma Fundamentals 

1 Top management involvement 
2 Top management knowledge of the key processes 
3 Strategic plan completed 
4 Integration of project selection with the strategic plan 
5 Project selection process developed 
6 Greenbelt and Blackbelt selection process developed 
7 Adequate training 
8 Adequate consulting 
9 Resources 
10 Sufficient time to solve problems 
11 Problem definition and Six Sigma Champions 

12 
Proper process measures and company key business 
indicators 

13 Financial results measures 
14 Reward system and recognition process 
15 Promotional path for Greenbelts and Blackbelts 

 
 
 

Taking a look at Lean Six Sigma, twelve steps are mandatory for its success and 

must be implemented for process improvement (Schutta, 2006, p. 7).  Reference Figure 5. 

 

Figure 5:  Twelve Pillars to Process Improvements 
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2.7 Analytical Processes 

2.7.1 Analytical Hierarchy Process 

Analytical Hierarchy Process (AHP) is a decision aiding tool for dealing with 

complex, unstructured and multiple attribute decisions (Dweiri, 1995, p. 22).  AHP was 

developed by Thomas Saaty during the 1970’s, and is very useful because it considers the 

inconsistencies of the developer (Dweiri, 1995, p. 22).  AHP is a flexible model that 

allows people to shape their ideas and define their problems by making their own 

assumptions and deriving the desired solution (Saaty, 1982, p. 22).   

As stated earlier, Analytical Hierarchy Process (AHP) models complex, 

unstructured, and multiple attribute decisions.  This has its benefits and drawbacks.  The 

benefits of AHP are (Meade & Presley, 2002, p. 60): 

• Provides a structure to the complex issues of the manufacturing company 

• Deals with comprehensive framework that deals with the intuitive, 

rational, and irrational 

• Easy to use 

There is one main disadvantage of AHP.  Analytical Hierarchy Process (AHP) 

does not consider important interactions between decision levels (Meade & Presley, 

2002, p. 61).  For this reason, the user of this model must be very careful to use scenarios 

with unidirectional hierarchy relationships between decision levels (Meade & Presley, 

2002, p. 60). 

Here are the basic steps to using AHP (Dweiri, 1995, p. 22).  1) Describe the 

complex decision problem as a hierarchy.  2) Use pairwise comparisons to estimate the 
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relative importance of the elements of the hierarchy.  3) Integrate pairwise comparisons 

to develop the overall evaluation of the decision alternatives. 

Per Saaty (2005), hierarchies are a fundamental tool of the mind.  It involves 

identifying elements of the problem, grouping the elements into homogeneous sets, and 

arranging these sets into different levels.  Hierarchies can be divided into 1) structural 

and 2) functional.  In structural hierarchies, complex systems are structured into their 

constituent parts in descending order according to priorities.  While functional hierarchies 

break down complex systems into their constituent parts to their essential relationships 

(Saaty, 1982, p. 28). 

Analytical Hierarchy Process (AHP) is based on exhaustive pairwise comparison.  

This can be very time consuming if there are a lot of attributes in the problem (Olcer & 

Odabasi, 2005, p. 97).  This comparison is useful in research to find the weight factors of 

each reason or attribute affecting the decision (Dweiri, 1995, p. 22).  In addition, this 

comparison only allows one way hierarchical arcs that show dominance or control over 

one level of attributes over sub-components or attributes (Meade, 1997, p. 64). 

In other words, the decision maker assigns an importance number to each reason 

that represents the true preference of each reason.  See Table 7 (Dweiri, 1995, p. 23). 

 

Table 7:  AHP Intensity Importance Factors for Pairwise Comparisons 

Intensity 
Number 

aij Definition of the Comparisons 
1 Equal importance of i and j 
2 Between equal and weak importance of i over j 
3 Weak importance of i over j 
4 Between weak and strong importance of i over j 
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5 Strong importance of i over j 
6 Between strong and demonstrated importance of i over j 
7 Demonstrative importance of i over j 
8 Between demonstrated and absolute importance of i over j 
9 Absolute importance of i over j 

 

 
The intensity importance of factor i over factor j is equal to aij, while the intensity 

importance of factor j over i is equal to aji = 1/ aij (Dweiri, 1995, p. 23). 

If there are n factors to compare, use Table 7 to develop a matrix resembling 

Equation 1 to represent the importance of these factors (Dweiri, 1995, p. 23). 

a11   a12   . . .  a1n 

Anxn  a21   a22   . . .  a2n    ; where aij = 1, iff i=j, i=1,. . ., n; j=1,. . ., n 

 . . .   . . .  . . .  . . .   

 an1   an2   . . .  ann 

Equation 1:  Matrix 

Dweiri (1995, p. 24) documents Saaty’s steps for AHP. 

1) Find the priorities (Pi) of the factors.   

a) Multiply the n elements in each row in the matrix by each other, resulting 

in Xi 

b) Take the nth root of Xi for each row, resulting in Yi 

c) Normalize by dividing each number Yi by the sum of all the numbers 

SUM OF ALL Yi, resulting in vector Pi 

Equation 2:  Pi 

2) Find the vector Fi by multiplying Anxn by Pi 

Equation 3:  Fi 

Table 7 - continued 
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3) Divide Fi by Pi to find the vector Zi 

Equation 4:  Zi 

4) Sum Zi and divide by n to find the maximum eigenvalue = SIGMA SIGN max, 

which is the average 

Equation 5:  Maximum Eigenvalue 

 
5) Find the Consistency Index (CI) = (SIGMA SIGN max – n) / (n-1) 

Equation 6:  Consistency Index 

6) Find the Random Index (RI) from the Random Index Table below 

 

Table 8: The Random Index  

 
7) Find the Consistency Ratio (CR) = (CI) / (RI) – any value of CR that is less 

than or equal to 0.1 is considered an acceptable ratio of consistency 

Equation 7:  Consistency Ratio 

As documented by Dweiri (1995), the benefits to using AHP are as follows (p. 

25): 

1) Formalizes making a decision 

2) Makes the decision making process non-subjective 

3) Provides management with information about the weights of each factor 

4) Uses computers for the sensitivity analysis 

n 1 2 3 4 5 6 7 8 9 10 11 12

RI 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49 1.51 1.58
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5) Generates better communication, understanding, and concerns that are 

addressed with the decision makers 

2.7.2 Analytical Network Process 

Analytical Network Process (ANP) represents relationships with a hierarchy, but 

does not use the strict structure like Analytical Hierarchy Process (AHP).  Meade stated 

that ANP is a non-linear network that allows for more complex interrelationships among 

decision levels and attributes (Meade, 1997, p. 62). 

Analytical Network Process (ANP) models problems of systems between levels 

known as “systems-with-feedback” (Yurdakul, 2003, p. 2503).  In summary, this means 

that a level may both dominate and be dominated, directly or indirectly, by other decision 

attributes and levels (Meade, 1997, p. 62). 

As stated earlier, Analytical Network Process (ANP) models different levels of a 

manufacturing system.  This has its benefits and drawbacks.  The benefits of ANP are 

(Yurdakul, 2003, pp. 2522-2523): 

• Provides a structure to the manufacturing company 

• Takes the human out - it reduces human judgments and expertise, similar 

to AHP 

• Presents a more accurate and realistic long-term performance score 

There is one main disadvantage of ANP.  Analytical Network Process (ANP) 

requires more calculations and the creation of more pairwise comparison matrices 

(Yurdakul, 2003, p. 2523).  For this reason, the user of this model must be very careful 

with the creation of the matrices, comparisons, and calculations. 
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Analytical Network Process (ANP) is used to demonstrate product life cycles in 

replacement decisions (Meade, 1997, pp. 65).  ANP handles multiple attributes and 

multiple periods as well as interdependence among attributes.  Here are the five steps 

(Meade, 1997, 65-73):  

1) Model Construction and Problem Structuring: The problem should be 

structured into its important components, including topmost elements, sub-

components, and attributes. 

2) Pairwise Comparisons Matrices of Interdependent Component Levels: 

Components and attributes require a pairwise comparison. 

a. The matrix value assigned to the relationship of component i to 

component j is equal to aij, while the intensity importance of factor j over i 

is equal to aji = 1/ aij. 

b. Once the pairwise comparisons are complete, the local vector w is 

computed: 

Aw = GAMMA SIGN maxw 

Equation 8:  Vector W 

c. From this, a two stage algorithm will involve forming a new n x n matrix 

by dividing each element in a column by the sum of the elements.  After 

this, sum the elements in each row and divide by the n elements in the 

row. See Equation 9. 
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          I 

SUMMATION SIGN        aij 
          i=1       ____________ 
                SUMMATION SIGN aij 
      w =   __________________________________________    
                    J 

 

Equation 9:  Weighted Priority 

 

where: wi =  weighted priority for component i 

      J  = index number of columns (components) 

      I = index number of rows (components)  

3) Consistency Ratio Calculation: This provides a numerical assessment of the 

evaluations.  First, calculate the Consistency Index (CI) - see the AHP section for 

more details.  Then, identify the random index from the Random Index (RI) table 

- see the AHP section for more details.   From the Consistency Index and the 

Random index, the Consistency Ratio (CR) can be calculated. 

CR = CI / RI 

Equation 10:  Random Index 

If the calculated ratio is < 0.10, consistency is considered satisfactory. 

4) Supermatrix Formation: This allows a resolution of the effects of interdependence 

that exists between elements in the system.  See Figure 6 and Figure 7.   
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Figure 6:  Network Model 

 

 

  

 

 
Figure 7:  Matrix Model 

 

Figures 6 and 7 are pictorial views of these three types of relationships in a 

supermatrix: 

a. Independence from succeeding components 

b. Interdependence among components 

c. Interdependence between levels of components 

5) Selection of Best Alternative: The selection of the best alternative should 

depend on the calculation of the desirability index (Di) for alternative i.  See 

Equation 11. 
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J        K 
Di = (SUMMATION SIGN)(SUMMATION SIGN) PjAkjSikj 

           j=1      k=1  
 

Equation 11:  Di 

 
where: Pj =  relative importance weight of principle j 

   Akj =  relative importance weight for attribute k of principle j 

Sikj =  relative impact of alternative i on attribute k of principle j 

Kj =  index set of attributes for principle j 

J =  index set of principles 

2.7.3 Author’s Focus for Analytical Processes 

Analytical Hierarchy Processes (AHP) and Analytical Network Processes (ANP) 

both have their positive attributes and some areas of improvement.  The author has 

chosen Analytical Network Processes (ANP) as the tool for this research.  This is due to 

the nature of the observed environments.  There are complex interrelationships within 

varies levels for varies attributes.  As a result, ANP would provide the more realistic 

representation of the present environment. 
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CHAPTER THREE 

OVERVIEW OF LEAN SIX SIGMA CRITICAL BUSINESS PROCESSES 

In the prior chapter, the literature review was given of Lean, Six Sigma, Critical 

Business Processes, and Analytical Processes.  It was imperative for the reader to 

understand each piece in order to make the conundrum complete.  From this information, 

this dissertation will now provide detailed information supporting the use of Lean Six 

Sigma Critical Business Processes.   

3.1 Concepts in Action 

3.1.1 Lean 

James Womack and Daniel Jones (1996) documented the concept of lean thinking 

in their book entitled Lean Thinking: Banish Waste and Create Wealth in Your 

Corporation.  The strategy of Lean thinking is to eliminate wastes (Womack & Jones, 

1996, p. 15).  As stated by Womack and Jones (1996), “lean thinking . . . provides a way 

to do more and more with less and less”, “provides a way to make work more satisfying”, 

and it “provides a way to create new work rather than simply destroying jobs in the name 

of efficiency” (p. 15).   

The author is very experienced with Lean.  She has participated in at least three 

projects per year over the last twelve years focused on Lean.  From her experiences, Lean 

is an excellent tool to use in order to eliminate waste.   
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Through the experiences of the author, team involvement is one of the keys to a 

successful Lean implementation.  Projects that did not include team involvement were 

often misrepresented.  Consequently, the Lean activities did not last and often ended 

during the first quarter of implementation.  However, projects that incorporated the team 

concept demonstrated sustainable success.  Because there is a shift in the paradigm, the 

team takes ownership of the changes.  The team becomes change coordinators instigating 

Lean and eliminating waste. 

The second key to successful Lean implementation is management involvement.  

Projects that did not engage management, management was too busy, or management did 

not see the value of participating sent a strong message to the employees.  This message 

implied that, “change is not important”.  Conversely, with management participation, 

employees put forth an effort to execute and maintain the change.  Lean is employed and 

waste is eliminated. 

And the third key to successful Lean implementation is tracking the affects of the 

changes.  Management provides goals for the group.  This helps to sustain and improve 

the area.  Tracking progress identifies if we are not meeting, meeting, or exceeding the 

set goals.  Through tracking progress, activities that hinder and / or promote victory can 

be identified. 

I have two factual project examples to illustrate unsuccessful and successful 

implementations of Lean.  In the first project, quality and output are the main concerns.  

In view of that, a team gathered to discuss a Lean activity.  The team consisted of eight 

people – Production Supervisor, two Production Associates, Manufacturing Engineer (the 

author), Engineering Technician, Development Engineer, Test Engineering, and Quality 
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Engineer.  The majority of the group had heard Lean before, and had not participated in a 

Lean activity.  The Manufacturing Engineer (the author) briefly reviewed Lean and its 

purpose within an hour workshop.  After the workshop, the enthusiastic team plunged in 

and identified the wasteful activities.  These wasteful activities were: 

- Looking for tools 

- Transporting the product 

- Retesting products 

- Reapplying tape to products 

- Reattaching parts to the product 

Process improvements were implemented which created a cost avoidance of 

$84K.  In this project, the team was included, management was involved for a short 

period of time, and the changes were tracked.  Due to decreased management 

involvement and no verification that changes were sustained, the cost avoidance was not 

maintained and began to slip. 

The second project was also concerned with quality and output.  The team 

consisted of eight people – Production Supervisor (the author), Production Associate, 

Manufacturing Engineer, Engineering Technician, Development Engineer, and Quality 

Engineer.  The team gathered to discuss removing waste from the line.  The majority of 

the group had heard and participated in a Lean activity.  The Supervisor (the author) 

reviewed Lean and its purpose within an hour seminar.  The seminar helped inform and 

reinforce their understanding of the concept.  After the seminar, the team identified the 

wasteful activities.  These activities included: 

- Not effective tools 
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- Transporting the product 

- Failed units 

- Retesting products 

- Reattaching parts to the product 

Process improvements were implemented which created a cost avoidance of 

$32K.  In this project, the team and management were involved.  The Production 

Associate was familiar with the concepts, so she reported regularly any issues or ways to 

remove waste from the line.  In addition, she was eager to try new things to help the 

productivity of the line.  Because of the team effort, management was involved with 

tracking progress and cost avoidance was sustained.      

3.1.2 Six Sigma 

The focus of Six Sigma is to understand and eliminate the negative effects of 

variation in processes (Goldsby and Martichenko, 2005, p. 5).  As stated by Nash, Poling, 

and Ward (2006), “the goal is to create near perfection through continuous improvement 

that aligns ‘the voice of the process’ with ‘the voice of the customer’” (p. 38).   

The author is well educated on Six Sigma.  She has involved herself in at least 

two projects per year over the last nine years.  Six Sigma is an outstanding tool to 

eliminate variation.  According to the author, Six Sigma can be influential in 

implementing sustainable changes when 1) the concepts are understood, 2) the tools are 

used correctly, and 3) changes are tracked. 

The first item for success is to understand the Six Sigma concept.  Six Sigma is 

more complex than Lean.  Six Sigma is based on statistics that focuses on conformity – 

how many items meet the standards and how many items do not meet the standards.  This 
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can be a difficult concept to comprehend, but it is imperative that the team understands it.  

Once, the user of this concept grasps the idea of variation and defects, this is the first step 

to a victorious project.  In the activities that the team did not understand the concepts, the 

team members only did what was asked of them.  Subsequently, sustaining change was a 

challenge.   

The second item is that the data collection and tracking tools must be used 

correctly.  As discussed in Chapter 2, there are many tools.  These tools are used at 

different times of the DMAIC process.  The author has learned from work experience, all 

the data collection and tracking tools are very helpful, and should be used whenever 

needed.  However, all the tools are not necessary to use all the time.  It depends on the 

type of data being analyzed, the product being reviewed, and where you are in the 

process.  Whenever projects used all assessment tools, it was a challenge to identify 

variability in a suitable timeframe.  For instance, if projects spent more time trying to 

force the data into every tool, the true meaning of using the tools to identify variability 

was missed.  The other projects where the team thought through the tools that worked for 

that scenario, there was a smooth transition from data collection to problem identification 

to problem resolution. 

And the third item is tracking change.  Similar to Lean, it is imperative to identify 

the affects of the changes on the process.  Tracking the changes makes sure that the 

modifications improve the area. 

Once more, the author provides two realistic models to exemplify unsuccessful 

and successful implementations of Six Sigma.  In the first model, the number one concern 

was quality.  The team consisted of four people – Supervisor (the author), Production 
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Associate, Production Technician, and Manufacturing Engineer.  The entire team was not 

familiar with Six Sigma and had not participated in a Six Sigma activity.  For this reason, 

the Supervisor (the author) had an hour session discussing Six Sigma.  After the session, 

the team met and identified the variation in the process.  The process was changed and 

the variation was minimized from a 25% failure rate to less than 5% failure rate.  The 

team understood the concepts, used the tools correctly, and tracked the changes for a little 

while.  Once the tracking diminished, so did the likelihood of keeping things changed.  

Unfortunately, the variation began to increase and at least six months later, the old 

process was back in place.   

The second project was focused on improving quality and delivery, yet this 

project was a little different.  The Supervisor, Manufacturing Engineer (the author), Test 

Engineering, Development Engineer, and Production Associate compiled the team.  The 

majority of the team was familiar with Six Sigma, yet had not participated in a Six Sigma 

activity.  For this reason, Six Sigma was reviewed for an hour.  Following the refresher 

and learning session, the team actively looked for the item that caused the variation on 

the production line.  The main item was identified and corrected.  This reduced the failure 

rate from 20% to less than 1%.  The understanding of the concepts, correct usage of the 

tools, and tracking the changes has maintained the failure rate at 3%. 

3.1.3 Critical Business Processes 

Critical business processes are necessary, and in need of change. In the end, this 

change will improve the overall process that either creates or produces a product or 

service.   
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The author is knowledgeable about critical business processes.  With every 

project that she has either led or participated in over the last fourteen years, the author ‘s 

team had to identify the critical processes.  These processes were mandatory because 

each project required improvement.  The processes were reviewed, the critical path items 

were identified, and the bottlenecks were recognized.  The team decided the item that 

provided the largest output with the most affordable investment – this was our critical 

process. 

From the author’s experiences, the identification of the critical process is 

essential.  In all events, the critical processes were exposed, improvements were selected, 

and implementation was completed.  As a consequence, a new critical process was 

established or the same critical process needed more work as the overall process was 

improved. 

The author will review two true-life cases that identify the critical business 

processes.  In the first case, the area of development was delivery.  The team consisted of 

the Industrial Engineer (the author), five Production Associates, and Supervisor.  Six out 

of the seven people were not familiar with critical processes.  During a two hour 

colloquium, the Industrial Engineer (the author) trained the team.  The assembly process 

was assessed and documented.  From this class, the team revealed the critical business 

processes and the process improvements for the product.  Initially, the assembly process 

required 24 days.  After uncovering and revamping the critical business processes, the 

assembly time was condensed to 11 days.  

The second case is presently being evaluated.  The push is for better delivery and 

quality.  Consequently, a team was created.  The team was consisted of a Supervisor, one 
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Manufacturing Engineer, two Development Engineers, two Production Associates, 

Quality Engineer, one Greenbelt (the author), three Black Belts, Black Belt Champion, 

and Production Planner.  Half the team was familiar with critical processes, and no 

training was provided.  The process required the individuals learn from their teammates.  

With much review of the assembly process, the critical business process has been 

identified.  The present process only allows the assembly of 60 units per day.  However, 

demand requires as few as 10 units and as many as 115 units per day.  Now the team is in 

the process of deciding the corrective action needed to improve the processes in order to 

meet the demand. 

3.1.4 Analytical Network Process 

Analytical Network Process (ANP) is a modeling tool that represents complex 

interrelationships among decision levels and attributes (Meade, 1997, p. 62).  The author 

has learned that this process is a definite representation of the real world today.  There are 

so many layers, each layer interacts, and each layer affects the other layers when it comes 

to making decisions. 

The author has utilized ANP within this research.  The results can be seen in 

Chapter 4. 

3.1.5 Author’s Focus for Lean Six Sigma Critical Business Processes Using an 

Analytical Network Process 

As discussed in Chapter 2 and 3, Lean activities eliminate waste, Six Sigma 

activities eliminate variation, critical business processes focus on those areas that need 

improvement and are critical to the process, and Analytical Network Process (ANP) 
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models problems considering the interactions between levels.  There is value for all 

companies to implement at least one of these tools.   

The author has not been on a team, lead a team, or gotten feedback about a team 

that has joined and implemented all four concepts together.  These concepts are Lean, Six 

Sigma, critical business processes, and Analytical Network Process (ANP).  The 

feedback received and gathered by the author is that two concepts have been linked 

together.  For example, Lean and Six Sigma, Lean and critical business processes, or Six 

Sigma and critical business processes.  Yet all four tools, Lean, Six Sigma, critical 

business processes, and ANP, are not implemented together.   

Since the author has participated on teams that have successfully implemented 

Lean, Six Sigma, or critical business processes, the author sees enormous value in joining 

these concepts with the ANP modeling tool.  For this reason, the author has chosen to 

research and identify a technique that will combine all these concepts and tools; thereby, 

creating Lean Six Sigma Critical Business Processes using ANP.   

3.2 Create Lean Six Sigma Critical Business Processes 

As discussed in Chapter 2, a process model has inputs, mechanisms, calls, 

controls, and outputs.  The author’s experiences show that the purpose of this model is to 

visually explain the process.  All activities are identified in a picture.  The author used 

this format to model a quick overview of the Lean Six Sigma Critical Business Process in 

Figure 8.   
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Figure 8:  Formulate Lean Six Sigma Critical Business Process 

 
The inputs for formulating a Lean Six Sigma Critical Business Process are the 

enterprise assets, resources, modularity and voice of the customer as documented by the 

author.  The enterprise assets are the items available to pay debts – the opposite of debt.  

The resources are the tools (i.e. people, money, equipment, etc.) available for the process 

evaluation and improvement implementation.  The modularity is the process consisting of 

many smaller units making up one large unit.  The theory behind this is that there are a 

lot of small parts that make up the whole.  The voice of the customer is what is important 

and value-add to the customer.  This is what the customer is willing to pay for. 

The mechanisms for developing a Lean Six Sigma Critical Business Process are 

the technology and decision maker.  The technology consists of the expertise, machinery, 

and tools available to create the Lean Six Sigma Critical Business Process.  The decision 

maker is the person involved with making the decisions in this process.   

The call for this process is the database.  The database holds, modifies, or creates 

the information for identifying the Lean Six Sigma Critical Business Process. 
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The controls are the organization, planning tools, and environment.  These items 

are used to set the boundaries for devising a Lean Six Sigma Critical Business Process.  

The organization is the institution that makes up the business.  The planning tools are the 

materials used to plan for the future or modifications.  The environment is the atmosphere 

that surrounds the process.   

The output is the Lean Six Sigma Critical Business Process.  From the evaluation 

of the enterprise assets, resources, modularity, voice of the customer by the decision 

maker with the technology and databases available, the organization, planning tools, and 

environment are used to identify the Lean Six Sigma Critical Business Process. 

This model should be utilized for the evaluation of other processes to identify its 

Lean Six Sigma Critical Business Process. 

3.3 Lean Six Sigma Critical Business Process Selection 

The author will articulate in writing the detailed review of selecting the Lean Six 

Sigma Critical Business Process.   

From Meade’s model of formulating an agile business process (1997, pp. 90-

111), the author modified the model to relate to formulating a Lean Six Sigma Critical 

Business Process.  This can be reviewed in Figure 9. 
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Figure 9:  Formulate Lean Six Sigma Critical Business Process 

Here is a review of the abbreviations in the different steps shown in this figure: 

I = Input 

C = Control 

O = Output 

A = Function Name 

In summary, there are (12) inputs, (9) controls, (7) outputs, and (7) functional 

names, which are I1 through I12, C1 through C9, O1 through O7, A1 through A7 

respectively.   

The steps shown in Figure 9 identify how to improve the Lean Six Sigma Critical 

Business Process and provide a greater focus toward the vision and mission for the 

enterprise.  This selection process is needed to distinguish the areas that are most critical 

to the process and in need of the most improvement.  Ultimately, promoting a more 

effective and efficient change in business and enterprise. 
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In this chapter, the author will 1) identify capabilities which support the vision, 2) 

determine the process and capability rating, 3) establish the performance level of the 

business process, 4) select the critical processes, 5) produce the Lean Six Sigma process 

rating, 6) analyze the Lean Six Sigma process enablers, determinants, dimensions, and 

alternatives, and 7) conduct the cost / benefit analysis.  These are all the steps to 

formulating a Lean Six Sigma Business Process shown in Figure 9.   

3.3.1 Identify Capabilities which Support the Vision 

In order for the identification of Lean Six Sigma Critical Business Processes to 

benefit the enterprise, there must be a link between the company and its customers, the 

vision, and your process improvement.  As the initiator of change, the company’s 

capabilities, resources, goals, and objectives must be established and verified by the 

company and its customers.  This verification can be found in employee knowledge, 

employee skills, management systems, and standards of the company while using 

resources such as land, labor, capital, equipment, and money. (Meade, 1997, p. 80).  

Similar to Meade, the author surveyed each group for each project to identify the 

capabilities.  The capabilities were defined and explained to each group as the 

requirements and objectives of the business process.  Reference Table 9 for the survey 

and Figure 10 for the process model identifying the capabilities.  The results from this 

survey can be found in Chapter 4 and Appendix D. 
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Table 9: Survey for Capabilities  

 

(BP = Business Process; C = Capability) 

 

 

Figure 10:  Process Model to Identify Capabilities 

 
3.3.2 Determine Process and Capability Core Rating 

A core business process is difficult to imitate, provides competitive advantage, is 

perceived as a value by customers, and is mandatory to a process (Meade, 1997, p. 37).  

The core process can be performed effectively and efficiently to improve the overall 

process.   The core business process is reviewed and receives a core rating.  The core 

(Insert Company's Vision)
BP 1 Insert Company's Business Process

C1 Insert Company's Business Process Capability
C2 Insert Company's Business Process Capability
C3 Insert Company's Business Process Capability

BP 2 Insert Company's Business Process
C4 Insert Company's Business Process Capability
C5 Insert Company's Business Process Capability
C6 Insert Company's Business Process Capability

BP 3 Insert Company's Business Process
C7 Insert Company's Business Process Capability
C8 Insert Company's Business Process Capability
C9 Insert Company's Business Process Capability

C1: Environment
C2: Theory

I1: Resources A1

12: Enterprise 
Assets

Identify 
Capabilities which 

Support Vision
O1/ I3: Selected 

Capabilites
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rating is simplifying a complex concept of what is essential to the enterprise, and there is 

a high probability that whatever is essential to the enterprise needs to be improved first 

(Meade, 1997, pp. 82-83). 

Similar to Meade, the author collected data from each group for each project to 

determine the core ratings.  The survey and the process model for identifying the core 

ratings are below.  The results from this survey can be found in Chapter 4 and Appendix 

D. 

Table 10: Survey for Process and Capability Core Rating  

 

 

 

Figure 11:  Process Model to Determine Process and Capability Core Rating 

Here are the tasks that must be completed to get the core capability rating from 

the survey.  First, identify the core capability criteria per capability by providing a score 

of 0 or 1.  0 means poor, while 1 means excellent.  The options are: 

C3: Core Rating 
System

O1/ I3: Selected 
Capabilites A2

I4: Customer and 
Supplier Views

Determine 
Process and 

Capability Rating
O2 / I5: Core 

Rating
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 Difficult to imitate – Hard to duplicate 

 Provide a competitive advantage – Gives the company an advantage in this 

market 

 Extendable to new markets – Data gathered can be used in new or different 

markets 

 Customer perceived value – Customer perceives value in this activity or 

product/process 

After the core criteria are set, the second task is to categorize the capabilities by 

providing a score of 1 to 4.  The options are as follows: 

 Support – For internal customer usage (i.e. HR, legal, etc.); score of 1 

 Basic – Skills and systems used that are common to business; necessary to 

do business; score of 2 

 Critical – Skills and systems needed to provide business with a competitive 

advantage today; score of 3 

 Cutting Edge – Skills and systems needed to provide business with 

competitive advantage tomorrow; score of 4 

After the capabilities are categorized, total the scores at the capabilities level.  

Then, total the scores at the business process level.  Finally, normalize the scores.  

Normalization is an average and is used to take into account the various quantities of 

capabilities per business process level.  This normalized business process score is known 

as the core rating of each business process. 
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3.3.3 Determine Performance Level of Business Process 

In determining the performance level, the strategies, vision, and mission of the 

organization are compared to the performance of the process (Meade, 1997, p. 49).  The 

evaluation is a result of how the process is achieving its goals.  This step will answer the 

questions, 1) “Is it possible that the process can perform better?”, and 2) “Is there room 

for improvement?” 

The author gathered facts from each group for each project to determine the 

performance level of the business processes.  Table 11 and Figure 12 show the survey 

and process model respectively.  The results from this survey can be found in Chapter 4 

and Appendix D. 

Table 11: Survey to Determine Performance Level of Business Processes  
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Figure 12:  Process Model to Determine Performance Level of Business Process 

 

The weights for the categories are determined.  Each capability is graded using a 

ranking system of 1 to 5, with 1 meaning poor and 5 meaning excellent.  And then, the 

weighting and scoring should be multiplied together, summed, and divided by the total 

number of performance categories to obtain the total score.  Next, total the capabilities at 

the business process level.  Lastly, normalize the scores per business process.  This brings 

the data to a common scale. 

3.3.4 Select Critical Processes 

The critical processes are the activities that are necessary to the process and 

require improvement.  These critical processes are determined from the process and 

capability core rating and performance levels. 

The author compiled the data from each group for each project to calculate the 

critical processes.  The survey and process model is shown in Table 12 and Figure 13 

respectively.  The results from this survey can be found in Chapter 4 and Appendix D. 
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Table 12: Data form to Calculate Critical Processes  

 

 

Figure 13:  Process Model to Determine Critical Processes 

 

If the core rating scores are calculated on a different scale than the performance 

level indicator scores, the values must be placed on the same scale by 1) identifying the 

least common multiple, 2) multiplying the core ratings by the highest possible number on 

the performance level indicators scale, and 3) multiplying the performance level 

indicators by the highest possible number on the core ratings scale.  These new values 

will provide the converted core rating and performance indicators.  As designated by 

Meade (1997), the total score is the subtraction of the core rating converted less 
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performance indicator converted, and the highest score is the most critical process (p. 

110).   

3.3.5 Determine Lean Six Sigma Process Rating 

After determining the critical business processes, use the Lean Six Sigma table 

shown below that was created by the author to determine the Lean Six Sigma Rating for 

the most critical business process and its capabilities.   

The author received data from each group for each project to determine the Lean 

Six Sigma process ratings.  The survey and the process model employed are below.  The 

results from this survey can be found in Chapter 4 and Appendix D. 

 

Table 13: Survey for Lean Six Sigma Process Rating  

 

 

Figure 14:  Process Model for Lean Six Sigma Process Rating 
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For the use of the survey shown in Table 13, rate each business process capability 

(C) from this rating system.   

1   =   Little to No Relevance 

2   =   Sometimes Relevant 

3  =   Relevant 

4  =  Very Relevant 

5  =  Definite Relevance 

After rating each capability, sum the values in the rows.  After this, calculate the 

value for the business process by summing all the scores for each capability, sum all the 

capability values for the specific business process, divide by the total number of Lean Six 

Sigma characteristics, and take an average using the total number of capabilities.  This 

will give the Lean Six Sigma (LSS) priority rating. 

3.3.6 Analyze Lean Six Sigma Process Determinants, Dimensions, Enablers, and 
Alternatives 

 
Now that the processes that are in most need of Lean Six Sigma improvements 

have been identified from the Lean Six Sigma rating process, a discussion of Analytical 

Network Process (ANP) is needed to understand the Lean Six Sigma process enablers.   

As discussed earlier, the Analytical Network Process (ANP) model is used to 

represent dependencies and feedback that assists in making complex decisions with 

benefits, opportunities, costs, and risks, and combining them to obtain an overall outcome 

(Wikipedia, 2007, January 14).  ANP is a non-linear network that allows for more 

complex interrelationships among decision levels and attributes (Meade, 1997, p. 62). 
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For this dissertation, the ANP model for Lean Six Sigma Critical Processes was 

created.  The information was compiled from the groups for each project.  Here are the 

figures for the Lean Six Sigma Critical Business Process and its process model. 

 
Determinants of Lean Six Sigma

Cost (C ) Delivery (D) Robustness (R ) Scope (S) Risk (RI)

Dimensions of Lean Six Sigma

Relationships 
(Input)

Knowledge, 
training, and 
empowered 

workers 
(Mechanism)

Databases and 
Environment 

(Call)

Uncertainty, 
Change Agent, 

and Management 
(Control)

More effective 
and efficient 
company at a 

minimal cost, and 
happy customer 

(Output)

Lean Six Sigma Attribute Enablers
CEC CCSP D PC SDP
CB PI E ROS MCP

ECCK MM PC
AI FCS

Lean Six Sigma Implementation Alternatives

Customer 
Demand (CD)

Current System 
(CS)

Implementation 
of Process / 

Product 
Improvements 

(II)  

Figure 15:  ANP Model of Lean Six Sigma Critical Business Process 

 

C7: Agility Theory
O5 / I10: Critical 
Business Lean Six 

Sigma Worthy 
Processes A6

Analyze Lean Six 
Sigma Process 

Enablers

O6 / I11: Suggested 
Lean Six Sigma 
Critical Business 

Processes  

Figure 16:  Process Model for Analyze Lean Six Sigma Process Enablers 

 

This ANP model of the Lean Six Sigma Critical Business Process is similar to the 

ANP model for agile critical business processes (Meade, 1997, pp. 112-146).  More 
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details of Lean Six Sigma Critical Business Processes are explained in the following 

sections. 

3.3.6.1 Determinants of Lean Six Sigma 

The determinants of Lean Six Sigma Critical Business Processes are the key 

factors that support the vision of the business and determine the present state of the 

business.  From the evaluation of the group, the most important determinants for Lean 

Six Sigma Critical Business Processes are 1) cost (C), 2) delivery (D), 3) robustness (R), 

4) scope (S), and 5) risk (RI).  Listed below is a section of the ANP model of Lean Six 

Sigma Critical Business Processes showing these determinants. 

 

Determinants of Lean Six Sigma
Cost (C ) Delivery (D) Robustness (R ) Scope (S) Risk (RI)

 

Figure 17:  Process Determinants of Lean Six Sigma Critical Business Process 

 
3.3.6.2 Dimensions of Lean Six Sigma 

The dimensions of Lean Six Sigma Critical Business Processes are features that 

affect and can be affected by the determinants.  These items are direct inputs for the 

pairwise comparisons for the ANP model.  In addition, these dimensions are needed to 

make the business flow smoothly, when utilized to their full potential and used properly.       

The focus group used for this dissertation identified the following dimensions for 

the Lean Six Sigma Critical Business Process model: 

 Relationships 

 Knowledge, Training, and Empowered Workers 

 Databases and Environment 

 Uncertainty, Change Agent, and Management 
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 More effective and efficient Company at Minimal Cost 

Here is a portion of the ANP model showing the dimensions of Lean Six Sigma 

Critical Business Processes. 

 

Dimensions of Lean Six Sigma

Relationships 
(Input)

Knowledge, 
training, and 
empowered 

workers 
(Mechanism)

Databases and 
Environment 

(Call)

Uncertainty, 
Change Agent, 

and Management 
(Control)

More effective 
and efficient 
company at a 

minimal cost, and 
happy customer 

(Output)  

Figure 18:  Process Dimensions of Lean Six Sigma Critical Business Process 

 

3.3.6.3 Lean Six Sigma Enablers 

The enablers of Lean Six Sigma Critical Business Processes are detailed 

descriptors for each dimension of Lean Six Sigma Critical Business Processes.  The team, 

that was used to gather data for this dissertation, identified every enabler.     

Here is a portion of the ANP model showing the enablers of Lean Six Sigma 

Critical Business Processes. 

 

Lean Six Sigma Attribute Enablers
CEC CCSP D PC SDP
CB PI E ROS MCP

ECCK MM PC
AI FCS  

Figure 19:  Enablers of Lean Six Sigma Critical Business Process 

 

Each abbreviation shown in Figure 19 is identified in detailed in Table 14.  This 

table gives the detailed description of the enablers for each dimension, and it also 
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provides an applicable code.  This code shown in the table is the abbreviation that will be 

used throughout this document for simplicity purposes. 

Table 14: Lean Six Sigma Attribute Enablers  

Business Process: Attribute Enablers Code 
Relationships:   

Communication with Employees and Customers CEC 
Collaboration with other Businesses CB 
    

    
Knowledge, training, and empowered workers:   

Core Capability Strategic Planning CCSP 
Usage of Performance Information PI 
Captured Employee, Customer, and Competitor Knowledge ECCK 
    

    
Databases and Environment:   

Useful Database D 
Non-bias Environment E 
    

    
Uncertainty, Change Agent, and Management:   

Proficient at Change PC 
Reconfigurable Organizational Structure ROS 
Motivational Management MM 
Adaptable Information AI 
    

    
More effective and efficient company at a minimal cost, and happy 
customer:   

Sales (Cost / Savings) Documentation Process SDP 
Maintain Change Process MCP 
Greater Product Customization GPC 
Flexible Change System FCS 
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3.3.6.4 Lean Six Sigma Implementation Alternatives 

The implementation alternatives complete the ANP model for Lean Six Sigma 

Critical Business Processes.  The alternatives are the best described by Meade as the 

specific projects to evaluate the different levels of the ANP model (Meade, 1997, pp. 

125-126).  In addition, the decision makers, used for this dissertation, described the Lean 

Six Sigma Implementation Alternatives as the options considered for successful 

implementation of activities that support the vision. 

The determinants, dimensions, and enablers are compared in the ANP model.  

The results show the impact of the determinants, dimensions, and the enablers to the 

implementation alternatives.  For a review, here is the final section of the ANP Model 

showing the alternatives of Lean Six Sigma Critical Business Processes. 

 

Lean Six Sigma Implementation Alternatives

Customer 
Demand (CD)

Current System 
(CS)

Implementation 
of Process / 

Product 
Improvements 

(II)  
 

Figure 20:  Alternatives of Lean Six Sigma Critical Business Process 

 

3.3.7 Conduct Cost / Benefit Analysis 

After the ANP model is used to evaluate the relationships of the determinants, 

dimensions, enablers, and alternatives, a cost / benefit analysis is performed (Ostwald, 

1992, pp. 369 & 375).  This analysis shows the cost or benefit of implementing changes 

to the present system.  Once again, these changes should support the vision and mission 

of the company and the business.   
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The author and the group, used to examine the different projects, analyzed the 

options to determine the cost or benefit to executing change.  As with other companies, 

the standard return on investment and payback period are used to evaluate if the changes 

are worthwhile.  Here is the process model employed, return on investment equation, and 

payback period equation used to evaluate the suggested changes.  

C8: ANP Theory

C9: Engineering 
Economy

O6 / I11: Suggested 
Lean Six Sigma 
Critical Business 

Processes A7
I12: Analytical 

Network Process 
(ANP)

Conduct Cost 
Benefit Analysis

O7: Lean Six 
Sigma Critcal 

Business Process  

 

Figure 21:  Process Model for Conduct Cost / Benefit Analysis 

 

Return On Investment (ROI) = (Dollar Return / Initial Investment) X 100 

Equation 12:  Return on Investment 

 
 

Payback Period = Net Investment / Annual Earnings 

Equation 13:  Payback Period 

 

This chapter provided an overview of the Lean Six Sigma concepts, how to create 

a Lean Six Sigma Critical Business Process, and how to select the Lean Six Sigma 

Critical Business Processes that will have the most impact on improving the business.  
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From this information, the author will now provide specific project information utilizing 

the surveys, equations, and process models discussed in Chapters 2 and 3. 
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CHAPTER FOUR 

GUIDE FOR IDENTIFYING LEAN SIX SIGMA 
CRITICAL BUSINESS PROCESSES 

Three projects are used to test and apply the Lean Six Sigma Critical Business 

Process methodologies.  For purposes of simplicity, only Project 1 is discussed in detail.  

More information concerning Projects 1, 2, and 3 can be found in Appendix D. 

4.1 Listing of Capabilities 

In Project 1, the author evaluates the development and product release strategy 

for a signaling product.   The purpose of the product is to reduce downtime by signaling 

breakdowns and material shortages.  In addition, this product improves safety by alerting 

the operator immediately of any hazards (Rockwell Automation, 2007). Through efficient 

control and automatic monitoring, safety and minimal downtime is brought to the 

manufacturing process.   

Here is Table 15 that provides the capabilities of the department that affect the 

vision. 

Table 15: Worksheet 1 – List of Capabilities  

 
Company ABC's vision is focused on being the most valued 
global provider of power, control and information solutions.  

BP 1 Create Business Plan 
C1 Excel in the vision strategy 

C2 
Create a niche or better value with existing product / process for 
customer 

C3 Identify market opportunities 
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BP 2 Identify Needed Resources 
C4 Educate the product / process provider 
C5 Gather costs for resources 

    

BP 3 Implement and Manage Business Plan and Performance 
C6 Track sales 
C7 Track financial impact to department 

    
BP 4 Market to Others 

C8 Grab market opportunities 
    

BP 5 Design Products / Processes 
C9 Create plan from concept to Available For Sale (AFS) 

C10 DFMA and PDFMA 
    

BP 6 
Acquire , Develop, and Maintain Human Assets, Property, and 
Equipment 

C11 Relationship with vendors and business 
    

BP 7 Get Orders 
C12 Identify catalog specific items 
C13 Acquire component parts 
C14 Identify process 

    

BP 8 Assemble Product / Complete Process to Existing and Future Orders 
C15 Create at production facility 
C16 Customer training 
C17 Trouble shooting 
C18 Train production facility 

    
BP 9 Manage Product 
C19 Process for accessing product 
C20 Process for accessing financial impact to department 

 
 (BP = Business Process; C = Capability) 

Business processes (BP) are the activities needed for the development and release 

of Product 1.  These business processes are listed above as items BP1 through BP9.  The 

Table 15 - continued
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capabilities (C) are the requirements and objectives of each business process.  These 

capabilities are listed above as items C1 through C20. 

4.2 Process and Capability Core Rating 

As a team, the group rated each capability per business plan collectively using the 

survey discussed in Chapter 3.  From this survey, the results for Project 1 are in Table 16. 

 

Table 16: Worksheet 2 – Process and Capability Core Rating  

 

(BP = Business Process; C = Capability) 
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Discussed in Chapter 3, the core capability criteria from Table 16 were identified 

by rating each capability with a score of 0 or 1.  This includes “Difficult to Imitate”, 

“Provide Competitive Advantage”, “Extendable to New Markets” and “Customer 

Perceived Value”.  Then, the core criteria set was identified with a score of 1 to 4.  This is 

incorporated for “Support”, Basic”, “Critical”, and “Cutting Edge”.   

From this activity, the business processes with the highest scores are BP1 - Create 

Business Plan, BP4 - Market to Others, BP8 - Assemble Product / Complete Process to 

Existing and Future Orders, and BP9 - Manage Product.   

4.3 Performance Level 

After identify the core ratings, the performance level is evaluated.  This step will 

answer these questions, “Is it possible that the process can perform better?”, and “Is there 

room for improvement?” 

The decision makers, evaluated for this dissertation, selected cost, time, quality, 

value, and ease of implementation as the criteria that are important to both the business 

and the vision of the company.  These items are used to rate how the process is 

performing within the business. 

Here are the categories of performance and their weighting factors.  See Table 17 

and Table 18. 
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Table 17: Categories of Performance  

 

 

Table 18: Worksheet 3 – Performance Measure Weights  

Dimension Weight 
Cost (C) 0.2 
Time (T) 0.2 

Quality (Q) 0.2 
Value (V) 0.2 

Ease of Implementation (E) 0.2 
Total 1.00 

 
 

The author only uses the main categories for performance.  The subcategories are 

provided for more details.  In addition, the categories are equally weighted.  This shows 

that there is equivalent importance of each category to the business.  Overall, these 

categories reiterate the vision of the company, “focused on being the most valued global 

provider of power, control and information solutions”. 

Cost (C) Time (T) Quality (Q) Value (V)

Ease of 
Implementation 

(E)

C1: Development T1: Development
Q1: Product 
Performance V1: Perceived E1: Simple

C2: Manufacturing T2: Manufacturing Q2: Product Features V2: Actual E2: Difficult

C3: Tooling T3: Lead Time
Q3: Product 
Reliability V3: Usable E3: Loss / Profit

C4: Value Add T4: Repeatability
Q4: Manufacturing 
Process V4: Needed

C5: Selling Price
T5: Promise Date 
Delivery Q5: Delivery Process V5: Extra

C6: Advertisement Q6: Components V6: Add to product
C7: Distribution Q7: Serviceability V7: Loss / Profit
C8: Service Q8: Aesthetics
C9: Loss / Profit
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Now, the performance level can be calculated from the categories and their 

applicable weighting factors.  From the survey used in Chapter 3, here are the results for 

Project 1. 

Table 19: Worksheet 4 – Performance Indicators  

Capability Cost Time Quality Value
Ease of 

Implementation
Total 
Score

Normalized 
Business 

Process Score
Weight 0.2 0.2 0.2 0.2 0.2 1.00

BP 1Create Business Plan 11.6 3.9
C1Excel in the vision strategy 4 4 5 5 4 4.4

C2

Create a niche or better value with 
existing product / process for 
customer 3 3 5 3 3 3.4

C3Identify market opportunities 4 3 4 5 3 3.8

BP 2 Identify Needed Resources 8.6 4.3

C4
Educate the product / process 
provider 4 4 5 5 5 4.6

C5Gather costs for resources 4 4 4 4 4 4

 

BP 3
Implement and Manage Business 
Plan and Performance 7.4 3.7

C6 Track sales 4 4 4 4 4 4

C7
Track financial impact to 
department 4 3 4 3 3 3.4

BP 4 Market to Others 3.2 3.2
C8 Grab market opportunities 2 3 4 5 2 3.2

BP 5 Design Products / Processes 6 3.0

C9
Create plan from concept to 
Available For Sale (AFS) 2 2 4 4 3 3

C10 DFMA and PDFMA 2 2 3 4 4 3

BP 6

Acquire , Develop, and Maintain 
Human Assets, Property, and 
Equipment 4.6 4.6

C11
Relationship with vendors and 
business 5 4 5 5 4 4.6

BP 7 Get Orders 12.4 4.1
C12 Identify catalog specific items 5 4 5 5 5 4.8
C13 Acquire component parts 4 3 5 4 4 4
C14 Identify process 3 4 3 4 4 3.6

BP 8

Assemble Product / Complete 
Process to Existing and Future 
Orders 14 3.5

C15 Create at production facility 2 4 2 2 2 2.4
C16 Customer training 3 4 5 5 4 4.2
C17 Trouble shooting 4 2 5 5 3 3.8
C18 Train production facility 2 3 4 5 4 3.6

BP 9 Manage Product 6 3.0
C19 Process for accessing product 3 3 3 3 3 3

C20
Process for accessing financial 
impact to department 3 3 3 3 3 3  

 
(BP = Business Process; C = Capability) 



  
 

98

 

As reviewed in Chapter 3, the weights are used, the capabilities are scored, and 

the overall score is calculated.  Here are the details behind calculating the performance 

levels in Table 19. 

First, the weights from Table 18 are used for the performance measure and added 

to the performance indicator Table 19. 

Second, the capabilities are then scored on a scale of 1 to 5, with 1 meaning poor 

and 5 meaning excellent.  For Project 1, the capability C1 “Excel in the Vision Strategy” 

scored a “5” because it has a direct tie or is an excellent supporter for “Quality”.  All the 

scores for the capabilities are shown in Table 19.   

Third, the weighting and scoring should be multiplied together then added and 

divided by the total number of categories to obtain the total score.  However, if the 

weights are equal, you can use the scores as they are identified.  Here is an example of 

both scenarios. 

 
Table 20: Performance Indicators with Equal Weights  

Capability Cost Time Quality Value
Ease of 

Implementation
Total 
Score

Weight 0.2 0.2 0.2 0.2 0.2 1.00

BP 1 Create Business Plan 11.6
C1 Excel in the vision strategy 4 4 5 5 4 4.4

C2

Create a niche or better value with 
existing product / process for 
customer 3 3 5 3 3 3.4

C3 Identify market opportunities 4 3 4 5 3 3.8  

 

In Project 1, the weighted values were 0.2 for the categories of performance - 

cost, time, quality, value, and ease of implementation, as shown in Table 20.  For this 
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reason, the author used the scores given by the group, summed these scores, and divided 

by the total performance categories to get the total score for each capability. For example, 

capability C1 “Excel in the Vision Strategy” scored 4 for cost, 4 for time, 5 for quality, 5 

for value and 4 for ease of implementation.  The sum of these scores is 22.  Since there 

are 5 categories of performance – cost, time, quality, value, and ease of implementation, 

the score 22 is divided by 5 which gives a score of 4.4. 

 

Table 21: Performance Indicators with Unequal Weights  

 

Capability Cost Time Quality Value
Ease of 

Implementation
Total 
Score

Weight 0.4 0.05 0.4 0.05 0.1 1.00

BP 1 Create Business Plan 2.43
C1 Excel in the vision strategy 4 4 5 5 4 0.89

C2

Create a niche or better value with 
existing product / process for 
customer 3 3 5 3 3 0.76

C3 Identify market opportunities 4 3 4 5 3 0.78  

 

For all projects used for this dissertation, the weights were equal.  For assistance 

with future projects whose performance categories that are not rated equal, Table 21 

provides an example.  In Table 21, the weights are 0.4 for cost, 0.05 for time, 0.4 for 

quality, 0.05 for value, and 0.1 for ease of implementation.  Using capability C1 “Excel 

in the Vision Strategy”, it was scored 4 for cost, 4 for time, 5 for quality, 5 for value and 

4 for ease of implementation.  The sum of the scores multiplied by the applicable weights 

is 4.45.  Since there are 5 categories of performance – cost, time, quality, value, and ease 

of implementation, the score 4.45 is divided by 5 which gives a score of 0.89. 
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Fourth, normalize the scores per business process.  As discussed in Chapter 3, 

normalization takes into account various quantities of capabilities per business process by 

taking an average. 

 

Table 22: Performance Indicators with Normalized Scores  

Capability
Total 
Score

Normalized 
Business 

Process Score
Weight 1.00

BP 1 Create Business Plan 11.6 3.9
C1 Excel in the vision strategy 4.4

C2

Create a niche or better value with 
existing product / process for 
customer 3.4

C3 Identify market opportunities 3.8  

 

The total score for Project 1 business process BP1 “Create Business Plan” 

capability C1, C2, and C3 was 4.4, 3.4, and 3.8 respectively.  After calculating the total 

scores for each capability, sum the total scores.  This provides a total score of 11.6 for 

business plan BP1.  For each business plan, divide the total score by the number of 

capabilities available per business plan.  For BP1, there are 3 capabilities.  As a result, the 

normalized score is 11.6 divided by 3 that gives a normalized score of 3.9.   

The business processes with the lowest scores are BP4 - Market to Others, BP5 - 

Design Products / Processes, and BP9 - Manage Product.  Review Table 19 for details. 
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4.4 Critical Processes 

From the prior sections, get the normalized business process scores, which are the 

core ratings for Worksheet 2 and the performance indicators for Worksheet 4.  Record 

this information onto Worksheet 5.  See Table 23. 

Since the Core Rating score is calculated from 1 to 8 and the Performance 

Indicator score is calculated from 1 to 5, these values must be placed on the same scale 

by normalizing the scores.  The least common multiple is 40, so multiply the Core 

Ratings by 5 and the Performance Indicators by 8.  This will provided the converted Core 

Rating and converted Performance Indicators. 

The end result is the total score.  This score is the subtraction of the Core Rating 

Converted less Performance Indicator Converted, and the highest score is the most 

critical process.   

Table 23: Worksheet 5 – Critical Process Determination  

  

(BP = Business Process) 
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For further explanation, here is a review of business plan BP1 – Create Business 

Plan from Table 23.  From Worksheet 2, the core rating is 7.  From Worksheet 4, the 

performance indicator is 3.9.  To normalize the scores, the core rating of 7 is multiplied by 5 

giving a converted core rating of 35 and the performance indicator of 3.9 is multiplied by 8 

giving a converted performance indicator of 31.  From these calculations, the performance 

indicator converted score of 31 is subtracted from the core rating converted score of 35, 

giving a total score of 4 which is the critical process score. 

In calculating the scores shown in Table 23, it is determined that the most critical 

process is BP1 - Create Business Plan - with a total score of 4. 

4.5 Lean Six Sigma Process Rating 

From the group, the author collected data for each project to determine the Lean 

Six Sigma rating.  The ratings for each business process capability were recorded into 

Worksheet 6 – see Table 24.   

After rating each capability, the scores were normalized.  Each value in the rows 

was totaled for each capability. Each value in the column was averaged for each business 

plan by taking the sum of the capabilities for the business plan and dividing by the 

number of Lean Six Sigma rating categories.  Each business plan value was averaged per 

the number of capabilities. This is the Lean Six Sigma (LSS) priority rating presented in 

Table 24. 
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Table 24: Worksheet 6 – Lean Six Sigma Rating  

 

 

Here is a review of business plan BP9 – Manage Product.  The ratings are given 

in Table 24 for the capabilities.  The total score for the capability C19 “Process for 

Accessing Product” is 48 and for capability C20 “Process for Accessing Financial Impact 

to Department” is 46.    The total score for the business process BP9 “Manage Product” is 

rounded up to 7, which is the total score 48 for C19 plus the total LSS score 46 for C20 

divided by 14 rating characteristics for this project.  The final LSS priority rating is 3.4, 

which is the total LSS score rounded up to 7 for the business plan divided by the 2 

capabilities. 

From Worksheet 6, it is identified that BP1 “Create Business Plan” is most 

important to the team and the enterprise because it has the lowest score.  This is the 

business process that is in need of most Lean Six Sigma improvement. 

4.6 Lean Six Sigma Process Determinants, Dimensions, and Enablers 

The Analytical Network Process (ANP) model used to identify Lean Six Sigma 

Critical Business Processes is shown in Chapter 3 on Figure 15.  The decision makers 

used for this dissertation produced this model.   

In this model, it shows the relationship of Lean Six Sigma determinants, Lean Six 

Sigma dimensions, Lean Six Sigma enablers, and Lean Six Sigma alternatives.  As in any 
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ANP model, it represents problems of systems between levels known as “systems-with-

feedback” (Yurdakul, 2003, p. 2503).  This means that a level may both dominate and be 

dominated, directly or indirectly, by other decision attributes and levels (Meade, 1997, p. 

62).  From the author’s observations, the relationships can be from the determinants 

down to the alternatives (top down) and from the alternatives to the determinants (bottom 

up).   

In addition, this ANP process model requires the documentation of the 

relationships of one level to another.  Here are the relationships of the determinants, 

dimensions, and enablers for the business process BP1 “Create Business Plan” in Table 

25.  For the Lean Six Sigma Relationships of the determinants, dimensions, and enablers 

for the other business processes, see Appendix A. 

 
Table 25: Lean Six Sigma Relationships of Determinants, Dimensions, and Enablers  

Create Business Plan
Development of Short 
and Long Term Goals

Already In 
Place

Interested in 
Cost (C), 

Delivery (D), 
Robustness (R), 

Scope (S), or 
Risk (RI) Disregard

Input Relationships

Communication with 
Employees and 
Customers

Is there communication 
between the employee, 
customers, and business to 
discuss the needs of customers 
and the business capabilities? C/D/R/S/RI

Collaboration with other 
Businesses

Is there a system in place to 
easily work with other 
businesses to enhance your 
business? C/D/R/S/RI  
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Mechanism

Knowledge, training, and 
empowered workers

Core Capability Strategic 
Planning

Is the company meeting its 
capability? C/S

Usage of Performance 
Information

How well is the business 
performing? C/D/R/S

Captured Employee, 
Customer, and Competitor 
Knowledge

Is this knowledge captured? If 
so, how? C/D/R/S/RI

Call Databases and Environment

Useful Database

Are there databases available 
that has this information or can 
acquire it? C/D/R/S

Non-bias Environment
Is the environment conducive to 
change? C/D/R

Control
Uncertainty, Change Agent, 
and Management

Proficient at Change
How well does the business 
handle change? C/D/R/S/RI

Reconfigurable 
Organizational Structure

How agile is the business to 
change? C/D/R

Motivational Management
How prepared is management 
for change? R/RI

Adaptable Information
How adaptable is the data and 
data collection with change? C/D/R/S/RI

Output

More effective and efficient 
company at a minimal cost, 
and happy customer

Cost Savings 
Documentation Process

Is there are documentation 
process in place for tracking 
savings? C/S

Maintain Change Process
Is there a system in place to 
maintain the changes? S

Greater Product 
Customization

Is there a system in place to 
handle high product 
customization? C/D/R/S/RI

Flexible Change System

Is there a system in place to 
change quickly due to 
customization? C/D/R/S/RI  

 
 
 

In Chapter 2 and 3, there were detailed discussions about process models.  Each 

process model has an input, mechanism, call, control, and output.  Each dimension is 

related to the process model to identify the Lean Six Sigma Critical Business Processes.  

This can be seen on the left side of Table 25.  Now, let’s discuss the relationships 

between the process model, determinants, dimensions, and enablers. 

Table 25 - continued
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Refer to the section entitled “Mechanism”.    The mechanism for this process is 

the dimension “Knowledge, Training, and Empowered Workers”.  This dimension has 

the capabilities “Core Capability Strategic Planning (CCSP)”, “Usage of Performance 

Information (PI)”, and “Captured Employee, Customer, and Competitor Knowledge 

(ECCK)”.  In order to identify the short and long term goals, questions are asked for each 

enabler.  For these enablers, it is important to identify “is the company meeting its goals”, 

“how well is the business is performing”, and “is the knowledge captured”.  These 

questions were posed to the group.  The answers to these questions let the decision 

makers know there is no system in place.  For this reason, no items are disregarded.  

When analyzing other groups for other projects, the results will depend on the business 

and the processes. 

As seen above in Table 25, all enablers are identified, should be in place, and 

should not be disregarded because each item is important to the process. After identifying 

all characteristics that will remain, the affects of the determinants on the enablers are 

rated.  Here are the ratings from the group.  For the enabler “Core Capability Strategic 

Planning (CCSP)”, this item has an affect on cost (C) and scope (S) of this business 

process.  For the enabler “Usage of Performance Information (PI)”, this item has an affect 

on cost (C), delivery (D), robustness (R), and scope (S).   For the enabler “Captured 

Employee, Customer, and Competitor Knowledge (ECCK)”, this item has an affect on 

cost (C), delivery (D), robustness (R), scope (S), and risk (RI).   

All of the above ratings specify if there is a connection between the Lean Six 

Sigma determinants, dimensions, and enablers.  After their relationships are determined 

in the ANP model, the detailed comparisons begin. 
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4.6.1 Conduct Pairwise Comparisons 

The Analytical Network Process (ANP) model is used to determine the best Lean 

Six Sigma Critical Business Process that will provide the largest impact to the business, 

similar to the agile business process identified by Meade (1997, pp. 127-140).  For 

simplicity, the author will focus on the Lean Six Sigma dimension “Uncertainty, Change 

Agent, and Management”.   

As discussed in Chapter 2, creating a comparison matrix must be done first.  This 

matrix includes the intensity importance of factor i over factor j.  For the dimension 

“Uncertainty, Change Agent, and Management (UCAM)” in support of the business 

process “Create Business Plan”, it has four enablers.  The four enablers are “Proficient at 

Change (PC)”, “Reconfigurable Organizational Structure (ROS)”, “Motivational 

Management (MM)”, “and “Adaptable Information (AI)”.   

The author has worked with comparing factors and evaluating data for thirteen 

years.  For this reason, the author uses techniques to eliminate redundancies, 

discrepancies, and inconsistencies.  Some of the successful techniques used with various 

projects are normalizing, ranking, weighting, averaging, control charting, and plotting.  

The author and the group ranked the enablers by their importance and weighted 

each enabler in order to eliminate inconsistent ratings, including the sum of the rankings.  

The largest numbers are used to rank the most important factor(s).  See Table 26. 
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Table 26: Enabler Ranking  

 
 

where  PC = Proficient at change 

   ROS = Reconfigurable organizational structure 

   MM = Motivational management 

   AI = Adaptable information 

 

Here is an overview of Table 26 for the dimension “Uncertainty, Change Agent, 

and Management (UCAM)” with the enablers ranked.  There are four enablers - 

“Proficient at Change (PC)”, “Reconfigurable Organizational Structure (ROS)”, 

“Motivational Management (MM)”, “and “Adaptable Information (AI)”.  Since there are 

four enablers, there will only be a ranking from 1 to 4.  In this grouping of enablers, PC is 

most important (rated 4), ROS is next important (rated 3), MM is next important (rated 

2), and AI is least important (rated 1) for the dimension UCAM. The sum of these values 

(4+3+2+1) is 10. 

Given the rankings, the weighted values can be calculated by dividing each 

enabler value by the sum of the enabler rankings.  Verify that the total of these weighted 

values is 1.00.  See Table 27. 

 
 

Ranking by 
Order

PC 4

ROS 3

MM 2

AI 1

TOTAL 10
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Table 27: Weighted Values  

 

 
This is a summary of Table 27 for the dimension UCAM with its enabler 

weighted values.  There are four enablers – PC, ROS, MM, and AI.  As shown in Table 

26, the total for the enablers is 10.  The weighted values are calculated as such, PC is the 

ranking of 4 divided by the total of 10 (which gives a total of 0.4), ROS is the ranking of 

3 divided by the total of 10 (which gives a total of 0.3), MM is the ranking of 2 divided 

by the total of 10 (which gives a total of 0.2), and AI is the ranking of 1 divided by the 

total of 10 (which gives a total of 0.1) for the dimension UCAM. The sum of these values 

(0.4+0.3+0.2+0.1) is 1.0 confirming all enablers are ranked correctly and included.  The 

result to this activity is the weighted values for all the enablers. 

From the weighted values, compare each enabler.  This can be accomplished by 

dividing the weighted value of the enabler identified on the far left column by the enabler 

at the top row.  See Table 28. 

 

 

 

 

 

Weighted 
Value

PC 0.4
ROS 0.3
MM 0.2
AI 0.1

TOTAL 1.0
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Table 28: Favorability  

Favorability PC ROS MM AI 
PC 1.00 1.33 2.00 4.00 

ROS 0.75 1.00 1.50 3.00 
MM 0.50 0.67 1.00 2.00 
AI 0.25 0.33 0.50 1.00 

 

Here is a rundown of Table 28 for the dimension UCAM with the favorability 

ratings of the enablers.  There are four enablers – PC, ROS, MM, and AI.  As shown in 

Table 27, the weighted values for enabler PC is 0.4, ROS is 0.3, MM is 0.2, and AI is 0.1 

for the dimension UCAM. For simplicity, let’s review the row PC.  PC is 0.4 divided by 

PC which is 0.4, giving a favorability rating of 1.0.  PC is 0.4 divided by ROS which is 

0.3, giving a favorability rating of 1.33.  PC is 0.4 divided by MM which is 0.2, giving a 

favorability rating of 2.00.  PC is 0.4 divided by AI which is 0.1, giving a favorability 

rating of 4.00.  The outcome to this activity is the favorability ratings for all the enablers 

to each other. 

The favorability rating facilitates the identification of the intensity rating values. 

Listing the ratings from high to low and providing an intensity number to each rating can 

fulfill this.  To increase accuracy, the values in Table 28 that are 1.0 or greater will be 

recorded via the intensity number rating key, while the inverse values will be recorded 

for those items that are less than 1.0 on the comparison matrix. See Table 29 for the 

intensity number rating key. 
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Table 29: Intensity Number Rating Key  

Score 
Intensity 
Number 

4 5 
3-3.99 4 
2-2.99 3 
1-1.99 2 

 

Here is a review of Table 29 for the dimension UCAM with the intensity rating 

values for the enablers.  There are four enablers – PC, ROS, MM, and AI.  In Table 29, 

there are several ranges of values.  The highest value is 4.0, which gives an intensity 

value of 5 (one greater than its lowest value 4).  The next values range from 3.0 to 3.99, 

which gives an intensity value of 4 (one greater than its lowest value 3).  The next values 

range from 2.0 to 2.99, which gives an intensity value of 3 (one greater than its lowest 

value 2).  The next values range from 1.0 to 1.99, which gives an intensity value of 2 (one 

greater than its lowest value 1).  The values that are less than 1 are evaluated as an 

inverse value that can be seen in Table 30.  The product of this activity is the intensity 

number rating key for the enablers. 

As a result of Table 28 and Table 29, Table 30 is configured. 

 
Table 30: Comparison Matrix  

Uncertainty, 
Change Agent, 

and Management PC ROS MM AI 
PC 1.00 2.00 3.00 5.00 

ROS 0.50 1.00 2.00 4.00 
MM 0.33 0.50 1.00 3.00 
AI 0.20 0.25 0.33 1.00 

TOTAL 2.03 3.75 6.33 13.00 
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To maximize the understanding of the reader, let’s review the row PC from Table 

30.  As discussed earlier, the values that are 1.0 or greater are compared to the intensity 

number rating key Table 29, and the values that are less than 1.0 are the inverse values 

recorded onto Table 30.  Additionally, any value compared to itself is always 1.0.  Here 

are the details. 

PC compared to PC is 1.0 from Table 28.  Given the rules identified for this 

dissertation, the value placed into the comparison matrix is 1.00.  PC compared to ROS is 

1.33 from Table 28.  On Table 29, the value for the comparison matrix is 2.00.  PC 

compared to MM is 2.0 from Table 28.  On Table 29, the value to input onto the 

comparison matrix is 3.00.  PC compared to AI is 4.0 from Table 28.  On Table 29, 5.00 

is the value for the comparison matrix.  Here is an example of the inverse.  ROS 

compared to PC is 0.75 from Table 28.  Since ROS compared to PC is the inverse of PC 

compared to ROS, this value is 0.50, 1 divided by 2.00, which is the comparison matrix 

value for PC compared to ROS.   

These comparisons must be completed for every Lean Six Sigma dimension and 

its enablers.  The result to this activity is the comparison matrix.  

4.6.2 Verify Consistencies of Pairwise Comparisons 

After calculating the comparisons matrix, it is suggested that the consistency ratio 

is calculated (Meade, 1997, p. 70).  This verifies the ratings are consistent and 

satisfactory.  The author used a different approach to calculating consistent and 

satisfactory values for the comparison matrices.  However, the author used the following 

process to validate this new approach used for this dissertation. 
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Using the calculated comparison matrix, find the Xi vector by multiply the n 

elements in each row by each other.  For example, the first value in the Xi vector is 30, 

which is 1.00 x 2.00 x 3.00 x 5.00. These are the comparison matrix values found in 

Table 30 for the row PC.  See Table 31 for the calculated vector. 

 
Table 31: Xi. Vector  

 

From the Xi.vector, calculate the nth root of Xi. for each row.  This results in the 

Yi vector.  For example, the first value in the Yi vector is 2.3403, which is the 4th root of 

30.00.  The fourth root is used because there are 4 enablers.  The number of elements 

involved in the comparison is used for the Yi calculation. See Table 32. 

 

Table 32: Yi. Vector  

 

With the Yi vector, find the Pi vector by dividing each number by the sum of all 

the numbers.  For example, the first value in the Pi vector is 0.4723, which is 2.3403 

divided by 4.9548.  See Table 33. 

 

30.0000
X1 4.0000

0.5000
0.0167

2.3403
Y1 1.4142

0.8409
0.3593

Total 4.9548
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Table 33: Pi. Vector  

 
 

After identifying the Pi vector, multiply the comparison matrix by the Pi vector.  

This results in the Fi vector.  For example, the first value in the Fi vector is 1.9149, which 

is (1.00 x 0.4723) + (2.00 x 0.2854) + (3.00 x 0.6874) + (5.00 x 0.0725).  See Table 34. 

Table 34: Fi. Vector  

1.9149 
1.1511 
0.6874 
0.2949 

 

Following the Fi vector, calculate the Zi vector.  The Zi vector can be found by 

dividing Fi vector by Pi.  For example, the first value of the Zi vector is 4.0541 which is 

1.9149 divided by 0.4723.  See Table 35. 

Table 35: Zi. Vector  

4.0541 
4.0329 
4.0505 
4.0668 

 
By the means of the Zi vector, compute the maximum eigenvalue which is the 

SIGMA SIGN max.  The eigenvalue can best be described as the average.  For example, 

this value is 4.0511, which is (4.0541 + 4.0329 + 4.0505 + 4.0688) divided by 4. See 

Table 36. 

 

0.4723
P1 0.2854

0.1697
0.0725
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Table 36: Maximum Eigenvalue  

4.0511 

 

As a result of the maximum eigenvalue, determine the Consistency Index (CI).  

The consistency index is the maximum eigenvalue minus the number of n elements 

divided by the number of n elements minus 1.  For example, CI is 0.0170 which is 

(4.0511-4) divided by (4-1).  See Table 37. 

Table 37: Consistency Index (CI)  

0.0170 
 

 
Given the random index table and the number of n elements, identify the random 

index (Dweiri, 1995, p.24).  Since the number of n elements is 4, then the Random Index 

(RI) is 0.9.  See Table 38. 

Table 38: Random Index (RI)  

n 1 2 3 4 5 6 7 8 9 10 11 12 

RI 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49 1.51 1.58 
 
 

 

From the CI and RI, the Consistency Ratio (CR) can be determined.  The CR is 

the CI divided by the RI.  For example, CR is 0.0189 which is 0.170 divided by 0.9.  See 

Table 39. 

Table 39: Consistency Ratio  

0.0189 
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Since the CR is less than 0.1 in Table 39, this is considered an acceptable ratio of 

consistency.  This confirms that the new approach to calculating consistent and 

satisfactory values for the comparison matrices is valid. 

4.6.3 Conduct Pairwise Comparisons with Interdependencies 

There are two types of interdependence amongst elements in a hierarchy.  The 

interdependence is either additive or synergistic (Saaty, 1982, pp. 86-90).  Additive 

interdependence has each element contributing a share that is uniquely its own and also 

contributes indirectly by overlapping or interacting with other elements (Saaty, 1982, p. 

87).  In other words, the total impact is a result of the independent elements and the 

overlapping. 

Synergistic interdependence is the total impact of the interaction of the elements 

(Saaty, 1982, p. 89).  As a result, the total impact from element interaction is greater than 

totaling each element’s individual impact (Saaty, 1982, p. 90).  For this dissertation, 

synergistic independence applies to this research.   

As discussed earlier, ANP demonstrates complex relationships between decision 

levels and attributes.  This portion of the dissertation will show the synergistic 

interdependence of enablers to the determinants, dimensions, and other enablers. 

To show the interdependencies, pairwise comparisons were formed for the 

attribute enablers.  For example, looking at the Lean Six Sigma determinant “Robustness 

(R)” for the dimension “Uncertainty, Change Agent, and Management (UCAM)”, it is 

seen that there are four attribute enablers.  When analyzing the enabler “Reconfigurable 

Organizational Structure (ROS)” as the controlling attribute to the other enablers, the 

result is Table 40 and Table 41. 
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Table 40: Pairwise Comparison Matrix for Lean Six Sigma Attribute Enablers to 
Reconfigurable Organizational Structure (ROS) under Uncertainty, Change Agent, 

and Management (UCAM)  
 

Uncertainty, Change 
Agent, and Management PC MM AI 

PC 1.00 3.00 5.00 
MM 0.33 1.00 3.00 
AI 0.20 0.33 1.00 

TOTAL 1.53 4.33 9.00 
 

 

Table 41: New Pairwise Comparison Matrix for Lean Six Sigma Attribute 
Enablers to Reconfigurable Organizational Structure (ROS) under Uncertainty, 

Change Agent, and Management (UCAM)   
 

 PC MM AI Total 
PC 0.6522 0.6923 0.5556 1.9000 

MM 0.2174 0.2308 0.3333 0.7815 
AI 0.1304 0.0769 0.1111 0.3185 

 

In Table 40, this shows the relationships of the enablers PC, MM, and AI to 

enabler ROS under the dimension UCAM for the determinant Robustness (R).  This 

calculation process is the same as was implemented for Table 30. 

With the comparison of enablers to enablers for each dimension and determinant, 

the interdependencies are established.  Each item in the comparison matrix is divided by 

the sum of the values for that column.  This provides the values for the new comparison 

matrix.  For the example used in Table 41, ROS is removed, and PC, MM, and AI are 

compared to each other.  Using the row PC from Table 40 as an example, here is an 

explanation.  PC is 1.00 divided by the total 1.53 for the column, which gives a value of 

0.6522.  MM is 3.00 divided by the total 4.33 for the column, which gives a value of 
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0.69232.  AI is 5.00 divided by the total 9.00 for the column, which gives a value of 

0.5556.  The end result is the new comparison matrix for each enabler compared to 

another enabler. 

From the new pairwise comparison matrix, the vector is calculated in Table 42. 

 
Table 42: Vector from the Pairwise Comparison Matrix  

PC 0.6333 
MM 0.2605 
AI 0.1062 

 

The vector is calculated using the values and totals from Table 41.  Using PC as 

the example, the total for PC is 1.9000.  The average is calculated by dividing 1.9000 by 

3 (which represents the number of enablers compared in the new pairwise comparison 

matrix), giving an average of 0.6333.  This computation is completed for each enabler for 

each dimension and each determinant.  

4.6.4 Supermatrix Formulation and Analysis 

As a result of the new pairwise comparisons and vectors completed per the prior 

section, additional matrices were created.  These matrices are all grouped together in one 

large matrix called a supermatrix.  The supermatrices include all the interdependencies 

between enablers per the determinants.  Reference Table 43. 
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Table 43: Supermatrix for Robustness Lean Six Sigma Enablers  

 

 
Each vector from the pairwise comparisons of the enablers is placed into each 

supermatrix per the Lean Six Sigma determinant.  Using UCAM dimension and ROS 

enabler, here are the particulars for the results.  The vector from Table 42 is 0.6333 for 

PC, 0 for ROS (when comparing an enabler to itself the value is always 0), 0.2605 for 

MM, and 0.1062 for AI.   These values are placed into the supermatrix.  This is 

completed for all the vectors for the entire process model.  See Appendix D for more 

details per each determinant, dimension, and enabler for each project. 

4.6.5 Converged Supermatrix Formulation and Analysis 

Now that the supermatrix has been calculated, the author will now demonstrate 

how to create the converged supermatrix for each Lean Six Sigma determinant.  A 

converged supermatrix is a large matrix that has each value approaching a common 
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center.  In other words, the supermatrices can be raised to a very large number.  The 

result is that the supermatrix allows convergence of the interdependent relationships 

between the Lean Six Sigma enablers and its dimensions.   

M2k+1 

where M = Supermatrix 

K = Number of attributes 

Equation 14:  Converged Supermatrix 

 

In other words, this large matrix has interdependencies, uncertainty, and 

randomness between the columns and rows (Meade, 1997, p. 133).  In order to predict the 

effect of change in an existing system, a stochastic system must be created (Salvendy, 

2001, p. 2146).  The creation of a stochastic system is shown in Table 44. 

 
Table 44: Converged Supermatrix for Robustness Enablers  
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Each calculated value from the supermatrices is placed into each converged 

supermatrix per the Lean Six Sigma determinant.  Using UCAM dimension and ROS 

enabler from Table 43, here are the details for the outcome shown in Table 44.  

Referencing UCAM dimension and ROS enabler, the values are 0.5571, 0, 0.3339, and 

0.2973.  These values are summed which gives a value of 1.188.  After identifying the 

sum of these values, the average is calculated.  This is 1.188 divided by 4 (because there 

are 4 enablers being compared) is 0.297.  This value is used for the UCAM determinant 

and ROS enabler row for the converged supermatrix.  This is completed for all the 

supermatrix values for the entire process model.  See Appendix D for more details per 

each determinant for each project. 

4.6.6 Calculation of the Desirability Indices 

At this point, there have been many calculations concerning the Lean Six Sigma 

determinants, dimensions, and enablers.  All this information can be reviewed prior to 

this section.  Now, it is time to bring in the relationship of the Lean Six Sigma 

alternatives to its determinants, dimensions, and enablers.  This will tie the entire ANP 

model together. 

4.6.6.1 Ranking and Weighting of Enablers 

Similar to agile critical business processes, the desirability index is a method to 

select the best alternative for Lean Six Sigma Critical Business Processes (Meade, 1997, 

pp. 137-140).  This index ranks the dimensions of Lean Six Sigma given the 

determinants.  From the data collection of the decision makers used for this document, 

here are the results in Table 45.  
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Table 45: Ranking of Enablers given the Determinants  

 
 
 
 

As agreed upon by the group for Table 45, the rankings are based on the 

following ratings: 

5 = Absolutely Important to Lean Six Sigma 

4 = Strong Importance to Lean Six Sigma 

3 = Importance to Lean Six Sigma 

2 = Somewhat Important to Lean Six Sigma 

1 = Little Importance to Lean Six Sigma 

 

Looking at “Cost Ranking for Lean Six Sigma”, the group decided DE was 

absolutely important (ranked 5), KTEW had strong importance (ranked 4), UCAM was 

important (ranked 3), MEEC was somewhat important (ranked 2), and R had little 

importance (ranked 1).  This is completed for every determinant and its dimension. 

Business Plan: Attribute 
Enablers

Cost 
Ranking for 

Lean Six 
Sigma

Delivery 
Ranking for 

Lean Six 
Sigma

Robustness 
Ranking for 

Lean Six 
Sigma

Scope 
Ranking for 

Lean Six 
Sigma

Risk 
Ranking for 

Lean Six 
Sigma

Relationships (R) 1 3 2 2 1
Knowledge, training, and 
empowered workers 
(KTEW) 4 4 4 3 3
Databases and 
Environment (DE) 5 5 5 1 4

Uncertainty, Change Agent, 
and Management (UCAM) 3 1 3 5 5
More effective and efficient 
company at a minimal cost, 
and happy customer 
(MEEC) 2 2 1 4 2
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After receiving the rankings, the weights of each dimension for the determinants 

were calculated from the rankings.  See Table 46. 

 

Table 46: Weights of Enablers given the Determinants 

 

The weights for Table 46 are calculated as follows: 

1) Total all the columns of the rankings in Table 45 

2) Divide the ranking value by the total value of that column from Table 45 

3) Complete this for each enabler given the determinants to create Table 46 

 

Looking at “Cost Ranking for Lean Six Sigma” from Table 45, the group decided 

DE was absolutely important (ranked 5), KTEW had strong importance (ranked 4), 

UCAM was important (ranked 3), MEEC was somewhat important (ranked 2), and R had 

little importance (ranked 1).  The total of these values in this column is 15 (which is 1 + 4 

+ 5 + 3 + 2).  The new value for R is 0.067 (which is 1 divided by 15), for KTEW is 

0.267 (which is 4 divided by 15), for DE is 0.333 (which is 5 divided by 15), for UCAM 

is 0.200 (which is 3 divided by 15), and for MEEC is 0.133 (which is 2 divided by 15).  

Business Plan: Attribute Enablers
Cost 

Weight
Delivery 
Weight

Robustness 
Weight

Scope 
Weight

Risk 
Weight

Relationships (R) 0.067 0.200 0.133 0.133 0.067
Knowledge, training, and 
empowered workers (KTEW) 0.267 0.267 0.267 0.200 0.200
Databases and Environment (DE) 0.333 0.333 0.333 0.067 0.267
Uncertainty, Change Agent, and 
Management (UCAM) 0.200 0.067 0.200 0.333 0.333
More effective and efficient company 
at a minimal cost, and happy 
customer (MEEC) 0.133 0.133 0.067 0.267 0.133
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This is completed for every determinant and its dimension.  The final calculations are in 

Table 46. 

4.6.6.2 Conduct Pairwise Comparisons for Alternatives 

In addition to completing the pairwise comparison in section 4.6.1 for the Lean 

Six Sigma determinants, dimensions, and enablers as they interact one to another, the 

pairwise comparison is also completed for the alternatives as they relate to the 

determinants, dimensions, and enablers. 

The decision makers ranked the implementation alternatives and calculated the 

comparison matrices.  The comparison matrices for UCAM given PC are shown in Table 

47 and Table 48. 

 

Table 47: Pairwise Comparison Matrix for Lean Six Sigma Alternatives to 
Proficient at Change (PC) under Uncertainty, Change Agent, and Management 

(UCAM)  
Uncertainty, Change 

Agent, and Management CD CS II 
CD 1.00 0.33 4.00 
CS 3.00 1.00 5.00 
II 0.25 0.20 1.00 

TOTAL 4.25 1.53 10.00 
 

Table 48: New Pairwise Comparison Matrix for Lean Six Sigma Alternatives to 
Proficient at Change (PC) under Uncertainty, Change Agent, and Management 

(UCAM)  
 

 

Uncertainty, 
Change Agent, 

and 
Management CD CS II Total

CD 0.2353 0.2174 0.4000 0.8527
CS 0.7059 0.6522 0.5000 1.8581
II 0.0588 0.1304 0.1000 0.2893
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where CD = Customer demand 

   CS = Current system 

II = Implementation of improvements 

 

In Table 47, this shows the relationships of the alternatives under the dimension 

UCAM for the enabler PC.  This calculation process is the same as was implemented for 

Table 30. 

With the comparison of alternatives to enablers for each dimension and 

determinant, the interdependencies are established.  Each item in the pairwise comparison 

matrix is divided by the sum of the values for that column.  This provides the values for 

the new pairwise comparison matrix.  For the example used in Table 48, “Customer 

Demand (CD)”, “Current System (CS)”, and “Implementation of Improvements (II)” are 

compared to each other for the enablers and their dimensions.  Using the row CD from 

Table 47 as an example, here is an overview.  CD is 1.00 divided by the total 4.25 for the 

column, which gives a value of 0.2353.  CS is 0.33 divided by the total 1.53 for the 

column, which gives a value of 0.2174.  II is 4.00 divided by the total 10.00 for the 

column, which gives a value of 0.4000.  The end result is the new comparison matrix for 

each alternative compared to another alternative, which created Table 48. 

After the formation of the comparison matrices, the vector concerning the 

alternatives can be configured.  See Table 49. 

 
Table 49: Alternatives Vector from the Pairwise Comparison Matrix 

CD 0.2842
CS 0.6194
II 0.0964
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This vector is constructed using the values and totals from Table 48.  Using CD 

as the example, the total for CD is 0.8527.  The average is calculated by dividing 0.8527 

by 3 (which represents the number of alternatives compared in the new pairwise 

comparison matrix), giving an average of 0.2842.  This computation is completed for 

each enabler for each dimension and each determinant.  

For simplicity, the vectors for UCAM are shown in Table 50. 

 
Table 50: Vector Matrix for Alternatives 

 

After comparing the alternatives to each other, the alternatives must be compared 

to the enablers.  From Table 30, the new comparison matrices are created.  In Table 51, it 

shows details for UCAM enablers. 

 
Table 51: New Comparison Matrix for Enablers 

  PC ROS MM AI Total 
PC 0.4918 0.5333 0.4737 0.3846 1.8834 

ROS 0.2459 0.2667 0.3158 0.3077 1.1361 
MM 0.1639 0.1333 0.1579 0.2308 0.6859 
AI 0.0984 0.0667 0.0526 0.0769 0.2946 

 

With the comparison of all enablers for each dimension and determinant, the 

comparison matrices are generated.  Similar to the comparison matrices for the enablers 

compared to other enablers and for the alternatives, this computation is the same.  The 

comparison matrix is divided by the sum of the values for that column.  This provides the 

values for the new comparison matrix.  For the example used in Table 51, the enablers 

PC ROS MM AI
CD 0.2842 0.6194 0.0964 0.6194
CS 0.6194 0.0964 0.6194 0.0964
II 0.0964 0.2842 0.2842 0.2842
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PC, ROS, MM, and AI are compared to each other for each dimension.  Using the row 

PC as an example from Table 30, here is an overview.  PC is 1.00 divided by the total 

2.03 for the column, which gives a value of 0.4918.  ROS is 2.00 divided by the total 3.75 

for the column, which gives a value of 0.5333.  MM is 3.00 divided by the total 6.33 for 

the column, which gives a value of 0.4737.  AI is 5.00 divided by the total 13.00 for the 

column, which gives a value of 0.3846.  The end result is the new comparison matrix for 

each enabler compared to another enabler, which created Table 51. 

From the comparison matrices, vectors for each determinant are produced.  See 

Table 52. 

Table 52: Vector Matrix for Enablers 

 

This vector is constructed using the values and totals from Table 51.  Similar to 

the vectors for the enablers and for the alternatives, this process is the same.  Using PC as 

the example, the total for PC is 1.8834.  The average is calculated by dividing 1.8834 by 

4 (which represents the number of enablers compared in the new pairwise comparison 

matrix), giving an average of 0.4709.  This computation is completed for each enabler for 

each dimension.  

Subsequent to calculating the vectors for the enablers and alternatives, the 

alternatives must now be compared to the enablers to accomplish all the comparisons 

within the ANP model.  This is accomplished by multiplying the alternative vector matrix 

by the enabler vector matrix.  This will create the overall priorities. 

 

PC ROS MM AI
0.4709 0.2840 0.1715 0.0736
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Table 53: Priorities for each Enabler and Alternative Matrices 

 

For clarification, here is a review using CD row.  In Table 50, CD and PC is 

0.2842.  In Table 52, PC is 0.4709.  These two values are multiplied together to provide 

an entry into the matrix of 0.1338.  This is completed for all the enablers and alternatives.  

Given all this data from the above matrices, a supermatrix can be created.  The 

person that will make the decision on the Lean Six Sigma project can calculate the scores 

for each alternative and the desirability indices.  The desirability index for alternative i is 

Di. 

J        K 
Di = (SUMMATION SIGN)(SUMMATION SIGN) PjAkjSikj 

            j=1      k=1  
 

Equation 15:  Di 

 
where: Pj =  relative importance weight of principle j 

   Akj =  relative importance weight for attribute k of principle j 

Sikj =  relative impact of alternative i on attribute k of principle j 

Kj =  index set of attributes for principle j 

J =  index set of principles 

 

This equation is used to identify the correlation of the determinants, dimensions, 

and enablers on the alternatives.  In other words, this process will help identify the 

alternative that is most impacted by the interrelationships of the determinants, 

PC ROS MM AI Total
CD 0.1338 0.1759 0.0165 0.0456 0.3719
CS 0.2916 0.0274 0.1062 0.0071 0.4323
II 0.0454 0.0807 0.0487 0.0209 0.1958
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dimensions, enablers, and alternatives as evaluated, ranked, and rated by the decision 

makers noted on the ANP model. 

Equation 15 is used to build supermatrices for each determinant.  See Table 54 

for the desirability matrix for Robustness. 

 

Table 54: Desirability Index 

 

 

From Table 54, row PC under UCAM will be reviewed.  The weight (Business 

Plan) of 0.200 was calculated in Table 46.  The eVector (Lean Six Sigma Enabler) of 

0.471 was calculated in Table 52.  The converged Supermatrix value 0.435 was 

calculated in Table 44.  The eVectors (Customer Demand Implementation Alternative, 

Current System Implementation Alternative, and Improvements Implementation 

Alternatives) numbered 0.134, 0.292, and 0.045 respectively are shown in Table 53.  
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From these values the scores are determined.  The Customer Demand Score is the weight 

multiplied by eVector (Lean Six Sigma Enablers) multiplied by Converged Supermatrix 

multiplied by eVector (Customer Demand Implementation Alternative) which is 0.200 X 

0.471 X 0.435 X 0.134 giving a value of 0.00548.  The Current System Score is the 

weight multiplied by eVector (Lean Six Sigma Enablers) multiplied by Converged 

Supermatrix multiplied by eVector (Customer Demand Implementation Alternative) 

which is 0.200 X 0.471 X 0.435 X 0.292 giving a value of 0.01195.  The Improvements 

Score is the weight multiplied by eVector (Lean Six Sigma Enablers) multiplied by 

Converged Supermatrix multiplied by eVector (Improvements Implementation 

Alternative) which is 0.200 X 0.471 X 0.435 X 0.045 giving a value of 0.00186. 

These computations are completed for every enabler per dimension per 

determinant.  After this multiplication process, the values under the scores are summed.  

For example, the Customer Demand Score is the sum of all the values from 0.00199 

through 0.00188.  The total is 0.08885.  The summing all the data for the Customer 

Demand Score, Current System Score, and Improvements Score provides the desirability 

index.  As discussed above, the desirability index correlates all items of the ANP model.   

From this supermatrix, it is identified that the impact on the robustness of the 

manufacturing process is most impacted by the customer demand.  For more details about 

the other determinants in project 1 and the other projects, refer to Appendix D. 

4.7 Conduct Cost / Benefit Analysis 

Each entity of the ANP model has been ranked and evaluated.  The end results 

build the desirability indices.  The final step is to determine if there is a cost or benefit to 

making modifications to the product or process.  This is accomplished with a cost / 
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benefit analysis.  This shows the cost or benefit of creating Lean Six Sigma Critical 

Business Processes to the team.  Once again, this should support the vision and mission 

of the company. 

4.7.1 Calculation of the Lean Six Sigma Weighted Indices 

Similar to the agile critical process, the weighted index is calculated from the 

desirability indices and weighted values (Meade, 1997, p. 141).  For this documentation, 

this final weighted index will be called Lean Six Sigma Weighted Index (LSSWI).  The 

LSSWI identifies which Lean Six Sigma alternative will have the most impact on the 

business by using the values that interpret the relationships of the Lean Six Sigma 

determinants, dimensions, enablers, and alternatives.  Therefore, the alternative with the 

highest score is the alternative that should be evaluated for Lean Six Sigma Critical 

Business Process implementation.  See Table 55 for details. 

 

Table 55: Lean Six Sigma Weighted Index (LSSWI) 

 

 

The weighted values for the determinants are the resulting priority vectors.  In 

sections 4.6.1 through 4.6.3, there are more details on how to compute the final vector.  

As a quick review, here are the six steps to identify the priority: 
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1) Rank the determinants 

2) Configure weighted values from the ranked values 

3) Create the favorability matrix and a numbering system 

4) Develop pairwise comparison matrix 

5) Generate new pairwise comparison matrix 

6) Determine the priority vector 

 

From the LSSWI shown in Table 55, it is identified that the customer demand 

will most impact the business because it has the highest score.  Therefore, customer 

demand is the alternative to have the biggest impact on the business in regards to Lean 

Six Sigma improvements. 

4.7.2 Determine Labor, Material, and Capital Requirements 

As a result of computing the Lean Six Sigma Weighted Index (LSSWI) in section 

4.7.1, the identification of the alternatives that will have a Lean Six Sigma process 

improvement impact on business process is complete.  Referencing Table 55, this LSSWI 

identifies the largest impact is the alternative “Customer Demand”, the alternative 

“Current System” has the second greatest impact to the business, and the alternative 

“Implementation of Improvements” is third in its impact to the business.   

Starting with the alternative that has the largest impact to the business, the 

process improvement evaluation takes place in order to decide if this is the alternative 

that is most cost and time effective.  Brainstorming, contacting other internal businesses 

for feedback, or contacting external businesses for feedback, can complete this activity.   
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For additional feedback, this section used alternative “Customer Demand” from 

Table 55 for the business plan “Manage Product”.  The team evaluates the labor, 

materials, and capital needed to improve this business process.  The suggested changes 

are as follows: 

 More sales and marketing people in the field 

 Better system to track requests, orders, and sales 

 Consolidate the territories 

 
These suggestions support the capabilities “Process for Accessing Product” and 

“Process for Accessing Financial Impact to Department” for the business process 

“Manage Product”. 

4.7.3 Calculate Costs and Savings 

From the suggested improvements in the prior section, the total costs and savings 

can be assessed.  For each business process selected for Lean Six Sigma improvements, 

the team must specify the costs, annual savings, annual cost avoidance, and total dollar 

return per improvement.  The decision maker involved in the process improvement can 

then construct the cost / benefit analysis.  

There are various financial equations that can be used to justify improvements to 

a business, such as inventory turn over, fixed-asset turnover, debt-equity ratio, profit 

margin, return on investment, payback period, and many others.  The financial equations 

that are customary with the decision makers involved in this dissertation, and throughout 

the author’s thirteen years in the industry, are Return On Investment (ROI) and Payback 

Period.  As noted by Ostwald, these financial equations are as follows (1992, pp. 369 & 

375): 
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Return On Investment (ROI) = (Dollar Return / Initial Investment) X 100 

Equation 16:  Return on Investment 

 
 

Payback Period  = Net Investment / Annual Earnings 

Equation 17:  Payback Period 

 
 

The ROI calculates the money that will be returned from the investment and 

divides that by the total cost of the investment.  This value multiplied by 100 provides 

you with a percentage.  For the businesses reviewed for this document, it is acceptable to 

have an ROI of 33% or better. 

The payback period divides the total cost of the investment by the annual 

earnings received from this implementation.  These earnings can be cost avoidance, cost 

savings, and others.  For the businesses included in this dissertation, it was agreed that a 

payback period should be no more than 2.5 years. 

Depending on the scenario and the business, these equations or others can be 

used.  The decision maker must identify which financial evaluation is the best fit for the 

situation. 

4.7.4 Implement Changes 

The areas of improvement are now identified, along with the cost or benefit to the 

implementation of the changes.  From this information, it can be decided if the change is 

justified.  In other words, the benefits of the process improvement must out way the cost 

according to the standards set by the business and company.  
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From detailed assessment, the process improvements are executed if the 

enhancements are justified.  If the modifications are not justified, these steps are repeated 

with the next highest Lean Six Sigma Weighted Index (LSSWI).  After identifying the 

LSSWI with next highest score, the labor, material, and capital requirements are 

identified.  Then, the costs and savings are calculated.  And lastly, this information is 

evaluated.  This process is repeated until a process improvement is chosen that is cost 

justifiable. 
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CHAPTER FIVE 

TESTING METHODOLOGY 

This chapter summarizes the various projects used for Company ABC.  This 

name is fictitious to secure the anonymity of the company. 

The first project evaluated the development and product release strategy for 

Product 1.  This product is a signaling product.  It is used to notify those in and 

surrounding the manufacturing area of any changes with the equipment or the process. 

Product 1 had a forecast of 6,800 units sold per year, and the plan was to have it 

available for sale by the end of the fiscal year.  The steps to evaluate this strategy are as 

follows: 

 Identify manufacturing and marketing strategy processes 

 Determine the critical business processes using Laura Meade’s methodology 

 Decide the high priority Lean Six Sigma processes 

 Calculate the cost /benefit analysis 

 Evaluate the process that is most critical to the manufacturing strategy 

For more details see Appendix D. 

The second project is improving the existing Product 2.  Product 2 is a soft starter 

motor control.  This product is used because of its innovative starting and stopping 

solutions for motors, and its conservation of power.   

Product 2 had a forecast of 28,800 units sold per year.  The steps to evaluate this 

process were as follows: 
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 Identify supply chain, order processing chain, and manufacturing processes 

 Determine the critical business processes using Laura Meade’s methodology 

 Decide the high priority Lean Six Sigma processes 

 Calculate the cost / benefit analysis 

 Evaluate the process that is most critical to manufacturing this product 

For more details see Appendix D. 

The third project is improving the existing Product 3.  Product 3 is a larger 

controller for motors.  This product is similar to Product 2.  The main difference is that it 

is configured into an enclosure for industrial usage.   

Product 3 had a forecast of 1,248 units sold per year.  The steps to evaluate this 

process were as follows: 

  Identify supply chain, order processing chain, and manufacturing processes 

 Determine the critical business processes using Laura Meade’s methodology 

 Decide the high priority Lean Six Sigma processes 

 Calculate the cost / benefit analysis 

 Evaluate the process that is most critical to the development of this product 

For more details see Appendix D. 

 



  
 

138

 

 

 
CHAPTER SIX 

SUMMARY AND CONCLUSION 

This chapter summarizes the guide for Lean Six Sigma Critical Business 

Processes.  It is divided into three sections: 1) Summary of Chapters, 2) Contributions to 

Research, and 3) Future Research. 

6.1 Summary of Chapters 

Chapter 1 creates the incentive and need for the implementation of Lean Six 

Sigma Critical Business Processes.  This chapter explains the objective of this research is 

to identify the areas that need Lean Six Sigma implementation the most by 1) selecting 

the critical business process, 2) choosing the high priority Lean Six Sigma processes, and 

3) using the evaluation tool to configure the Lean Six Sigma Critical Business Processes. 

Chapter 2 reviews the literature related to this research.  This chapter incorporates 

business processes, critical business processes, history of improvements, Lean, Six 

Sigma, and analytical processes.  The focus is placed on Lean Six Sigma and Analytical 

Network Process (ANP) modeling.  Lean Six Sigma focuses on new or existing projects 

to eliminate waste and reduce variation, while ANP modeling focuses on complex 

interrelationships within varies levels for varies attributes.  These concepts are the 

foundation for using Lean Six Sigma Critical Business Processes to improve any process 

or product.   

Chapter 3 provides an intellectual investigation about Lean Six Sigma Critical 

Business Processes.   This chapter provides the background information for determining 
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the Lean Six Sigma Critical Business Process.  First, this chapter provides a detailed 

description of Lean, Six Sigma, Critical Business Processes, and Analytical Network 

Process.   Second, the process of determining Lean Six Sigma Critical Business Processes 

is shown step by step.  This includes the surveys used to collect data and the models used 

to evaluate data. 

Chapter 4 illustrates the knowledge obtained and new ideas proven to assist with 

the identification of Lean Six Sigma Critical Business Processes.  This chapter utilizes 

project 1 to demonstrate the steps in the process.  The first step identifies the capabilities.  

The second step specifies the core ratings.  The third step denotes the performance levels.  

The fourth step exhibits the critical processes.  The fifth step indicates the Lean Six 

Sigma process rating.  The sixth step reviews the ANP model, which includes the Lean 

Six Sigma Determinants, Dimensions, Enablers, and Alternatives.  The seventh step 

analyzes the cost and benefit to implementing improvements.   

Chapter 5 embodies a detailed description, forecast, and the steps to evaluate each 

product.  The results for each project can be found in the appendices.     

6.2 Contributions to Research 

This dissertation creates a methodology to identify Lean Six Sigma Critical 

Business Processes.  This approach is compared to Lean, Six Sigma, and Critical Process 

techniques.   

There are four major contributions that are made from this research.  The first 

contribution is confirming the critical business process identification method by Laura 

Meade.  The second contribution is proving there is a need for a simple system to 

determine projects based on Lean Six Sigma Critical Business Processes.  The third 
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contribution is the use of a factor rating system to identify processes that have the highest 

priority for Lean Six Sigma improvements.  The fourth contribution is proving that ANP 

is a good model to identify Lean Six Sigma Critical Business Processes.   

6.2.1 Methodology of Critical Business Process Selection by Laura Meade 

The first contribution is confirming the methodology documented by Laura 

Meade to identify critical business processes.  Seven steps were taken to compute the 

Lean Six Sigma Critical Business Process.    

• Step 1 – Identify the capabilities 

• Step 2 - Determine the core ratings 

• Step 3 - Recognize the performance levels 

• Step 4 Select the critical business processes 

• Step 5 – Decide the Lean Six Sigma process rating 

• Step 6 – Place Lean Six Sigma worthy processes into ANP model 

• Step 7 – Conduct the cost / benefit analysis 

 

Laura Meade provided the groundwork to complete these steps which allowed the 

author to calculate the critical business processes. 

With the purpose of minimizing the time and justifying the usability of Meade’s 

critical business process selection, the methodology of Meade was employed in Projects 

1, 2, and 3.  Incorporating Meade’s critical business process selection in these projects, 

the author was able to prove that methods used by Meade and the present system 

produced identical results.   
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6.2.2 Lean Six Sigma Rating System 

The second contribution is proving there is a need for a simple system to 

determine projects based on Lean Six Sigma Critical Business Processes.  Meade 

presented a methodology to determine critical business processes.  This was combined 

with Lean Six Sigma in this research to identify Lean Six Sigma Critical Business 

Processes. 

The author has participated and led many teams that use a “gut feeling” to 

eliminate waste, and use various matrices (i.e. Failure Mode and Effect Analysis 

(FMEA), Cause and Effect (C&E), Prioritization, etc.) to reduce variation.  In order to 

simplify this process, the author created a Lean Six Sigma rating system. 

Presently, Lean and Six Sigma activities are based on issues that have been 

surfaced through tester failures, duplicate activities, and product returns to name a few 

issues.  These issues are then rated using various matrices, and the score with the largest 

impact is the activity to address. 

To shorten the evaluation process, the Lean Six Sigma rating system created by 

the author incorporates specific Lean and Six Sigma characteristics.  For this research, 

the decision maker is asked to rate the business processes based on the Lean Six Sigma 

characteristics.  The lower the score, the business process has little to no relevance to that 

characteristic.  The higher the score, the business process has definite relevance to that 

characteristic.  After rating all the business processes, the process with the lowest score is 

in need of the most Lean Six Sigma improvement.  From this evaluation, it is then 

determined which area is addressed first for process improvements.  The details can be 

found in Chapter 4. 
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Projects 1, 2, and 3 used the present system and the Lean Six Sigma rating system 

created by the author.  The present system and the Lean Six Sigma rating system both 

identified the same business processes in most need of improvement. The main difference 

is that the present system averaged 12 hours to collect and evaluate the data to identify 

the processes to focus Lean and Six Sigma efforts, while the Lean Six Sigma rating 

system averaged 2 hours to collect and evaluate the data to identify the processes to focus 

Lean and Six Sigma efforts.   

6.2.3 Factor Rating System 

The third contribution is the use of a factor rating system to identify processes 

that have the highest priority for Lean Six Sigma improvements.  In order to conduct the 

pairwise comparisons, each determinant, dimension, attribute enabler, and alternative 

must be rated to other determinants, dimensions, attribute enablers, and alternatives.   

With any rating system, there is the possibility for inconsistencies depending on 

the decision maker.  From prior evaluations, rating processes or products can vary 

depending on the day of week, the time of day, and the activities going on in the day.  In 

order to eliminate inconsistent ratings, the author utilized a factor rating system.   

The decision maker is asked to rank the determinants from greatest importance to 

least importance, rank the attribute enablers from greatest importance to least importance, 

and rank the alternatives from greatest importance to least importance.  From these 

rankings, the resulting comparison matrices are calculated.  The details can be found in 

Chapter 4. 
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Projects 1, 2, and 3 used the factor rating system and the consistency ratio 

evaluation.  The consistency ratios proved that the factor rating system eliminated 

inconsistencies. 

6.2.4 Analytical Network Process Modeling 

The fourth contribution is proving that Analytical Network Process (ANP) is a 

good model to identify Lean Six Sigma Critical Business Processes.  Meade presented a 

methodology to determine agile critical business processes using ANP.  This technique is 

modified to determine Lean Six Sigma Critical Business Processes. 

As stated above, the author has participated and led many teams that used a “gut 

feeling” and various matrices to eliminate waste and reduce variation.  In order to 

accurately represent the processes, the author uses ANP to determine the Lean Six Sigma 

Critical Business Process that will provide the largest impact to the business. 

Presently, Lean and Six Sigma activities are based on the decision levels and 

attributes.  The present process evaluates decisions and their attributes as unidirectional.   

With the use of ANP, all scenarios and affects are evaluated between levels.  This 

evaluation is more realistic and accurate performance score.  The details can be found in 

Chapter 4. 

Projects 1, 2, and 3 used the present system and the ANP model.  The present 

system showed challenges with multidirectional relationships among each determinant, 

dimension, attribute enabler, and alternative.  The first challenge was rating each 

determinant, dimension, attribute enabler, and alternative to other determinants, 

dimensions, attribute enablers, and alternatives accordingly.  The second challenge was 
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identifying all the relationships between determinants, dimensions, attribute enablers, and 

alternatives.   

With this research, the decision maker is asked to identify all the relationships for 

the determinants, dimensions, attribute enablers, and alternatives to other determinants, 

dimensions, attribute enablers, and alternatives.  With the implementation of the ANP 

model, there were no challenges with the interactions.  The ANP model shows the 

multidirectional relationships.   

The ANP model and the present modeling process identified areas of 

improvement for all three projects within this research.  The main difference is that the 

present system averaged 28 hours to collect and evaluate the data to identify the 

processes to focus Lean and Six Sigma efforts, while the ANP model averaged 10 hours 

to collect and evaluate the data to identify the processes to focus Lean and Six Sigma 

efforts.   

6.3 Future Research 

Lean Six Sigma Critical Business Processes are terms and techniques well known 

to the manufacturing industry.  As a result, more companies see the value to Lean, Six 

Sigma, and Critical Business Processes.  It is important to make sure that the methods 

used are accurate and consistent. 

Because more companies are identifying their critical processes and 

implementing Lean Six Sigma, many opportunities exist for the future.  The first 

suggestion to further research is to gather more data.  The technique used in this research 

should be evaluated on other scenarios.  This will provide additional data about the 

affects of Lean Six Sigma Critical Business Processes for other companies and projects. 
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The second suggestion to further research is to incorporate user friendly software.  

Microsoft Excel is used for this research.  The evaluation of Lean Six Sigma Critical 

Business Process data employing user friendly software may prove to save more time and 

provide greater flexibility.  This would increase the likelihood of more decision makers 

using this system to identify their Lean Six Sigma Critical Business Processes. 

The opportunities for improvement and exposure are great. With the 

implementation of these two suggestions, this can definitely further research for Lean Six 

Sigma Critical Business Processes.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  
 

146

 

 

 

 

 

 

 

 

 
 

 

APPENDIX A 

ATTRIBUTE ENABLERS FOR LEAN SIX SIGMA  
CRITICAL BUSINESS PROCESSES 
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This appendix contains data for the evaluation of Lean Six Sigma Critical 

Business Processes.  Each process will be 1) evaluated using the ANP model, 2) assessed 

using the attribute enablers, and 3) related to the determinants. 

A.1.1 Analytical Network Process Model 

Each project uses the same Analytical Network Process (ANP) model.  This 

model was originally used by Meade and determines which business process should be 

reviewed for the betterment of the business.   

 

A.1.1.1   Lean Six Sigma Business Process 

 

 
 

 

Determinants of Lean Six Sigma
Cost (C ) Delivery (D) Robustness (R ) Scope (S) Risk (RI)

Dimensions of Lean Six Sigma

Relationships 
(Input)

Knowledge, 
training, and 
empowered 

workers 
(Mechanism)

Databases and 
Environment 

(Call)

Uncertainty, 
Change Agent, 

and Management 
(Control)

More effective 
and efficient 
company at a 

minimal cost, and 
happy customer 

(Output)

Lean Six Sigma Attribute Enablers
CEC CCSP D PC SDP
CB PI E ROS MCP

ECCK MM PC
AI FCS

Lean Six Sigma Implementation Alternatives

Customer 
Demand (CD)

Current System 
(CS)

Implementation 
of Process / 

Product 
Improvements 

(II)
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Here is a quick overview of Lean Six Sigma determinants, dimensions, attribute 

enablers, and implementation alternatives that are shown in the business process above. 

A.1.1.1.1 Determinants of Lean Six Sigma 

The determinants of Lean Six Sigma are modeled after the agility determinants 

(Meade, 1997, p. 118).  The determinants are used to determine the present situation of 

the business.  

A.1.1.1.2 Dimensions of Lean Six Sigma 

The dimensions of Lean Six Sigma are also modeled from the dimensions of 

agility (Meade, 1997, p. 123).  The Lean Six Sigma dimensions are used as the decision 

maker’s input for pairwise comparisons (Meade, 1997, p. 123). 

A.1.1.1.3 Attribute Enablers of Lean Six Sigma 

Lean Six Sigma attribute enablers are characteristics of agility enablers (Meade, 

1997, pp. 124-125).  These enablers are detailed descriptors of the dimensions. 

A.1.1.1.4 Implementation Alternatives of Lean Six Sigma 

Lean Six Sigma implementation alternatives are characteristics that support the 

vision of the business. These items represent proactive options the decision maker 

considers implementing in the current business (Meade, 1997, p. 125). 
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A.1.1.2   Attribute Enablers 
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A.1.2 Lean Six Sigma Relationships of the Determinants, Dimensions, and 
Enablers 

 

The attribute enablers are evaluated to determine which enablers are most 

important to the determinants.  The determinants for Projects 1, 2, and 3 are cost, 

delivery, robustness, scope, and risk.  Each enabler is evaluated by completing this 

document per business process.  As with any decision, the evaluation results are very 

dependent on the decision maker.   

With the three projects for this dissertation, the relationships of the determinants, 

dimensions, and enablers were determined to be the same.  This was a result of the three 

projects being a part of the same company.  The vision for the company identifies the 

priorities for each business.  Here is the completed form for Project 3 using Business 

Process 2. 

 

 

Engineering
Development of Short and 

Long Term Goals
Already 
In Place

Interested in Cost (C), 
Delivery (D), Robustness 

(R), Scope (S), or Risk 
(RI) Disregard

Input Relationships

Communication with 
Employees and 
Customers (CEC)

Is there communication between the 
employee, customers, and business 
to discuss the needs of customers 
and the business capabilities? C/D/R/S/RI

Collaboration with other 
Businesses (CB)

Is there a system in place to easily 
work with other businesses to 
enhance your business? C/D/R/S/RI

Mechanism
Knowledge, training, and 
empowered workers

Core Capability Strategic 
Planning (CCSP)

Is the company meeting its 
capability? C/S

Usage of Performance 
Information (PI)

How well is the business 
performing? C/D/R/S

Captured Employee, 
Customer, and 
Competitor Knowledge 
(ECCK)

Is this knowledge captured? If so, 
how? C/D/R/S/RI
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Call Databases and Environment

Useful Database (D)

Are there databases available that 
have this information or can acquire 
it? C/D/R/S

Non-bias Environment 
(E)

Is the environment conducive to 
change? C/D/R

Control
Uncertainty, Change Agent, 
and Management

Proficient at Change 
(PC)

How well does the business handle 
change? C/D/R/S/RI

Reconfigurable 
Organizational Structure 
(ROS)

How agile is the business to 
change? C/D/R

Motivational 
Management (MM)

How prepared is management for 
change? R/RI

Adaptable Information 
(AI)

How adaptable is the data and data 
collection with change? C/D/R/S/RI

Output

More effective and efficient 
company at a minimal cost, 
and happy customer

Cost Savings 
Documentation Process 
(SDP)

Is there are documentation process 
in place for tracking savings? C/S

Maintain Change 
Process (MCP)

Is there a system in place to 
maintain the changes? S

Greater Product 
Customization (GPC)

Is there a system in place to handle 
high product customization? C/D/R/S/RI

Flexible Change System 
(FCS)

Is there a system in place to change 
quickly due to customization? C/D/R/S/RI

Section A.1. 2 Table - continued
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APPENDIX B 

RANKING AND WEIGHTING ENABLERS FOR LEAN SIX SIGMA  
CRITICAL BUSINESS PROCESSES 
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This appendix contains data that assists the decision maker in calculating the 

desirability index.  The enablers are ranked and weighted given the determinants.  As 

with any decision, the evaluation results are very dependent on the decision maker.   

B.1.1 Ranking of Enablers 

 

B.1.2 Weights of Enablers 
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APPENDIX C 

COMPARISON MATRIX CALCULATIONS FOR LEAN SIX SIGMA  
CRITICAL BUSINESS PROCESSES 
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This appendix contains data that assists the decision maker to rate factors 

consistently.  From this rating, the comparison matrix is calculated and begins the 

evaluation process using the ANP model.  As with any decision, the evaluation results are 

very dependent on the decision maker.   

C.1.1 Ranking of Enablers 

Each enabler must be placed into a ranking order by 1) identifying how many 

enablers are available, 2) rank each enable from the highest number (as the most 

important) to the lowest number of one (as the least important). 

Here is an example from Project 1 for the Dimension “More Effective and 

Efficient Company at a Minimal Cost, and a Happy Customer (MEEC)”.   

 

There are (4) enablers within this dimension.  The most important factor is 

Maintain Change Process (MCP), so it is rated with a 4.  While the least important factor 

is Cost Savings Documentation Process (SDP), so it was rated with a 1. 

 

Ranking 
by Order

SDP 1

MCP 4

GPC 3

FCS 2

TOTAL 10
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C.1.2 Weighted Values for Enablers 

In order to find the weighted values, take the ranking number for the enabler and 

divide by the total.  This identifies the enablers with the heaviest to lightest weight when 

determining the affect of the enablers on the determinants.   

Continuing from the example above, here is Project 1 for the Dimension “More 

Effective and Efficient Company at a Minimal Cost, and a Happy Customer (MEEC)”.   

 

 
 

For this example, let’s use Cost Savings Documentation Process (SDP).  This has 

a factor rating of 1.  The total for all the factor rankings is 10.  As a result, the weighted 

value for SDP is 1 divided by 10, which is 0.1.  Complete this weight calculation for each 

enabler. 

C.1.3 Favorability Ratings for Enablers 

In order to calculate the comparison matrix, the favorability matrix must be 

calculated.  This matrix compares one enabler to another. 

Continuing from the example above, here is Project 1 for the Dimension “More 

Effective and Efficient Company at a Minimal Cost, and a Happy Customer (MEEC)”.   

 
 
 
 

Weighted 
Value

SDP 0.1
MCP 0.4
GPC 0.3
FCS 0.2
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For this example, let’s use Cost Savings Documentation Process (SDP) under 

“Favorability”.  SDP, as is anything compared to itself, has a rating of 1.0.  SDP 

compared to MCP is 0.1 divided by 0.4, which is 0.25.  This means that SDP is a rating 

of 0.25 favorable to MCP.  While the inverse is that MCP is a rating of 4.0 favorable to 

SDP. 

C.1.4 Intensity Number Rating Key 

The intensity number rating key is used to calculate the comparison matrix.  This 

key is used with the favorability matrix and creates the pairwise comparison matrix. 

Continuing from the example above, here is Project 1 for the Dimension “More 

Effective and Efficient Company at a Minimal Cost, and a Happy Customer (MEEC)”.   

 
 
 

Always start with the lowest intensity number of 2.  This is the rating provided 

for any favorability value that is between 1 and 1.99.  And the highest intensity number 

depends on the highest number in the favorability rating matrix.  For example, if the 

Favorability SDP MCP GPC FCS
SDP 1.00 0.25 0.33 0.50
MCP 4.00 1.00 1.33 2.00
GPC 3.00 0.75 1.00 1.50
FCS 2.00 0.50 0.67 1.00

Score
Intensity 
Number

4 5
3-3.99 4
2-2.99 3
1-1.99 2
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largest number in the favorability matrix is 6, the score would be 6 and the intensity 

number would be 7. 

C.1.5 Comparison Matrix Calculation 

With the intensity number rating key and the favorability matrix, the comparison 

matrix can be calculated.  Continuing from the example above, here is Project 1 for the 

Dimension “More Effective and Efficient Company at a Minimal Cost, and a Happy 

Customer (MEEC)”.   

 

 
 

For example, looking at MCP compared to SDP from the favorability matrix.  Its 

value is 4.  Compare this to the intensity number rating, and anything that is a 4 gets a 

value of 5.  This is placed into the comparison matrix. 

More effective 
and efficient 

company at a 
minimal cost, 

and happy 
customer SDP MCP GPC FCS

SDP 1.00 0.20 0.25 0.33
MCP 5.00 1.00 2.00 3.00
GPC 4.00 0.50 1.00 2.00

FCS 3.00 0.33 0.50 1.00
TOTAL 13.00 2.03 3.75 6.33
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APPENDIX D 

CASE STUDIES FOR LEAN SIX SIGMA  
CRITICAL BUSINESS PROCESSES 
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This appendix contains data from the case studies.  Each case study will have 1) 

completed worksheets to determine the process that is most in need Lean Six Sigma 

improvement, 2) Lean Six Sigma enabler worksheets, and 3) ANP matrices. 

D.1.1 Case Study 1: Project 1 

Project 1 is a small project.  It will create approximately $297 thousand in annual 

sales and utilizes two people from the manufacturing facility.  This item is a signaling 

product that brings safety to a manufacturing process through efficient control and 

automatic monitoring. (Rockwell Automation, 2007) 

The person involved in this case study is the Marketing Engineer, and can 

contribute to both the development of the product and the manufacturing process for the 

product.  As with any decision, the evaluation results are very dependent on the decision 

maker.   

D.1.1.1 Case Study 1: Worksheet 1 

Company ABC's vision is focused on being the most 
valued global provider of power, control and information 
solutions. 

BP 1 Create Business Plan
C1 Excel in the vision strategy

C2
Create a niche or better value with existing product / process for 
customer

C3 Identify market opportunities

BP 2 Identify Needed Resources
C4 Educate the product / process provider
C5 Gather costs for resources
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BP 3 Implement and Manage Business Plan and Performance
C6 Track sales
C7 Track financial impact to department

BP 4 Market to Others
C8 Grab market opportunities

BP 5 Design Products / Processes
C9 Create plan from concept to Available For Sale (AFS)

C10 DFMA and PDFMA

BP 6
Acquire , Develop, and Maintain Human Assets, Property, and 
Equipment

C11 Relationship with vendors and business

BP 7 Get Orders
C12 Identify catalog specific items
C13 Acquire component parts
C14 Identify process

BP 8
Assemble Product / Complete Process to Existing and Future 
Orders

C15 Create at production facility
C16 Customer training
C17 Trouble shooting
C18 Train production facility

BP 9 Manage Product
C19 Process for accessing product
C20 Process for accessing financial impact to department  

 
 
 
 
 
 
 
 
 

 

 

Section D.1.1.1 Table - continued 
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D.1.1.2 Case Study 1: Worksheet 2 

 
 
 
 

D.1.1.3 Case Study 1: Worksheet 3 

Dimension Weight 
Cost 0.2 
Time 0.2 

Quality 0.2 
Value 0.2 

Ease of 
Implementation 0.2 
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D.1.1.4 Case Study 1: Worksheet 4 
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D.1.1.5 Case Study 1: Worksheet 5 

 
 
 

D.1.1.6 Case Study 1: Worksheet 6 
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D.1.1.7 Case Study 1: Supermatrix for Cost 

 
 

 

D.1.1.8 Case Study 1: Supermatrix for Delivery 
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D.1.1.9 Case Study 1: Supermatrix for Robustness 

 

 

D.1.1.10 Case Study 1: Supermatrix for Scope 
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D.1.1.11 Case Study 1: Supermatrix for Risk 

 

 

 

D.1.1.12 Case Study 1: Converged Supermatrix for Cost 
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D.1.1.13 Case Study 1: Converged Supermatrix for Delivery 

 

 

 

D.1.1.14 Case Study 1: Converged Supermatrix for Robustness 
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D.1.1.15 Case Study 1: Converged Supermatrix for Scope 

 
 
 
 
 
 

D.1.1.16 Case Study 1: Converged Supermatrix for Risk 
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D.1.1.17 Case Study 1: Desirability for Cost 

 
 
 
 
 

D.1.1.18 Case Study 1: Desirability for Delivery 
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D.1.1.19 Case Study 1: Desirability for Robustness 

 
 
 
 
 
 

D.1.1.20 Case Study 1: Desirability for Scope 
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D.1.1.21 Case Study 1: Desirability for Risk 
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D.1.1.22 Case Study 1: Lean Six Sigma Weighted Index Business 
Process 1 

 

 

 

 

D.1.1.23 Case Study 1: Lean Six Sigma Weighted Index Business 
Process 9 
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D.1.2 Case Study 1: Project 2 

Project 2 is a large project.  It creates approximately $245 million in annual sales 

and utilizes nine people from the manufacturing facility.  This item is a smart motor 

controller that provides microprocessor controlled starting for standard three phase 

squirrel cage induction or wye delta motors.  (Rockwell Automation, 2007) 

The persons involved in this case study are the process improvement team, which 

consists of Production Control, Production, Manufacturing Engineering, and Supervision.  

These individuals can contribute to the process for the supply chain, order processing 

chain, and manufacturing processes for this product line.  As with any decision, the 

evaluation results are very dependent on the decision makers.   

 
D.1.2.1 Case Study 2: Worksheet 1 

 
Company ABC's vision is focused on being the most 
valued global provider of power, control and information 
solutions. 

BP 1 Manpower
C1 Efficient Training Program
C2 Just in time applied training

C3 Right # of people at the right time

BP 2 Production and Inventory Control
C4 Customer that needs product
C5 Buildable order

BP 3 Supply Chain
C6 Good part quality
C7 Need parts on time and the correct quantities

BP 4 Measurement System Analysis
C8 Accurate measuring systems

BP 5 Methods and Material Flow
C9 On time delivery

C10 High labor productivity



  
 

175

D.1.2.2 Case Study 2: Worksheet 2 

 

 

D.1.2.3 Case Study 2: Worksheet 3 

 
Dimension Weight 

Cost 0.2 
Time 0.2 

Quality 0.2 
Value 0.2 

Ease of 
Implementation 0.2 

 

 
 
 
 
 
 
 
 
 
 
 



  
 

176

D.1.2.4 Case Study 2: Worksheet 4 

 

 

D.1.2.5 Case Study 2: Worksheet 5 
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D.1.2.6 Case Study 2: Worksheet 6 

 

 

D.1.2.7 Case Study 2: Supermatrix for Cost 

 
 

 

 

 

 

 

 



  
 

178

D.1.2.8 Case Study 2: Supermatrix for Delivery 

 

 

 

D.1.2.9 Case Study 2: Supermatrix for Robustness 
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D.1.2.10 Case Study 2: Supermatrix for Scope 

 
 
 
 
 
 
 

D.1.2.11 Case Study 2: Supermatrix for Risk 
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D.1.2.12 Case Study 2: Converged Supermatrix for Cost 

 

 

 

D.1.2.13 Case Study 2: Converged Supermatrix for Delivery 
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D.1.2.14 Case Study 2: Converged Supermatrix for Robustness 

 
 
 
 
 
 
 

D.1.2.15 Case Study 2: Converged Supermatrix for Scope 
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D.1.2.16 Case Study 2: Converged Supermatrix for Risk 

 
 
 
 
 
 
 
 

D.1.2.17 Case Study 2: Desirability for Cost 
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D.1.2.18 Case Study 2: Desirability for Delivery 

 

 
 
 

D.1.2.19 Case Study 2: Desirability for Robustness 
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D.1.2.20 Case Study 2: Desirability for Scope 

 

 
 
 

D.1.2.21 Case Study 2: Desirability for Risk 
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D.1.2.22 Case Study 2: Lean Six Sigma Weighted Index Business 
Process 3 

 

 

 

D.1.2.23 Case Study 2: Lean Six Sigma Weighted Index Business 
Process 5 
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D.1.3 Case Study 3: Project 3 

Project 3 is a medium project.  It will create approximately $8 million in annual 

sales and utilizes six people from the manufacturing facility.  This item is a smart motor 

controller with fusible disconnect or circuit breaker configured into an enclosure. 

(Rockwell Automation, 2007) 

The persons involved in this case study are the process improvement team, which 

consists of Production Control, Production, Manufacturing Engineering, and Supervision.  

These individuals can contribute to the process for the supply chain, order processing 

chain, and manufacturing processes for this product line.  As with any decision, the 

evaluation results are very dependent on the decision makers.   

 

D.1.3.1 Case Study 3: Worksheet 1 
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D.1.3.2 Case Study 3: Worksheet 2 

 

Section D.1.3.1 Table - continued
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D.1.3.3 Case Study 3: Worksheet 3 

Dimension Weight 
Cost 0.2 
Time 0.2 

Quality 0.2 
Value 0.2 

Ease of 
Implementation 0.2 

 
 
 
 
 

D.1.3.4 Case Study 3: Worksheet 4 
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D.1.3.5 Case Study 3: Worksheet 5 

 
 
 
 
 

 

D.1.3.6 Case Study 3: Worksheet 6 
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D.1.3.7 Case Study 3: Supermatrix for Cost 

 

 

 

 

D.1.3.8 Case Study 3: Supermatrix for Delivery 
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D.1.3.9 Case Study 3: Supermatrix for Robustness 

 

 

 

D.1.3.10 Case Study 3: Supermatrix for Scope 
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D.1.3.11 Case Study 3: Supermatrix for Risk 

 
 
 
 
 
 

D.1.3.12 Case Study 3: Converged Supermatrix for Cost 
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D.1.3.13 Case Study 3: Converged Supermatrix for Delivery 

 
 
 
 
 
 

D.1.3.14 Case Study 3: Converged Supermatrix for Robustness 
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D.1.3.15 Case Study 3: Converged Supermatrix for Scope 

 
 
 
 
 
 
 

D.1.3.16 Case Study 3: Converged Supermatrix for Risk 
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D.1.3.17 Case Study 3: Desirability for Cost 

 
 
 
 
 
 

D.1.3.18 Case Study 3: Desirability for Delivery 
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D.1.3.19 Case Study 3: Desirability for Robustness 

 
 
 
 
 
 
 

D.1.3.20 Case Study 3: Desirability for Scope 
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D.1.3.21 Case Study 3: Desirability for Risk 
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D.1.3.22 Case Study 3: Lean Six Sigma Weighted Index Business 
Process 2 

 

 

 

D.1.3.23 Case Study 3: Lean Six Sigma Weighted Index Business 
Process 4 

 

 

 

D.1.3.24 Case Study 3: Lean Six Sigma Weighted Index Business 
Process 5 
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