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Executive Summary

The concept of implementation of Six Sigma methodology was pioneered at Motorola in the 1980s with the aim of reducing quality costs i.e. costs of not doing things right first time, costs of not meeting customer requirements, etc. After Motorola, other companies such as Texas Instruments, Allied Signal (or Honeywell today), Kodak, General Electric, Sony, etc. have claimed great savings as a result of the implementation of Six Sigma projects. 

However, Six Sigma stresses the application of statistical and problem-solving tools and techniques in a methodical and systematic fashion to gain knowledge that leads to breakthrough improvements with dramatic impact on the bottom-line results. While the original goal of Six Sigma was to focus on manufacturing process, today, marketing, purchasing, billing and invoicing functions are also embarked on Six Sigma strategies with the aim of continuously reducing defects throughout the organization’s processes.

 Many organizations have reported significant benefits today as result of six sigma implementation. General Electric is one of the most successful companies in implementing six sigma projects. However, not all companies can claim to have had the same benefits. Fewer than 10 per cent of the companies doing it to the point where it significantly affects the balance sheet and the share price in any meaningful period of time. 

These contrast results making six sigma implementation a complex and central process it means if the methodology are not implemented wisely, there is very large danger that the program will be counter productive and frustrating and led to total failure. A failure would be anything that does not deliver Return of Investment (ROI) .It is also necessary to understand that ones a company has invested the money and resources to do a multi-year six sigma deployment and made it public (Typically through the annual report), it is highly unlikely they will step forward and admit they could not execute, regardless of the outcome.

For the effective implementation of Six Sigma projects in organizations, one must understand the critical success factors (CSF). This contrast results making Six-sigma implementation a complex and central process, where the critical success factors (CSFs) in the implementation of six sigma must be recognized. The identification of such factors will encourage their consideration when companies are developing an appropriate implementation plan. 

This research work proposes a road map for the Selection of Appropriate Six Sigma Alternative Approach based upon critical success factors .Implementation of six sigma on the basis of critical success factors (CSFs) has strategic implication that contribute to the process and product improvement of a manufacturing organisation .

This work illustrate the use of Analytical hierarchy process (AHP/ANP), a multi criteria decision making technique, for the evaluation of six sigma projects in order to determine which six sigma alternative approach  become a priority over other one. This work demonstrates how the model can help in solving such decisions in practice. This work is carried out in a automobile ancillary industry (PHOENIX LAMPS LIMITED), fully dedicated in the manufacturing of Halogen lamps and CFLs.

Chapter 1: Introduction

1. Introduction 

Today(Harry, Mikel J.,1994) Customer, competition and the change itself is forcing businesses to continuously improve and innovate in terms of speed, flexibility, quality, service, and cost and so on. The pace of improvement has to match, if not exceed the forces of change. The initiatives like Six Sigma methodology and Design for Six- Sigma (DFSS) promised radical improvements in relatively short periods of time. 

Today Six Sigma is viewed as a powerful and disciplined methodology that assists organizations to focus on developing and delivering near-perfect products and services. It is a powerful approach to business performance improvement by systematically finding and eliminating causes of mistakes or defects in business processes.

 Six Sigma is a statistically based methodology developed by Motorola in the mid 1980’s to improve the performance of its processes. Many organizations such as GE, Honeywell, Sony, ABB, Dow, Texas Instruments, etc. have reported their successes of Six Sigma projects in current literature (journals, textbooks, professional magazines, company websites, etc.) . 

As an research scholar, I personally view Six Sigma as a powerful and disciplined problem-solving methodology for tackling quality and process related problems. The true power of Six Sigma lies in the integration of various tools and techniques within the DMAIC (Define-Measure-Analyse-Improve-Control) framework or model. It is important to note that it is not the DMAIC model which makes a Six Sigma initiative successful, rather it is the collection of tools and techniques used in a sequential manner within the DMAIC model which guides problem solvers to tackle problems more effectively and efficiently. 

But the real world problems are not so easy to handle as they looks , those companies who initiate six sigma as a quality improvement only fewer than 10 per cent of them are doing it to the point where it’s going to significantly affect the balance sheet and the share price in any meaningful period of time. 

These contrast results making six sigma implementation a complex and central process, where the critical success factors (CSFs) in the implementation of six sigma must be recognized.

CSFs are those factors which are critical to the success of any organisation, in the sense that, if objectives associated with the factors are not achieved, the organisation will fail – perhaps catastrophically. In the context of six sigma project implementation, CSFs represent the essential ingredients without which a project stands little chance of success. In order to determine the CSFs for six sigma, the first step was to carry out an exploratory study on the topic as similar studies were performed by authors such as Pande et al. (2000), Henderson and Evans (2000) and Eckes (2000). For instance, Henderson and Evans (2000) suggest upper management/involvement, organisation infrastructure, and training and statistical tools as the major components for a successful six sigma implementation. The ultimate objective of this research is to coalesce all the key ingredients from the existing literature on six sigma implementation by analyzing the success and failure stories of a number of organisations. This work illustrates the essential or key ingredients which are necessary for the effective implementation of six sigma projects.

1.2 Objective

Aim of the project, is to select the appropriate Six Sigma Strategy using Critical Success factors (CSFs) approach using AHP/ANP tool in an automobile ancillaries based industry. The main objectives of the study are:-

1. To study the concept of Six Sigma Methodology through literature review and discussion.

2. To identify issues in the implementation of Six Sigma Methodology, through literature review, discussion, observation and analysis.

3. To Identify the Critical Success Factors for the successful implementation of Six Sigma Projects in Organisations.

4. To identify and compare the alternative Six sigma approaches through literature review and discussion.

5. To develop the decision hierarchies/network for the selection of appropriate Six Sigma alternative approaches by the use of AHP/ANP techniques.

6. To design implementation procedure for implementing AHP/ANP as a strategic decision making model to justify the selection of Six-Sigma alternative approaches in an Automobile Ancillary Industry.

1.3 Scope of the Project

1. To apply the AHP/ANP as a strategic decision making model to justify the selection of Six-Sigma alternative approaches under the influence of CSFs in an Asia’s largest Halogen Lamps producing industry.

2. To draw Results on the basis of above mentioned AHP/ANP analysis.

Chapter 2: Literature Review

This chapter presents the extent of literature review which has been done to understand the Six Sigma Methodology. To understand Six Sigma methodology means understanding the concept, implementation techniques and tools, issues and challenges, their application and benefits.

2.1 Defining Six Sigma

The term sigma is taken from a letter in the Greek alphabet σ and is used in statistics as a measure of variation. The fundamental objective of Six Sigma is to improve the effectiveness and efficiency of the process through continuous improvement. For a business or manufacturing process, the Sigma value is a metric that indicates how well that process is performing. The higher the Sigma value within specification limits, the better. When we say a process is Six Sigma, we are saying it is best in class. However, only when all the processes are of Six Sigma level can we say that the organization is an overall Six Sigma World - Class beater.

If you have a process according to the normal distribution theorem of Gauss (Breyfogle, R.W., 1999), then the mean average value and standard deviation σ (sigma) are well defined parameters. Under certain conditions nearly 100% (exactly: 99.99966%) of all opportunities are covered in the range of 6 x Sigma. Or in other words: out of an amount of 1 Million opportunities only 3.4 defects can be found. This is a theoretical limit for practically attainable quality.

More important as the statistical calculation is the philosophy behind this theory. Here Six Sigma means the improvement or design/redesign of business processes to meet exactly customer requirements, to offer products, which are 100% compliant to the - customer related – specifications, produced at minimal costs.

Sigma measures the capability of the process to perform defect-free work. A defect is anything that results in customer dissatisfaction. With Six Sigma the common measurement index is "defects per unit," where a unit can be virtually anything - a component part, piece of material, line of code, administrative form, time frame, distance, etc. The sigma value indicates how often defects are likely to occur. As sigma increases, cost and cycle time go down while customer satisfaction goes up.

2.2 Statistical Significance of Six Sigma

In statistics (Hahn, G. J., Doganaksoy, N., and Standard, C., 2001), sigma denotes the standard deviation of a set of data. It provides a measure of variability, which indicates how all data points in a statistical distribution vary from the mean (average) value. The normal distribution represents many data sets in business. When data follow a normal distribution, 99.73 per cent of the data points lie within ± three sigma from the mean (see Figure 1). Now consider that a company uses a single-stage (one-step) process with a natural variation from the mean to manufacture a product where the mean value is the ideal specification of the product. Consider that design specification allows for a ± four sigma variations about this ideal mean value. About 99.9937 per cent of the products fall within a ± four sigma range about this mean. That leaves 0.0063 per cent outside the range. This translates to a total of 63 parts per million (defects) which will fall outside the defined range, both above and below the specification limits. The 63 defective parts produced per million products may not appear too large a number of defects (though it is not zero). But, in addition to the natural variation of a process, it has been found that the mean value itself is susceptible to a shift of up to ± one-and-a-half sigma (see Figure 2.2). 

[image: image27.png]



   Fig 2.1:Normal Distribution curve

      Fig 2.1: Normal Distribution curve 
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      Fig 2.2: Normal Distribution curve with ±1.5 shift
When this happens, for the single-stage process discussed above, 99.379 per cent of the products fall within the ± four-sigma range. This would leave 0.621 percent or about 6,210parts per million (defects) outside the specification limits (see Fig. 2). The yield (non defective parts) is now reduced significantly. 

The above discussion is based on a single-stage production process. Real-world production is a multi-stage process and products consist of many components. Each stage of the overall process and each component of the product is subject to the levels of errors described above. The statistically independent yields for each stage or component are multiplied to get the overall yield. 

Let us consider a 100-stage process, where each stage has a ± four-sigma design specification range. The overall yield would be 53.64 per cent within the specification limits. That would leave 46.36 per cent outside the limits, or 463,600 defective parts per million products. Most manufacturers use three sigma processes to meet four sigma specifications, resulting in a large number of defects. However, when specifications are set at ± six sigma, near zero defects result. This is true even when the process mean shifts and when multi-stage processing is involved. The overall yield at different sigma levels (specification limits), with multi-stage processes or multiple components is shown in Table 2.1. 

If a design can accept a ± six sigma variation of the process, i.e. twice the normal process variation, then 99.99966 per cent of the products will be within specification limits or there will be no more than 3.4 defective parts per million made (see Figure 2). This is true of a single-stage process. Even when there are 100 stages in the product manufacturing process, the defect rate will only be 3,390 parts per million. 

    Table2.1:Yield at different sigma levels.
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Table 2.2 shows that for any defect level there is an associated sigma level. These values are for a single part or process step. Motorola’s worldwide benchmarking in 1986 found that the best-in-class companies had six-sigma quality, while Motorola had only four-sigma quality. 

Many firms operate at three sigma levels (zero per cent yield at three sigma for 1,000 stage process) and have almost no chance of producing defect-free products. To compare these sigma levels consider the following example. 

When we consider spelling errors, three sigma corresponds to 7.6 misspelled words per page in a book. But, four sigma corresponds to about one misspelled word per chapter in a book, while six sigma would mean one misspelled word in all the books contained in a small library. This logarithmic relationship between the number of sigma’s and rate of errors implies higher sigma’s lead to excellence in product quality.

 As Table 2.3 shows, the value or number of defects of a process is a function of the sigma value (quality level) of the process (e.g. Six sigma) and the off-centering value 

Table 2.2: Defects associated sigma level
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of the process (e.g. 0 or 1.5 sigma). The true value of the quality level of a process is the number of defects that occur when the process is centered, when the off-centering value is 0 sigma. In the case of six sigma, there are 0.002 defects per million or 2 defects per billion. On the other hand, ``Motorola's concept of 6 sigma allows a shift in the mean of 1.5 sigma''. Therefore Motorola's value of six sigma assumes an allowable shift of 1.5 sigma (Bothe, D., 2001) and thus also shows a defect rate not exceeding 3.4 per million.

Table 2.3:The number of defects of a process is a function of the sigma value

[image: image30.png]Sales $ 1,000,000
Variable costs $ 600,000
Contribution margin $ 400,000
Fixed costs $ 350,000
Profit $ 50000





2.3 Six Sigma Statistical Approach Model

In Statistical approach model the practical problem is first converted into Statistical problem to understand the impact of problem on the profit/Business by using Statistical tools and techniques. Then we do the analyses of the problem and find the root cause by doing Hypothesis testing. In this way we approaches towards the statistical solution of the problem. Now by using skills, knowledge and the technology we convert the Statistical solution into practical solution. This is a generic model of this problem solving technique and it is almost used in every problem solving technique.  

2.4 Six Sigma Players

The success of any Six Sigma project relies on orchestrating a cast of key Participants
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Fig 2.3: Six Sigma Statistical Approach Model

that includes executive leaders, Six Sigma champions and the MBBs, BBs and GBs. The relationship between the various players is depicted in Figure2.4. 

2.4.1 Role of Executive Leadership 

· Lead Six sigma from the top.

· Drive Six sigma through the business goals.

· Show visible commitment by actions.

· Walk the talk by using six sigma methodologies in their own work.

· Encourage others to use six sigma methodologies.

· Recognize achievements
· Be patient for Results.
           
[image: image5.wmf] 


Figure 2.4: Six Sigma Cadres of Players
2.4.2 Role of Champions

· Senior or middle level management members.

· Responsible for success of six sigma projects.

· Report to top management on project progress

· Support the Black belt in project implementation.

· Identify improvement areas for project.

· Select right projects based on company’s Strategic business goals and customer voice.

· Establish clear and measurable goals for projects.

· Review regularly to ensure projects are on schedule 

· Remove barriers and obstacles in project implementation.

· Provide resources to black belt.
2.4.3 Role of Master Black belts

· Initially fulfilled by experts from implementation partner’s team.

· Black belts get certified to Master Black belt after gaining sufficient experience through successful completion of projects.

· Principle change agents.

· Valuable resources with technical and historical expertise

· Train new black belts.

· Assist champions in right project selection.

· Support black belts by coaching and mentoring.

· Skillfully facilitate project teams without actually taking over the projects. 

2.4.4 Role of Black Belt

· Change Agents

· Usually from middle or junior management levels.

· Work full time on projects.

· Lead Six sigma projects

· Responsible for project Implementations.

· Role of Green Belts

· Support Black belt in projects.

· Work in team led by a black belt.

· Work part time in projects along with their normal responsibilities.

· May be assigned to several projects.

· Each Team may have 3-6 team members representing different function /expertise.
Finance: Determines and tracks financial impact of projects and Six Sigma initiative.

HR: Creates and administers communications process, career development, and recognition and reward systems. 

Table 2.4: Comparison of Roles
	
	CHAMPIONS


	MBB
	BB
	GB

	QUALIFICATION     
	Senior executives and managers such as Vice-president of a manufacturing or marketing.

Familiarity with basic and advanced statistical tools
	Technical degree.

Master Black belt might be a chief Engineer or head of head of customer service.


	Technical degree or orientation. Black belt might be an Engineer or billing administrator with 2 yrs or more experience.

Mastery of Basic Statistical tools.
	Technical and support background. their current position are associated with the problem needing to be solved.

Familiarity with basic statistical tools.

	    TRAINING
	One week of champion Training
	Two one-week training sessions.

Black belt training is highly recommended
	Four one- week sessions with three weeks between sessions to apply strategy to assigned projects. 

Project review in second, third, and four sessions.
	Two three-day sessions with three week between sessions to apply strategy to assigned projects.

Project review in second, sessions

	NUMBER OF EMPLOYEES TRAINED
	One Champion per business group or Manufacturing site
	One Master Black belt per 30 Black Belt.
	One Black belt per 100 Employees.
	One Green Belt per 20 Employees.




IT: Provides process data collection and management systems.

The table above illustrates each player's role and contribution, specific skills and expertise and how they are applied during project development and implementation of the corporate performance management dashboard It is important to realize that even with the right players in place equipped with the necessary training, Six Sigma projects will only be successful if the employees are "empowered" to explore new ideas and approaches, and are allocated the necessary resources to implement change. 

2.5 Six Sigma: Tools and Techniques

Regardless of the methodology or name of the continuous improvement program, each organisation and program team will certainly need to use a selection of tools and techniques (Basu,R.,2004) in their implementation process. Most of these tools and techniques are simple to understand and can be used by a large population of the company. However, there are also some techniques which are more complex. These advanced techniques are used by specialists for specific problem solving applications. It is vital that the tools and techniques are selected for the appropriate team and applied correctly to the appropriate process. Therefore the fundamental requirements for achieving repeatable and reliable results by these tools and techniques is a clear understanding, both of the tools and techniques themselves and the process by which they could be applied. 

2.5.1 Tools 

In general, tools and techniques can be broadly defined as the practical methods and skills applied to specific activities to enable improvement. A specific tool has a defined role and a technique may comprise the application of several such tools. 

Examples of some basic tools used in Six Sigma Methodology are: 

Cause and Effect Diagram 

Measurement system Analysis

Pareto Analysis 

Relationship Diagram 

Control Chart 

Histogram 

Flow Chart 

SIPOC Diagram

Time Series/Run Chart 

Scatter Plot 

Regression Analysis 

Cause and Effect/Fishbone Diagram 

5 Whys 

Process Map Review and Analysis 

Hypothesis Testing (Continuous and Discrete). 

Non-Normal Data Analysis.

DOE

Response Surface 

2.5.2 Techniques

A technique, on the other hand, has a wider application than a tool. There is also a need for a greater intellectual thought process and more skill, knowledge, understanding and training in order to use them effectively. A technique may even be viewed as a collection of tools. For example, Statistical Process Control employs a variety of tools, such as graphs, charts, histograms and capability studies, as well as other statistical methods, all of which are necessary for the effective deployment of a technique. The use of a technique may cause the necessity for a tool to be identified. 

Examples of techniques are: 

· Quality Function Deployment

· Statistical Process Control 

· Design of Experiments

· Failure Mode and Effects Analysis 

· Benchmarking

· Self-assessment. 

2.5.3 The drivers for tools and techniques

It is clear that an organized approach for continuous improvement will require the use of a selection of tools and techniques for any effective problem solving process. There are a number of good reasons for this including: 

· They help to initiate the process 

· They pinpoint the problem 

· They offer a basis for systematic analysis leading to a solution 

· Employees using them feel involved 

· They enhance teamwork through problem solving 

· They provide an effective medium of communication at all levels 

· They form a single set of methodology 

· They facilitate a mindset of quality culture 

With the continuous growth of outsourcing and collaborative partnership between suppliers and customers, some tools and techniques offer a common platform for supply level agreements. A customer may insist upon the use of a specific technique as part of an agreement with its supplier. For example, automotive component suppliers have developed a learning experience to apply FMEA (Failure Mode and Effects Analysis) to satisfy the customers that the technique is applied in an effective way. For this manner, both the supplier and customer share the improvement programme and enhance the mutual competitive advantage. The following three key factors should be considered carefully when selecting tools and techniques for a quality initiative:

Rigour in Purpose: The tool or technique selected must be meeting the main purpose or reason for its application. No single tool is more important in isolation, but could be most significant for a specific application. The approach must not be ‘a solution in search problems’.

Rigour in Training: It is imperative that all users of a tool or technique are trained to a level of competence so that they feel comfortable to apply it effectively. It is like giving someone the best golf club and expecting him to win automatically a grand tournament. It just is not possible to become a good player without proper training and practice.

Rigour in Application: After the appropriate selection of a tool or technique followed by adequate training, its success will be determined by the results of its application. The key criteria are: has it solved the problem or has it improved the process? There are instances when a company created a high expectation by selling the virtues of one specific technique. A single tool or technique on its own will produce results in a limited area. It is the cumulative effect of a number of appropriate tools and techniques that would create sustainable benefits for the whole organisation.

Software used for Six Sigma: There are generally two classes of software used to support Six Sigma: analysis tools, which are used to perform statistical or process analysis, and program management tools, used to manage and track a corporation's entire Six Sigma program. Analysis tools include statistical software such as Minitab, JMP, SigmaXL, RapAnalyst or Statgraphics as well as process analysis tools such as iGrafx. Some alternatives include Microsoft Visio, Telelogic System Architect, IBM WebSphere Business Modeler, and Proforma Corp. ProVision. For program management, tracking and reporting, the most popular tools are Instantis, PowerSteering, iNexus and SixNet. Other Six Sigma for IT Management tools include Proxima Technology Centauri, HP Mercury, BMC Remedy
2.6 DMAIC: A Data-Driven quality strategy

The Six Sigma DMAIC (Eckes, G., 2001) (Define, Measure, Analyze, Improve, Control) methodology can be thought of as a roadmap for problem solving and product/process improvement. Most companies begin implementing Six Sigma using the DMAIC methodology, and later add the DFSS (Design for Six Sigma) methodologies.

 A Question frequently comes in mind of every beginner “What makes Six Sigma different from or better than other problem solving technique? DMAIC as just a set of letter or steps is not better. But what is better is what you do as you move through the five DMAIC steps. The biggest difference or advantage of DMAIC probably boils down to these seven items.

Measuring the problem: In DMAIC, you don’t just assume that you understand what the Problem is; you have to prove (validate) it with facts.

Focusing on the customer: The external Customer is always an important, even if you just trying to cut costs in a process.

Verifying Root Causes: in the bad old days, if a team agreed on a cause, that was proof enough. In the good new days (a six sigma world), you’ve got to prove your cause with again, facts and data.

Managing Risks: Testing and perfecting solution – working out the bugs – is an essential part of six sigma discipline and pretty good common sense.

Measuring Results: As we’ve noted that, the follow-up to any solution is to verify its real impact: more reliance on facts.

Sustaining change: Even the best of new “best practice “developed by DMAIC team can die quickly if not nurtured and supported. Making change last is the final key to this more enlightened problem solving approach. There’s more to DMAIC than these seven advantages, but they’re surely the most important.

DMAIC can be described as follows: DMAIC refers to a data-driven quality strategy for improving processes, and is an integral part of the company's Six Sigma Quality Initiative. DMAIC is an acronym for five interconnected phases: Define Measure, Analyze, Improve, and Control. Each step in the cyclical DMAIC Process is required to ensure the best possible results. The process steps and the tools used in each phase are as follow:

2.6.1 D-Define Phase: 

         Define the project goals and customer (internal and external) deliverables.

· Define Customers Requirements (CTQs) or internal process requirements.

· Defines the project by selecting and scooping the problem

· Develop Problem Statement.

· Links the customer requirement to business goals 

· Identify Champion, Process Owner and Team 

· Define Resources 

· Evaluate Key Organizational Support.

Define Steps:

· Select the project.

· Identify resources.

· Prepare project charter.(Fig:2.5)

· Get management approval.

Project selection criteria: There have to be proper criteria for the selection and prioritisation of projects (Goh, T. N., and Xie, M. ,2004). Here, provide general guidelines for project selection. These are:

· High bottom line saving (COPQ) 
· High customer satisfaction-external & internal
· Company strategic goals

· High probability of success

· Easy to change.

· Low on investment/high return on investment.

· High probability of success.

· Easy to change.

· Critical regulatory requirements.

· Past data availability/ease of data collection.

· Low resistance to change.

Deliverables of define phase:

· Project charter

· Define the process scope

· Define the problem

· Define the goal.

· Prepare a business case

· Roles and responsibility

· Project plan

· When was the project start date? 

· When is the estimated completion date? 

· Is the project currently on schedule according to the plan? 

· How did the project manager receive input to the development of the plan and the estimated completion dates/times of each activity? 

· Is there a critical path to complete the project?

·  How will variation in the actual durations of each activity be dealt with to ensure that the expected project completion date is met?

        Define process scope 

· What are the boundaries of the scope? 

· What is in bounds and what is not? 

· What is the start point? 

· What is the stop point? 

· How does the project manager ensure against scope creep?

· Is the project scope manageable? 

· What constraints exist that might impact the team?
Clearly describe the problem and keep the following in mind

· Focus on data.

· Do not depend on feeling.

· Do not be emotional.

· Do not speculate on cause.

· Do not jump to solution.

· Do not blame any body.

· Do not become judgmental,

· Do not generalize, be specific.

· Do not assume anything

      Goal Statement: 

· What is the goal or target for the improvement team's project?

·  Do the problem and goal statements meet the SMART criteria (specific, measurable, attainable, relevant, and time-bound)? 

· Has anyone else (internal or external to the organization) attempted to solve this problem or a similar one before? If so, what knowledge can be leveraged from these previous efforts? 

· How will the project team and the organization measure complete success for this project.
Business Case

· What are the compelling business reasons for embarking on this project? 

· Is the project linked to key business goals and objectives?

· What key business process output measure(s) will the project leverage and how?

· What are the rough order estimates on cost savings/opportunities on this project?

Roles and Responsibilities 

· What are they for each team member and its leadership?

· Where is this documented?

Define Phase tools

· Project management

· Process maps/flowchart

· Pareto diagrams 

Project Management: Project Management is composed of several different types of activities such as:

· Planning the work or objectives 

· Analysis & Design of objectives 

· Assessing and controlling risk (or Risk Management) 

· Estimating resources 

· Allocation of resources

· Organizing the work 

· Acquiring human and material resources 

· Assigning tasks 

· Directing activities 

· Controlling project execution 

· Tracking and Reporting progress 

· Analyzing the results based on the facts achieved 

· Defining the products of the project 

	Product or Service Impacted
	
	Expected Project Savings ($)
	

	Black Belt or Green Belt
	
	Business Unit
	

	Champion
	
	Phone Number  for Belt
	

	Master Black Belt
	
	Email for Belt
	

	Start Date
	
	Target Completion Date
	

	Element
	Description
	Team Charter

	1.
Process: 
	The process in which opportunity exists.
	

	2.
Project Description: what is the “Practical Problem”
	Problem and goal statement (project’s purpose)
	

	3.
Objective:


	What improvement is targeted Cost of Poor Quality (COPQ) and Capability index C-P, back orders, costs?
	Project Y’s
	Baseline
	GOAL
	Entitlement
	units

	
	The “Statistical Problem” - the measurable variable(s
	Metric 1
	
	
	
	%

	
	
	Metric 2
	
	
	
	$/A

	
	
	Metric3 
	
	
	
	units/A

	4. 
Business Cases:

      
	Expected financial improvement, or other justification.
	

	5.
Team members: 


	Names and roles of team members?
	

	6.
Project Scope: 
	Which part of the process will be investigated and excluded.
	

	8.
Schedule:
	Give the key milestones/dates.


	Project Start
	

	
	M- Measurement
	“M” Completion
	

	
	A-  Analysis
	“A” Completion
	

	
	I-  Improvement
	“I” Completion
	

	
	C-  Control
	“C” Completion
	

	
	Note: Schedule appropriate Safety Reviews.
	Safety Reviews
	

	
	
	Project Completion
	

	9. 
Support Required:
	Will any special capabilities, hardware, trials, etc be needed?
	


                                    Fig2.5 :Project Charter Template
Project Plan

	
	M1
	M2
	M3
	M4
	M4
	M5
	M6
	M7
	M8

	Define
	
	
	
	
	
	
	
	
	

	Measure
	
	
	
	
	
	
	
	
	

	Analyze
	
	
	
	
	
	
	
	
	

	Improve
	
	
	
	
	
	
	
	
	

	Control
	
	
	
	
	
	
	
	
	


Fig 2.6: Gantt chart

· Forecasting future trends in the project 

· Quality Management 

· Issues Management

Process maps/ flow chart: Pictorially capture the sequence of activities in a process and help to identify initial activity and final activity while scoping the problem. 

Pareto diagram: Helps in scoping the problem for focusing to specific areas. In any group of factors contributing to a common effect, only a relative few of the factor contribute for most of the effect.

20% vital few factors contribute to 80% of the effect

80% trivial many factors contribute to 20% of the effect.

	Defects in engine assembly
	Counts

	Missing screws
	274

	Missing clips
	59

	Leaky gaskets
	43

	Defective housing
	19

	Incomplete part
	10

	Others
	18


Example: Defects in engine assembly

2.6.2 M-Measure Phase

· Helps understanding the problem from the process perspective.

· Establishes the current performance of the process through data collection.

· Links customer data to process data through CTQ (Hoerl, R. W.,1998) measurements.

· Validate Measurement System(Gage R & R)

· Determine Process Capability and Sigma Baseline.

· Understand variation

Fig 2.7: Pareto chart for defects
Measure Steps

· Develop Data Collection Plan 

· Develop CTQ measures

· Define defects

· Define unit

· Define opportunity

Data Collection Planning and Execution 

· Was a data collection plan established? 

· What data was collected (past, present, future/ongoing)? 

· Who participated in the data collection? 

· How did the team select a sample? 

· What has the team done to assure the stability and accuracy of the measurement process? 

· Was a gauge R&R conducted? 

· Was stratification needed in the data collection and analysis

CTQ: Critical To Quality

· Process: Rolling of steel sheet

· CTQ: Surface imperfection

· CTQ measure: Number of imperfection per unit area

· CTQ specification: Not more than allowable standards.

· Defect: unit area having imperfections beyond allowable limit

· Opportunity: number of types of imperfection

Validate the Measurement System (MSA)

A measurement system analysis is a vital component for many quality improvement initiatives. It is important to assess the ability of a measurement system to detect meaningful differences in process variables. 

Measurement system variability basically consists of repeatability (i.e. variation in the measurement device itself) and reproducibility (i.e. variation in using the measurement devices). In many instances, it is possible to design an experiment in which the level of variation attributed to the operator; parts and the operator by part interaction effect can be assessed. 

This is possible when all operators have the ability to measure each part and is typically the experimental design assessed during the measure phases of the define-measure analyze- improve-control cycle. Before doing analysis on the basis of collected data it is necessary to validate the measuring system by doing Gage R &R study.

Elements of Measurement system

· Person taking measurement

· Measuring equipment

· Measuring method

· Parts to be measured

· Environment

Causes of Measurement Variation 

After knowing the DPMO and sigma level of the process , afish bone diagram was prepared which is a structural brainstorming tool  and identifies the relationship between a problem and possible cause of variation. Brainstorming session of experts identified the causes for defects or problem. The various causes of measurement variation are shown here through cause and effect diagram.

MSA(Gage R&R study)

In the above shown cause and effect diagram, the various causes of variation in the measurement system are indicated but for the analysis point of view , variation due to operator and variation due to gage play a leading role in variation ,so here gage repeatability and reproducibility studies determine how much of your observed process variation is due to measurement system variation. 
In MINITAB we can perform 

Environment              Method                            Material     


Humidity                  Test methods

                                                                    Sample collection    

Temperature              Workmanship
     Lighting                        Standard                sample preparation                         
           Vibration                 Measurements


                    Reproducibility


                
Measurement Variation

                                                      Practice

                                                                                                   Parallax

                                           Calibration                                    

                              Linearity
Training
                             Instrument                                Inspector    
Fig 2.8 Fish bone diagram for Measurement Variation
:

Gage R&R Study (Crossed): When each part is measured multiple times by each operator. 

Gage R&R Study (Nested): When each part is measured by only one operator, such as in destructive testing. In destructive testing, the measured characteristic is different after the measurement process than it was at the beginning. Crash testing is an example of destructive testing.

Minitab provides two methods for assessing repeatability and reproducibility: Xbar and R, and ANOVA. The Xbar and R method breaks down the overall variation into three categories: part-to-part, repeatability, and reproducibility. The ANOVA method goes one step further and breaks down reproducibility into its operator, and operator-by-part, components. The ANOVA method is more accurate than the Xbar and R method, in part, because it considers the operator by part interaction Gage R&R Study (Crossed) allows you to choose between the Xbar and R method and the ANOVA method . Gage R&R Study (Nested) uses the ANOVA method only. If you need to use 

destructive testing, you must be able to assume that parts within a single batch are identical enough to claim that they are the same part. If you are unable to make that assumption then part-to-part variation within a batch will mask the measurement system variation. 

If you can make that assumption, then choosing between a crossed or nested Gage R&R Study for destructive testing depends on how your measurement process is set






.



Fig 2.9: Gage R& R

up. If all operators measure parts from each batch, then use Gage R&R Study (Crossed). If each batch is only measured by a single operator, then you must use Gage R&R Study (Nested). In fact, whenever operators measure unique parts, you have a nested design.

Understand variation: Before approaching towards the goal of quality improvement it is necessary to understand the concept of process variation. Here the concept of variation is described with the help of an example. As this figure is self explanatory, the analysis of it indicates that :

Supplier B will be preferred.

Variation in the process of supplier B will be low.

Supplier B has his process under control.

Customer will have better confidence of supplier B. 

Remove special cause variation: In any process the main cause of variations in the product features or service are special causes. To capture these special causes it is necessary to first demarcate between the common causes and special cause because it is found that it is worthless to work on common causes.

                                                   Supplier B                 






                       Supplier A                  






                                                                                        30th June

Fig 2.10: Supplier Variation

Table 2.5: Special/Common Cause

	SL.No
	Common causes
	Special Causes

	1.
	Inherent to the process
	Sporadic

	2.
	Always present
	Not always present, only occasional

	3.
	Anyone cause results in small variation. Many causes act together to yield substantial variation
	Any one cause can result in 

Large amount of variation.

	4. 
	Cannot be detected and eliminated easily
	Can be detected and eliminated easily


Note:  A process is said to be stable or under statistical control when only common causes are operating in the process and no special cause are present

Determine Process Capability and Sigma Baseline.

Process capability statistics (Godfrey, A. E.,2002) are numerical measures of process capability - that is, they measure how capable a process is of meeting specifications. These statistics are simple and unit less, so we can use them to compare the capability of different processes. Capability statistics are basically a ratio between the allowable process spread (the width of the specification limits) and the actual process spread (6 σ). Some of the statistics take into account the process mean or target. 

Assumption: There is no capability unless the process is in control. In order to make

proper use of the capability statistics, the process must also produce measurements that follow a normal distribution. We should verify that the process is stable by checking a control chart for the location (such as an Xbar chart or an I chart) and one for the variation (such as an R chart, an S chart or an MR chart).

Capability Analysis (Normal)

Use Capability Analysis (Normal) to produce a process capability report when your data are from a normal distribution or when you have Box-Cox transformed data. The report includes a capability histogram overlaid with two normal curves, and a complete table of overall and within capability statistics. The two normal curves are generated using the process mean and within standard deviation and the process mean and overall standard deviation.

The report also includes statistics of the process data, such as the process mean, the target (if you enter one), the within and overall standard deviation, and the process specifications; the observed performance; and the expected within and overall performance. So the report can be used to visually assess whether the data are normally distributed, whether the process is centered on the target, and whether it is capable of consistently meeting the process specifications.

Use Capability Analysis (Between/Within) to produce a process capability report using both between-subgroup and within-subgroup variation. When you collect data in subgroups, random error within subgroups may not be the only source of variation to consider. There may also be random error between subgroups. Under these conditions, the overall process variation is due to both the between-subgroup variation and the within-subgroup variation.

Capability Analysis (Between/Within)

Capability Analysis (Between/Within) computes standard deviations within subgroups and between subgroups, or you may specify historical standard deviations. These will be combined (pooled) to compute the total standard deviation. The total standard deviation will be used to calculate the capability statistics, such as Cp and Cpk.

The report includes a capability histogram overlaid with two normal curves, and a complete table of overall and total (between and within) capability statistics. The normal curves are generated using the process mean and overall standard deviation and the process mean and total standard deviation.

can help you assess whether your process is in control and the product meets specifications.
Process capability for attribute data

Binomial data

Binomial data is usually associated with recording the number of defective items out of the total number of items sampled. For example, if you are a manufacturer, you might have a go/no-go gauge that determines whether an item is defective or not. You could then record the number of items that were failed by the gauge and the total number of items inspected. If you are an assembler, you could record the number of parts sent back due to poor fit in the assembly process and the total number of parts purchased. Or, you could record the number of people who call in sick on a particular day, and the number of people scheduled to work that day. These examples could be modeled by a binomial distribution if the following conditions are met:

Each item is the result of identical conditions.

Each item can result in one of two possible outcomes (“success/failure”, “go/no-go, etc.).

The probability of a success (or failure) is constant for each item.

The outcomes of the items are independent of each other.

Deliverables of Measure Phase

· Sigma level of the process

· DPMO level

· Long term and short term process capability

· Special cause identified, if any

· Stable process

Measure tools

· Gauge R&R

· Histogram

· Probability plot

· Process capability calculations

· Control Charts

2.6.3 A -Analyze Phase:

Objective: To identify and validate the root causes that assure the elimination of “real” root causes.

Main Activities
· Theorize on probable causes of variation.(Brainstorming)

· Cause and effect Analysis

· Identify Value/Non-Value Added Process Steps 

· Identify Sources of Variation.

· Hypothesis Testing.

· Regression Analysis.

· Validate most influential causes of variation.

One of the major aspect of analyze and improve phase is Brainstorming. As we know that in the analyze phase we have to identify the probable causes of variation and in the improve phase we have identify, evaluate and select the right improvement project .In these phases brainstorming plays an effective role.

Brainstorming 

· It is act as a creative tool.

· It is used to capture the ideas of a team.

· Used to generate a large number of ideas in short span of time.

· Ensures participation from all members of the team.

Brainstorming –Methodology

· Record all ideas.

· Give opportunity to everybody one by one in round robin method.

· Give one idea at a time.

· Continue till all ideas are exhausted or predetermined time is over.

· Defer discussions.

· Build on each other’s ideas.

2.6.4  I-Improve Phase

 Improve the process by eliminating defects.

· Perform Design of Experiments 

· Develop Potential Solutions 

· Define Operating Tolerances of Potential System 

· Assess Failure Modes of Potential Solutions (Kubiak, T., 2003) 

· Validate Potential Improvement by Pilot Studies 

· Correct/Re-Evaluate Potential Solution.

Design of Experiments

Design of Experiment (DoE) is a structured, organized method that is used to determine the relationship between the different factors (Xs) affecting a process and the output of that process (Y). This method was first developed in the 1920s and 1930, by Sir Ronald A.Fisher, the renowned mathematician and geneticist. Design of Experiment (Mader, D. P., 2002) involves designing a set of ten to twenty experiments, in which all relevant factors are varied systematically. 

When the results of these experiments are analyzed, they help to identify optimal conditions, the factors that most influence the results, and those that do not, as well as details such as the existence of interactions and synergies between factors. DOE methods require well-structured data matrices. When applied to a well-structured matrix, analysis of variance delivers accurate results, even when the matrix that is analyzed is quite small. Experimental design is a strategy to gather empirical knowledge, i.e. knowledge based on the analysis of experimental data and not on theoretical models. It can be applied whenever you intend to investigate a phenomenon in order to gain understanding or improve performance.

Building a design means, carefully choosing a small number of experiments that are to be performed under controlled conditions. There are four interrelated steps in building a design:

· Define an objective to the investigation, e.g. better understand or sort out   important variables or find optimum. 

· Define the variables that will be controlled during the experiment (design variables), and their levels or ranges of variation. 

· Define the variables that will be measured to describe the outcome of the experimental runs (response variables), and examine their precision. 

· Among the available standard designs, choose the one that is compatible with the objective, number of design variables and precision of measurements, and has a reasonable cost.

Standard designs are well-known classes of experimental designs. They can be generated automatically as soon as you have decided on the objective, the number and nature of design variables, the nature of the responses and the number of experimental runs you can afford. Generating such a design will provide you with a list of all experiments you must perform, to gather enough information for your purposes.

Design of Experiments (DoE) is widely used in research and development, where a large proportion of the resources go towards solving optimization problems. The key to minimizing optimization costs is to conduct as few experiments as possible. DoE requires only a small set of experiments and thus helps to reduce costs

Failure Modes and Effects Analysis 

Failure Modes and Effects Analysis (FMEA) is methodology for analyzing potential reliability problems early in the development cycle where it is easier to take actions to overcome these issues, thereby enhancing reliability through design. 

FMEA is used to identify potential failure modes, determine their effect on the operation of the product, and identify actions to mitigate the failures. A crucial step is anticipating what might go wrong with a product. While anticipating every failure mode is not possible, the development team should formulate as extensive a list of potential failure modes as possible.

The early and consistent use of FMEAs in the design process allows the engineer to design out failures and produce reliable, safe, and customer pleasing products. FMEAs also capture historical information for use in future product improvement.

Types of FMEA's

There are several types of FMEAs; some are used much more often than others. FMEAs should always be done whenever failures would mean potential harm or injury to the user of the end item being designed. The types of FMEA are:

· System - focuses on global system functions 

· Design - focuses on components and subsystems 

· Process - focuses on manufacturing and assembly processes 

· Service - focuses on service functions 

· Software - focuses on software functions 

FMEA Usage

FMEA's (Stamatis, D.H., 1995) provide the engineer with a tool that can assist in providing reliable, safe, and customer pleasing products and processes. Since FMEA help the engineer identify potential product or process failures, they can use it to:

1) Develop product or process requirements that minimize the likelihood of those failures. 

2) Evaluate the requirements obtained from the customer or other participants in the design process to ensure that those requirements do not introduce potential failures.

3) Identify design characteristics that contribute to failures and design them out of the system or at least minimize the resulting effects. 

4) Develop methods and procedures to develop and test the product/process to ensure that the failures have been successfully eliminated. 

5) Track and manage potential risks in the design. Tracking the risks contributes to the development of corporate memory and the success of future products as well. 

6) Ensure that any failures that could occur will not injure or seriously impact the customer of the product/process

2.6.5 C - Control Phase


Once the "Control" phase (Lynch, D. P., Bertolino, S., 2003) in the DMAIC methodology is in full effect, all the trouble making issues can be gone for good. Monitoring plans, standardized processes, documented procedures, and response plans are all implemented to keep problems in their rightful place. 

This is important to note because, of any phase in the process, problems can come back to life in the "Control" phase. As a result, impeccably designed control systems are crucial; and the effectiveness of these systems must be continually challenged.

The key deliverables in the "Control" phase are:

· Updated standards and procedures 

· Training as needed 

· Control plan 

· Control metrics 

· Communication of the success stories 

· Leverage and standardize opportunities 

· Team evaluation 

The Control Plan—The last nail in the problem's coffin
The way to keep past problems in the past is with a vigorous Control Plan—a tool that outlines the problems, states the accompanying improvements, lists project goals, and has a vision for the project's future.

Included in the Control Plan are robust metrics for measuring the success of the improvements made. How these improvements impact product and service outcome are reviewed so that operational performance is stable and optimized.

The result is:

· A system for obsessive compulsive monitoring 

· Nipping problems and deviations in the bud before they arise 

· Steadfast assessment of process capability 

Ultimately, the Control Plan enables you to bid a not so fond farewell to defects, variability, and waste. Instead, operational excellence becomes business as usual.

Chapter Three: CSFs for Six Sigma Implementation

Six sigma has become a popular approach in many organizations today to drive out variability and reduce waste in processes using powerful statistical tools and techniques. Many organizations have reported significant improvement and benefits as a result of Six-Sigma implementation. General Electric (Lucier, G. T., and Seshadri, S., 2001) is one of the most successful companies in implementing Six Sigma project. Other companies such as AlliedSignal, Citibank and Sony, have also succeeded in six-sigma implementing. However, not all companies can clam to have had the same benefits.

 It is found that fewer than 10 per cent of the companies are doing it to the point where it’s going to significantly affect the balance sheet and the share price in any meaningful period of time.  

This contrast results making Six-sigma implementation a complex and central process, where the critical success factors (CSFs) in the implementation of six sigma must be recognized. CSFs (Coronado, R. B., and Antony, J., 2002) are those factors, which are critical to the success of any organization, in the sense that, if the objective associated with the factors are not achieved; the organization will fail –perhaps catastrophically so in the context of Six-Sigma project implementation, CSFs represent the essential ingredients without which a project stands little chance of success. Before adopting the Six-sigma we must find out all the parameters and factors that will effect the project execution and its success. In order to manage and optimize the process output, it is important that we identify the key input variables, which influence the output. The key ingredients of Six Sigma play an identical role of input variables to any process. The following CSFs are identified from the literature and by means of brain storming session with quality professionals and Line leaders (Black Belt) within the industries, who are familiar with the six sigma implementations and other quality management philosophies. These CSFs are broadly categories into three main categories. These are as follow:

1. Management involvement and commitment
· Resource and investment for Six Sigma implementation.

· Organisational Infrastructure

· Rewarding and recognizing team members

· Communication Plan(success and failure stories)
2. Training
· Basic and advanced statistical tools

· Project Management
· Team management

· Project prioritization and selection, review and tracking

· Documentation 

3. Selection of Consultant

There have even been cases where entire Six Sigma programs have been scrapped after significant investment due to low returns. How is this possible? Review of these failures and shortfalls has generally concluded that the lack of attention to the Critical Success Factors, for a sustained period of time, created a management vacuum around the program. Thus, the reactive culture that Six Sigma normally ferrets out through attention to data driven analysis returned and overcame the Six Sigma initiative. It's human nature to revert to the old way (the comfortable way) of doing things when under stress.

The positive results don't come easy and are driven by many factors besides management alignment. Without the statistics, the Black Belts, the projects, and the training, none of these results can be realized. But equally, the lack of alignment between people, strategy, customers and processes can quickly derail the best-intentioned initiative and quickly divert the attention of management. 

3.1 Management Involvement and Commitment

Without the top management commitment (Antony, J., and Banuelas, R. (2002)) and support, the true importance of the initiative will be in doubt and the energy behind it will be weakened Six Sigma requires top management commitment and contribution of required resources and effort. It is mainly found that the CEO’s are generally involved in the overall implementation of Six Sigma. Those who have implemented and practiced six sigma agree that the most important factor is continued top management support and enthusiasm.

· Requiring the use of facts and data to support actions at all levels of decision making.

· Creating accountabilities, expectations, roles and responsibilities for the organization.

· Conducting and attending regular reviews to assure and verify progress.

3.1.1 Resource and Investment for six sigma Implementation

Implementation of Six Sigma projects means commitment of resources, time, money, and effort by the entire organization, based on clear mandates from senior executives. We generally found the Six Sigma Organizational structure to be integrated a strong matrix within the overall structure of the organization. This appears to allow Six Sigma projects to be undertaken as part of normal business activities rather than as a separate initiative super-imposed on the organization. People in the highest level of the organization must drive six sigma. All of them should support, participate and actively involved and dedicated in company-wide six sigma initiatives. The management must have the following as given below for the successful implementation of six sigma strategy. 

· Visible, consistent support and provide necessary resources for Six sigma implementation an active role in communication and reward.

· Assuring linkage of Six Sigma to corporate strategies.

· Clear prioritization (relative to other initiatives, programs and priorities).
3.1.2 Organization Infrastructure

In addition to top management, there also needs to be an effective Organisational infrastructure in place to support the six sigma introduction and development program within any organization. For instance, it is highly desirable to have some degree of communication skills, long-term focus/strategy and teamwork. Moreover it should have enough resources and investment to embark on six sigma. The CEO or vice-president, who is considered as the Six Sigma champion, leads six Sigma initiatives. This will be followed by the formation of master black belts, black belts, green belts and other team members who are individuals who support specific projects in their area. Apart from the belt system, Six Sigma program also requires project sponsors (or champions in some organization) who provide guidance to the project team and find and negotiate resources and budget for the project. The timing and readiness of the organization is also important. This is because Six Sigma effort requires a great deal of resources such as staff commitment, top management commitment, time, energy and costs, etc. Companies that have decided to adopt six sigma must know that to see benefits, they need to wait; they need to be long-term focused (Mann, R. and Kehoe, D., 1995). 

To keep people interested in six sigma, small quick wins can be reached in the earliest phases and then focus on more ambitious projects that require more time and resources to reach them. 

According to study it is found that, an average company performance is at the level of three sigma (66,807 DPMO). It would take more than a year to go from three to four sigma shift in business processes (i.e. 6,210 DPMO). It is difficult to have a shift in sigma capability level while getting closer to six-sigma quality level. However, the first shift in sigma (until 4.8 sigma) could be done relatively easily and without large investments. When a company has reached 4.8 sigma, the strategy is not defect removal anymore; instead, the six-sigma strategy will shift to refining the systems. This is known as design for six sigma (DFSS). When implementing DFSS, process and services are re-designed from scratch to reach six sigma levels. Each shift has an exponential reduction of defects, consequently affecting the cost of poor quality and profit margin. It is best to focus first on short-quick wins to gain the appreciation of the power of six sigma within the organization.
3.1.3 Reward and Recognition 

The right employee rewards and motivation programs can deliver excellent ROI and improve retention. The focus of the reward system in the Company is to promote team work and cultivate a sense of achievement and excellence in the Organisation. This is in addition to the existing scheme of reward for an individual who innovatively and creatively makes exemplary contributions in the key thrust areas of the Company that would lead to its achieving overall excellence. Coupled with the above, schemes like "Inter Divisional Competition" and "Profit Sharing Scheme" have been institutionalized in the Company for team reward.

3.1.4 Communication Plan

A communication plan is important in order to involve the personnel with the six-sigma initiative by showing them how it works, how it is related to their jobs and the benefits from it. By doing this, resistance to change can be reduced (Henderson and Evans, 2000). When Six sigma was launched in Sony Electronics, as a part of the communication plan, slogans such as “show me the data” were frequently seen on internal magazines and pins worn by employees. The idea was to communicate a new management style based on facts and data. It is important to establish a communication program that can describe what should be communicated by whom and how often. It would help organizations to propagate their business strategy, customer requirements and work team. After implementation of six sigma projects, it is best to publish results, but these should not be restricted to success stories but also admit and communicate setbacks. It will help other projects in the pipeline to avoid the same mistakes and learn from mistakes. In many cases failure of six sigma occurs because of resistance to change, if this methodology communicates properly the 

Chances of failure reduced significantly.


So the communication plan should be design by taking care of all the parameters given below as follow:

· Creation and communication of a Human Resources plan to support Six Sigma roles.

· Development and dissemination of communication aids to management.

· Advocating and creating a "common language" based on Six Sigma. 

· Regular written communications on Six Sigma news and successes.

· Communicating pertinent facts about Six Sigma in every company meeting.

3.2 Training


Training is a crucial factor in the successful implementation of six sigma projects. It is critical to communicate both the “why” and the “how” of six sigma as early as possible. The belt system must be applied throughout the company starting with top management (i.e. the champions) and should be cascaded down through the Organisational hierarchy. The belt system ensures that everyone in the organization is speaking the same language. This makes the setting up and execution of Six Sigma projects much easier throughout the organization. The curriculum in the belt system varies from organization to organization and from consultant to consultant; however it needs to be provided by identifying the key roles of the people directly involved in applying six sigma, this does not mean that they are the only individuals within the organization in charge of six sigma. They are agents of change who should spread the six-sigma philosophy throughout the company.

Operators who know their process better than anybody should also be familiarized with it since they are the main contributors of the quality in products and services.

Although the belt system offers a wide knowledge in six-sigma initiative, it would not reinforce all the new knowledge and skills needed to sustain six sigma. Throughout the time companies need to look outside the six-sigma discipline for other methods and ideas that complement it passing from a trained organisation to a learning organisation. 

Training should cover both qualitative and quantitative measures and metrics, leadership, and appropriate project management practices and skills. It is important to note that formal training is part of the development plan of various Belt level experts. People need to be better informed of the latest method, tools, and techniques of Six Sigma, and to be able to communicate effectively with actual data and meaningful analysis.

3.2.1 Basic and Advanced Statistical Tools

The proper understanding of tools and techniques is necessary for the effective implementation of six sigma methodology, without it the energy behind the methodology become weaker and rate of success will be in doubt so to overcome this Continuous Education and Training is required to understand the basics of methodology.

Education and training give a clear vision to people to better understand the fundamentals, tools, and techniques of the Six Sigma approach. Training is part of the communications techniques used to make sure that managers and employees apply complex Six Sigma tools effectively. The ranking of expertise identified by the Six Sigma Belt system (Master, Black, Green, Yellow) ensures that establishment and execution of Six Sigma projects are accomplished seamlessly .The training curriculum is customized and needs to be provided by identifying key roles and responsibilities of individuals implementing Six Sigma projects. Organizations need to continuously learn and adapt the latest methods and techniques outside the Six Sigma domain that might be useful in complementing the Six Sigma approach. During the belt training, employees learn three main groups of tools and techniques, which are divided into team tools, process tools and leadership tools. With the knowledge obtained, it is important that employees will be capable of adopting and developing the six-sigma methodology. Since methodologies vary from organisation to organisation, there is no standard methodology and organisation must be capable of choosing the most appropriate tools and techniques applicable to them.

Within the arena of six sigma, there are two different methodologies, which are listed below:

The problem solving methodology which can be either MAIC or DMAIC (where D stands for define, M stands for measure, A stands for analyze, I stands for improve and C stands for control); and Preventative methodology known as design for six sigma, which consists of four stages: identify, design, optimize and validate (IDOV). 
These two six sigma methodologies have strong bases in the use of statistics; however, in most cases, advanced statistical techniques are not needed. The well-known seven quality tools in combination with basic statistical process control (e.g. run charts, control charts, etc.) and other statistical methods (hypothesis testing, ANOVA, ANOM, etc.) are enough on many occasions .It is important that people with experience in six sigma assist, follow up and track projects’ progress. In addition, there has to be a clear set of metrics that are used to measure process performance against customer requirements. Examples of metrics include defect rate, cost of poor quality, throughput yield, rolled throughput yield, etc. Accurate data are also required for analyzing potential root causes and support the team’s decisions. 

3.2.2 Project Management 

Another key ingredient in the implementation of six sigma is that project leaders must have some basic project management skills. As it was mentioned earlier in the black belt training program, participants must be taught team tools, where project management skills are included. Most of the projects fail due to poor management skills, setting agendas, setting and keeping ground rules, determining the meeting’s roles and responsibilities, or undesired facilitative behaviors.

Project managers, champions, black belts and green belts should consider the key elements of project management, time, cost and quality. Defining them will provide the team with the scope, aim and resources needed to deliver an improvement in the short time, at the lowest cost and meeting the requirements needed. To obtain this, they need to work in cross-functional teams in which facilitative leadership guides the team to contribute in reaching the business strategy by identifying customer requirements.

3.2.2a Team Management

Teams (Black, S.A. and Porter, L.J., 1996) are cooperative groups that maintain regular contact and engage in coordinated action. They strive to achieve a high degree of teamwork, which is aided by a supportive environment, proper skills, super ordinate goals, and team reward. Teamwork is a fundamental element within six sigma. The value of teamwork formed by cross-functional teams will launch a sense of ownership, better communication, team working value and overall view of the organisation. It is important for an organisation willing to adopt Six-sigma methodology to think of their team structure and its composition for any new Six-sigma project.

Team Structure
It is recommended that the team should be divided into 3 levels: stakeholders, core team, and extended team (Fig.3.1).The stakeholders are key business leaders ultimately accountable for the success of the project. Their role is to provide high-level guidance to the team, help remove barriers, and provide funding. The core team is the group responsible for the design and implementation of the solution. Your extended team includes other people in the organization contributing to the project on an as-needed basis. These Extended-team members include subject-matter experts.

Team Management Model

This Model addresses the core team, and how these team members are selected. Having the right core team can make or break a project. Take care when selecting your team members. The elements to consider include:

· Overall team composition

· Team selection criteria

· Team size

· Process for selecting team members.

Team Composition

A well-rounded team includes a mix of people and skills. The team should include:

· Some individuals who intimately understand the current process (experts – could be at any level in the organization).

· Some individuals who actively use the process and work closely with customers (including union involvement when applicable).

· Some technical wizards.

· Some individuals who are completely objective toward the process and outcome (consultants may fall into this category)

· Customers of the process (when possible) and suppliers (those people who are involved with the process at the boundaries)

· Some individuals who are not familiar with your process (someone who brings a fresh perspective and outlook to the team).
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                                         Fig 3.1: Team structure

Team Selection Criteria

One of the most challenging and critical aspects of six sigma is selecting the best of the best within the organisation. While selecting team members, make sure that they are:

· Creative and open minded

· Good team players

· Well respected among peers, stakeholders, and other business leaders.

If your stakeholders are helping select team members, share this criteria with them, and be clear on your expectations for the team.

Team Size Considerations

The recommended size (Mann, R. and Kehoe, D. ,1995) for teams is 3 to 12 members. Smaller teams (3 or 4 members) work faster and tend to produce results more quickly. Teams greater than 7 or 8 members require additional facilitation and often require sub teams to be formed in order for the team to operate effectively.

For more than 8 members, it is recommended that a small core team should be established (3 to 4 people) to manage the overall project, and then divide into sub teams consisting of 2 to 4 members each. The argument for larger teams is greater functional representation. This representation brings different business perspectives to the table, and a greater knowledge base. The trade-off is that larger teams move more slowly through the creative process, and, given resource constraints, the members are often part-time.

Suggested Core Team Roles

· Team Leader 

· Taking accountability for the project outcome.

· Selecting the methodology. 

· Planning the project.

· Interacting with the steering committee. 

· Managing the budget. 

· Leading the team.

· Project Manager (same as team leader for small teams)

· Project scheduling and milestone tracking.

· Managing all sub-team activities.

· Monitoring progress and identifying jeopardy items.

· Facilitator (not always required for small teams)

· Facilitating team meetings

· Staying objective

· Bringing order and focus to meetings

· Team Members

· Learning from others, 

· Designing the overall solution, 

· Implementing the design


3.2.2b Project prioritization and selection, review and tracking

Selecting the right project can have a tremendous effect on the business. If done properly, processes will function more efficiently in 3 to 6 months, employees will feel satisfied and appreciated for making business improvements and ultimately shareholders will see the benefit.

If project selection is done improperly, a project may be selected that doesn't have the full business buy-in, project roadblocks may not be removed due to other business priorities, the team may feel ineffective and the end result may be less than ideal. No one wins in this situation, especially the quality manager who may look to these same people the next time a need arises. So how do you make sure you select projects in-line with business priorities? 

There have to be proper criteria for the selection and prioritisation of projects. Poorly selected and defined projects lead to delayed results and also a great deal of frustration. Here, provide three generic categories of projection selection criteria. These are:

· Business benefits criteria

· Impact on meeting external customer requirement;

· Financial impact;

· Impact on core competencies.

· Feasibility criteria

· Resources required;

· Complexity;

· Expertise available, etc.

· Organisational impact criteria

On the basis of above-mentioned categories, here the five basic guidelines are proposed to keep handy the next time you are evaluating potential quality improvement projects:

Ask your business leader for the three greatest issues facing the business. Make sure your project is one of the issues or is directly related. This will ensure that your management team is giving the project the proper attention and quickly removing roadblocks.

· What are the three greatest issues as seen from the eyes of your customers? Look through customer complaint logs, listen to call center telephone conversations and call customers that have stopped your company service. Create a Pareto chart to prioritize issues. This will help with project prioritization and project selection.

· Is the project manageable? Can the project realistically be completed by a team within six months? If longer, you may lose members as they move to other jobs or the team may feel frustrated that they're not making a difference.

· Will the team have a measurable impact on the business processes or financial bottom line? Don't embark on a project without knowing what the benefits are to the business. This will keep your team motivated along the way.

· What is your process capability? If you haven't been measuring your process, how do you know it needs improvement? Make sure you know what amount of defects the process is currently producing and define your project-desired outcome.

· When projects are selected, it is important to define their scope, limitations etc. showing what the team will be and will not be working on. Moreover, the project goals or objectives must reflect the critical quality requirements from customers.

· Every business is different and you should ensure that your specific priorities are taken into account when evaluating and prioritizing potential projects. 

3.2.3 Documentation

There are so many valid reasons for maintaining systems and procedural documentation.....
  

· To create an accurate record of systems design, maintenance, upgrade and replication. 
· To establish an historical basis for future decisions. It’s harder to know where you need to go, if you have no record of where you have been.

· To provide members with a customized knowledgebase of systems configuration data, operational procedures and policy information.   

· To ensure consistency through staff changes and organizational transitions.  

· It is just good business sense. 

No matter how valid the reason, the problem is always the same.....where can you find the time?   With the demands of daily production, and the need to respond to service requests and critical projects, documentation usually takes it's place at the end of the line.  But it really is a vicious cycle........ 

Without meaningful documentation, Team members may spend more time dealing with technical problems, repeatedly researching and collecting information, and implementing different flavors of the same technical solutions.  All this leads to more work and time not well spent.

Getting started on the road to meaningful documentation may seem overwhelming (and not particularly exciting),  but it only hurts the first time.  Once you have gotten over the initial hurdle, and have established a regular format and routine for documentation, you can ultimately save time and increase productivity.

To get started, consider the following guidelines for effective and useable documentation:

· Whatever the medium (paper or electronic), develop standardized formats and templates.  In addition to the resulting consistency, your staff will likely find the road to documentation easier to navigate when the path is laid out, then when staring at a blank screen (or paper).
   

· Make documentation part of your organizational culture, and if needed, make it part of employee performance objectives. 
   

· Establish content guidelines that include explanations and reasoning. 
   

· Allow sufficient time and resources for documentation when scheduling projects and services.  
   

· Use documentation as a marketing tool for sharing valuable information, and to strengthen the lines of communication between IT and the end-users. 

In short, effective technical documentation will take some time and effort, but it can be a worthwhile endeavor.

3.3 Selection of Consultant

Consider the level of knowledge, experience, available resources and bottom line improvements gained in the past. If an organisation has consistently achieved the highest levels of success on its own, there is no compelling reason s to involve external consultant. If on the other hand, there are disputes as to the effectiveness of your program or currently lack the knowledge /experience/resources, having the right external resources to fill in the gap can be a very smart move.

For the deployment and success of any six-sigma program, it is crucial to select the right consultant or advisor (Henderson, K.M. and Evans, J.R.,2000),out of so many pro-claimed experts, how do we find which one is right for us? Should we involve outsiders at all? How do we know if we can do this successfully only with our internal resources? To answer these questions the following guidelines may be of interest: - Proper training and development of internal available resources. 

The word “internal” should be emphasized here, since it is found that long-term and/or ongoing dependence on external resources is not healthy-financially or strategically. Rather, the external help should be utilized on as –needed basis for every specific reasons. We do not depend on our medical doctors to keep us healthy – rather, we best make use of them for regular check-ups and to help us quickly recover from an illness.  Many organisation, consultants and people involved in six sigma show the immense benefits of implementing this philosophy. Prior to the selection of consultant it is essential that you take lead in defining the objectives and setting the success criterion. Having the consultant define their own scope of work can be a dangerous thing .can you imagine getting in a cab and letting the driver decide on where you want to go ?In this approach, clearly communicate your objectives and goals –the consultant can decide and/ or advice you on specific routes to take , but you need have a clear picture of your goal and destination. During the initial screening, make sure that you feel comfortable with your selection at personal level. And most importantly, clearly communicate your expectations and demand bottom line result from early on. Make sure the consultants you are dealing with are certified with a reputable organisation. Remember one simple rule- any external consultant we hire should be significantly better qualified in his/ her specific area of expertise than your internally available capabilities.

Consultants can also unintentionally create barriers by: 

· Having the solution being viewed as "theirs" and not "yours" 

· Taking too strong a lead role and disengaging the organization

· The team leader and stakeholders must decide the role they want the consultant to play, and let that influence the consultant selection process. 

Three very different roles are:

Role A - A strong facilitator and experienced practitioner who brings a methodology with them. If you need this type of support, look for consultants who have strong facilitation skills and in-depth process design knowledge. 

Role B - A team member; can be an objective and unbiased contributor to the solution; may fill a gap in your team that cannot be filled from within the organization; should be someone knowledgeable in your industry. 

Role C - A subject matter expert with knowledge of performance levels and best practices of similar organizations and processes; able to perform specific tasks for the team. 

Teams that have strong internal facilitators and experienced process design leaders should lean toward Role B or Role C. If the organization lacks internal skills to facilitate the team, then Role A may be required. You may need a combination of these roles. Whichever roles you choose, define the responsibilities clearly. For example, will your consultant be responsible for: 

· Writing project documentation? 

· Leading the project and facilitating meetings? 

· Making presentations to stakeholders and associates? 

· Making decisions for the project?

Six sigma has been considered as a revolutionary approach to product and process quality improvement through the effective use of statistical methods (Harry and Schroeder, 2000; Eckes, 2000; Pande et al., 2000). This Chapter illustrates the critical success factors for the successful implementation of six sigma projects. These factors were derived from a thorough analysis of various journal papers, books, case studies and discussions. In order to achieve the full potential of six sigma applications, it is important to take these factors into consideration. If any of these ingredients are missing during the implementation of six sigma projects, it would be then the difference between a successful implementation and a complete waste of effort, time and money. The next stage of the research is to evaluate and justify the best alternative approach by using AHP/ANP .Before going to the analysis mode it is required to discuss the various alternative Six sigma approaches (Chapter 4). In this phase we have to identify and prioritize the alternative Six sigma approaches on the basis of CSFs under the present industrial environments of the company. So that the implementation of Six Sigma in the company will maximize the ROI.

Chapter 4: Six Sigma Implementation Strategies

Selection of appropriate Six Sigma Alternative strategies on the basis of critical success factors has strategic implications that contribute to the process and product improvement of a manufacturing organisation.Each alternative approach has its own characteristics and property. The Board members of the company wants to maximize the Return of investment (ROI) from the Six Sigma initiative taken by them. For that purpose they have to select the approach which maximizes their financial gain These Six Sigma approaches which is going to be discussed in this chapter were identified with the help of the senior people like GM (Process), GM (Finance) and the Line Leaders of phoenix lamps limited. The Identified alternatives are as follows:

· Linking Six Sigma Initiatives with Human Resource (LSSW-HR).

· Linking Six Sigma Initiative with Customer Satisfaction.(LSSW-CS)

· Linking Six Sigma Initiative with Suppliers.(LSSW-S)

· Linking Six Sigma Initiative with Bottom line savings.(LSSW-BLS)

4.1 Linking Six Sigma Initiative with Human Resources
HR's Role in Six Sigma

As with any major organizational initiative, many factors contribute to success. Some of these factors will fall with in HR's area of responsibility, such as those discussed below.

4.1.1 Black Belt Selection and Retention  


Having the right people in the Black Belt role is critical to the success of a Six Sigma initiative. The training investment is substantial for this pivotal role. Further, Black Belts are the visible "face" of Six Sigma. They help shape the organization's impression of Six Sigma, and, consequently, the willingness of many to embrace the initiative. Therefore, you want to pick Black Belts very carefully. (Some organizations only select Black Belts from among those who have already been identified as "high potentials.").HR professionals (De Feo, J. A., 2000) can help the Six Sigma Leader find the right people for Black Belt roles and ensure they remain in those positions for the typical two-year rotation. 

Potential HR contributions in this area include: 

Building a competency model that will help identify candidates with the right mix of technical, team, and leadership skills and abilities. Creating job descriptions that help candidates fully understand the position and expectations prior to signing on. Developing a retention strategy that will help ensure Black Belts complete their rotation and the organization recoups its investment in training and development.

4.1.2 Rewards and Recognition


Rewarding and recognizing Black Belts and Six Sigma teams is more complex than it may appear. Black Belts join the Six Sigma initiative from various places in the organization where they are likely to have been at different job levels with differing compensation arrangements. Determining whether and how to make appropriate adjustments in level and compensation now that all these individuals are in the same role is both tricky and critical.

Similar complexities are involved at the project team level. Six Sigma projects led by Black Belts typically result in savings in the hundreds of thousands of dollars. Deciding how the team should be rewarded and recognized and who should get credit for what is not easy. Yet ignoring these issues can result in resentment, reluctance to work on Six Sigma projects, and the potential failure of the overall initiative.HR professionals can help the Six Sigma Leader tackle the challenge of establishing the right rewards/recognition. 

Potential HR contributions in this area include: 

Analyzing existing compensation arrangements to identify the extent to which those arrangements will support the Six Sigma initiative. Creating a strategic compensation plan that will better support Six Sigma. Developing a non-monetary reward program for Six Sigma teams.

4.1.3 Project Team Effectiveness


The work of Six Sigma is done mostly at the project team level by a Black Belt leading a small team through the steps of the DMAIC method. If the team itself does not function well or does not interact effectively with others in the organization who ultimately have to support and carry out the process changes, the project probably will not be successful. Given the typical project's potential payback, failure can be expensive.

HR professionals can help the project teams work together more effectively. 

Potential HR contributions in this area include: 

Ensuring team leaders and members get training and/or coaching in teamwork, conflict management, communications, dealing with difficult team members, and other team effectiveness skills. Providing teams with tools that allow them to diagnose their own performance and identify when and where they need help. Acting as a resource for Black Belts who encounter team-related challenges they cannot surmount.

4.1.4 Creating a Six Sigma Culture


Many Sponsors, Champions, and Leaders look to Six Sigma as a way to change an organization's culture (Foulkes, M., and Keight, E., 2002) to one that is more data-driven, proactive, decisive, and customer-oriented. But they often have little idea about how to achieve successful culture change.

HR professionals can help executives approach culture change in a way that addresses the underlying business goals without creating organizational resistance. 

Potential HR contributions in this area include: 

Working with Six Sigma Sponsors, Leaders, and Champions to identify elements of the culture that might hinder the achievement of Six Sigma goals. Advising on change plans that will target those specific cultural elements. Identifying how Six Sigma can be rolled out in a way that works with, rather than against, the current culture.

4.1.5 Change Management and Communications


Introducing Six Sigma into an organization is a major change that will have a profound effect on a broad group of stakeholders. Managers and employees at many levels of the organization will be asked to engage in new behaviors. In many cases, those leading other initiatives will see Six Sigma as a source of competition for resources, executive attention, and organizational power. Others may see it as an indictment of their past performance. Many will be confused about how Six Sigma fits with the large number of other ongoing organizational initiatives. HR professionals can help reduce the uncertainty and anxiety surrounding Six Sigma and increase the levels of acceptance and cooperation in the organization. 

Potential HR contributions in this area include: 

Drafting a change management/ communications plan that addresses the people side of the Six Sigma rollout.

Helping create a "case for change" that describes: The reasons for and benefits of Six Sigma. 

· How the organization will help employees succeed in new ways of working. 

· How Six Sigma fits with other ongoing initiatives.

· Counseling Six Sigma Leaders and Champions on how their behavior can  

      help or hinder Six Sigma's acceptance throughout the organization.

4.1.6 Being Included in Six Sigma


Just because HR professionals can play a role in the success of Six Sigma, it doesn't automatically follow that they will be asked to participate. Unless you are in an organization that views HR as a partner in all business initiatives, you may have to push to be included in Six Sigma. HR can greatly increase its chances of being included in the Six Sigma initiative by: 

· Ensuring HR professionals have the right skills and knowledge.

· Marketing its potential contribution early in the initiative.

In addition to HR/organizational development-related areas (Lanyon, S. (2003), HR professionals need a familiarity with Six Sigma itself. Without a basic knowledge of the DMAIC method, supporting tools, roles, jargon, and even simple statistical methods, HR will not have the credibility it needs to be considered a potential contributor to the initiative.

The time to get this knowledge is now. Even if your organization is not rolling out--or even considering -- Six Sigma today, there are two reasons why it's worth a HR professional's time to become familiar with the concepts now. If the organization does decide to implement Six Sigma, there won't be enough time to catch up. HR has to be involved at the very beginning of the initiative. In addition, there are many applications of Six Sigma to HR's processes themselves, e.g., the payroll process, benefits administration, selection, and recruiting. HR might even consider setting an example for the rest of the organization by adopting Six Sigma techniques to enhance its own processes.

4.1.7 Marketing HR's Potential Contribution

The marketing challenge is twofold. First, senior executives may not believe that the people issues are just as critical to Six Sigma's success as are its many technical components. In that case, HR will need to sell the importance of the people side. Second, executives must perceive HR as being able to make a significant contribution on the people side of Six Sigma. Besides ensuring that it has both the required skills and knowledge described above, HR can also meet these challenges by: 

Gathering data that supports the need for attention to the people side of Six Sigma. Potential sources include Six Sigma publications, case studies, conference sessions, and executives in companies that have already implemented Six Sigma.

Deriving lessons from previous organizational initiatives in which people issues and/or HR actions played an acknowledged role in success or failure. Meeting with senior executives to discuss their business/Six Sigma goals and then identifying areas where HR could provide very specific and measurable help.

HR has a substantial role to play in the success of a Six Sigma initiative. But it will have the opportunity to contribute only if its professionals have the right skills and knowledge and are able to show Six Sigma executives the value they can add. Gain those skills now and make sure senior leadership knows how HR can help support the success of the initiative. Only then will they realize they just can't do it without you!

4.2 Linking Six Sigma Initiative with Customer Satisfaction.
Today Six Sigma is viewed as a powerful and disciplined methodology that assists organisations to focus on developing and delivering near-perfect products and services. It is a powerful approach to business performance improvement by systematically finding and eliminating causes of mistakes or defects in business processes. 

Six Sigma initiatives in many organisations will probably fail miserably if it is merely treated as another “quality improvement initiative”. It is  strongly recommended that Six Sigma should be viewed as a “business strategy initiative” by selecting projects which are aligned with strategic objectives of the business. These projects should meet or even exceed the expectations or ever-changing demands of customers with a greater focus on stakeholders of Six Sigma. 

A stronger emphasis on capturing ‘the true voice of the customer’ by clearly ‘understanding the needs and demands of customers’ for today and tomorrow. In this initiative, the needs and expectations of customers must be aligned with the value created by most critical business processes in an organisation. Here business processes should be looked at from outside-in. 

A simple customer expectations-process matrix (Behara,R. S.,Fontenot et al,1995) may be constructed to identify those business processes which are critical to customers in four ways; Critical-to-Quality (CTQ), Critical-to-Cost (CTC) and Critical-to-Delivery (CTD) and Critical-to-Responsiveness (CTR). This would assist the organisations in selecting the best possible Six Sigma projects which will have a significant financial impact on the ROI. 

Customer Centered Six Sigma Initiative focuses on creating a customer-focused and data driven corporate culture that strives to increase customer satisfaction and value for customers by continuously improving business processes through innovative development of new products and processes driven by the voice of the customers. 

This customer centered Six –sigma alternative is very much in line with GE’s “Delighting Customers – At the Customer, For the Customer” (ACFC) concept. For GE, delighting customers has become a necessity to stay competitive in the global market-place. The objective of Linking Six sigma with the customer is to focus on the customer to achieve Six Sigma levels of performance in quality and reliability, on-time delivery, price, correct transaction processing, etc. expected by customers. The ultimate goal of this initiative is to continually improve every process that touches your customers through Six Sigma methodology. 

Why Customer Centered Six Sigma Initiative is imperative in today’s ever increasing competitive market-place? 

The best way to respond to this question can be through a simple example. Although the company Polaroid has saved significant savings in operational costs, it has gone bankrupt ! Polaroid customers who had always used instant photography switched to digital cameras. The competitors of Polaroid such as Sony, Kodak and HP got into the market place with the clever digital technology before Polaroid responded to market. The fundamental mistake made by Polaroid here was the focus on internal operational metrics (i.e., short-term profits) rather than external customer-focused metrics (i.e., long-term profits). 

In the past, customers judge the performance of business processes based on the process mean. Customers (Kuei,C. H.,and Madu,C.N.,2003)of today are more concerned about the consistency in product or service performance, consistency in transaction processing times, delivery time of services each time a service is provided to the customer, etc. In essence, customers feel the variance of your key business processes and therefore it is the strategic objective of your business to reduce the variation of these processes within the desired limits. Customers value reliable, consistent and predictable business processes that deliver world-class levels of product quality or service performance. 

The following benefits may be achieved from Linking Six Sigma with the customers( Douglas, P. C.,2000).

· Improved customer loyalty 

· Greater knowledge of customer preferences

· Improved customer relations 

· Improved market position relative to competitors

· Long-term competitive advantage 

· Increased reputation of the company 

· Greater ability to capture the true voice of customer’s right first time.
4.3 Linking Six Sigma with the Suppliers

When to involve suppliers in a Six Sigma initiative is a topic that comes up in every organization that has made the commitment to improve. "We are only as good as our suppliers."  It is certainly true that some percentage of product defects can be traced to supplier components. With European companies concentrating on design, and outsourcing more and more of the order fulfillment process, including manufacturing, their quality image is clearly dependent on supplier performance. So, when is the right time to involve suppliers in one's quality improvement initiative?

 

Typical Challenges of Involving Suppliers

Some will argue that the most urgent problems originate with suppliers (Dasgupta, T. 2003). Therefore, that is where the first Six Sigma projects should be initiated. This attitude is understandable. It is only human nature to blame one's problems on someone else, somewhere else, rather than admitting one's own failings. Six Sigma demands that one look at issues related to customer satisfaction. Looking at field data may confirm that complaints or technical faults are traceable to supplier products or services. But, this ignores any of the company's own responsibility for these faults. Why do processes exist that allow faulty parts to be assembled? Why are designs not robust against variation in supplied components? A narrow perspective on supplier quality problems hides the internal cost and hidden factory aspects. Instead, one should ask, "Where are the efficiency and capacity problems? What is the total cost of poor quality?" All of the above have a bearing on when to involve suppliers in quality improvement.

One objection to introducing suppliers to Six Sigma is that supplier companies are too small to warrant full Six Sigma programs. It is true, in many cases suppliers are small or medium-sized organizations that supply single components or services (e.g., development or engineering, testing, customer support). In a company with 200 employees, it does not make sense to run company-focused Black Belt training. Alternative ways of involving suppliers should therefore be explored. 

There are different approaches to involving suppliers in the deployment of Six Sigma. The following four approaches (Wang,F. K,et al.,2004) are in use by companies today. The best approach for a company is probably a mixture of alternatives, blended to suit the particular situation each company faces.

4.3.1 Approach 1 – Thou Shalt Do Six Sigma

A typical approach in industries advanced in the use of quality tools, such as the automotive industry, is to simply demand that suppliers use Six Sigma. 

Examples:

Requiring Sigma figures for process capability of supplied parts. 

Requiring a certain number of Belts to be trained and certified and/or numbers and titles of improvement projects in supplier (re-) qualification.

This approach depends on the influence and control of the customer company, and whether Six Sigma is used as a standard tool across the industry. The potential downside is that supplier companies are motivated to comply, but not motivated to realize the full power of Six Sigma. 

If compliance becomes the overriding them, then Six Sigma could well be treated just as some treated ISO 9000 - as a certification but not a quality management system. 

If a supplier is forced to comply with a set of Six Sigma requirements, the supplier will probably free up the "best available resources," rather than the best resources. The quality of resources devoted to Six Sigma will be directly reflected in the results from the supplier's Six Sigma efforts.

4.3.2 Approach 2 – Projects at the Supplier

Another approach to involving suppliers is to conduct projects on the supplier's processes. In this case, a Green or Black Belt from the customer tries to solve a problem that is within the scope of the supplier. The advantages of this approach are:

Quick problem resolution. 

There is no need to train the supplier's people as Sponsors/Champions and Belts. The most important issues can be tackled immediately with shared resources (the customer's Belt and supplier resources in the team). 

Supplier's processes become transparent. 

Working with a project team and identifying influence factors within the supplier's process helps to solve the problems, and in a lot of cases leads to the knowledge in the customer company about what the supplier needs in order to deliver good work (e.g., content and timeliness of information).

This approach has the prerequisite that the supplier give the customer company the access, information and freedom to get involved in their processes. For a successful Six Sigma project it is critical to solve the root causes of the problem by digging deep into the process and the factors influencing the results. Not all customer-supplier relationships offer this degree of trust or accessibility.

The disadvantage of this approach is that the supplier does not develop the skills and knowledge to solve similar problems in the future. However, in many instances the successful completion of projects leads supplier companies to become interested in Six Sigma and to start their own Six Sigma programs. This has been in the case with many Siemens suppliers.

4.3.3 Approach 3 – Involvement in Training

Many companies offer their suppliers the opportunity to participate in their Green and Black Belt training sessions. The offer can range from a simple communication of the opportunity, to the suggestion that the supplier participate, to the requirement of participation to further the business relationship.

A common way is to offer the training free of charge on the basis of one or two projects that must result in savings for the customer organization. The danger here is that the supplier company does not have the internal senior management support or organizational support to follow through. Mixing supplier Belts with the hosting customer Belts can be a mixed blessing. If the Belts from the host company are well chosen, work on important projects, get good support and achieve impressive results, the message will go back to the suppliers that the hosting company is serious about Six Sigma and quality. But the reverse also is true.

4.3.4 Approach 4 – Support Deployment

The most proactive approach to supplier Six Sigma is for the customer to help set up the program for key suppliers. This involves:

· Conducting Six Sigma awareness sessions for their own procurement staff so they understand the philosophy and methods, and have an overview of the tools and approach. 

· Selecting suppliers based on business importance and readiness for Six Sigma. 

· Conducting awareness session for supplier senior executives. 

· Conducting a Champion workshop for those who will be sponsoring supplier     

      Projects. 

· Training Belts and providing resources for coaching.

A potential downside is that the design engineering staff of the customer company is overloaded with requests – legitimate ones – for redesign work following root cause analysis by supplier Belts.

Clearly, the customer has to invest in organizing the Six Sigma effort on the supplier's behalf. While the training costs can be recovered, it takes considerable managerial attention, focus and communication from the customer. So, why would a customer want to improve the performance of suppliers that work with competitors?

The most enlightened companies know that their competitive advantage lies in their business model, design and brand equity. Their attitude is that supplier quality cannot be allowed to erode the overall value of the business. Therefore, it is to their benefit to raise supplier quality – even if it also helps their competitors. Going even further, one can argue that if quality standards in the industry rise, it is good for the industry as a whole. Each company must decide on the right balance of investment and expected benefits. And that decision largely depends on the maturity and openness of their relationships with key suppliers.

Any company serious about improving quality through Six Sigma should consider when and how to involve their suppliers. Avoid the temptation to begin by blaming suppliers as the "source of most quality problems." First apply Six Sigma to internal processes and product design. Deeper knowledge of one's own processes and products will result in clearer supplier requirements. There are a variety of ways to involve suppliers, from arm's length to proactive partnerships. The right approach will be a reflection of a company's business and procurement strategy. As in any improvement effort, the more one is ready to invest, the greater the potential return. 

4.4 Linking Six Sigma with the bottom line saving 

The ultimate quality award is improved bottom-line profitability (Bisgaard,S.,and Freiesleben,J.,2004). Satisfied customers come back for more and encourage business associates, family and friends to do the same. It is the vote of the customers, not that of an awards committee or certification board, that counts. In today’s competitive business environment, initiatives must justify themselves economically.

According to Peter Drucker, “Profit is not the explanation, cause or rationale of business behavior and business decisions, but the test of their validity.” This test can also be adopted when evaluating the benefits of quality initiatives in a broad economic sense. We believe Six Sigma has become popular precisely because it applies this test and delivers measurable, tangible economic benefits. Managers from companies engaged in Six Sigma activities can produce solid data showing improved quality leads to reduced costs, better customer satisfaction and improved bottom-line profitability.

The cost of poor quality (COPQ)( Lucier,G.T.,and Seshadri, S.,2001) is commonly used in industry as a key criterion for the selection and evaluation of Six Sigma projects. For example, Black Belt (BB) projects typically save $250,000 or more, and Green Belt (GB) projects frequently yield savings in the $50,000 to $75,000 range.2 such figures are impressive when taken by themselves; their influence on a company’s overall profitability and economic health is even more impressive

When they’re viewed in aggregate and in the wider context of the company’s other economic figures. The economic effect of Six Sigma need to be evaluated relative to a company’s overall cost structure and revenues. This can be done through a managerial accounting framework appropriately (Saren Bisgaard and Johannes Freiesleben, 2004
Table 4.1: Firm’s managerial accounting system


modified to the quality context. Such a framework will help quality professionals, including GBs and BBs, speak the language of upper management. The linkage of bottom line saving with the Six Sigma is explained with the help of an example given below.

4.4.1 The Economic Framework

To better understand the framework, consider a company that produces a single product and employs production workers, a technical support group, marketing staff and managers. A simplified version of the firm’s managerial accounting system is shown in Table 4.1. The purpose of this deliberately simplified example is to provide an illustration of the general relationship between sales, variable and fixed costs and profit that we will use to study the economic effects of Six Sigma efforts. During the past quarter, suppose the company sold 1,000 products for $1,000 each, so the total sales for the period were $1,000,000. To enable the company to sell 1,000 products, it incurred variable costs for raw materials, energy and direct labor totaling $600,000. 

The difference between sales income and variable costs is the contribution margin. Fixed costs keep the plant running, pay managers and, in the short term, do not change with production volume. Suppose the fixed costs amount to $350,000 per quarter. Thus, the company’s profit (before the cost of capital and taxes) was $50,000. We can show the general economic relationship between sales, variable and fixed costs in a breakeven diagram (see Fig4.1 ). Sales in dollars are plotted along the x-axis and profit/loss along the y-axis. With zero sales, the company must bear the total sum of the fixed costs as a loss. But, with current sales of $1,000,000, the firm finished the quarter with a profit of $50,000. 

To construct the diagram, we drew a straight line between the two points (zero sales, fixed cost) and (current sales, current profit). This line crosses the x-axis at the break-even point of $875,000 where sales exactly balance out fixed costs and produce zero profit. This diagram allows us to graphically see the relationship between key economic variables. The steeper the slope, the larger the contribution margin relative to sales. A larger relative contribution margin is a sign of better economic health.

[image: image7.png]Sales break-even

Sales [$K]

$K = thousands of dollars.




Fig 4.1 Breakeven diagram

Economic Benefits of Six Sigma

The break-even diagram can be used to provide insight into the economic effects of poor quality or, when reversed, the economic benefits of Six Sigma project savings. Suppose our company currently operates with a defect rate of 10% and that scrap cannot be reworked. (We will later relax this assumption.) To ship 1,000 good products, we need to produce 1,000/0.90 = 1,111 units. But the variable cost of $600,000 includes the cost of making scrap, and scrap is usually as expensive to produce as good products are.

The unit variable cost is therefore not $600,000/ 1,000 = $600. It is $600,000/1,111 = $540.054. Because of our less-than-Sigma processes, we paid a quality tax of 111 x $540.054 = $59,946 for what is sometimes called the hidden factory. This tax is an additional cost of producing useless products we cannot sell. Now suppose we launch a successful Six Sigma effort and, through one or several projects, manage to achieve a Six Sigma defect level of 3.4 parts per million. For simplicity, let’s equate that with zero defects. At a minimum, the complete elimination of defects will remove the cost of labor and materials consumed by making the 111 scrapped products. Table 4.2 shows that when the $59,946 quality tax is eliminated from the variable costs, the saved money trickles directly down to the bottom line as an increase in profit. In this case, the profit has now more than doubled to $109,946. The 10% reduction in operational costs produced a 120% increase in profit. 

Table 4.2: Firm’s managerial accounting system after quality tax elimination
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The effect of Six Sigma on the break-even diagram is shown in Figure 4.2. The most important observation is that the slope of the line is now steeper. For the same sales volume ($1,000,000), the profit is higher and the break-even point is reduced to $760,959. Because of Six Sigma, the business is now in healthier shape and better protected against recessions and downturns. And the higher relative contribution margin means the company will make more money selling additional units. These are the types of economic benefits that make Six Sigma so attractive to upper management.
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Figure 4.2: Effect of Six Sigma on the break-even diagram
That we can produce and sell more is based on the assumption we are not already running at full capacity and our customers are willing to purchase more. The latter is a matter of market conditions and typically beyond our control; however, improved operational efficiency is not. In this case, Six Sigma has increased the production capacity to at least 1,111 products without running into capacity constraints and additional capital investments.

Of course, we cannot count this as a financial benefit unless we actually increase production volume. Nevertheless, it is of considerable economic advantage to any firm. Money not spent on capacity expansion is money saved, a fact not lost on owners and managers. In the context of Six Sigma, this effect is sometimes known as cost avoidance and is counted as soft dollars. 

The usual way to increase profit is to increase sales, so it is interesting to note how much sales need to be increased with the current 10% rate of defects to achieve the same increase in profit as when the company is attaining Six Sigma quality. An approximate answer can be obtained from the break-even diagram (see Fig 4.2) by extending the cost-profit line for the error prone process to a point where it gives the same profit as the zero defect process. After doing so, we see the sales volume needs to be expanded to $1,149,000 to pay for the quality tax—a 15% increase in sales! As high as that is, it is likely an unrealistic underestimate because our simple extrapolation implies the sales increase does not necessitate a larger sales force, an expanded production capacity, an increased marketing effort or more managerial overhead.

Quality Improvement as an Investment

Thus far, we have ignored the costs of educating the workforce in Six Sigma methodology and running Six Sigma projects. Money spent on eliminating root causes, improving operational efficiency and education usually benefits the firm beyond the current period, so these expenditures ought not to burden only a single period. They should be amortized over several. Money spent on Six Sigma should not be a cost; it should be an investment.

This may conflict with standard accounting principles. Modern economists define technology not as hardware and equipment, but as “the society’s pool of knowledge regarding the industrial and agricultural arts.” Because Six Sigma increases the pool of knowledge and technology by continuing to generate additional knowledge, it should be considered an investment in technology on par with regular investments in hardware. So how do we account for Six Sigma as a technological investment? Unfortunately, there is no single accepted way to evaluate long-term investments because it is difficult to calculate the time value of money. It gets even more complicated if we bring in tax considerations. To keep it simple, we will ignore taxes and compounded interest and judge the benefit of the investment directly through linear depreciation and a simple return on investment (ROI) calculation. Let’s say the improvement project in our example cost $150,000. It was completed in one quarter, and we expect to benefit from the improvements for 10 quarters. 

To account for the improvement project, we add $150,000/10 = $15,000 to the fixed cost for the current period (see Table 4.3). The increase in profit is $94,946 - $50,000 = $44,946 or about 90% higher than when the plant produced 10% defects. Ignoring interest rates, one way to judge an investment is to calculate the unadjusted rate of return: Although simple, this calculation provides a rough measure of the significance of the benefits of the investment. To account for the increase in fixed costs due to the investment in Six Sigma, we need to modify the break-even chart. Fig. 3 shows the revised breakeven diagram superimposed on the original chart.
ECONOMIC CASE FOR QUALITY
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Notice the intercept now is $15,000 lower, but because of the process improvement, the slope is steeper. So far, we have assumed all defective products are screened out and scrapped; however, products with minor defects can usually be reworked. It is easy to show how rework has an effect similar to that of scrap on the break-even diagram because rework, at a minimum, inflates the variable costs. Thus, savings due to a reduction in rework also go right to the bottom line. Up to this point, we have also ignored the fact companies operating with lower defect rates usually incur much lower overhead costs. Quality problems are like friction in a gearbox. Scrap requires managerial attention at all levels of the organization. Therefore, Six Sigma will typically have a considerable impact on the company’s fixed costs.

External Quality Cost and Sales

Our economic evaluation of the effects of Six Sigma has focused on the internal effects of poor quality. We have assumed no defects reached the customer, but even with 100% inspection, some portion of the defects invariably will. Thus, we should expect to incur warranty costs and loss of reputation as a result of our poor quality. For now, we will leave aside the loss of reputation— not because it is insignificant, but because it is intangible—and will consider only the effect of defects on warranty costs. 

For a given rate of defects, the number of products that reach the market and trigger warranty claims will be approximately proportional to the number of products shipped. Like internal costs of poor quality, warranty costs inflate the variable costs, and reductions in external failure costs go directly to the bottom line. As for the discussion of the internal effect of defects, we restricted our analysis to the impact of defects on variable costs. However, overhead costs associated with dealing with external quality problems can be significant. Indeed, a typical service department largely deals with the consequences of field failures and defects. It is also usually necessary for a company to advertise more to compensate for its poor quality reputation.
Table 4.3: Firm’s managerial accounting system for the current period
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Six Sigma does more than reduce cost. Overtime, it improves the company’s market standing and allows for charging a premium price.
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Figure 4.2: Revised breakeven diagram superimposed on the original chart.

Although it may take a while, the impact of Six Sigma is also seen on the top line—sales. Of course, a dollar increase in sales only partially contributes to the bottom line because the company needs to pay for making the extra products. 

However, if its improved reputation allows the company to increase the unit price, the dollar increase for a given fixed volume will impact the bottom line directly as increased profit.

The above mentioned simple framework and diagrams shows the direct significance of Six Sigma on the bottom line. In order to link projects to the bottom line, one must start with measuring profit by project. A simplified approach might be to implement Six Sigma and account for bottom-line impact to maintain line-of-sight to the cost, progress and savings. 

Summary of the Alternative Six Sigma Strategies

	S.L.No
	Six Sigma Alternative Strategies
	Issues
	Tools and Techniques

	    1.
	Linking Six Sigma Initiative With Human Resource
	1.Selection and Retention of Six Sigma key  

   Players.

2.Development of Reward and recognition  

   model.

3. Creating Six Sigma culture. Drafting 

  change management /Communications   

  plan.

4. Arrange Team Effectiveness programs.

5.Being included in Six sigma 

6.Marketing HR’s Potential Contribution
	Developing a multidimensional and multidiscipline HR team.

	     2.
	Linking Six Sigma With Customer Satisfaction
	1.Identifying the core processes, defining the 

   Key outputs of these processes and   

   defining the key customers.

2.Identifying and defining the customer 

   needs and requirement i.e. , critical to  

   quality characteristics (CTQ)
	Quality function deployment is a power technique to understand the need and expectation of customer and translate into design or engineering requirements.  

	     3. 
	Linking Six Sigma Initiative With Suppliers.
	1.Identify own process performance like   

   efficiency and capacity problems ,cost of 

   poor quality . Analyze them and find out 

   whether all of the above have any 

   noticeable impact by the suppliers product 

  quality. 

2.To identify the right time to involve  

   suppliers in one's quality improvement 

   initiative
	Thou Shalt Do
Six Sigma

Projects at
Supplier

Involvement
in Training

Support
Deployment


	4.
	Linking Six Sigma Initiative With Bottom line savings
	Identification and prioritization of bottom line projects.

Identifying and defining the Cost of poor quality (Scrap and rework)

	COPQ calculations


Chapter 5: Fundamentals of the AHP/ANP Technique

5.1 Analytical Hierarchy Process

The analytic hierarchy process (AHP) technique is a powerful technique for solving complicated and unstructured problems that may have interactions and correlations among different objectives. AHP is a systemic decision approach first developed by Saaty in 1971 (Saaty, 1980). Saaty proposes the use of hierarchies to make abstractions of the system structure to study the functional interactions of its components (elements) and their impacts on such system (the whole). 

AHP involves structuring a problem from the overall objective (e.g. selecting the appropriate six-sigma methodology) forming a hierarchy structure. AHP then develops priorities among all the sub-objectives within each level of the structure. It is based on both predetermined measurements and the decision maker's judgments throughout the system, which are calculated through pair-wise comparisons. Thus, it can cope with objectives that have not been effectively quantified using absolute measurements, such as money. Decision makers evaluate each objective against the others within each level; each level is related to the levels above and below it, and the entire system is put together mathematically including the alternatives that can solve the problem. As a result a prioritization for the alternatives that could satisfy the problem or main objective is given. Fig 5.1 depicts a flow-chart (HARKER, P. 1989.) of the AHP process. 

1. Define the problem and determine the objective.

2. Decompose the objective into lower level objectives or sub-objectives .This step involves the decomposition of the objective into lower level objectives or sub-objectives so as to form a hierarchical abstraction of the problem. This abstraction starts with the overall objective. Then sub-objectives descending from the overall objectives are set.

3. Can the sub-objectives be broken down into lower level sub-objectives? In some cases sub-objectives can be further divided into lower level sub-objectives. This     depends on the complexity of the problems and the resolution required. 

4. Define the alternatives.

5. The array of possible alternatives that satisfy the objectives forms the lowest level of the hierarchy and the relationships among objectives and alternatives. 
6. Perform pair-wise comparisons for each level of objectives 
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Fig 5.1 Flow chart of the AHP process

7. Once the system structure has been identified, the next step is to determine the relative importance among the sub-objectives at each level. In order to determine this scenario, AHP measures strength of importance by pair-wise comparisons and puts the results into a matrix. Pair-wise comparison can be performed during brainstorming sessions. The scale value proposed by Saaty (1988) (see Table I) is used to make such comparisons. 

Table 5.1: Saaty’s 1-9 scale for pairwise comparison

	Intensity of relative Importance
	Definition
	Explanation

	1
	Equal Importance 
	Two activities contribute equally to the objective. 

	3
	Moderate importance of one over another 
	Experience and judgment slightly favor one activity over another 

	5
	Essential or strong importance 
	An activity is strongly favored and its dominance is demonstrated in practice. 

	7
	Demonstrated importance.
	The evidence favoring one activity over another is of the highest possible order of affirmation 

	9
	Extreme importance 
	When compromise is needed

	2,4,6,8
	Intermediate values between the two adjacent judgments
	

	Reciprocals of above non – zero numbers.
	If an activity has one of the above numbers e.g. 3 compared with a second activity has the reciprocal value (i.e. 1/3) when compared to the first. 
	


With the use of Table 5.1, the pair-wise comparison matrix for the sub-objectives is calculated (see Table 5.2).This comparison is done in brainstorming sessions. It is recommended that people involved in this decision include black belts, green belts, champions and process owners in order to obtain a consensus among the experts.

Table 5.2: Pair wise Comparison Matrix

	A:          Paired Comparison Matrix                                                                        

	                                                                                 Sub-Objective

	No.
	Sub-objective description
	X
	Y
	Z

	1.
	X
	1
	3
	5

	2.
	Y
	0.33
	1
	0.5

	3.
	Z
	0.2
	0.2
	1


The data in Table 5.2 indicate how important is the ith sub-objective compared with the jth sub-objective. This will lead to the construction of the column vector of sub-objectives' importance. For example, in this case, the expert group defined during a brainstorming session that the sub-objective, “X”, is slightly more important than the sub-objective “Y''; therefore, based on the Table I scale of preferences between two elements (Saaty, 1988), a number 3 was assigned. Hence, reciprocally the sub-objective “Y'' is 0.33 (1/3) times less important than the sub-objective “X''. After the A matrix is calculated, the next step is to divide each entry in column i of A by the sum of the entries in column i. This produces the normalised matrix Aw, in which the sum of the entries in each column is 1 .

Finally, by computing the ci as the average of the entries in row i of Aw to produce column vector C; where C represents the relative degree of importance for the ith sub objective in the column vector of importance weighting of sub- objective. The resultant vector gives us the priority weights according to the pair-wise comparison carried out. There are n (n-1) judgments required to develop the set of matrices (reciprocals are automatically assigned in each pair wise comparisons). (See Table III) (Saaty, 1988; Chuang, 2001). 

Table 5.3: Priority Weight Matrix

	No
	Sub-objective description
	Weight

	1.
	X
	0.6409

	2.
	Y
	0.1532

	3.
	Z
	0.2058


6. Check the consistency in the pair-wise comparison
It is possible that, through the pair-wise comparison, decision makers may be inconsistent in their judgments. For example, decision makers can weigh X higher than Y and Y higher than Z. but also it is possible that they can weigh Z higher than X. This produces inconsistency in the matrix because AHP is expected to weigh X higher than Z, based on the previous comparison The AHP technique incorporates these inconsistencies into the model and provides the decision maker with a measure of these inconsistencies (Saaty, T.L, 2000). 

Consistency ratio is derived from the ratio of the consistency of the results being tested to the consistency of the same problem evaluated with random numbers. 

To obtain this consistency ratio, the following sub-steps were performed: 

1. Compute A * C (i.e. Table II multiplied by Table III). 

2. Compute δ: 
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        Where m = No. of variables or criteria.

3. Compute the Consistency index (CI) as follows: 
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4. Compare CI with the random index (RI) for the appropriate value of m to determine if the degree of consistency is satisfactory. If CI is sufficiently small, the decision maker’s comparisons are probably consistent enough to give useful estimates of the weights for the objective function.
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If CI/RI<0.10, the degree of consistency is satisfactory but, if CI/RI > 0.10, serious inconsistencies may exist, and the AHP may not yield meaningful results. The reference values of the RI for different numbers of m are shown in Table IV. In this example the consistency ratio is 0.0629, thus the degree of consistency is considered satisfactory (CI/RI < 0.10). 

5. Perform pair-wise comparison of alternatives.

The pair-wise comparison in other levels also results in the likelihood of occurrence of lower level sub-objectives. Synthesizing all likely objectives and sub-objectives across the hierarchy forms an overall proportion of alternatives that should be selected.

Therefore, AHP will represent the effectiveness by which the various sub-objectives in one level can influence the decision of the main objective or the next higher objective. For that reason, a pair-wise comparison is performed in which the alternative i needs to be compared against to every sub-objective forming a pair-wise comparison matrix. This comparison is made according to the assessment values proposed by Saaty (1980) in Table I. The purpose is to quantify how well each six-sigma methodology satisfies each sub-objective. 

6. Calculate the overall score for each alternative

In order to produce an overall rating for each six-sigma methodology ,AHP combines the priority weights of sub-objective with the comparison rating of six-sigma methodologies. This is performed by the following formula :  
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7. Select the alternative: The alternative analysis for the lowest level of sub criteria to be carried out similarly.

8.The desirability index for each alternative is calculated by multiplying each value in weight of sub criteria column by the respective value of criteria weight column, then multiplying by the value for each respective alternative and summing the results.

5.2 Analytical Network Process

The Analytic Network Process (ANP) (Saaty, Thomas L. ,1996) is a general theory of relative measurement used to derive composite priority ratio scales from individual ratio scales that represent relative measurements of the influence of elements that interact with respect to control criteria. Through its super matrix whose elements are themselves matrices of column priorities, the ANP captures the outcome of dependence and feedback within and between clusters of elements. The Analytic Hierarchy Process (AHP) with its dependence assumptions on clusters and elements is a special case of the ANP. The ANP is a new and an essential phase in decision making, neglected so far because of the linear structures used in traditional approaches and their inability to deal with feedback in order to choose alternatives not simply according to attributes and criteria, but also according to their consequences both positive and negative – an essential and so far a missing consideration in decision making.

Introduction

The seven pillars of the Analytic Hierarchy Process (AHP) serve as a starting point for the Analytic Network Process (ANP). The ANP provides a general framework to deal with decisions without making assumptions about the independence of higher level elements from lower level elements and about the independence of the elements within a level. In fact the ANP uses a network without the need to specify levels as in a hierarchy. Influence is a central concept in the ANP. The ANP is a useful tool for prediction and for representing a variety of competitors with their surmised interactions and their relative strengths to wield influence in making a decision. The ANP(Sekitani, K.,Takahashi, I., 2001)is a coupling of two parts. The first consists of a control hierarchy or network of criteria and sub criteria that control the interactions. The second is a network of influences among the elements and clusters. 

Some fundamental ideas in support of the ANP are:

 The ANP is built on the AHP

1. By allowing for dependence, the ANP goes beyond the AHP by including 

    independence and hence also the AHP as a special case

2. The ANP deals with dependence within a set of elements (inner dependence), and 

    among different sets of elements (outer dependence)

3. The looser network structure of the ANP makes possible the representation of any 

     Decision problem without concern for what comes first and what comes next as in  

     a hierarchy

4. The ANP is a nonlinear structure that deals with sources, cycles, and sinks. A 

     hierarchy is linear, with a goal in the top level, and the alternatives in the bottom 

     level.

5. The ANP prioritizes not just elements but also groups or clusters of elements as is 

     often necessary in the real world.
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Fig 5.2: ANP network of quality conformance and availability in production flow
The ANP utilizes the idea of a control hierarchy or a control network to deal with different criteria, eventually leading to the analysis of benefits, opportunities, costs, and risks. By relying on control elements, the ANP parallels what the human brain does in combining different sense data as for example does the thalamus. ANP structure for quality conformance and availability in production flow is shown in fig 5.2

WHAT QUESTIONS TO ASK IN MAKING COMPARISONS

In making the pair wise comparisons the following kinds of questions have been noted to occur. In comparing A with B 

· Which is more important or has a greater impact?

· Which is more likely to happen?

· Which is more preferred?

· In the wide diversity of applications made so far all questions asked appeared to fall in one of these three categories. In comparing criteria one often asks which criterion is more important. 

· In comparing alternatives with respect to a criterion one asks which alternative is more desired. In comparing scenarios, which results from a criterion, one asks which scenario is more likely to result from that criterion? 

Chapter 6: Case Study

6.1 Company Profile

Phoenix Lamps Limited, an Indo Japanese Joint Venture, promoted in 1991 in Noida. The Company has set-up fully automatic state-of-the-art manufacturing facilities for Automobiles Halogen lamps, Halogen lamps for General Lighting and 

Compact  Fluorescent Lamps.


With a total Investment for over US$30 million and having ISO 9001, QS 9000 and TS 16949 certificate under its belt, its units have a massive productions infrastructure, setup over three different locations, with 1700 people and 270 crores sales, with a total investment for over US $30 millions, which can annually deliver over 80 millions lamps benchmarked to international regulations for Quality, Performance and Safety. Its major customers are GM, Ford, Valvo, Trifa, Hella USA, Doohee, Osram, Mico, Bajaj, Hero Honda, Rinder & Maruti

The company believes in long-term business relationship with its customers by ensuring the best services, competitively priced international -quality products,

prompt delivery and personalized services.
Presently the order book of the company is full with orders for the next 15 years. This shows that the company has a good financial  backup. Company has a good relationship with his customers and suppliers. The company started the Six sigma Program in 2003. Company considered Six sigma as a business strategy that employs a well structured continuous improvement program to keep his customer delighted by improving the quality of the product but they found that fewer Six Sigma projects doing it to the point where it’s going to significantly affect the balance sheet and share price in a meaningful period of time.

This contrast results making Six-sigma implementation a complex and central process, where the critical success factors (CSFs) in the implementation of six sigma must be recognized. The Board members of the company wants to maximize the Return of investment (ROI) from the Six Sigma initiative taken by them. For that purpose they have to select the approach which maximize their financial gain .Implementation of six sigma approach on the basis of critical success factors (CSFs) has strategic implication that contribute to the process and product Improvement of a manufacturing organisation.This work illustrate the use of Analytical hierarchy process (AHP/ANP), a multiple criteria decision making technique, for the evaluation of six sigma projects in order to determine which six sigma alternative approach become a priority over other. This work demonstrates the hierarchical model Which help in solving such decisions in practice. 

Hierarchical decision structures are formed in the application of the AHP and ANP approaches. Ranking scores which are used to rank the alternative are obtained as outcome of the applications. Application of ANP approaches also enabled the incorporation of the interdependencies among the component of the decision structures. Making a good decision involves making trade-offs between multiple objectives to select an alternative that best meets the values of the decision maker, with the support of the Six-Sigma team at the company, decided to employ AHP (ANP) general form approach along with AHP to incorporate interdepencies that exist between six-Sigma benefits and the basic features of process/product improvement methodology 

In order to determine the relative importance among these objectives at each level, AHP measures strength of importance by pairwise comparisons and puts the results into a matrix. This pairwise comparison was performed during brainstorming sessions where the members of the six sigma team participated. The scale value proposed by Saaty (1988) was used to make pairwise comparisons based on judgments (see Table 5.1)

6.2 Development of Decision Hierarchies

As a first step of the application of the AHP approach (Mustafa Yardakul,2003), decision hierarchies are developed. The first hierarchy has a two-level structure and links the Financial Gains from the Six-Sigma implementation to the priorities of Critical success factors and is used to measure the weight of Critical success factor priorities (Fig.6.1).


[image: image21]
Fig 6.1: The decision hierarchy of Six Sigma strategy

The other three hierarchies link Critical success factor with alternative Six-sigma approach which are represented in terms of basic features of process/product improvement methodology (Figs. 6.2–6.4). At the lowest levels of the three hierarchies, alternative Six sigma approach in their characteristics are placed. The hierarchical structure link the alternative Six Sigma approach to the basic features of process/product improvement methodology placed at the third level through an intermediate level of Six Sigma benefits For the deployment and success of any six-sigma program, it is crucial to select the right consultant or advisor out of so many pro-claimed experts. The consultant priority can be directly connected with basic features of process/product improvement methodology with the use of Six sigma benefits (fig.6.2)

The Management involvement and commitment CSF consist of the following sub-objectives which are already discussed in previous chapter:

· Resource and investment for driving six sigma projects.

· Organisational infrastructure for supporting Six-sigma methodology.

· Rewarding and recognizing Team members .

· Communicating success and failure stories/ supervision

	Linking Six Sigma With Bottom Line Savings

(LSSW-BL)
	Linking Six Sigma With Customer Satisfaction

(LSSW-CS)
	Linking Six Sigma With Human resource

(LSSW-HR)
	Linking Six Sigma With Suppliers

(LSSW-S)

	Alternatives

	Max. financial benefit(MFB)
	Max. process Capability(MPC)
	Max. Customer Satisfaction(MCS)
	Min. Risk

(MR)

	Basic features of process/product improvement methodology
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Fig.6.2 The decision hierarchy of consultant priority
Similarly the Training priority is defined in terms of three dimensions:

	Variability
	Utilization
	Inventory
	Scrap & rework
	Lead Time

	Six sigma benefits :
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	Max. financial benefit
	Max. process Capability
	Max. Customer Satisfaction
	Min. Risk

	Basic Features of Process/ Product improvement Methodology (BFOP/PIM)


	Linking Six Sigma to Bottom Line Savings
	Linking Six Sigma to Customer
	Linking Six Sigma to Human Resource
	Linking Six Sigma to Suppliers

	Alternatives 





· Training of basic and advanced statistical tools/ software.

· Project management (Prioritization, follow-up and review).

· Documentation and up gradation of knowledge (process).

The hierarchical model for management involvement / commitment and training priorities are given in fig 6.3 & 6.4 respectively. The hierarchical structures link the alternative Six-sigma approach to the Critical success factor placed at the third level through an intermediate level of Six-Sigma benefits. The first four basic features or characteristics of process/product improvement methodology (i.e. Maximise financial benefit, Maximise Process capability, Maximise customer Satisfaction, and Minimize Risk that can be associated with the alternative Six-Sigma approaches) are benefit-related and ultimately contribute to all three major critical success factors in terms of savings in cost of poor quality (COPQ) , time and improvements in efficiency. achievements in Six-Sigma benefits. In the hierarchies developed for management involvement and training priorities, it should be noted that the Six sigma benefits are interrelated. 

As an example, the relationships among variability, scrap and rework and manufacturing lead time, can be presented. In a manufacturing plant, any increment in variability in the process lead to more scrap & rework, hence more lead time in manufacturing and delivery of product to the customer .So in order to meet the demand of the customer in such condition, inventories will be more. Similarly if variability is less, less scrap and rework and hence more utilization of resource, less lead time and hence lesser the inventories.
6.3 Calculation of Weight.

AHP approach is employed in the determination of the weights of independent components of the decision hierarchies. In the hierarchies, Critical success factor priorities, Process/ Product improvement methodology characteristics, and alternative Six Sigma approaches are independent components, so that AHP is enough to calculate their weights with respect to their parent components. 

In the application of the AHP approach, a pairwise comparison matrix is formed. In the pairwise comparison matrix, rows and columns of the pairwise comparison matrix are allocated to the components belonging to the same parent component in the decision hierarchy. 

The weight of component i compared to component j with regard to the parent component is determined using Saaty’s scale (Table 6.1) and assigned to the (i,j)th position of the pairwise comparison matrix]. Automatically, the reciprocal of the assigned number is assigned to the (j, ith position. Once the pairwise comparison matrix is formed, weights of components are calculated by solving for the eigenvector of the pairwise comparison matrix. On the other hand, in the calculations of weights of Six Sigma benefits with respect to CSFs priorities, the general form of AHP (ANP) is used to incorporate the interdependencies that exist among them by using the following three-step ANP algorithm
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	Variability
	Utilization 
	Inventory 
	Scrap & rework
	Lead Time

	Six sigma benefits :



	Max. financial benefit
	Max. process Capability
	Max. Customer Satisfaction
	Min. Risk

	Basic Features of Process/ Product improvement Methodology




	Linking Six Sigma to Bottom Line Savings
	Linking Six Sigma to Customer
	Linking Six Sigma to Human resource
	Linking Six Sigma to Suppliers

	Alternatives:


Step1. The relative priority of one benefit with respect to another benefit, while disregarding the effects on all other benefits is considered. A pairwise comparison matrix is constructed in this step and solved for its principal eigenvector, denoted as x, as an outcome of this step.

Step2. The relative effects of one benefit with respect to another, on the contribution of a third benefit towards the improvement in Management involvement and training priority is considered. For each Six sigma benefit, a pairwise comparison matrix is constructed and a principal eigenvector of each individual matrix is obtained. These principal eigenvectors represent the dependencies among criteria and are denoted by c. The contribution of benefit i to benefit j is represented by ci→j.

Step3. To obtain the weight of a six sigma benefit, its independent weight and its contributions to other benefits are added and normalized. Eq. (1) is developed to calculate individual weight, denoted by z, of each benefit i, and where n is the total number of benefits. To simplify the calculations, the contribution vectors (c’s) of pairwise comparison matrices are collected in a matrix called “contribution matrix” and denoted as “C”. In this case, weights of benefits in a management involvement or training dimension can be calculated using Eq. (2):
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6.4 Synthesis of the weights to obtain the ranking scores 

Once the weights of components of the decision hierarchies are calculated, they are synthesized to obtain the ranking scores of alternative Six Sigma Approach. Weights are synthesized from the highest level down by multiplying weights by the weight of their corresponding parent component in the level above and adding them for each component in a level according to the component it affects. The data required for pair-wise comparison was collected through brain storming session with the line leaders. All the line leaders in the organization are Six-sigma black belts.

Calculation of the weights of the components in the decision hierarchies The contributions of six sigma alternative approaches in Critical success factors are calculated separately by using the decision hierarchies of the CSFs priorities. To illustrate the application of AHP, the calculation of weights of manufacturing priorities is presented in detail in the following section. Similarly, quantification of interdependencies among Six- sigma benefits is provided to illustrate the ANP approach. 

Calculation of the weights of the independent Components As a first step in the application of the AHP approach, the CSFs priorities are compared pairwise using Saaty’s 1–9 scale and compiled in a pairwise comparison matrix (Table 6.2). The AHP approach is also applied to calculate weights of basic features of process/product improvement methodology at Six-Sigma benefits (Table 6.3),the detailed calculations for table 6.3 give in Appendix A1. 

	CSFs
	MIAC
	Training
	Consultant
	weight

	MIAC
	1
	3
	5
	0.641

	Training
	0.33
	1
	0.5
	0.153

	Consultant
	0.2
	0.2
	1
	0.206


Table 6.1 Calculation of weights of Six Sigma CSFs.

Table 6.2 Weights of BFOP/PIM at 6-σ benefits
	BFOP/PIM
	6-Sigma Benefits

	
	Variability
	Utilization
	Inventory
	Lead time
	Scrap & Rework

	MFB
	0.236
	0.480
	0.519
	0.450
	0.442

	MPC
	0.489
	0.281
	0.283
	0.284
	0.278

	MCS
	0.216
	0.053
	0.051
	0.191
	0.081

	MR
	0.059
	0.186
	0.147
	0.075
	0.199


Table 6.3: Weights of BFOP/PIM in consultant priority
	BFOP/PIM
	Weight

	MFB
	0.432

	MPC
	0.145

	MCS
	0.347

	MR
	0.076


Weights of the basic features of process/product improvement methodology in consultant priority (Table 6.4) and the required calculation for obtaining these results are given in appendix A2, and weights of Six-sigma alternatives at basic features of process/product improvement methodology (Table 6.5)and the detailed calculation for this is given in  appendix A3.

6.5 Calculation of the weights of the interdependent components (benefits)

The three-step ANP algorithm is applied to calculate the weights of the benefits:

 Step 1. Pairwise comparison matrices and corresponding x-vectors are calculated   

 for Management involvement & commitment and training dimension (Appendix A 4).

Step 2. The contributions of benefits on other benefits are calculated (Appendix A5). Each matrix in Appendix A5 corresponds to a manufacturing benefit and contains     

Table 6.4 Weights of Six-sigma alternatives in BFOP/PIM

	Alternatives
	MFB
	MPC
	MCS
	MR

	LSSW-BLS
	0.476
	0.428
	0.081
	0.268

	LSSW-CS
	0.268
	0.069
	0.515
	0.462

	LSSW-HR
	0.080
	0.142
	0.115
	0.098

	LSSW-S
	0.176
	0.361
	0.289
	0.172


the relative contribution of other benefits with respect to each other on the left-out benefit. The eigen-vectors of pairwise comparison matrices are calculated and provided under “contribution” heading, and represent ci→j’s given in Eq. (1).

Step 3.The contributions of benefits on other benefits are collected in the contribution matrix   (C): 


                                    Variability     Utilization    Inventory   Scrap and rework  Lead time

               Variability         1.000         0.262          0.440               0.603                 0.246

               Utilization         0.235        1.000           0.124               0.069                 0.497

C =

               Inventory         0.179         0.075           1.000               0.222                 0.142

   Scrap and rework        0.521         0.134          0.333               1.000                  0.115

              Lead time          0.065        0.529           0.103               0.066                 1.000

Application of Eq. (2) provides the weights of the benefits (z-vector). To illustrate the application , weights of the benefits in resource and investment for Six Sigma implementation  are calculated and provided below

                                 

                                    1.000       0.2626          0.4393       0.5583        0.2460                     0.404          

                                    0.2340    1.000            0.1229        0.0695        0.4970                     0.063          



Z =


                                    0.1790    0.0747           1.000           0.270        0.1416          X        0.130    

                                    0.5220     0.1330          0.3323       1.000          0.1148                     0.168        

                                    0.0647     0.5294          0.1206       0.1008        1.000                       0.235      

Similar calculations are repeated for other management involvement/commitment and training priorities and their respective Z vectors are obtained. Along with z-vectors, weights of Management involvement& commitment priority and Training dimensions are also presented in the first row of Table 6.6.The calculation for these weights are give in appendix A6.

6.6 Synthesis of the weights to obtain the ranking scores

To calculate weights of Six -sigma benefits with respect to management involvement & commitment and Training dimensions priorities Eq. (3) is applied. In Eq. (3),weight of the jth CSFs given in the first row (in bold) of Table 6.6 is denoted as X1j,and the 

Table 6.5 Weight of Six Sigma benefits in MIAC and Training dimension

	6-Sigma Benefits
	MIAC
	Training(Tools/Process)

	
	RAIFSSI
	OI
	RARTM
	CSAFS
	BAAT
	PM
	DAUK

	Weight
	0.570
	0.254
	0.110
	0.066
	0.634
	0.260
	0.106

	Variability


	0.315
	0.263
	0.186
	0.184
	0.315
	0.195
	0.294

	Utilization


	0.151
	0.255
	0.302
	0.304
	0.158
	0.269
	0.223

	Inventory


	0.142
	0.105
	0.156
	0.118
	0.131
	0.170
	0.109

	Scrap & Rework
	0.229
	0.182
	0.139
	0.152
	0.221
	0.156
	0.199

	Lead Time
	0.163
	0.195
	0.217
	0.242
	0.175
	0.210
	0.175


calculation for these weights are given in appendix A6 and weight of the ith Six-Sigma benefit corresponding to the jth management involvement & commitment and training dimensions priorities are donated as Xij. Uki represents the weight of the ith Six-Sigma benefit corresponding to the chosen CSFs.The calculated weights of Six-Sigma Benefits in management involvement & commitment and training dimensions are provided in Table 6.7.

Uki = Σ Xij X1j                                                                                            ---------(3)

The next step is to calculate the weights of the Basic characteristics of Process/ Product improvement Methodology in Six –Sigma CSFs priorities using Eq. (4). 

 Since weights of the Process/ Product improvement Methodology characteristics in Consultant Priority is already calculated and provided in Table 6.4, calculations are 

necessary for only Management involvement & commitment priorities and training dimensions. 

Lmk = Σ KmlUkl          ---------(4

Table 6.6 Weights of Six-Sigma Benefits in MIAC and Training dimensions
	CSFs
	Six Sigma Benefits

	
	Variability
	Utilization
	Inventory
	Scrap & Rework
	Lead Time

	MIAC
	0.278
	0.203
	0.135
	0.202
	0.182

	Training
	0.281
	0.192
	0.226
	0.201
	0.104


In Eq. (4), Kmi represents the weight of the mth improvement Methodology characteristics corresponding to Six sigma benefits (Table 6.3). The outcome of Eq. (4), weight of the mth Six sigma benefits corresponding to the kth Management involvement /commitment priorities and training dimensions, is denoted as Lmk.
The calculated weights of the Process/ Product improvement Methodology characteristics in Six sigma CSFs priorities are shown in Table 6.8.

Finally, the ranking scores of alternatives are calculated by combining the weights of alternatives in Process/ Product improvement Methodology characteristics (Table 6.5) with the weights of Process/ Product improvement Methodology characteristics in Six Sigma CSFs Priorities (Table 6.8). 

Table 6.7 Weights of BFOP/PIM characteristics in Six Sigma CSFs 

	BFOP/PIM
	Critical Success Factors(CSFs)

	
	MIAC
	Training
	Consultant

	MFB
	0.406
	0.441
	0.432

	MPC
	0.339
	0.352
	0.145

	MCS
	0.129
	0.120
	0.347

	MR
	0.126
	0.087
	      0.076


Table: 6.8 Ranking scores of the Six Sigma alternative Approaches

	SIX SIGMA

ALTERNATIVES
	MIAC

(0.6409)
	Training

(0.1532)
	Consultant

(0.2058)
	Ranking Scores

	LSSW-BLS
	0.383
	0.407
	0.397
	0.396

	LSSW-CS
	0.257
	0.247
	0.389
	0.298

	LSSW-HR
	0.158
	0.114
	0.074
	0.115

	LSSW-S
	0.202
	0.232
	0.140
	0.191


The alternative with the highest ranking score is selected for recommendation to the company management. For the components of the decision hierarchies. The firm can follow through the calculations and see the contributions of any component in the ranking scores. The components whose weights are high (above a certain threshold value determined by the firm) can be considered as critical ones; and the alternatives that score low in the critical components can be directly eliminated from further consideration.
6.7 Discussion of the Results

From this illustrative case study, Linking Six Sigma with the bottom line is recommended for the phoenix lamps Ltd. The Ranking scores of other alternatives are low indicating their low contribution to the Six Sigma benefits. 

The ranking score for Bottom line saving dominates over customer priority in spite of the available knowledge base which notify that the Six sigma methodology is mainly customer focused . Even though the company management found that the result of the AHP/ANP application consistent with their findings. The Company management  told us that in the present circumstances the Customer complaint based project for quality improvement are few and in the past they were mainly appreciate the projects which had have sufficient impact on the customer satisfaction but now the Situation is different, the customer is happy with their product quality and reliability . So it is not justifiable for them to continue follow the same trend and focusing on the customers complaint based projects. 

The company management told us that they have Start exploring the areas for Six Sigma Implementation to maximize the financial gains from Six Sigma initiative  and they identified that there is vast opportunities available in the form of reducing scrap and rework in the manufacturing of halogen lamps .

This will lead to reduce the cost of production and hence more profit margin. It is to be noted that Linking Six Sigma with the bottom line doesn’t means forget the customer , we all know that the customer is the prime driver of the organisation and need proper attention. The management found the strategic justification tool more suitable as a group decision –making tool and the input from various departments especially necessary to perform pair wise comparisons correctly.

This AHP/ANP based study only reveals that our main target for the present environment is linking six sigma with the bottom line saving. There is also a low risk associated with this AHP/ANP analysis finding as we already take consideration of Critical success factors in our modeling and Analysis. 

Chapter 7: Conclusion

Six Sigma has been considered a business strategy that employs a well –structured continuous improvement methodology to tackle process variability and drive out waste from the business processing using statistical tools and techniques, if apply cautiously. 

If the methodology is not implemented wisely, there is very large danger that the program will be counter productive and frustrating and led to total failure. A failure would be anything that hamper the Return of Investment (ROI) .It is also necessary to understand that ones a company has invested the money and resources to do a multi-year six sigma deployment and made it public (Typically through the annual report), it is highly unlikely they will step forward and admit they could not execute, regardless of the outcome. 

Every decision in this dynamic multicriteria environment at the strategic level is very important and a proper Consideration of Critical Success Factors is required for the health of Six Sigma program .This proposed approach illustrate the use of Analytical hierarchy process (AHP/ANP), a multi criteria decision making technique, for the Selection of Appropriate Six-Sigma Strategy using Critical Success Factors (CSFs) Approach. Implementation of six sigma on the basis of critical success factors (CSFs) has strategic implication that contributes to the process and product improvement of a manufacturing organisation. 

The company management saw the proposed AHP/ANP approach as  a systematic decision making tool to determine the strategic implications of Six Sigma alternatives selection decision and an improvement over individually –developed ways that are currently used in company. The application of AHP/ANP provides the weights for the component of the decision hierarchies. The user can obtain not only a ranking of the alternative but also the degree of dominance among the alternative using the scores. The firm can follow through the calculations and see the contributions of any component in the ranking scores. To conclude, once properly introduced and implemented in a halogen lamps manufacturing company, the AHP/ANP approach provide a structure to the inclusion of strategic consideration by linking the Six Sigma alternative approaches and the critical success factors. Furthermore inclusion and quantification of the interdependencies that exist among manufacturing benefits using the ANP approach is an important contribution to the Six Sigma literature. This AHP/ANP based work can be used to make a selection between Six sigma and DFSS application in a particular environment/industry using Critical success factor approach (CSFs).
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AppendixA1

1. Comparing Criteria : Variability 

                       Paired Comparison matrix

	BFOP/PIM
	MFB


	MPC
	MCS
	MR

	MFB
	1
	0.33
	2
	3

	MPC
	3
	1
	2
	7

	MCS
	0.5
	0.5
	1
	5

	MR
	0.33
	0.14
	0.2
	1

	Sum
	4.83
	1.97
	5.2
	16


                               Normalized Matrix

	BFOP/PIM


	MFB
	MPC
	MCS
	MR

	MFB
	0.207
	0.167
	0.385
	0.188

	MPC
	0.622
	0.508
	0.385
	0.437

	MCS
	0.103
	0.254
	0.192
	0.313

	MR


	0.068
	0.071
	0.038
	0.062


                                  Priority weight

	BFOP/PIM


	Priority weight
	Consistency Ratio

	MFB
	0.236
	    ( = 4.166  , m = 4

    CI = 0.056

    RI = 0.90

   CI/RI=0.061

	MPC
	0.489
	

	MCS
	0.216
	

	MR
	0.059
	

	
	
	


                                                                                                A1    

2. Comparing Criteria: Utilization
                    Paired Comparison matrix

	BFOP/PIM
	MFB


	MPC
	MCS
	MR

	MFB
	1
	2
	7
	3

	MPC
	0.5
	1
	5
	2

	MCS
	0.14
	0.2
	1
	0.2

	 MR
	0.33
	0.5
	5
	1

	Sum


	1.97
	3.7
	18
	6.2


                              Normalized matrix

	BFOP/PIM
	MFB


	MPC
	MCS
	MR

	MFB
	0.508
	0.540
	0.389
	0.484

	MPC
	0.254
	0.270
	0.278
	0.322

	MCS
	0.071
	0.055
	0.055
	0.032

	MR
	0.167
	0.135
	0.278
	0.162


                     Priority Weight

	BFOP/PIM
	Priority weight
	Consistency Ratio

	MFB
	0.480
	    ( = 4.072   , m =4

    CI = 0.024

    RI = 0.9

   CI/RI=0.026

	MPC
	0.281
	

	MCS
	0.053
	

	MR
	0.186
	

	
	
	


3. Comparing Criteria: Inventory                                                                                A1                                                                                                                                                                                                 

                  Paired comparison matrix

	BFOP/PIM
	MFB


	MPC
	MCS
	MR

	MFB
	1
	3
	7
	4

	MPC
	0.33
	1
	5
	4

	MCS
	0.143
	0.2
	1
	0.2

	MR
	0.25
	0.25
	5
	1

	Sum


	1.723
	4.45
	18
	9.2


                              Normalized matrix

	BFOP/PIM


	MFB


	MPC
	MCS
	MR

	MFB
	0.580
	0.674
	0.389
	0.435

	MPC
	0.192
	0.225
	0.278
	0.435

	MCS
	0.083
	0.045
	0.055
	0.021

	MR
	0.145
	0.056
	0.278
	0.109


                              Priority weight

	BFOP/PIM
	Priority weight
	Consistency Ratio

	MFB
	0.519
	    ( = 4.136      , m =4

    CI = 0.045

    RI = 0.9

   CI/RI=0.05

	MPC
	0.283
	

	MCS
	0.051
	

	MR
	0.147
	

	
	
	


3. Comparing Criteria: Lead time


                                         A1

                            












                             Paired comparison matrix






                                                                                                                                             
	BFOP/PIM
	MFB


	MPC
	MCS
	MR

	MFB
	1
	3
	2
	4

	MPC
	0.33
	1
	2
	5

	MCS
	0.5
	0.5
	1
	3

	MR
	0.25
	0.2
	0.33
	1

	Sum


	2.08
	4.7
	5.33
	13


                              Normalized matrix

	BFOP/PIM


	MFB


	MPC
	MCS
	MR

	MFB
	0.480
	0.638
	0.375
	0.308

	MPC
	0.158
	0.213
	0.375
	0.385

	MCS
	0.240
	0.106
	0.188
	0.231

	MR
	0.120
	0.042
	0.062
	0.077


                               Priority weight

	BFOP/PIM


	Priority weight
	Consistency Ratio

	MFB
	0.450
	    ( = 4.198  , m =4

    CI = 0.06

    RI = 0.9

   CI/RI=0.073

	MPC
	0.284
	

	MCS
	0.191
	

	MR
	0.075
	


3. Comparing Criteria: Scrap & Rework         
                                        A1

                   Paired comparison matrix                                                                           
	BFOP/PIM


	MFB


	MPC
	MCS
	MR

	MFB
	1
	2
	5
	2

	MPC
	0.5
	1
	3
	2

	MCS
	0.2
	0.33
	1
	0.33

	MR
	0.5
	0.5
	3
	1

	Sum


	2.2
	3.83
	12
	5.33


                               Normalized matrix

	BFOP/PIM


	MFB


	MPC
	MCS
	MR

	MFB
	0.455
	0.522
	0.417
	0.375

	MPC
	0.227
	0.261
	0.250
	0.375

	MCS
	0.091
	0.086
	0.083
	0.062

	MR
	0.227
	0.131
	0.250
	0.188


                              Priority weight

	BFOP/PIM
	Priority weight
	Consistency Ratio

	MFB
	0.442
	    ( = 4.06   , m =4

    CI = 0.02

    RI = 0.9

   CI/RI= 0.022

	MPC
	0.278
	

	MCS
	0.081
	

	MR
	0.199
	


Appendix A2


1. Comparing Criteria : Consultant 

         Paired comparison matrix
	BFOP/PIM


	MFB


	MPC
	MCS
	MR

	MFB
	1
	3
	2
	4

	MPC
	0.33
	1
	0.25
	3

	MCS
	0.5
	4
	1
	5

	MR
	0.25
	0.33
	0.20
	1

	Sum
	2.08
	8.33
	3.45
	13.00


                   Normalized matrix
	BFOP/PIM


	MFB


	MPC
	MCS
	MR

	MFB
	0.480
	0.360
	0.580
	0.308

	MPC
	0.159
	0.120
	0.072
	0.230

	MCS
	0.241
	0.480
	0.290
	0.385

	MR
	0.120
	0.040
	0.058
	0.077


                   Priority weight
	BFOP/PIM


	Priority weight
	Consistency Ratio

	MFB
	0.432
	( = 4.2087      , m =4

    CI = 0.0696

    RI = 0.900

   CI/RI= 0.0773

	MPC


	0.145
	

	MCS


	0.349
	

	MR


	0.074
	


Appendix A3


1. Maximise financial Benefits
Paired comparison matrix

	Alternatives


	LSSW-BLS
	LSSW-CS
	LSSW-HR
	LSSW-S

	LSSW-BLS
	1
	2
	5
	3

	LSSW-CS
	0.5
	1
	3
	2

	LSSW-HR
	0.2
	0.33
	1
	0.33

	LSSW-S
	0.33
	0.5
	3
	1

	Sum
	2.03
	3.83
	12
	6.33


Normalized matrix

	Alternatives


	LSSW-BLS
	LSSW-CS
	LSSW-HR
	LSSW-S

	LSSW-BLS
	0.493
	0.522
	0.417
	0.474

	LSSW-CS
	0.246
	0.261
	0.250
	0.316

	LSSW-HR
	0.098
	0.086
	0.083
	0.052

	LSSW-S
	0.163
	0.131
	0.250
	0.158


Priority weight 
	Alternatives


	Priority weight
	Consistency Ratio

	LSSW-BLS
	0.476
	    CI = 0.0169

    RI = 0.9

   CI/RI=0.0187

	LSSW-CS
	0.268
	

	LSSW-HR
	0.080
	

	LSSW-S
	0.176
	


2. Maximise process capability                                                                             A3
Paired comparison matrix

	Alternatives


	LSSW-BLS
	LSSW-CS
	LSSW-HR
	LSSW-S

	LSSW-BLS
	1
	4
	3
	2

	LSSW-CS
	0.25
	1
	0.33
	0.167

	LSSW-HR
	0.33
	3
	1
	0.250

	LSSW-S
	0.50
	6
	4
	1

	Sum
	2.08
	14
	8.33
	3.42


        

 Normalized matrix

	Alternatives


	LSSW-BLS
	LSSW-CS
	LSSW-HR
	LSSW-S

	LSSW-BLS
	0.480
	0.287
	0.360
	0.586

	LSSW-CS
	0.120
	0.071
	0.040
	0.048

	LSSW-HR
	0.159
	0.214
	0.120
	0.073

	LSSW-S
	0.241
	0.428
	0.480
	0.293


         

Priority weight

	Alternatives


	Priority weight
	Consistency Ratio

	LSSW-BLS
	0.428
	CI = 0.06

RI = 0.9

CI/RI=0.067

	LSSW-CS
	0.069
	

	LSSW-HR
	0.142
	

	LSSW-S
	0.361
	


3.Maximise customer satisfaction                                                                                 A3

Paired comparison matrix

	Alternatives


	LSSW-BLS
	LSSW-CS
	LSSW-HR
	LSSW-S

	LSSW-BLS
	1
	0.2
	0.5
	0.33

	LSSW-CS
	5
	1
	4
	3

	LSSW-HR
	2
	0.25
	1
	0.2

	LSSW-S
	3
	0.33
	5
	1

	Sum
	11
	1.78
	10.5
	4.53


Normalized matrix

	Alternatives


	LSSW-BLS
	LSSW-CS
	LSSW-HR
	LSSW-S

	LSSW-BLS
	0.091
	0.112
	0.048
	0.073

	LSSW-CS
	0.454
	0.562
	0.380
	0.662

	LSSW-HR
	0.182
	0.141
	0.095
	0.044

	LSSW-S
	0.273
	0.185
	0.476
	0.220


Priority weight

	Alternatives
	Priority weight
	Consistency Ratio

	LSSW-BLS
	0.081
	CI = 0.081

RI = 0.9

CI/RI=0.09

	LSSW-CS
	0.515
	

	LSSW-HR
	0.115
	

	LSSW-S
	0.289
	


4. Minimize Risk                                                                                                  A3                                                                            

Paired comparison matrix

	Alternatives
	LSSW-BLS
	LSSW-CS
	LSSW-HR
	LSSW-S

	LSSW-BLS
	1
	0.5
	3
	2

	LSSW-CS
	2
	1
	3
	4

	LSSW-HR
	0.33
	0.33
	1
	0.33

	LSSW-S
	0.5
	0.25
	3
	1

	Sum
	3.83
	2.08
	10
	7.33


           Normalized matrix

	Alternatives
	LSSW-BLS
	LSSW-CS
	LSSW-HR
	LSSW-S

	LSSW-BLS
	0.261
	0.240
	0.30
	0.273

	LSSW-CS
	0.522
	0.480
	0.30
	0.546

	LSSW-HR
	0.086
	0.159
	0.10
	0.045

	LSSW-S
	0.131
	0.120
	0.30
	0.136


Priority weight

	Alternatives
	Priority weight
	Consistency Ratio

	LSSW-BLS
	0.268
	    CI = 0.057

    RI = 0.9

   CI/RI=0.0637

	LSSW-CS
	0.462
	

	LSSW-HR
	0.098
	

	LSSW-S
	0.172
	


	Resource & Investment for 6 sigma project(RAIFSSI)

	
	Variability
	Utilization
	Lead time
	Inventory
	Scrap & rework
	Eigen- Vector

	Variability
	1
	5
	3
	3
	2
	0.404

	Utilization
	0.2
	1
	0.33
	0.33
	0.33
	0.063

	Lead time
	0.33
	3
	1
	0.5
	0.5
	0.130

	Inventory
	0.33
	3
	2
	1
	0.5
	0.168

	Scrap & rework
	0.5
	3
	2
	2
	1
	0.235

	

	Organisational Infrastructure(OI)

	
	Variability
	Utilization
	Lead time
	Inventory
	Scrap & rework


	Eigen- Vector

	Variability
	1
	0.5
	4
	3
	2
	0.285

	Utilization
	2
	1
	3
	2
	2
	0.331

	Lead time
	0.25
	0.33
	1
	0.5
	0.33
	0.074

	Inventory
	0.33
	0.5
	2
	1
	0.5
	0.123

	Scrap & rework
	0.5
	0.5
	3
	2
	1
	0.187

	

	Rewarding and recognizing team members(RARTM)

	
	Variability
	Utilization
	Lead time
	Inventory
	Scrap & rework


	Eigen- Vector

	Variability
	1
	0.2
	0.5
	4
	3
	0.203

	Utilization
	5
	1
	3
	2
	2
	0.349

	Lead time
	2
	0.33
	1
	3
	0.2
	0.144

	Inventory
	0.25
	0.5
	0.33
	1
	0.33
	0.078

	Scrap & rework
	0.33
	0.5
	5
	3
	1
	0.226

	

	Communicating six sigma success and failure stories(CSAFS)

	
	Variability
	Utilization
	Lead time
	Inventory
	Scrap & rework


	Eigen- Vector

	Variability
	1
	0.14
	0.2
	0.33
	0.5
	0.059

	Utilization
	7
	1
	5
	4
	2
	0.457

	Lead time
	5
	0.2
	1
	0.5
	0.33
	0.121

	Inventory
	3
	0.25
	2
	1
	0.5
	0.142

	Scrap & rework
	2
	0.5
	3
	2
	1
	0.221
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	Basic and advanced tools (BAAT)

	
	Variability
	Utilization
	Lead time
	Inventory
	Scrap & rework


	Eigen- Vector

	Variability
	1
	5
	4
	3
	2
	0.415

	Utilization
	0.2
	1
	0.33
	0.5
	0.25
	0.064

	Lead time
	0.25
	3
	1
	0.5
	0.33
	0.112

	Inventory
	0.33
	2
	2
	1
	0.5
	0.147

	Scrap & rework
	0.5
	4
	3
	2
	1
	0.262

	

	Project Management(PM)

	
	Variability
	Utilization
	Lead time
	Inventory
	Scrap & rework


	Eigen- Vector

	Variability
	1
	0.2
	0.5
	0.33
	0.33
	0.071

	Utilization
	5
	1
	2
	3
	3
	0.401

	Lead time
	2
	0.5
	1
	3
	2
	0.240

	Inventory
	3
	0.33
	0.33
	1
	0.5
	0.122

	Scrap & rework
	3
	0.33
	0.5
	2
	1
	0.166

	

	Documentation and updation of knowledge (DAUK)

	
	Variability
	Utilization
	Lead time
	Inventory
	Scrap & rework


	Eigen- Vector

	Variability
	1
	2
	4
	3
	2
	0.371

	Utilization
	0.5
	1
	3
	2
	2
	0.247

	Lead time
	0.25
	0.33
	1
	0.5
	0.33
	0.073

	Inventory
	0.33
	0.5
	2
	1
	0.5
	0.120

	Scrap & rework
	0.5
	0.5
	3
	2
	1
	0.189



	Benefits
	Utilization
	Inventory
	Scrap & Rework
	Lead time
	Contribution

	Variability

	Utilization
	1
	2
	0.33
	4
	0.235

	Inventory
	0.5
	1
	0.25
	5
	0.179

	Scrap & Rework
	3
	4
	1
	5
	0.521

	Lead time
	0.25
	0.2
	0.2
	1
	0.065

	Utilization

	
	Variability
	Inventory
	Scrap & Rework
	Lead time
	Contribution

	Variability
	1
	5
	2
	0.33
	0.262

	Inventory
	0.2
	1
	0.5
	0.2
	0.075

	Scrap & Rework
	0.5
	2
	1
	0.25
	0.134

	Lead time
	3
	5
	4
	1
	0.529

	Inventory

	
	Variability
	Utilization
	Scrap & Rework
	Lead time
	Contribution

	Variability
	1
	4
	2
	3
	0.440

	Utilization
	0.25
	1
	0.2
	2
	0.124

	Scrap & Rework
	0.5
	5
	1
	3
	0.333

	Lead time
	0.33
	0.5
	0.33
	1
	0.103

	Scrap & Rework

	
	Variability
	Utilization
	Inventory
	Lead time
	Contribution

	Variability
	1
	5
	7
	6
	0.603

	Utilization
	0.2
	1
	5
	3
	0.069

	Inventory
	0.14
	0.2
	1
	3
	0.222

	Lead time
	0.16
	0.33
	0.33
	1
	0.066

	Lead time

	
	Variability
	Utilization
	Inventory
	Scrap & Rework
	Contribution

	Variability
	1
	0.33
	3
	2
	0.246

	Utilization
	3
	1
	4
	3
	0.497

	Inventory
	0.33
	0.25
	1
	2
	0.142

	Scrap & Rework
	0.5
	0.33
	0.5
	1
	0.115


Appendix A5

  Note: Detailed calculations for appendix A5 is given in appendix  A5-a.

Appendix A6
                Paired comparison

	   MAIC
	RAIFSSI
	OI
	RARTM
	CSAFS

	RAIFSSI
	1
	3
	5
	7

	OI
	0.33
	1
	3
	4

	RARTM
	0.2
	0.33
	1
	2

	CSAFS
	0.143
	0.25
	0.5
	1

	Sum
	1.673
	4.58
	9.5
	14


                   Normalized comparison

	
	RAIFSSI
	OI
	RARTM
	CSAFS

	RAIFSSI
	0.598
	0.655
	0.526
	0.500

	OI
	0.197
	0.218
	0.316
	0.286

	RARTM
	0.120
	0.072
	0.105
	0.143

	CSAFS
	0.085
	 0.055
	0.053
	0.071


                  Priority Weight
	
	Priority Weight
	Consistency ratio

	RAIFSSI
	0.570
	CI = 0.0183

RI = 0.9

CI/RI=0.02

	OI
	0.254
	

	RARTM
	0.110
	

	CSAFS
	0.066
	


                    Paired Comparison

	Training dimension
	BAAT
	PM
	DAUK

	BAAT
	1
	3
	5

	PM
	0.33
	1
	3

	DAUK
	0.20
	0.33
	1

	Sum
	1.53
	4.33
	9


                   Normalized Comparison

	 Training dimension
	BAAT
	PM
	DAUK

	BAAT
	0.653
	0.693
	0.556

	PM
	0.216
	0.231
	0.333

	DAUK
	0.131
	0.076
	0.111


                    Priority weight

	Training dimension
	Priority weight
	Consistency ratio

	BAAT
	0.634
	     CI = 0.0165

    RI = 0.58

   CI/RI=0.028

	PM
	0.260
	

	DAUK
	0.106
	


Appendix A4-a
1. Comparing Criteria: Resource & Investment for 6 sigma implementation (RAIFSSI)

Paired Comparison matrix 

	SIX SIGMA BENEFITS
	Variability
	Utilization
	Lead time
	Inventory
	Scrap & rework

	Variability
	1
	5
	3
	3
	2

	Utilization
	0.2
	1
	0.33
	0.33
	0.33

	Lead time
	0.33
	3
	1
	0.5
	0.5

	Inventory
	0.33
	3
	2
	1
	0.5

	Scrap & rework
	0.5
	3
	2
	2
	1

	Sum
	2.36
	15
	8.33
	6.83
	4.33


Normalized Matrix

	SIX SIGMA BENEFITS
	Variability
	Utilization
	Lead time
	Inventory
	Scrap & rework

	Variability


	0.424
	0.333
	0.360
	0.439
	0.462

	Utilization


	0.085
	0.067
	0.040
	0.048
	0.076

	Lead time


	0.140
	0.200
	0.120
	0.073
	0.116

	Inventory


	0.140
	0.200
	0.240
	0.146
	0.116

	Scrap & rework
	     0.211
	0.200
	0.240
	0.293
	0.230


Priority Weights
	SIX SIGMA BENEFITS
	Priority Weight(x)
	Consistency Ratio

	Variability
	0.404
	    CI = 0.028

    RI = 1.12

   CI/RI=0.0257

	Utilization
	0.063
	

	Lead time
	0.130
	

	Inventory
	0.168
	

	Scrap & rework
	0.235
	


2. Comparing Criteria: Organisational Infrastructure                                     A4-a                                                                               

     Paired Comparison matrix
	SIX-SIGMA BENEFITS
	Variability
	Utilization
	Lead time
	Inventory
	Scrap & rework

	Variability
	1
	0.5
	4
	3
	2

	Utilization
	2
	1
	3
	2
	2

	Lead time
	0.25
	0.33
	1
	0.5
	0.33

	Inventory
	0.33
	0.5
	2
	1
	0.5

	Scrap & rework
	0.5
	0.5
	3
	2
	1

	  Sum
	       4.08
	2.83
	13
	8.5
	5.83


      Normalized Matrix

	SIX-SIGMA      

BENEFITS
	Variability
	Utilization
	Lead time
	Inventory
	Scrap & rework

	Variability
	0.245
	0.177
	0.308
	0.353
	0.343

	Utilization
	0.491
	0.353
	0.230
	0.235
	0.343

	Lead time
	0.061
	0.116
	0.077
	0.059
	0.057

	Inventory
	0.080
	0.177
	0.154
	0.118
	0.086

	Scrap & rework
	0.123
	0.177
	0.231
	0.235
	0.171


      Priority Weights

	  SIX-SIGMA      

  BENEFITS
	Priority Weight
	Consistency Ratio

	Variability
	0.285
	    CI = 0.04

    RI = 1.12

   CI/RI=0.036

	Utilization
	0.331
	

	Lead time
	0.074
	

	Inventory
	0.123
	

	Scrap & rework
	0.187
	

	Sum
	
	


3. Comparing Criteria: Rewarding and recognizing team members
     A4-a     

 Paired Comparison matrix

	 SIX-SIGMA      

  BENEFITS
	Variability
	Utilization
	Lead time
	Inventory
	Scrap& rework

	Variability
	1
	0.2
	0.5
	4
	3



	Utilization
	5
	1
	3
	2
	2



	Lead time
	2
	0.33
	1
	3
	0.2



	Inventory
	0.25
	0.5
	0.33
	1
	0.33



	Scrap & rework
	0.33
	0.5
	5
	3
	1

	Sum
	8.58
	2.53
	9.83
	13
	6.53




Normalized Matrix

	 SIX-SIGMA      

  BENEFITS
	Variability
	Utilization
	Lead time
	Inventory
	Scrap & rework

	Variability
	0.117
	0.079
	0.051
	0.307
	0.459



	Utilization
	0.583
	0.395
	0.305
	0.154
	0.306



	Lead time
	0.233
	0.130
	0.102
	0.231
	0.031



	Inventory
	0.029
	0.198
	0.033
	0.077
	0.051



	Scrap & rework
	0.038
	0.198
	0.509
	0.231
	0.153




Priority Weights

	  SIX-SIGMA      

  BENEFITS
	Priority Weight
	Consistency Ratio

	Variability
	0.203
	    CI = 0.036

    RI = 1.12

   CI/RI=0.032

	Utilization
	0.349
	

	Lead time
	0.144
	

	Inventory
	0.078
	

	Scrap & rework
	0.226
	

	
	
	













  A4-a  
4.Comparing Criteria: Communicating six sigma success and failure stories 


     
Paired Comparison matrix

	 SIX-SIGMA      

  BENEFITS
	Variability
	Utilization
	Lead time
	Inventory
	Scrap & rework

	Variability
	1
	0.14
	0.2
	0.33
	0.5

	Utilization
	7
	1
	5
	4
	2

	Lead time
	         5
	0.2
	1
	0.5
	0.33



	Inventory
	3
	0.25
	2
	1


	0.5

	Scrap & rework
	2
	0.5
	3
	2
	1

	Sum


	18
	2.09
	11.20
	7.83
	4.33


Normalized Matrix

	 SIX-SIGMA      

  BENEFITS
	Variability
	Utilization
	Lead time
	Inventory
	Scrap & rework

	Variability
	0.055
	0.067
	0.018
	0.042
	0.115

	Utilization
	0.389
	0.478
	0.447
	0.511
	0.462

	Lead time
	0.278


	0.096
	0.089
	0.064
	0.077

	Inventory
	0.167


	0.120
	0.178
	0.128
	0.115

	Scrap & rework
	0.111
	0.239
	0.268
	0.255
	0.231


Priority Weight

	 SIX-SIGMA      

  BENEFITS
	Priority Weight
	Consistency Ratio

	Variability


	0.059
	    ( =   5.397    , m = 5

    CI = 0.0899

    RI = 1.12

   CI/RI=0.08

	Utilization


	0.457
	

	Lead time


	0.121
	

	Inventory


	0.142
	

	Scrap & rework


	0.221
	


Training     








                 A4-a
5.Comparing Criteria: Basic and advanced tools with in 6 sigma                                            

Paired Comparison matrix

	 SIX-SIGMA      

  BENEFITS
	Variability
	Utilization
	Lead time
	Inventory
	Scrap & rework

	Variability
	1
	5
	4
	3
	2



	Utilization
	0.2
	1
	0.33
	0.5
	0.25



	Lead time
	0.25
	3
	1
	0.5
	0.33



	Inventory
	0.33
	2
	2
	1
	0.5



	Scrap & rework
	0.5
	4
	3
	2
	1

	Sum


	2.28
	15
	10.33
	7
	4.08


Normalized matrix

	 SIX SIGMA      

  BENEFITS
	Variability
	Utilization
	Lead time
	Inventory
	Scrap & rework

	Variability


	0.438
	0.333
	0.387
	0.428
	0.490

	Utilization


	0.088
	0.067
	0.032
	0.072
	0.061

	Lead time


	0.110
	0.200
	0.097
	0.072
	0.080

	Inventory


	0.145
	0.133
	0.194
	0.142
	0.123

	Scrap & rework
	0.219
	0.267
	0.290
	0.286
	0.245


Priority Weight

	    SIX SIGMA      

     BENEFITS
	Priority Weight
	Consistency Ratio

	Variability
	0.415
	    ( =  5.135, m =5

    CI =0.03

    RI = 1.12

   CI/RI=0.026

	Utilization
	0.064
	

	Lead time
	0.112
	

	Inventory
	0.147
	

	Scrap & rework
	0.262
	

	
	
	


6.Comparing Criteria: Project Management

    Paired Comparison matrix

	  SIX SIGMA      

   BENEFITS
	Variability
	Utilization
	Lead time
	Inventory
	Scrap & rework

	Variability
	1
	0.2
	0.5
	0.33
	0.33

	Utilization
	5
	1
	2
	3
	3

	Lead time
	2
	0.5
	1
	3
	2

	Inventory
	3
	0.33
	0.33
	1
	0.5

	Scrap & rework
	3
	0.33
	0.5
	2
	1

	Sum


	14
	2.36
	4.33
	9.33
	6.83


Normalized matrix

	SIX SIGMA      

BENEFITS
	Variability
	Utilization
	Lead time
	Inventory
	Scrap & rework

	Variability
	0.071
	0.085
	0.115
	0.035
	0.048

	Utilization
	0.357
	0.425
	0.462
	0.322
	0.439

	Lead time
	0.143
	0.212
	0.231
	0.322
	0.293

	Inventory
	0.214
	0.139
	0.076
	0.107
	0.073

	Scrap & rework
	0.214
	0.139
	0.116
	0.214
	0.147


Priority Weight

	SIX SIGMA      

BENEFITS
	Priority Weight
	Consistency Ratio

	Variability
	0.071
	    CI = 0.05

    RI = 1.12

   CI/RI= 0.044

	Utilization
	0.401
	

	Lead time
	0.240
	

	Inventory
	0.122
	

	Scrap & rework
	0.166
	


7. Comparing Criteria: Documentation and up-gradation of knowledge 

Paired Comparison matrix

	 SIXSIGMA      

 BENEFITS
	Variability
	Utilization
	Lead time
	Inventory
	Scrap & rework

	Variability
	1
	2
	4
	3
	2

	Utilization
	0.5
	1
	3
	2
	2

	Lead time
	0.25


	0.33
	1
	0.5
	0.33

	Inventory
	0.33


	0.5
	2
	1
	0.5

	Scrap & rework
	0.5
	0.5
	3
	2
	1

	Sum
	2.58
	4.33
	13
	8.5
	5.83




Normalized matrix

	  SIX SIGMA      

 BENEFITS
	Variability
	Utilization
	Lead time
	Inventory
	Scrap & rework

	Variability
	0.387
	0.462
	0.308
	0.353
	0.343

	Utilization
	0.194
	0.231
	0.231
	0.235
	0.343

	Lead time
	0.097


	0.076
	0.077
	0.059
	0.057

	Inventory
	0.128


	0.115
	0.154
	0.118
	0.086

	Scrap & rework
	0.194
	0.115
	0.231
	0.235
	0.171


Priority Weight

	  SIX SIGMA      

  BENEFITS
	Priority Weight
	Consistency Ratio

	Variability
	0.371
	    CI = 0.079

    RI = 1.12

   CI/RI=0.08

	Utilization
	0.247
	

	Lead time
	0.073


	

	Inventory
	0.120


	

	Scrap & rework
	0.189
	


Appendix A5-a
1. Comparing Criteria: Variability
Paired Comparison matrix

	Benefits


	Utilization
	Inventory
	Scrap & Rework
	Lead time

	Utilization


	1
	2
	0.33
	4

	Inventory


	0.5
	1
	0.25
	5

	Scrap & Rework
	3
	4
	1
	5

	Lead time


	0.25
	0.2
	0.2
	1

	Sum


	4.75
	7.20
	1.78
	15


Normalized matrix

	Benefits


	Utilization
	Inventory
	Scrap & Rework
	Lead time

	Utilization


	0.210
	0.278
	0.185
	0.267

	Inventory


	0.105
	0.139
	0.140
	0.333

	Scrap & Rework
	0.632
	0.555
	0.562
	0.333

	Lead time


	0.053
	0.028
	0.112
	0.067


Priority Weight

	   Benefits


	Priority Weight
	Consistency Ratio

	Utilization


	0.235
	CI/RI=0.088

	Inventory


	0.179
	

	Scrap & Rework


	0.521
	

	Lead time


	0.065
	


2. Comparing Criteria: Utilization                                                         A5-a
Paired Comparison matrix

	Benefits


	Variability
	Inventory
	Scrap & Rework
	Lead time

	Variability


	1
	5
	2
	0.33

	Inventory


	0.2
	1
	0.5
	0.2

	Scrap & Rework
	0.5
	2
	1
	0.25

	Lead time


	3
	5
	4
	1

	Sum


	4.7
	13
	7.5
	1.78


Normalized matrix

	Benefits


	Variability
	Inventory
	Scrap & Rework
	Lead time

	Variability


	0.213
	0.385
	0.267
	0.185

	Inventory


	0.043
	0.077
	0.067
	0.112

	Scrap & Rework


	0.106
	0.154
	0.133
	0.141

	Lead time


	0.638
	0.384
	0.533
	0.562


Priority Weight

	Benefits


	Priority Weight
	Consistency Ratio

	Variability


	0.262
	  CI/RI=0.037

	Inventory


	0.075
	

	Scrap & Rework


	0.134
	

	Lead time


	0.529
	


3. Comparing Criteria: Inventory                                                         A5-a
Paired Comparison matrix

	Benefits


	Variability
	Utilization
	Scrap & Rework
	Lead time

	Variability


	1
	4
	2
	3

	Utilization


	0.25
	1
	0.2
	2

	Scrap & Rework
	0.5
	5
	1
	3

	Lead time


	0.33
	0.5
	0.33
	1

	Sum


	2.08
	10.5
	3.53
	9


 Normalized matrix

	Benefits


	Variability
	Utilization
	Scrap & Rework
	Lead time

	Variability


	0.481
	0.380
	0.567
	0.333

	Utilization


	0.120
	0.096
	0.057
	0.223

	Scrap & Rework
	0.240
	0.476
	0.283
	0.333

	Lead time


	0.159
	0.048
	0.093
	0.111


Priority Weight

	     Benefits


	Priority Weight
	Consistency Ratio

	Variability


	0.440
	   CI/RI= 0.0793

	Utilization


	0.124
	

	Scrap & Rework


	0.333
	

	Lead time


	0.103
	


4. Comparing Criteria: Scrap & Rework                                                           A5-a
Paired Comparison matrix

	Benefits


	Variability
	Utilization
	Inventory
	Lead time

	Variability


	1
	5
	7
	6

	Utilization


	0.2
	1
	5
	3

	Inventory


	0.143
	0.2
	1
	3

	Lead time


	0.167
	0.33
	0.33
	1

	Sum


	1.51
	6.53
	13.33
	13


Normalized matrix

	Benefits


	Variability
	Utilization
	Inventory
	Lead time

	Variability


	0.662
	0.766
	0.525
	0.461

	Utilization


	0.132
	0.153
	0.375
	0.231

	Inventory


	0.095
	0.031
	0.075
	0.231

	Lead time


	0.111
	0.050
	0.025
	0.077


Priority Weight

	Benefits


	Priority Weight
	Consistency Ratio

	Variability


	0.603
	CI/RI=0.066

	Utilization


	0.069
	

	Inventory


	0.222
	

	Lead time


	0.066
	


5. Comparing Criteria: Lead Time                                                          A5-a
Paired Comparison matrix

	Benefits
	Variability
	Utilization
	Inventory
	Scrap & Rework

	Variability


	1
	0.33
	3
	2

	Utilization


	3
	1
	4
	3

	Inventory


	0.33
	0.25
	1
	2

	Scrap & Rework 
	0.5
	0.33
	0.5
	1

	Sum


	4.83
	1.91
	8.5
	8


Normalized matrix

	Benefits
	Variability
	Utilization
	Inventory
	Scrap & Rework

	Variability


	0.207
	0.173
	0.353
	0.250

	Utilization


	0.621
	0.523
	0.470
	0.375

	Inventory


	0.068
	0.131
	0.118
	0.250

	Scrap & Rework
	0.104
	0.173
	0.059
	0.125


Priority Weight

	  Benefits


	Priority Weight
	Consistency Ratio

	Variability


	0.246
	    ( =4.208  , m = 4

    CI =  0.069

    RI = 

   CI/RI=

	Utilization


	0.497
	

	Inventory


	0.142
	

	Scrap & Rework


	0.115
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Appendix A6: Weights Calculation for Sub factor of Training Dimension
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Fig.6.4 The decision hierarchy of the Training priority
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		      (Text_Alignment "v<")
		      (Text_Path 0.86602 0.499997 0)
		      (User_Options "angle=30,polygon=3,linect=1,charct=6")
		      (Polygon ((0.507423 -0.553689 0) (0.584701 -0.487641 0) (
			 0.609485 -0.551188 0) (0.532206 -0.617236 0)))
		      (Renumber (Text 0.526011 -0.601349 0 "Others") 1 "L")
		      (Segment "raw" (
			(Visibility "off")
			(Renumber (Text 0 0 0 "Others") 1 "L")))))
		    (Segment "major" (
		      (Segment "" (
			(Polyline ((-0.566638 -0.39998 0) (-0.566638 -0.439978 
			   0)))))
		      (Segment "" (
			(Polyline ((-0.339983 -0.39998 0) (-0.339983 -0.439978 
			   0)))))
		      (Segment "" (
			(Polyline ((-0.113328 -0.39998 0) (-0.113328 -0.439978 
			   0)))))
		      (Segment "" (
			(Polyline ((0.113328 -0.39998 0) (0.113328 -0.439978 0)
			  ))))
		      (Segment "" (
			(Polyline ((0.339983 -0.39998 0) (0.339983 -0.439978 0)
			  ))))
		      (Segment "" (
			(Polyline ((0.566638 -0.39998 0) (0.566638 -0.439978 0)
			  ))))))
		    (Segment "minor" ())))
		  (Segment "set2" (
		    (Color_By_Index "Face Contrast,Line,Text,Edge" 1)
		    (Edge_Pattern  "---")
		    (Edge_Weight 1)
		    (Line_Pattern  "---")
		    (Line_Weight 1)
		    (Text_Alignment "*>")
		    (Text_Font "name=arial-gdi-vector,size=0.02972 sru")
		    (Segment "" (
		      (Text -0.546639 -0.699965 0 "274")))
		    (Segment "" (
		      (Text -0.319984 -0.699965 0 " 59")))
		    (Segment "" (
		      (Text -0.0933287 -0.699965 0 " 43")))
		    (Segment "" (
		      (Text 0.133327 -0.699965 0 " 19")))
		    (Segment "" (
		      (Text 0.359982 -0.699965 0 " 18")))
		    (Segment "" (
		      (Text 0.586637 -0.699965 0 " 10")))
		    (Segment "major" (
		      (Segment "" (
			(Polyline ((-0.566638 -0.39998 0) (-0.566638 -0.39998 0
			   )))))
		      (Segment "" (
			(Polyline ((-0.339983 -0.39998 0) (-0.339983 -0.39998 0
			   )))))
		      (Segment "" (
			(Polyline ((-0.113328 -0.39998 0) (-0.113328 -0.39998 0
			   )))))
		      (Segment "" (
			(Polyline ((0.113328 -0.39998 0) (0.113328 -0.39998 0))
			 )))
		      (Segment "" (
			(Polyline ((0.339983 -0.39998 0) (0.339983 -0.39998 0))
			 )))
		      (Segment "" (
			(Polyline ((0.566638 -0.39998 0) (0.566638 -0.39998 0))
			 )))))
		    (Segment "minor" ())))
		  (Segment "set3" (
		    (Color_By_Index "Face Contrast,Line,Text,Edge" 1)
		    (Edge_Pattern  "---")
		    (Edge_Weight 1)
		    (Line_Pattern  "---")
		    (Line_Weight 1)
		    (Text_Alignment "*>")
		    (Text_Font "name=arial-gdi-vector,size=0.02972 sru")
		    (Segment "" (
		      (Text -0.546639 -0.779961 0 "64.8")))
		    (Segment "" (
		      (Text -0.319984 -0.779961 0 "13.9")))
		    (Segment "" (
		      (Text -0.0933287 -0.779961 0 "10.2")))
		    (Segment "" (
		      (Text 0.133327 -0.779961 0 " 4.5")))
		    (Segment "" (
		      (Text 0.359982 -0.779961 0 " 4.3")))
		    (Segment "" (
		      (Text 0.586637 -0.779961 0 " 2.4")))
		    (Segment "major" (
		      (Segment "" (
			(Polyline ((-0.566638 -0.39998 0) (-0.566638 -0.39998 0
			   )))))
		      (Segment "" (
			(Polyline ((-0.339983 -0.39998 0) (-0.339983 -0.39998 0
			   )))))
		      (Segment "" (
			(Polyline ((-0.113328 -0.39998 0) (-0.113328 -0.39998 0
			   )))))
		      (Segment "" (
			(Polyline ((0.113328 -0.39998 0) (0.113328 -0.39998 0))
			 )))
		      (Segment "" (
			(Polyline ((0.339983 -0.39998 0) (0.339983 -0.39998 0))
			 )))
		      (Segment "" (
			(Polyline ((0.566638 -0.39998 0) (0.566638 -0.39998 0))
			 )))))
		    (Segment "minor" ())))
		  (Segment "set4" (
		    (Color_By_Index "Face Contrast,Line,Text,Edge" 1)
		    (Edge_Pattern  "---")
		    (Edge_Weight 1)
		    (Line_Pattern  "---")
		    (Line_Weight 1)
		    (Text_Alignment "*>")
		    (Text_Font "name=arial-gdi-vector,size=0.02972 sru")
		    (Segment "" (
		      (Text -0.546639 -0.859957 0 " 64.8")))
		    (Segment "" (
		      (Text -0.319984 -0.859957 0 " 78.7")))
		    (Segment "" (
		      (Text -0.0933287 -0.859957 0 " 88.9")))
		    (Segment "" (
		      (Text 0.133327 -0.859957 0 " 93.4")))
		    (Segment "" (
		      (Text 0.359982 -0.859957 0 " 97.6")))
		    (Segment "" (
		      (Text 0.586637 -0.859957 0 "100.0")))
		    (Segment "major" (
		      (Segment "" (
			(Polyline ((-0.566638 -0.39998 0) (-0.566638 -0.39998 0
			   )))))
		      (Segment "" (
			(Polyline ((-0.339983 -0.39998 0) (-0.339983 -0.39998 0
			   )))))
		      (Segment "" (
			(Polyline ((-0.113328 -0.39998 0) (-0.113328 -0.39998 0
			   )))))
		      (Segment "" (
			(Polyline ((0.113328 -0.39998 0) (0.113328 -0.39998 0))
			 )))
		      (Segment "" (
			(Polyline ((0.339983 -0.39998 0) (0.339983 -0.39998 0))
			 )))
		      (Segment "" (
			(Polyline ((0.566638 -0.39998 0) (0.566638 -0.39998 0))
			 )))))
		    (Segment "minor" ())))
		  (Segment "set5" (
		    (Color_By_Index "Face Contrast,Line,Text,Edge" 1)
		    (Edge_Pattern  "---")
		    (Edge_Weight 1)
		    (Line_Pattern  "---")
		    (Line_Weight 1)
		    (Text_Alignment "*>")
		    (Text_Font "name=arial-gdi-vector,size=0.03385 sru")
		    (Segment "" (
		      (Text -0.749962 -0.379981 0 "0")))
		    (Segment "" (
		      (Text -0.749962 -0.141335 0 "100")))
		    (Segment "" (
		      (Text -0.749962 0.0973114 0 "200")))
		    (Segment "" (
		      (Text -0.749962 0.335958 0 "300")))
		    (Segment "" (
		      (Text -0.749962 0.574604 0 "400")))
		    (Segment "major" (
		      (Segment "" (
			(Polyline ((-0.699965 -0.379981 0) (-0.719964 -0.379981
			   0)))))
		      (Segment "" (
			(Polyline ((-0.699965 -0.141335 0) (-0.719964 -0.141335
			   0)))))
		      (Segment "" (
			(Polyline ((-0.699965 0.0973114 0) (-0.719964 0.0973114
			   0)))))
		      (Segment "" (
			(Polyline ((-0.699965 0.335958 0) (-0.719964 0.335958 0
			   )))))
		      (Segment "" (
			(Polyline ((-0.699965 0.574604 0) (-0.719964 0.574604 0
			   )))))))))
		  (Segment "set6" (
		    (Color_By_Index "Face Contrast,Line,Text,Edge" 1)
		    (Edge_Pattern  "---")
		    (Edge_Weight 1)
		    (Line_Pattern  "---")
		    (Line_Weight 1)
		    (Text_Alignment "*<")
		    (Text_Font "name=arial-gdi-vector,size=0.03385 sru")
		    (Segment "" (
		      (Text 0.749962 -0.379981 0 "0")))
		    (Segment "" (
		      (Text 0.749962 -0.178086 0 "20")))
		    (Segment "" (
		      (Text 0.749962 0.0238083 0 "40")))
		    (Segment "" (
		      (Text 0.749962 0.225703 0 "60")))
		    (Segment "" (
		      (Text 0.749962 0.427598 0 "80")))
		    (Segment "" (
		      (Text 0.749962 0.629492 0 "100")))
		    (Segment "major" (
		      (Segment "" (
			(Polyline ((0.699965 -0.379981 0) (0.719964 -0.379981 0
			   )))))
		      (Segment "" (
			(Polyline ((0.699965 -0.178086 0) (0.719964 -0.178086 0
			   )))))
		      (Segment "" (
			(Polyline ((0.699965 0.0238083 0) (0.719964 0.0238083 0
			   )))))
		      (Segment "" (
			(Polyline ((0.699965 0.225703 0) (0.719964 0.225703 0))
			 )))
		      (Segment "" (
			(Polyline ((0.699965 0.427598 0) (0.719964 0.427598 0))
			 )))
		      (Segment "" (
			(Polyline ((0.699965 0.629492 0) (0.719964 0.629492 0))
			 )))))))))))
	      (Segment "grid" (
		(Front ((Segment "set1" (
		    (Color_By_Index "Face Contrast,Line,Edge" 1)
		    (Edge_Pattern  "...")
		    (Edge_Weight 1)
		    (Line_Pattern  "...")
		    (Line_Weight 1)
		    (Segment "major" (
		      (Color_By_Index "Face Contrast,Line,Edge" 14)
		      (Edge_Pattern  "...")
		      (Line_Pattern  "...")
		      (Segment "" (
			(Polyline ((-0.699965 -0.379981 0) (0.699965 -0.379981 
			   0)))))
		      (Segment "" (
			(Polyline ((-0.699965 -0.178086 0) (0.699965 -0.178086 
			   0)))))
		      (Segment "" (
			(Polyline ((-0.699965 0.0238083 0) (0.699965 0.0238083 
			   0)))))
		      (Segment "" (
			(Polyline ((-0.699965 0.225703 0) (0.699965 0.225703 0)
			  ))))
		      (Segment "" (
			(Polyline ((-0.699965 0.427598 0) (0.699965 0.427598 0)
			  ))))
		      (Segment "" (
			(Polyline ((-0.699965 0.629492 0) (0.699965 0.629492 0)
			  ))))))))))))
	      (Segment "reference" ())
	      (Segment "axis" (
		(Front ((Segment "set1" (
		    (Color_By_Index "Face Contrast,Line,Text,Edge" 1)
		    (Edge_Pattern  "---")
		    (Edge_Weight 1)
		    (Line_Pattern  "---")
		    (Line_Weight 1)
		    (Text_Alignment "*>")
		    (Text_Font "name=arial-gdi-vector,size=0.04232 sru")
		    (Segment "" (
		      (Polyline ((-0.679966 -0.39998 0) (0.679966 -0.39998 0)))
		      ))
		    (Segment "" (
		      (Text -0.779961 -0.559972 0 "Defect")))))
		  (Segment "set2" (
		    (Color_By_Index "Face Contrast,Line,Text,Edge" 1)
		    (Edge_Pattern  "---")
		    (Edge_Weight 1)
		    (Line_Pattern  "---")
		    (Line_Weight 1)
		    (Text_Alignment "*>")
		    (Text_Font "name=arial-gdi-vector,size=0.03385 sru")
		    (Segment "" (
		      (Polyline ((-0.679966 -0.39998 0) (0.679966 -0.39998 0)))
		      ))
		    (Segment "" (
		      (Text -0.779961 -0.699965 0 "Count")))))
		  (Segment "set3" (
		    (Color_By_Index "Face Contrast,Line,Text,Edge" 1)
		    (Edge_Pattern  "---")
		    (Edge_Weight 1)
		    (Line_Pattern  "---")
		    (Line_Weight 1)
		    (Text_Alignment "*>")
		    (Text_Font "name=arial-gdi-vector,size=0.03385 sru")
		    (Segment "" (
		      (Polyline ((-0.679966 -0.39998 0) (0.679966 -0.39998 0)))
		      ))
		    (Segment "" (
		      (Text -0.779961 -0.779961 0 "Percent")))))
		  (Segment "set4" (
		    (Color_By_Index "Face Contrast,Line,Text,Edge" 1)
		    (Edge_Pattern  "---")
		    (Edge_Weight 1)
		    (Line_Pattern  "---")
		    (Line_Weight 1)
		    (Text_Alignment "*>")
		    (Text_Font "name=arial-gdi-vector,size=0.03385 sru")
		    (Segment "" (
		      (Polyline ((-0.679966 -0.39998 0) (0.679966 -0.39998 0)))
		      ))
		    (Segment "" (
		      (Text -0.779961 -0.859957 0 "Cum %")))))
		  (Segment "set5" (
		    (Color_By_Index "Face Contrast,Line,Text,Edge" 1)
		    (Edge_Pattern  "---")
		    (Edge_Weight 1)
		    (Line_Pattern  "---")
		    (Line_Weight 1)
		    (Text_Alignment "*<")
		    (Text_Font "name=arial-gdi-vector,size=0.04232 sru")
		    (Text_Path 6.12303e-17 1 0)
		    (Segment "" (
		      (Polyline ((0.699965 -0.379981 0) (0.699965 0.679966 0)))
		      ))
		    (Segment "" (
		      (Selectability "polygons=on!,text=off")
		      (Visibility "polygons=off")
		      (Text_Alignment "v>")
		      (Text_Path 0 1 0)
		      (User_Options "angle=90,polygon=3,linect=1,charct=7")
		      (Polygon ((0.829815 -2.23732e-3 0) (0.829815 0.287064 0) 
			(0.922904 0.287064 0) (0.922904 -2.23732e-3 0)))
		      (Renumber (Text 0.899632 -2.23732e-3 0 "Percent") 1 "L")
		      (Segment "raw" (
			(Visibility "off")
			(Renumber (Text 0 0 0 "Percent") 1 "L")))))))
		  (Segment "set6" (
		    (Color_By_Index "Face Contrast,Line,Text,Edge" 1)
		    (Edge_Pattern  "---")
		    (Edge_Weight 1)
		    (Line_Pattern  "---")
		    (Line_Weight 1)
		    (Text_Alignment "*>")
		    (Text_Font "name=arial-gdi-vector,size=0.04232 sru")
		    (Text_Path 6.12303e-17 1 0)
		    (Segment "" (
		      (Polyline ((-0.699965 -0.379981 0) (-0.699965 0.679966 0)
			))))
		    (Segment "" (
		      (Selectability "polygons=on!,text=off")
		      (Visibility "polygons=off")
		      (Text_Alignment "v>")
		      (Text_Path 0 1 0)
		      (User_Options "angle=90,polygon=3,linect=1,charct=5")
		      (Polygon ((-0.929953 0.032697 0) (-0.929953 0.252129 0) (
			 -0.836863 0.252129 0) (-0.836863 0.032697 0)))
		      (Renumber (Text -0.860135 0.032697 0 "Count") 1 "L")
		      (Segment "raw" (
			(Visibility "off")
			(Renumber (Text 0 0 0 "Count") 1 "L")))))))))))))))
	  (Segment "data" (
	    (Window_Pattern "clear")
	    (Window -0.68 0.68 -0.38 0.68)
	    (User_Options "isdata=1,viewinfigurecoord=1")
	    (Front ((Segment "bar1" (
		(Visibility "faces=on")
		(Color_By_Index "Face" 4)
		(Color_By_Index "Face Contrast,Line,Edge" 7)
		(Edge_Weight 2)
		(Face_Pattern "solid")
		(Line_Weight 2)
		(User_Options "ldfill=0")
		(Segment "" (
		  (Visibility "faces=on")
		  (Color_By_Index "Face" 4)
		  (Color_By_Index "Face Contrast,Line,Edge" 7)
		  (Edge_Weight 2)
		  (Face_Pattern "solid")
		  (Line_Weight 2)
		  (User_Options "ldfill=0,solidfill=1")
		  (Segment "" (
		    (Polygon ((-0.99995 -0.99995 0) (-0.666633 -0.99995 0) 
		       (-0.666633 0.233806 0) (-0.99995 0.233806 0)))))))
		(Segment "" (
		  (Visibility "faces=on")
		  (Color_By_Index "Face" 4)
		  (Color_By_Index "Face Contrast,Line,Edge" 7)
		  (Edge_Weight 2)
		  (Face_Pattern "solid")
		  (Line_Weight 2)
		  (User_Options "ldfill=0,solidfill=1")
		  (Segment "" (
		    (Polygon ((-0.666633 -0.99995 0) (-0.333317 -0.99995 0) 
		       (-0.333317 -0.734287 0) (-0.666633 -0.734287 0)))))))
		(Segment "" (
		  (Visibility "faces=on")
		  (Color_By_Index "Face" 4)
		  (Color_By_Index "Face Contrast,Line,Edge" 7)
		  (Edge_Weight 2)
		  (Face_Pattern "solid")
		  (Line_Weight 2)
		  (User_Options "ldfill=0,solidfill=1")
		  (Segment "" (
		    (Polygon ((-0.333317 -0.99995 0) (0 -0.99995 0) (0 
		       -0.806331 0) (-0.333317 -0.806331 0)))))))
		(Segment "" (
		  (Visibility "faces=on")
		  (Color_By_Index "Face" 4)
		  (Color_By_Index "Face Contrast,Line,Edge" 7)
		  (Edge_Weight 2)
		  (Face_Pattern "solid")
		  (Line_Weight 2)
		  (User_Options "ldfill=0,solidfill=1")
		  (Segment "" (
		    (Polygon ((0 -0.99995 0) (0.333317 -0.99995 0) (0.333317 
		       -0.914398 0) (0 -0.914398 0)))))))
		(Segment "" (
		  (Visibility "faces=on")
		  (Color_By_Index "Face" 4)
		  (Color_By_Index "Face Contrast,Line,Edge" 7)
		  (Edge_Weight 2)
		  (Face_Pattern "solid")
		  (Line_Weight 2)
		  (User_Options "ldfill=0,solidfill=1")
		  (Segment "" (
		    (Polygon ((0.333317 -0.99995 0) (0.666633 -0.99995 0) 
		       (0.666633 -0.9189 0) (0.333317 -0.9189 0)))))))
		(Segment "" (
		  (Visibility "faces=on")
		  (Color_By_Index "Face" 4)
		  (Color_By_Index "Face Contrast,Line,Edge" 7)
		  (Edge_Weight 2)
		  (Face_Pattern "solid")
		  (Line_Weight 2)
		  (User_Options "ldfill=0,solidfill=1")
		  (Segment "" (
		    (Polygon ((0.666633 -0.99995 0) (0.99995 -0.99995 0) 
		       (0.99995 -0.954922 0) (0.666633 -0.954922 0)))))))))))))
	  ))))
      (Segment "labels" (
	(Window_Pattern "clear")
	(Window -1 1 -1 1)))
      (Segment "annotation" (
	(Window_Pattern "clear")
	(Window -1 1 -1 1)))))))
  (Segment "figure2" (
    (Window_Pattern "clear")
    (Window -1 1 -1 1)
    (User_Options "viewinfigurecoord=0")
    (Front ((Segment "region" (
	(Front ((Segment "figure box" (
	    (Visibility "polygons=off,lines=off")
	    (Color_By_Index "Face Contrast,Line,Edge" 1)
	    (Color_By_Index "Face" 0)
	    (Edge_Pattern  "---")
	    (Edge_Weight 1)
	    (Face_Pattern "solid")
	    (Line_Pattern  "---")
	    (Line_Weight 1)
	    (User_Options "solidfill=1")
	    (Segment "" (
	      (Polygon ((-0.99995 -0.99995 0) (0.99995 -0.99995 0) (0.99995 
		 0.99995 0) (-0.99995 0.99995 0)))))))
	  (Segment "data box" (
	    (Visibility "polygons=off,lines=off")
	    (Color_By_Index "Polygon,Face Contrast,Line" 1)
	    (Edge_Pattern  "---")
	    (Edge_Weight 1)
	    (Face_Pattern "/")
	    (Line_Pattern  "---")
	    (Line_Weight 1)
	    (User_Options "ldfill=1,solidfill=1")
	    (Segment "" (
	      (Polygon ((-0.699965 -0.39998 0) (0.699965 -0.39998 0) (0.699965 
		 0.699965 0) (-0.699965 0.699965 0)))))))
	  (Segment "legend box" ())
	  (Segment "legend" (
	    (Window_Pattern "clear")
	    (Window -1 1 -1 1)
	    (User_Options "viewinfigurecoord=1")
	    (Front ((Segment "symbol1" ())
	      (Segment "connect1" ())))))))))
      (Segment "object" (
	(Front ((Segment "frame" (
	    (Window_Pattern "clear")
	    (Window -1 1 -1 1)
	    (Front ((Segment "tick" ())
	      (Segment "grid" ())
	      (Segment "reference" ())
	      (Segment "axis" ())))))
	  (Segment "data" (
	    (Window_Pattern "clear")
	    (Window -0.68 0.68 -0.38 0.68)
	    (User_Options "isdata=1,viewinfigurecoord=1")
	    (Front ((Segment "symbol1" (
		(Segment "points" (
		  (Color_By_Index "Marker" 1)
		  (Marker_Size 0.421875)
		  (Marker_Symbol "@")
		  (Segment "" (
		    (Color_By_Index "Marker" 2)
		    (Marker_Size 0.210938)
		    (Marker_Symbol "@")
		    (Marker -0.833292 0.233806 0)))
		  (Segment "" (
		    (Color_By_Index "Marker" 2)
		    (Marker_Size 0.210938)
		    (Marker_Symbol "@")
		    (Marker -0.499975 0.499468 0)))
		  (Segment "" (
		    (Color_By_Index "Marker" 2)
		    (Marker_Size 0.210938)
		    (Marker_Symbol "@")
		    (Marker -0.166658 0.693087 0)))
		  (Segment "" (
		    (Color_By_Index "Marker" 2)
		    (Marker_Size 0.210938)
		    (Marker_Symbol "@")
		    (Marker 0.166658 0.778639 0)))
		  (Segment "" (
		    (Color_By_Index "Marker" 2)
		    (Marker_Size 0.210938)
		    (Marker_Symbol "@")
		    (Marker 0.499975 0.859689 0)))
		  (Segment "" (
		    (Color_By_Index "Marker" 2)
		    (Marker_Size 0.210938)
		    (Marker_Symbol "@")
		    (Marker 0.833292 0.904717 0)))))))
	      (Segment "connect1" (
		(Color_By_Index "Face Contrast,Line,Edge" 2)
		(Edge_Pattern  "---")
		(Edge_Weight 2)
		(Line_Pattern  "---")
		(Line_Weight 2)
		(Segment "" (
		  (Polyline ((-0.833292 0.233806 0) (-0.499975 0.499468 0) 
		     (-0.166658 0.693087 0) (0.166658 0.778639 0) (0.499975 
		     0.859689 0) (0.833292 0.904717 0)))))))))))))))
      (Segment "labels" (
	(Window_Pattern "clear")
	(Window -1 1 -1 1)))
      (Segment "annotation" (
	(Window_Pattern "clear")
	(Window -1 1 -1 1)))))))
  (Segment "annotation" (
    (Window_Pattern "clear")
    (Window -1 1 -1 1)
    (User_Options "toplayer=1")
    (Front ((Segment "text1" (
	(Color_By_Index "Text" 1)
	(Text_Alignment "^*")
	(Text_Font "name=arial-gdi-vector,size=0.05078 sru")
	(Segment "" (
	  (Text 0 0.979951 0 "pareto chart for defects")))))))))))
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Offcentering 3 sigma 35 sigma 4 sigma 4.5sigma 5sigma 55 sigma 6 sigma
0 2,700 465 63 6.8 057 0.034 0.002
025 sigma 3577 666 99 128 1.02 0.1056  0.0063
05 sigma 6,440 1,382 236 32 34 0.71 0.019
0.75 sigma 12,288 3,011 665 885 11 1.02 0.1

1.0 sigma 22,832 6433 1,350 233 32 34 0.39
1.25 sigma 40,111 12,201 3,000 577 885 10.7 1

1.5 sigma 66,803 22800 6,200 1,350 233 32 34
1.75 sigma 105,601 40,100 12,200 3,000 577 88.4 11

2.0 sigma 158,700 66,800 22,800 6,200 1,300 233 32







