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LEAN SIX SIGMA BODY OF KNOWLEDGE 
SSD Global

Text Version

Please Note:  A summary outline is also available.  The outlined version of this document follows the format of the Lean Certification Body of Knowledge as presented by the Society of Manufacturing Engineers and the Six Sigma Body of Knowledge for Black Belts as presented by the American Society of Quality.  This specific document represents the expanded version of the concepts as outlined in the Lean Six Sigma Body of Knowledge. Additional knowledge and education can be obtained in the textbook, Lean Six Sigma: Practical Bodies of Knowledge.
The first entities attributed with blending Lean and Six Sigma were Allied Signal and Maytag, independently in 1999.  At that time, it was referred to as ‘Lean and Six” as both Allied Signal and Maytag realized that the two methodologies complement one another.  It was not until several years later that the term Lean Six Sigma became popular and only since 2004 that being certified as a Lean Six Sigma practitioner gained recognition as a solid industry certification. 

Over the past decade Lean Six Sigma adopted many tools and ideologies that were not originally based in Lean or Six Sigma.  The newer leaner, Lean Six Sigma, has been improved to capitalize on any tools or thoughts that contribute to process improvement.  In other words, Lean Six Sigma has become better, faster and more cost-effective as a methodology.  In its new form, it is the only methodology that works in tandem with other process improvement methodologies.

Although Six Sigma is the dominant methodology in Lean Six Sigma, which is heavily influenced by Lean Thinking, the new more powerful Lean Six Sigma is actually comprised of several bodies of knowledge.

This document is an outline of the Lean Six Sigma Body of Knowledge (SSD Global Version 3.1).  This body of knowledge is presented in four parts:

· Major Process Improvement Programs that Contributed to Lean Six Sigma (Section 1)

· Lean Six Sigma (Section 2)

· Core Tools and Knowledge Used in Lean Six Sigma (Section 3)

Version 3.2 is scheduled for release in December 2010.  It will not contain different captions but will have expanded narratives on several of the topics.  SSD Global is committed to expanding the Lean Six Sigma Body of Knowledge as it evolves.

Section One

MAJOR PROCESS IMPROVEMENT PROGRAMS THAT CONTRIBUTED TO LEAN SIX SIGMA


The Primary Recognized Process Improvement Programs

Total Quality Management (TQM)

Total Quality Management (TQM) is a set of management practices throughout the organization, geared to ensure that the organization consistently meets or exceeds customer requirements.  In a TQM effort, all members of an organization participate in improving processes, products, services and the culture in which they work.  TQM can be traced back to early 1920s when statistical theory was first applied to product quality control. 

This concept was further developed in Japan in the 40s led by Americans, such as Edwards Deming, who coined the phrase “Total Quality Management” and Joseph Juran who is responsible for much of the literature still used today on quality engineering.  The focus widened from quality of products to quality of all issues within an organization.  In the 1980s to the 1990s, a new phase of quality control and management began. 

Now, typical definitions of TQM include phrases such as: customer focus, the involvement of all employees, continuous improvement and the integration of quality management into the total organization.

In 1988, a major step forward in quality management was made with the development of the Malcolm Baldrige Award in the United States.  The basis of TQM is to reduce the errors produced during the manufacturing or a service process increasing customer satisfaction.
TQM is the foundation of most process improvement programs.  TQM remains the foundation of all process improvement programs. The strategy is to embed the awareness of quality throughout the entire organization.  It originated in the 1950's and steadily became more popular.  Total Quality is a description of the culture, attitude and organization of a company that aims to provide, and continue to provide, its customers with products and services that satisfy their needs. The culture requires quality in all aspects of the company's operations, with things being done right the first time, along with defects and waste being eradicated from operations.
TQM supports: 

· Line Management ownership 

· Employee involvement and empowerment 

· Challenging quantified goals and benchmarking 

· Focus on processes and improvement plans 

· Specific incorporation in strategic planning

· Recognition and celebration 
International Standards Organization (ISO)

International Standards Organization (ISO) is an international-standard-setting body composed of representatives from various national standards organizations (ISO) has developed over 18 000 International Standards on a variety of subjects and some 1100 new ISO standards are published every year. ISO 9000 and ISO 14000 are the best known standards. ISO is the world largest standards developing organization.
The ISO 9000 family addresses "Quality Management". This means what the organization does to fulfill:

· Customer’s  quality requirements 

· Applicable regulatory requirements 

· Customer satisfaction 

· Continual improvement of its performance in pursuit of these objectives
The ISO 14000 family addresses "Environmental management".  This means what the organization does to:

· Minimize harmful effects on the environment caused by its activities 

· Achieve continual improvement of its environmental performance.

Capability Maturity Model Integrated (CMMI)

Capability Maturity Model Integration (CMMI) is a process improvement approach.  This integrated approach is intended to help an organization improve performance by recognizing certain levels of performance. CMMI can be used to guide process improvement across a project, a division, or an entire organization.

In CMMI models with a staged representation, there are five maturity levels designated by the numbers 1 through 5

1. Initial 

2. Managed 

3. Defined 

4. Quantitatively Managed 

5. Optimizing 
CMMI was developed by the CMMI project, which aimed to improve the usability of maturity models by integrating many different models into one framework. The project consisted of members of industry, government and the Carnegie Mellon Software Engineering Institute (SEI). The main sponsors included the Office of the Secretary of Defense (OSD) and the National Defense Industrial Association.

Six Sigma

Defect Reduction

The Six Sigma problem solving methodology is the most effective tool to quickly reduce and eliminate defects.  It is a team-based methodology which works by systematically identifying and controlling the process variables that contribute to producing the defect or mistake.

DMAIC Model
Improvement of existing products or processes using the Six Sigma methodology is done in five steps: 

· Define 

· Measure 

· Analyze 

· Improve 

· Control

Define

The purpose of the Define Phase is to make sure that everyone understands the project and the goals of the process improvement effort. The basic steps include: 

· Create a process improvement charter and process map

· Identify or refine the problems in your process that must be solved in order to meet or exceed the customer's specifications or expectations. 

· Identify and quantify customer requirements. 

· Identify and quantify the process output and defects that fall short of these requirements and create a problem statement. 

· State the project goal, which also must be a clear and measurable goal, and include a time limit for the project's completion. 

· Determine the few vital factors that are Critical to Quality (CTQ), which need to be Measured, Analyzed, Improved and Controlled. 

Measure

The purpose of the Measure Phase is to get a strong “as-is” snapshot of how the process is currently behaving. The basic steps include: 
· Select the Critical to Quality (CTQs) characteristics in your process. These are the outputs of the given process that are important to the customer. How are you doing now?  
· Define what that process output should be, which is done by looking at the customer requirements and the project goal. 

· Define the defect for the process. Remember, a defect is an output that falls outside the limits of customer's requirements or expectations and must be measurable. 

· Find the inputs to the process that contribute to defects. 

· Define the exact dollar impact of eliminating the defects in terms of increased profitability and/or cost savings. 

· Measure the defects that affect the Critical to Quality characteristics as well as any related factors. 

· Incorporate Measurement Systems Analysis - a method to make sure the defects are being measured properly. 

Analyze

The purpose of the Analyze Phase is to review the measurements and information from the previous phase and determine, based on that information, what 3-5 solutions might be appropriate to solve the problem or roll out the activity.
· Determine root cause

· Identify variations that could be reduced

· Determine if correlations exist

· Do what-if scenarios

· Determine the time line and cost of solutions

· Determine the sustainability of the solution

Improve

The purpose of the Improve Phase is to choose a solution, implement the solution and be able to definitively prove that a process improvement has been accomplished.  This is done by comparing the as is state (Measure) with conditions after the process improvement has been rolled out.  Basic steps include:
· Articulate the 3-5 possible solutions to the sponsor or decision maker. 
· Gain consensus on the best solution

· Pilot

· Create an execution plan (Project Plan) if the solution is successful in the pilot

· Choose another one of the 3-5 solutions if the pilot is not successful

· Roll out

Control

The purpose of the Control Phase is to sustain the improvement.  Basic steps include:

· Clearly articulating the process improvement achieved
· Return on Investment

· Other Benefits
· Creating a control plan to keep the process in place
· Step by step instructions if necessary

· Any charts or graphs that need to be maintained or updated

· Designing a transition plan for the new owner
· Best practices

· Where resources may be located

· Any critical information needed for the success of the project
DFSS Model

Design for Six Sigma, also known as Design for Lean Six Sigma (DFSS or DFLSS) is applicable only in situations where a new product or service needs to be designed or re-designed from the very beginning.  Many supporters of the DMAIC Design believe that this is accomplished in the Analyze and Improve Phases of the DMAIC model.  However, supporters of DFSS believe a design component is necessary. Recently models based on the DMAIC thinking process that do not have a design component are also referred to as DFSS or DFLSS models.

Today the most popular DFFS model is Define-Measure-Analyze-Design-Verify 
(DMADV). The DMADV model contains the first three phases of the DMAIC model.  The last two phases, Improve and Control are replaced by Design and Verify.

Design

Design details, optimize the design, and plan for design verification. This phase may require simulations.
Verify 

Verify the design, set up pilot runs, implement the production process and hand it over to the process owner(s). 

Statistical Thinking

Both the DMAIC and DMADV model are based on statistical thinking.  The following principles form the basis for statistical thinking:

· All work occurs in a system of interconnected processes

· Inherent variation exists in all processes

· Reducing variation is the key to successfully improving a process

Recognizing Individual Tasks within the Process and Assigning Major Causes of Variability
To successfully analyze a process using statistical process control it is important to break things down into to the smallest elements possible.  Accepting all processes have inherent variability and that variability can be measured. Data is used to understand variability based on the type of variability.  Deming used statistical quality control techniques to identify special and common cause conditions, in which common cause was the result of systematic variability, while special cause was erratic and unpredictable.
Common Cause

Common cause variability occurs naturally in every process. Common cause variation is fluctuation caused by unknown factors resulting in a steady but random distribution of output around the average of the data.  Natural or random variation, that is inherent in a process over time, affects every outcome of the process. If a process is in-control, it has only common cause variation and can be said to be predictable.  
Common cause variations are due to the system itself and are somewhat expected. Examples of common cause of variability are:

· Variation in the weight of an extruded textile or plastic tubing 

· Variation in moisture content of a resin 

· Particle size distribution in a powder
· Poor training

Special Cause 
Special cause variation is usually assigned to one of the following conditions:
Variation in the process that is assignable to a specific cause or causes. For example, a variation arises because of special circumstances.  Special cause variation is variation that may be assigned to a specific cause. Examples of special cause variation are:
· The first labels on a roll of self-adhesive labels are damaged, marred, or otherwise unusable.

· The cartons near the door of a warehouse are exposed to rain and ruined
Stabilize Processes

Traditional tools for process stabilization include process capability studies and control charts.   The Six Sigma methodology supports the concept that a process may be improved by simply stabilizing the process.  Making a process stable means to bring the process within the upper and lower specification limits and as close to the norm as possible.

Lean Manufacturing/Lean Thinking
Whereas the Six Sigma model concentrates on defect and mistake reduction, Lean Manufacturing and Lean Thinking (service related) concentrate on:

· Waste Reduction

· Speed

· Voice of the Customer/Employee/Business/Process
Waste Reduction

In Lean Manufacturing/Thinking other terms for waste are non-value, non-value added, and the Japanese term “muda”.  The misconception about the term is that when items are identified as waste it does not necessarily mean that the item will be reduced or eliminated.  It simply means that it does not contribute directly to the process being studied.  The reduction of waste concentrates on 8 key areas: Transportation, Inventory, Motion, Waiting, Over Processing, Over Production, Defects and Skills.  A popular way to remember this is: TIM WOODS.
Speed

All process improvement programs are concerned with delivering a product or service that is cost-effective and has maintained a high degree of quality.  Speed is also important but not as apparent in other process improvement programs.  Speed is highly recognized in Lean Manufacturing/Thinking.  One avenue for speed is automation.  The term automation, like the term waste, is often misunderstood.  Automation simply means standardizing processes which is also a goal of Six Sigma.
Lean introduced a number of philosophies and tools to help in the speed and automation process to include Just-in-Time thinking principals.  Individually these efforts are sometimes known as concentration of assembly, Kanban Cards, bar coding, visible record systems, production leveling, and work standardization.  

Voice of the Customer/Employee/Business/Process

One of the unique things about the Lean Methodology is an emphasis on how the customer, employee, business and process are impacted by the process improvement.  This is often referred to as Voice of the Customer (VOC), Voice of the Employee (VOE), Voice of the Business (VOB), and Voice of the Process (VOP).

Additional Methodologies and Bodies of Knowledge that Play a Role in Lean Six Sigma
Quality Body of Knowledge (Q-BoK™) is a collection of outlines documents maintained by the American Society of Quality (ASQ).  These outlines are used for general information, reference and to study for a variety of ASQ certifications.  The Q-BoK contains a Six Sigma Green Belt body of knowledge and a Black Belt Six Sigma body of knowledge.  ASQ was the first to establish an industry recognized body of knowledge for Six Sigma.  ASQ currently does not have a Lean Six Sigma Body of Knowledge.  However, the Lean Six Sigma Body of Knowledge (SSD Global Version 3.0) contains much of the industry accepted documentation on Six Sigma.
Business Analysis Body of Knowledge (BABOK®) is maintained by the International Institute of Business Analysis.  It supports 6 knowledge areas.  

· Business Analysis Planning and Monitoring is concerned with which business analysis activities are needed. This includes identifying the stakeholders
· Elicitation is obtaining requirements from the stakeholders
· Requirements Management and Communication deals with contradicting requirements and changes to requirements as well as communication to stakeholders
· Enterprise analysis defines the business need and a solution scope.

· Requirements analysis is the progressive elaboration of requirements into something that can be implemented.

· Solution Assessment and Validation determines which solution is best, identifies any modifications that need to be made to the solution, and assessment of whether the solution meets the business needs

The BABOK® provides a framework that describes the areas of knowledge related to business analysis.  The BABOK® is intended to describe and define business analysis as a discipline, rather than define the responsibilities of a person.  The Guide to the Business Analysis Body of Knowledge is not really a methodology, which makes it easy to partner with Lean Six Sigma.  

First published in 2005, by the International Institute of Business Analysis (IIBA) was written to serve the project management community.  The IIBA® has created the Certified Business Analysis Professional™ (CBAP®), a designation awarded to candidates who have successfully demonstrated their expertise in this field. This is done by detailing hands-on work experience in business analysis through the CBAP® application process, and passing the IIBA® CBAP® examination.

Project Management Body of Knowledge (PMBOK®) is maintained by the Project Management Institute (PMI).  All process improvement programs recognize that basic project management must be in place before process improvement may begin.  The PMBOK®) supports 9 knowledge areas:

· Integration Management 

· Scope Management 

· Time Management 

· Cost Management 

· Quality Management 

· Human Resource Management 

· Communications Management 

· Risk Management 

· Procurement Management

The PMBOK® also promotes that the following phases are necessary for a successful project:
· Initiating 

· Planning 

· Executing 

· Monitoring and Controlling 

· Closing 

Business Process Reengineering (BPR) is an approach intended to elevate efficiency and effectiveness of an existing business process.  BPR is also known as Business Process Redesign, Business Transformation and Business Process Change Management.  BPR supports the following methodologies for process improvement:

· Process Identification

· Review Update As-Is State

· Design To-Be

· Test and Implement To-Be

Change Management has a variety of meanings depending on the area.  All areas of Change Management play a role in the New Lean Six Sigma.  These areas include:

· Project Management refers to a Project Management process where changes are formally introduced and approved.

· Information Technology Service Management (ITSM) is a discipline used by I.T. professionals.

· People change management is a structured approach to change individuals, teams, organizations and societies.

Leadership Development traditionally has focused on developing leadership ability.  In a Lean Six Sigma organization these methods are imperative to the success of Lean Six Sigma Black Belts and Master Black Belts. Successful leadership development is generally linked to the following:

· Individual’s ability to learn

· Quality and nature of the leadership development program

· Genuine support for the leader’s supervisor

Leaders play a key role in building a successful Lean Six Sigma organization. There are four main areas of responsibility:

· Choosing the right projects

· Choosing the right people

· Following the right methodology

· Clearly defining roles and responsibility
Measurement Systems Analysis (MSA) Measurement Systems Analysis is a science that considers selecting the right measurement.  Studying the measurement interactions along with assessing the measurement device is also part of the mix.  Are measures reliable and valid?  What is the measurement uncertainty? 

Statistics is the science of making effective use of numerical data relating to groups of individuals or experiments.  Six Sigma and Lean have always included the field of statistics when measuring and analyzing data.   The New Lean Six Sigma Practitioner has to make these studies more digestible for the everyday person.  A stronger emphasis is placed on choosing the right software and making sure that the statistic is valid.  

Business Finance plays a stronger role for the New Lean Six Sigma Practitioner.  The buy-in and continued support of a project cannot be based solely on statistical data. Choosing the right Return-on-Investment formula and being able to measure project success using financial terms has become essential. 

As we move forward as Lean Six Sigma practitioners it is important to remember that Lean Six Sigma is not just a matter of blending two highly successful process methodologies but rather encompassing a collection of bodies of knowledge.

Organizational Development is a body of knowledge and practice that enhances organizational performance and individual development.  Today's organizations operate in a rapidly changing environment. One of the most important assets for an organization is the ability to manage change.  Although there is not an industry standard established document outlining the things necessary for successful organizational development most professionals in this field rely on the works of William Bridges.  Bridges is known as one of the foremost thinkers and speakers in the areas of change management and personal transition.   Themes throughout Bridges work encourage recognizing the various phases of change.  The most popular being:  Freezing, Changing, Re-freezing.
Section Two
LEAN SIX SIGMA
SYSTEMATIC APPROACH TO ELIMINATING REDUCING WASTE AND ELIMINATING DEFECTS 
The Lean Six Sigma (LSS) methodology foundation is Six Sigma.  Six Sigma concentrates on eliminating defects using statistical thinking and is more fully described in Section 1.  LSS is strongly influenced by Lean Manufacturing/Thinking which supports a recognition of waste, speed and considering things such as the Voice of the Customer, Voice of the Employee, Voice of the Business and Voice of the Process.

Lean Six Sigma also recognizes a number of other bodies of knowledge, outlined in Section 1, that include:

· Total Quality Management (TQM)

· ISO

· CMMI

· Quality Body of Knowledge (Q-BoK™)

· Business Analysis Body of Knowledge (BABOK®)

· Project Management Body of Knowledge (PMBOK®)

· Business Process Reengineering (BPR)

· Change Management

· Leadership Development

· Measurement Systems Analysis

· Statistics

· Business Finance

· Organizational Development

This makes Lean Six Sigma, better, faster and more cost-effective which is the overall goal of any process improvement program.

Primarily Lean Six Sigma uses the DMAIC Model, explained in Section 1 but does take advantage of the Plan-Do-Check-Act Model and infrequently will use Design for Six Sigma (DFSS).  The DFSS model is briefly discussed in Section 1 of this document.  PDCA is as follows.
Plan-Do-Check-Act (PDCA)

The Plan-Do-Check-Act model (PDCA) is sometimes referred to as the Plan-Do-Study-Act model (PDSA).  Checking would apply to an actual project whereas the term study would apply, in most cases to a research project.

In LSS, PDCA is most often used when the person already has a solid idea of how to solve the problem or if they do not have time to use the DMAIC Model.  In some cases, a PDCA/PDSA may be used within the phases of the DMAIC.  Any project management tools typically associated with PDCA/PDSA may be used; however, there is an additional set of LSS tools that can work in partnership to make the PDCA/PDSA models more robust.  Keep in mind that any project management tool, by default, is considered a LSS tool.  PDCA/PDSA is typically used for cheaper projects and takes less time to complete.  PDCA was made popular by Edwards Deming who is considered by many to be the father of modern quality control.  However  this model is also referred to as the "Shewhart Cycle."  It was used by the U.S. Military during WWII.
The generally accepted steps in a PDCA/PDSA are as follows:

Plan 

Establish the objectives and processes necessary to deliver results in accordance with the expected output. 

Do  

Implement the new processes. Small scale if possible.

Check/Study 

Measure the new processes and compare the results against the expected results to ascertain any differences.

Act  

Act or abandon the project

Important Names in Lean Six Sigma

There are many contributors to Lean Six Sigma and several were the original pioneers of the Total Quality Management movement.  The names that Lean Six Sigma practitioners should know are in the following paragraphs.  Further reading is encouraged on these contributors.  Lean Six Sigma practitioners will greatly benefit from an understanding of the philosophy and spirit that created Lean Six Sigma and process improvement in general.  Here are brief biographies:
Walter Shewhart

Walter Shewhart (Shewhart) is often referred to as the Grandfather of the quality movement.  Both Edwards Deming and Joseph Juran were students of Shewhart.  Dr. Shewhart believed that lack of information greatly hampered the efforts of control and management processes in a production environment. In order to aid a manager in making scientific, efficient, economical decisions, he developed Statistical Process Control methods (SPC).
Edwards Deming

The most popular name associated with quality remains Edwards Deming.  Deming is credited with improving production in the United States during the cold war but is best known for his work in Japan.  For his efforts he was awarded the Second Order of the Sacred Treasure by the former Emperor Hirohito. Japanese scientists and engineers named the famed Deming Prize after him. It is bestowed on organizations that apply and achieve stringent quality-performance criteria.  The Deming Prize is still awarded today.  Two documents still referenced frequently are the Deming’s 14 Points and Deming’s Seven Deadly Sins.  Both of these documents refer to conditions and thoughts about business entities in general.
Joseph Juran

Joseph M. Juran helped establish the field of quality management and wrote the “Quality Control Handbook,” which taught manufacturers worldwide how to be more efficient.  This book is a textbook that is still used as foundational material in most quality engineering programs.  His work in quality contributed to both Six Sigma and Lean Manufacturing.  He created the Pareto principle, also known as the 80-20 rule.  This rules states that 80 percent of consequences stem from 20 percent of causes. Today managers use the Pareto principle to help them separate what Mr. Juran called the “vital few” resources from the “useful many.”

Malcolm Baldrige

Malcolm Baldrige was nominated to be Secretary of Commerce by President Ronald Reagan on December 11, 1980, and confirmed by the United States Senate on January 22, 1981. During his tenure, Baldrige played a major role in bring quality concepts to the government.  Baldrige's award-winning managerial excellence contributed to long-term improvement in economy, efficiency, and effectiveness in government. Within the Commerce Department, Baldrige reduced the budget by more than 30% and administrative personnel by 25%.  

The Malcolm Baldrige National Quality Improvement Act of 1987 established the Baldrige award which is given annually to companies showing the best quality approach and process improvement.  Many of the basic criteria established for the award are built into the Lean Six Sigma process.
Genichi Taguchi 

Genichi Taguchi contributed in several areas related to Six Sigma and Lean Manufacturing primarily in the area of statistics.  Three of his major contributions included, the Loss Function where he devised an equation to quantify the decline of a customer’s perceived value of the product.  His other major contribution was of the concept of “noise” which meant distractions could interfere with process improvement.  He also created Design of Experiment screening and factorial analysis models.
Eli Goldratt

Eli Goldratt in Lean Six Sigma is known for his work on “Theory of Constraints” which is now generally referred to as “Constraint Management”. The Theory of Constraints or Constraint Management states that we know before beginning a project that constraints will be contained within the process.  Goldratt gives direction and ideas on how to handle those constraints.  Goldratt is also the author of a book published in the early 1990s called “The Goal”.  In this book, a novel about a businessman’s view of his company, Goldratt brings out many concepts such as empowerment, win-win opportunities and life balance that have been adopted philosophically by many textbooks on Lean Six Sigma.

Kaoru Ishikawa

Kaoru Ishikawa wanted to change the way people think about work. He urged managers to resist becoming content with merely improving a product's quality, insisting that quality improvement can always go one step further.  He is best known for the Ishikawa diagram, a popular fishbone chart used in process improvement and his thoughts that the job of quality belonged to everyone.  Joseph Juran also supported this view.
Ishikawa also showed the importance of the seven quality tools: fishbone (Ishikawa diagram), control chart, run chart, histogram, scatter diagram, Pareto chart, and flowchart. Additionally, Ishikawa explored the concept of quality circles.
Basic Quality Concepts

LSS supports basic quality concepts such as:

· Customer Satisfaction

· Supplier Satisfaction

· Continuous Improvement

Both customer and supplier satisfaction are based on the principal of the customer or supplier feeling that process improvement is in place and not based on return on investment or other revenue factors.  In all quality efforts the concept of always making things better, faster and more cost-effective (continuous improvement) is key to success.

Quality Impact

Lean Six Sigma is a mistake-proofing program that believes prevention is always better than detection and is a primary belief in securing process improvement.  Additionally recognizing all inputs and outputs and how the inputs ultimately impact each output is a constant consideration.  How the inputs and outputs impact the customer is constantly assessed and reassessed.  LSS generally refers to Inputs as X and Outputs as Y.  However, the term Key Process Input Variables (KPIV) and Key Process Output Variables (KPOV) are also used as well as the Vital Few Xs and the Vital Few Ys – a term used often by Joseph Juran.


Section Three

CORE TOOLS AND KNOWLEDGE USED IN LEAN SIX SIGMA
Lean Six Sigma defines process improvement as making things better, faster and more cost-effective.  Better is another word for quality.  Quality always comes with a cost.  Faster which also means more efficient, can only be achieved by eliminating or reducing a step in the process.  Cost effectiveness relates to profit, savings or cost avoidance.  A project that does not have the opportunity to make things better, faster or more cost-effective may simply not be a process improvement project.

There are a number of methods used to measure process improvement.  The most popular is return on investment.  There are a number of formulas available to calculate both savings and profit.  Financial terms commonly used in Lean Six Sigma are Return on Investment (ROI), Earned Value (EV) and Net Present Value (NPV).  Many industries like to use the Balance Scorecard technique.  This technique measures improvement in the area of finance, process, training and customer impact.

Another measure especially useful when presenting an idea about quality improvements is Cost of Poor Quality (COPQ).  In other words, what if we did not make this improvement?  Would there be a ramification or penalty to pay?  Industry benchmarks and metrics are also an effective way to measure both the as-is state and the actual process improvement, once it is realized.

 Lean Six Sigma Tools

The most popular tools used in Lean Six Sigma are the Seven Tools of Quality often referred to as the 7 Analytical Problem Solving Tools or the Seven Tools of Process Improvement.  Definitions of these tools are included in the SSD Global Lean Six Sigma Glossary available on line at www.SSDGlobal.net.  They include:

· Fishbone
· Flowcharting

· Check Sheets

· Histogram/ Frequency Diagram

· Pareto Chart

· Scatter Diagrams

· Control Charts 

Additional Charts and Graphs that are commonly used in Lean Six Sigma include:
· Value Stream Mapping

· Gantt

· PERT

· Swim Lane Charts

· Spaghetti Diagrams

· Tim Woods or the Eight Areas of Waste

· SWOT Analysis

· FMEA Thinking Process

Less commonly used tools that may come in handy include:

· 3 Ps

· People

· Product

· Process

· 6 Ms

· Machines

· Methods

· Materials

· Measure

· Mother Nature

· Manpower

· 6 Ws

· What

· Where

· Why

· Who

· When

· Which

· 8 Ds – Short for the Eight Disciplines

· Establish the Team

· Describe the Problem

· Develop an Interim Containment Plan

· Determine Root Cause

· Choose Corrective Action

· Implement Action

· Prevent Recurrence

· Recognize the Team

The Define-Measure-Analyze-Improve-Control Model (DMAIC)

As noted earlier Lean Six Sigma concentrates on the DMAIC Model for process improvement.  Here are things to consider when working with the DMAIC Model also discussed in Section 1.
DEFINE
· Core Activities include:
· Gaining Consensus on the Statement of Work

· Completing the Project Charter

· Typical Project Charter Characteristics 

· Name/Title

· Project Objectives

· Scope

· Deliverables

· Assumptions/Constraints

· Project ROI or Cost Savings

· Forming a Team 

· Identifying the Major and Minor Stakeholders
· Securing a Champion

· Key Tools in Define:

· Project Charter Template
· Process Map

· Cost Benefit Analysis

· Return on Investment and/or Cost Savings Calculations

· Stakeholders Analysis

· Supplier-Input-Process-Output-Customer (SIPOC) Diagram

· Critical  to Quality (CTQ) Definitions

· DMAIC Work Breakdown Structure (WBS)
· Quality Function Deployment/House of Quality

 MEASURE
· Core Activities Include:

· Getting a Solid “as is” Picture of the Current Situation

· Determining the Right Blend of Hard and Soft Metrics

· Measuring the Measurement System/ Measurement Systems Analysis (MSA)
· Avoiding Bias in Measurement by recognizing:
· Linearity

· Stability

· Repeatability

· Reproducibility

· Key Tools in Measure

· Detailed Process Map

· Benchmarking

· Internal
· Competitive

· Functional
· Collaborative
· Generic

· Sigma Levels

· Return on Investment Calculations

· Failure Mode and Effects Analysis (FMEA)

· Industry Metrics

· Observation

· Gauge R&R

· Data Collection Plans

· Scorecard

ANALYZE
· Core Activities in Analyze include:
· Analyze Data

· Determine Root Causes

· Determine Correlations

· Identify Variations

· Determine Type of Data

· Attribute

· Variable

· Determine Data Characteristics

· Nominal

· Ordinal

· Interval

· Key Tools in Analyze

· Basic Statistics

· Measures of Central Tendency

· Mean 

· Mode

· Media

· Range

· Variance

· Variation

· Correlation

· Positive

· Negative

· No Correlation

· Confidence Levels

· Confidence Intervals

· Sample Size

· Percentage

· Population Size

· Advanced Statistics

· Process Capability

· Seven Tools of Quality

· The Five Whys

· Factorial Design
IMPROVE

· Core Activities in Improve

· Determine 3-5 Solutions

· Gain Consensus on a Solution

· Pilot Solution

· Roll Out Solution

· Evaluate for Process Improvement

· Key Tools in Improve

· Decision Matrix /SWOT Analysis

· Narrow Down List of Solutions

· Project or Execution Plan

· Failure Mode Effect Analysis (FMEA)

· To Double Check Core Activities on Project Plan

· Evaluation Tools

 CONTROL 
· Core Activities in Control

· Verify Benefits

· Control Plan

· Transition Plan

· Key Tools in Control

· Measurement Tools

· Control Charts
· 5s Model

Pre-DMAIC Tools

There are a number of things that a Lean Six Sigma practitioner may elect to do prior to engaging in the DMAIC Model.  These include, but are not limited to PDCA/PDSA, 5s Model and SWOT Analysis 
·  Plan-Do-Check-Act (PDCA) Model
· This model is discussed in Section Two
· The Sort-Straighten-Shine-Standardize-Sustain (5s) Model
· Strengths –Weakness-Opportunity and Threats (SWOT) model
The 5s model is designed to physically organize an environment and consists of five phases: Sort, Set-in-Order, Shine, Standardize and Sustain.  Each phase of the model has specific steps to be followed.  In Sort, the first pass, all items that are obviously bad, broken or not useful are discarded.  In the Set-In-Order phase sometimes referred to as Straighten, items are place in piles or buckets according to pre-set criteria.  For example: by colors, by seasons, by what items are used first, etc.  Shine means cleaning each pile of items but the purpose is to identify even more items that may be discarded.  Standardize is developing a system of how to handle the various piles of items that have now been designated worthy to keep.  Finally, the Sustain phase, a system is developed and rolled out to keep everything in order.
A SWOT Analysis looks at quadrants to determine, via brainstorming, the Strengths, Weaknesses, Opportunities and Threats of a project.  Strengths and weakness can be thought of as pros and cons.  A diagram that determines the pros and cons is called a Force Field Analysis.  The SWOT diagram takes on additional factors such as threats to the project, or risks as well as opportunities, or possibilities.  The SWOT Analysis is helpful in overall decision making.

Martial Art Designations are Used to Denote Levels of Expertise
· White Belt – Understands terminology and program goals

· Yellow Belt – Understands DMAIC and tools
·  Green Belt – Can apply to their job or area of expertise
· Tactical Responsibilities

· Applies Lean Six Sigma to Specific Job

·  Black Belt – Can apply in all departments
· Strategic Responsibilities

· Can Make Process Improvement in any Departments

· Aligning Projects to Company Goals and Initiatives

· Risk Analysis

· Closed Loop Assessment

·  Master Black Belt – Mentor, Coach and Teacher/Facilitator
Constraint Management

As discussed earlier in the bio of Eli Goldratt, the Theory of Constraints is a program to allow project managers and Lean Six Sigma practitioners to recognize and handle various program constraints.  Goldratt supports the concept of  “exploiting constraints” which means making the constraint productive as well as  developing a constraints strategy. This is also known as Constraints Management.  Types of constraints are:

·  Market

· Capacity

· Resources

· Suppliers

· Finance

· Knowledge or Competence

· Policy 

Section Four

IMPLEMENTATION 
This section addresses implementing Lean Six Sigma.  Lean Six Sigma is the only methodology that can be implemented as a grass roots effort.  Generally speaking all process improvement must occur from the top down.  Whereas the top down approach certainly makes LSS easier, it is not required.

When implementing LSS it is important to remember that Lean Six Sigma believes that basic project management must be in place in order for process improvement to take place.  This includes basic project management knowledge with an understanding of financial management for the LSS Black Belt role:


· Budget

· Earned Value

· Return on Investment


Other areas of knowledge to be successful in the implementation process are as follows:  Risk Management which would include an understanding of Risk Analysis and Risk Mitigation as well as basic people management which would include topics such as leadership, role definition and project selections that are in alignment with the available human resources.

Basic project management activities include:
· Planning

· Assessing Risk

· Allocation of Resources

· Acquiring Human and Non-Human Resources

Primary tools used in project management include:

· Project Charter

· Process Map

· Stakeholder’s Analysis

· Responsibility and Accountability Document

· Work Breakdown Structure

· Gantt Chart

· PERT Chart

Arguments Supporting Lean Six Sigma Implementation

Although LSS does not support radical change management and prefers that you work in tandem with the existing system, the argument that best supports LSS implementation is that Lean Six Sigma is scalable, recognizes the importance of speed and is a quality program that is also cost effective.

Tools to express this message include:

· Voice of the Customer (VOC) Emphasis

· Collection of Data

· Analysis of Data

· Stakeholders

· Translating into Customer Requirements

Waste as a Defect

To successfully implement Lean Six Sigma it is often necessary to help people understand the concept of waste.  Mistakes are usually agreed upon but since “waste” sometimes called “non- value” is often subjective it is useful to break out the areas of waste for discussion.  These include:

· Transportation and Motion

· Over Processing/Over Production

· Defects

· Skills

· Wait Time
In the implementation process it may be necessary to discuss the hidden areas of waste:

· Duplication of Reports

· Duplication of Duties

Finally, as far as buy in is concerned in implementation certain facts may be useful such as LSS is inexpensive to implement and is used by many Fortune 500 companies.
Team Building 

Lean Six Sigma is one of the very few methodologies that speak to the area of teams.  When initiating a team it is important to explain roles and responsibilities.  There are a number of team tools, primarily useful to LSS Black Belts generally referred to as facilitation tools.  However it is important to remember various factors such as motivation.
· Lean Six Sigma has adopted the popular paradigm that team development follows these phases.   
· Forming

· Storming

· Norming 

· Performing
This theory believes that successful activity in each phase is necessary to reach the next phase. Likewise Lean Six Sigma practitioners read and practice basic change management strategies to include:

· Win/Win

· Collaboration

· Agreement

·  Empathy

Exploring these strategies is also helpful in conflict management and negotiation.  LSS recognizes the following situations as roadblocks to improvement:

· Lack of Critical Thinking 

· Lack of Creative Thinking 

· Lack of Basic Project Management Skills 

· Poor Communication 

· Lack of Motivation
Learning to recognize these conditions will give the Lean Six Sigma practitioner ideas on how to manage conflict and change management issues.  

During the implementation process it is important to recognize the various voices mentioned throughout the body of knowledge that include:

·  Voice of the Customer

·  Voice of the Employee

·  Voice of the Business (or Industry)

·  Voice of the Process
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