
Lean Six Sigma 
A process is a collection of value-adding actions performed as part of a larger pathway leading to a finished product of 
service. 
 
An entity is the “something” that travels along in a process; entities vary from process to process. Entities are classified 
as: human (employees, customers, patients), inanimate (documents, parts, units), or abstract (email, telephone calls, 
orders). 
 
A deliverable is the minimum set of physical entities and outcomes that a process has to yield in order to meet the 
down-stream customers’ needs 
 
If you project doesn’t have a start, an end, deliverables, or a primary entity, it probably isn’t a process. 
 
Six Sigma – a systematic methodology that is used to identify the key factors that drive a process, set those key factors 
at the best possible functional level, and the holding them at that level throughout the life of the process 

• Philosophy – all work is a process and can be defined, measured, analyzed, 
improved and controlled, every process requires inputs (x)in order to produce 
outputs(y), if you control the inputs, you control the outputs of y=f(x) 

• Methodology – follow the DMAIC road map and use the tools 
• Metrics – 3.4 defects per million opportunities, the process is capable of operating 

at 6∂ 
 

 
Lean – a systematic methodology the is targeted at identifying and eliminating sources of waste in a process 

• The history of lean thinking can be traced to Eli Whitney (interchangeable parts), Henry Ford (assembly line 
production), and Toyota (Toyota Production Systems, TPS). 

 
Lean Six Sigma – Focuses on reducing process variation and enhancing process control while driving out waste and 
promoting process standardization.  
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Body of Knowledge – Six Sigma Black Belt 

Enterprise-wide Deployment 
• History of continuous improvement:  

• Walter A Shewhart  
§ In 1931, Walter A. Shewhart developed a system of control charts for monitoring the processes 

performed at Western Electric (Bell). Under the discipline of statistical quality control (SQC), 
Shewhart brought together the functionality of statistics, engineering, and economics - which 
Shewhart explained in great detail in his book Economic Control of Quality of Manufactured Product. 

§ The Father of Statistical Quality Control 
§ Plan-Do-Check-Act (PDCA) 

• W. Edwards Deming 
§ In the 1950’s, Deming worked closely with Japanese businesses during the post WWII rebuilding 

efforts, during that time, Deming introduced statistical control methods to Japanese manufacturing 
§ PDSA – Plan, Do, Study Act 
§ Deming’s 14 Points of Management 

1. Create constancy of purpose for improving products and services. 
2. Adopt the new philosophy. 
3. Cease dependence on inspection to achieve quality. 
4. End the practice of awarding business on price alone; instead, minimize total cost by 

working with a single supplier.  
5. Improve constantly and forever every process for planning, production and service.  
6. Institute training on the job. 
7. Adopt and institute leadership. 
8. Drive out fear. 
9. Break down barriers between staff areas. 
10. Eliminate slogans, exhortations and targets for the workforce. 
11. Eliminate numerical quotas for the workforce and numerical goals for management. 
12. Remove barriers that rob people of pride of workmanship, and eliminate the annual rating 

or merit system. 
13. Institute a vigorous program of education and self-improvement for everyone.  
14. Put everybody in the company to work accomplishing the transformation. 

• Joseph M. Juran 
§ Introduced the theory of Quality Management and Quality by Design (and is credited with adding 

the human dimension to quality management), studied change resistance and the culture of change 
§ Pareto Principle – worked with Vifredo Pareto to develop the 80/20 rule, or has Juran put it, "the 

vital few and the useful many" 
§ “Juran’s Trilogy” - an approach to cross-functional management that is composed of three 

managerial processes: quality planning, quality control and quality improvement 
§ Introduced the concept of cost of poor quality 

• Philip B. Crosby 
§ Authored the book “Quality is Free” which stated that an organization that established a quality 

program would see savings returns that more than pay off the cost of the quality program 
§ Crosby responded to the quality crisis using the principle of "doing it right the first time" (DIRFT),  or 

Zero Defects, which introduced the following four major principles: 
§ the definition of quality is conformance to requirements (requirements meaning both the 

product and the customer's requirements) 
§ the system of quality is prevention 
§ the performance standard is zero defects (relative to requirements) 
§ the measurement of quality is the price of nonconformance 

  



§ Crosby’s 14 Steps to Quality Improvement 
1. Make it clear that management is committed to quality 
2. Form quality improvement teams with representatives from each department 
3. Determine how to measure where current and potential quality problems lie 
4. Evaluate the cost of quality and explain its use as a management tool 
5. Raise the quality awareness and personal concern of all employees 
6. Take formal actions to correct problems identified through previous steps 
7. Establish a committee for the zero defects program 
8. Train all employees to actively carry out their part of the quality improvement program 
9. Hold a “zero defects day” to let all employees realize that there has been a change 
10. Encourage individuals to establish improvement goals for themselves and their groups 
11. Encourage employees to communicate to management the obstacles they face in 

attaining their improvement goals 
12. Recognize and appreciate those who participate 
13. Establish quality councils to communicate on a regular basis 
14. Do it all over again to emphasize that the quality improvement program never ends 

• Armand V. Feigenbaum 
§ Introduced the concept of Total Quality Control (TQC), which later became known as Total Quality 

Management (TQM), which is an effective system for integrating the quality development, quality 
maintenance, and quality improvement efforts of the various groups in an organization so as to 
enable production and service at the most economical levels which allow full customer satisfaction 

§ Accredited with contributing the following to the Six Sigma body of knowledge: 
• The concept of a "hidden" plant—the idea that so much extra work is performed in 

correcting mistakes that there is effectively a hidden plant within any factory. 
• Accountability for quality: Because quality is everybody's job, it may become nobody's job—

the idea that quality must be actively managed and have visibility at the highest levels of 
management. 

• The concept of quality costs, which attempts to determine the total cost of quality-related 
efforts and deficiencies 

• Kauro Ishikawa 
§ Introduced cause and effect (also known as the fishbone diagram) to quality management 
§ Introduced the concept of quality circles, which is a volunteer team of workers who are trained to 

identify , analyze, and solve work-related problems, objective of the team is to communicate 
problem areas to management so that quality can be improved within the organization 

• Genichi Taguchi 
§ used statistical methods to control manufacturing quality, understood that variation caused loss in 

product value, Taguchi’s work lied the foundation for continuous improvement (which later became 
lean) 

§ developed the Taguchi methods, focused on improving the variation of a process and not just the 
mean of the process 

§ Taguchi’s Loss Function – graphical description of loss describing the phenomenon affecting the 
value of products produced by a company, stated that loss in value increases as variation increases  

• Bill Smith 
§ worked at Motorola, coined the phrase “Six Sigma” 

• Mikel Harry 
§ founded the Six Sigma Academy in 1994, referred to as the “Architect of Six Sigma” 
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• Value of foundations of Six Sigma 

• Six Sigma is a fact-based, data-driven philosophy of improvement that values defect prevention over defect 
detection. It drives customer satisfaction and bottom-line results by reducing variation and waste, thereby 
promoting a competitive advantage. It applies anywhere variation and waste exists. 

• Six Sigma views all work as a process that can be defined, measured, analyzed, improved, and controlled.  
• Because all processes require inputs to produce outputs, you can control outputs by controlling the inputs, 

this is referred to as the y = f(x) concept 
• Six Sigma performance means 3.4 defects per million opportunities (DPMO) 

• Value of foundations of Lean 
• Lean is a systematic approach to identifying and eliminating waste through continuous improvement. 

• Integration of Lean and Six Sigma 
• Six Sigma focuses on reducing process variation and enhancing process control, whereas Lean drives out 

waste and promotes standardization. Lean and Six Sigma both aim to provide the customer with the best 
possible quality, cost, and speed (ex: House of Quality). 

• Business Processes and Systems 
• Process – a series of steps designed to produce a product/service 
• Business System – is a collection of processes, ensures that the right inputs are in the right place at the right 

time so that each step of the processes is adequately resourced 
• Six Sigma and Lean Applications 

• The most successful implementations of Lean Six Sigma prioritize problems and enlist teams to solve them 
using a systematic approach.  

• Enterprise Leadership Responsibilities 
• The role of leadership in a Lean Six Sigma organization is to implement systems that identify and solve 

problems that impeded the effectiveness of the processes. This requires that the leader: 
§ Allocate resources to support team-based problem identification and solution 
§ Allocate resources to install corrections and ensure that the problems do not recur 

• Organizational Roadblocks 
• Some organization cultures may act as a barrier to Lean Six Sigma. Some of the most common barriers 

include the lack of leadership training as change agent and the “if it ain’t broke, don’t fit it” philosophy. 
These barriers should be targeted for removal by the project champion. 

• Horizontal Organization (Flat) – characterized by quick, yet disconnected decision making, because the 
decision making responsibility falls to the cutting edge personnel decisions can be made quickly, but the 
downside is that the cutting edge personnel may not have the right vision (or be in sync with strategy) 

• Vertical Organization – characterized by slow decision making because of the numerous levels of 
management a decision must travel through prior to being executed 

• Effective Management Support Strategies – a manager can effectively influence change by: 
§ Transform the formal organization and the organization’s culture 
§ Mentoring 
§ Identifying informal leaders and enlist their support 



• Change Management 
• Historically management’s role has been to keep the status quo; LSS management’s role is to foster change 
• Managing Change 

§ Communicate the need for change. 
§ Communicate the view of a future state with a successful change. 
§ Establish and communicate near-term, intermediate-term, and long-term goals and metrics. 
§ Identify and reduce barriers to change. 
§ Communicate early successes and recognize those people. 
§ Lock in improvements. 
§ Establish the need for being a nimble, changing organization. 

• Six sigma roles and responsibilities: Describe the roles and responsibilities of six sigma participants. (Understand) 
Responsible Entity Roles Responsibilities 
Executive Six Sigma 
Council (Steering 
Committee) 

• Strategic leadership 
• Ensures progress 
• Cultural transformation 

• Ensures six sigma goals are linked to organizational goals 
• Provides direction – selects projects 

o Project prioritization 
• Provides resources 
• Communicates vision 

Director, Six Sigma • Manages six sigma 
infrastructure and resources 

• Has overall steering responsibility 
• Develops the organization-wide deployment strategy 
• Ensures involvement and commitment of senior leadership 
• Leads and evaluates the performance of Black Belts and Green 

Belts 

Master Black Belt • Six sigma expert 
• Expert change agent 

• Drives project mentoring and completion 
• Checks projects for alignment with organizational goals 
• Coaches Black Belts and Green Belts 

Black Belt • Six sigma technical expert 
• Change agent 

• Leads projects 
• Demonstrates master of black belt body of knowledge 
• Coach/mentor black belts 
• Identifies candidates for green belt certification 

Green Belt • Six sigma project originator 
• Part-time change agent 
 

• Demonstrates master of green belt body of knowledge 
• Recommends six sigma projects 
• Participates on six sigma teams 

Project Champion • Champions six sigma projects • Ensures follow-through on goals and strategies within the 
organization 

• Plans improvement projects 
• Communicates leadership’s vision 

Project Sponsor • Charters and supports the six 
sigma project team 

• Actively participates in projects 
• Ensures adequate resources are dedicated to the project 
• Identifies and overcomes project barriers 

Project Owner 
(“Matrixed” Project 
Manager) 

• Manages resources dedicated 
to the project 

• Provides day-to-day direction for the six sigma project 
• Directs the project team’s activities 
• Conducts periodic reviews of projects (keeps the project on 

track) 

  



• Six Sigma Projects and Kaizen Events 
• Six Sigma projects should first be aligned with the organization’s strategic initiatives, and then be vetted 

against a project selection matrix or process. 
• Kaizen – Translated as “good change”, used to ensure that all the necessary people and resources are aimed 

at the improvement, tries to get everyone in the same room at the same time so that the problem can be 
solved sooner rather than later, brings about change through incremental/gradual improvements 

• Kaizen Blitz – intense team approach to employ the concepts and techniques of continuous improvement o 
• Hawthorne Studies – conducted at Hawthorne Works (1924 – 1932), concluded that: 

• Group behavior has a powerful influence upon individual members 
• the work group is a social group which fulfills certain human needs 
• Hawthorne Effect – first observed during the Hawthorne Studies (1924 – 1932), term was coined in 1950 by 

Harry Landsberger who defined the phenomenon as the state of reaction whereby subjects improve or 
modify an aspect of their behavior being experimentally measured simply in response to the fact that they 
know they are being studied 

 
Organizational Process Management and Measures 
• Quality Function Deployment (QFD) – also known as the House of Quality 

• Used to link the voice of the customer direct to the internal process. Incorporates policy deployment which 
develops a measurement-based system as a means of planning products and services. QFD provides 
documentation for decision-making (through the use of matrices). 

• Has for distinct phases: organization phase (select product/service), descriptive phase (defines the 
product/service), breakthrough phase (improvements are selected), and implementation phase 
(improvement efforts are acted upon). 

• Critical to x (CTx) Requirements- x is a variable that represents an area or area of impact on the customer, projects 
that are aligned with CTx have the biggest impact on the customer and often on the business directly, to ensure 
alignment the CTx Tree Diagram is used 

• Critical-to-Quality (CTQ) – uses the customer’s input to describe the requirements of quality (may include 
physical dimensions of height, width, depth, and weight) 

• Critical-to-Cost (CTC) – deals with the impact of cost on the customer, what customer is willing to pay for 
• Critical-to-Process (CTP) – key process input variables (may include temperature, pressure, humidity) 
• Critical-to-Safety (CTS) – are stated customer needs regarding the safety of a product or process 
• Critical-to-Delivery (CTD) – represents those customers with stated needs regarding delivery 

• Costs of Poor Quality– introduced by Fiegenbaum, used to determine the total cost of all quality-related efforts and 
deficiencies, published in the Harvard Business Review in 1956, allows management to evaluate investments  made 
in quality based on costs improvement and profit enhancement, cost were broken down into two categories – cost 
of control and cost of failure to control 

• Costs to control (Costs of conformance) 
§ Prevention – arises from the effort to keep defects from occurring 
§ Appraisal – arises from detecting defects via inspection, test, audit 

• Costs of failure to control (Costs of non-conformance) 
§ Internal failure – arises from defects caught internally and dealt with by discarding or repairing the 

defective items, examples include scrap and rework 
§ External failure – arises from defects that actually reach customers, examples include warrant 

claims, product recall, and loss of brand equity 
Cost Category Definition Percent of Total 

Prevention Costs that arise from the effort to keep defects from occurring 0-5 
Appraisal Costs that arise from detecting defects via inspection, testing, and auditing 10-50 
Internal Failure Arises from defects caught internally and dealt with by discarding or repairing 

the defective items, examples include scrap and rework 
20-40 

External Failure Arises from defects that actually reach customers, examples include warrant 
claims, product recall, and loss of brand equity 

20-40 

• Larger investments in prevention drive even larger savings in quality-related failures and appraisal efforts 



• Benchmarking –the use of external metrics to determine how well internal metrics are performing 
• Used to help Six Sigma teams in setting targets, there are four steps in benchmarking: 

§ Analyze the operation 
§ Know the competition and the industry leaders 
§ Incorporate the best of the best 
§ Gain superiority 

• There are several methods for benchmarking, and each has its own advantages and disadvantages: 
§ Internal benchmarking – benchmark against oneself, easy to do, but may be limited by the 

company’s culture, norms, and history 
§ Competitive benchmarking – benchmarking against an external competitor, forces an organization 

to think externally, which could be bad or good depending on how the external benchmark is 
performing 

§ Functional benchmarking – compares similar functions typically outside the organization’s industry, 
provides ample opportunity to seek out new benchmarking partners 

§ Collaborative benchmarking – refers to the cooperation between various functions or organizations 
to achieve benchmarking results, may permit access to specific benchmarking partners that may not 
exist with the other types of benchmarking 

• In benchmarking, when a breakthrough is discovered, it is normal convention to communicate the 
breakthrough up to the level of the benchmark. 

• Stakeholders – those who have a vested interest in the process and/or its outcomes 
• Generally speaking, organizational stakeholders include customers, suppliers, employees, investors, and 

communities (society). 
• Process stakeholders include: 

§ Suppliers – responsible for meeting the requirements of their customer 
• External Suppliers – those outside the enterprise that provide process inputs (such as 

materials) 
• Internal Suppliers – departments or processes inside the enterprise that provide process 

inputs 
§ Customers – responsible for communicating their requirements to the supplier 

• External Customers – those outside the enterprise who receive process outputs 
• Internal Customers – those inside the enterprise who receive process outputs 

• The most effective Six Sigma projects involve teams representing process owners and all stakeholders 
 
Performance Measures 
• Process Levels – as defined by Mikel Harry, there are three distinct type of metrics – business, operations, and 

process 
• Harry’s Six Sigma Breakthrough Strategy: 

§ Recognize  
§ Define 
§ Measure 
§ Analyze 
§ Improve 
§ Control 
§ Standardize 
§ Integrate 

  



• Balanced Scorecard Method – used by management in an effort to incorporate all the organization’s constituencies 
input on certain performance standards 
• Common constituencies include: stakeholders, owners, employees, and customers 
• Performance metrics cover four key areas:  

• Customer – defines an organization’s value proposition and measures how effective the organization is in 
creating value for its customers 

• Financial – provides that the organization with insight into how well its goals, objectives, and strategies are 
contributing to shareholder value and the bottom line 

• Internal process – includes all organizational processes designed to create and deliver the customer’s value 
proposition 

• Learning/Growth – generally includes the capabilities and skills of an organization and how it is focused and 
channeled to support the internal processes used to create customer value 

• Key Performance Indicators (KPIs) – are both financial and nonfinancial metrics that reflect the organization’s key 
business drivers, in order for a KPI to be effective it must be SMART (Specific, Measurable, Achievable, Relevant, and 
Time bounded) 

 
Financial Measures 
• Cost savings categories: 

1. Hard cost savings 
• Cost savings that impact the bottom line (profit and loss statement). Must have a baseline and be a 

planned or budgeted expense.  
• Can occur in three forms: cash take out, revenue growth, or increase in working capital/cash flows. 

2. Soft cost savings 
• Cost avoidance. Includes improvements that do not immediately reduce costs or assets but provide 

benefits through improved process efficiency, employee productivity, customer satisfaction, or 
increased competitive advantage.  

• Can be budget and non-budget impacting. 
• The most common financial measures are revenue growth, market share, and margin 
• Return on Investment (ROI) – measures the effectiveness of an organization’s ability to use its resources to 

generate income, calculated as (income/cost)*100% 
• Payback Period – the number of months required for the enterprise to recover the costs of the project 
• Net Present Value (NPV) – uses the time value of money to value the project’s worth in today’s dollars, managers 

should accept any project with a positive net present value 
• Internal Rate of Return (IRR) – is the interest rate or discount rate that results in a zero net present value for the 

project, managers should accept any project with an IRR higher than the company’s ROI if capital is available 
 
Team Management and Formation 
• Stages in Group Development – in 1965 Tuckman observed that groups tend to evolve in the following four stages: 

forming, storming, norming, and performing 
• Forming – group emphasizes procedural matters (when to meet, how frequently to meet, how to communicate, 

etc.), the group is moved forward by the leader who helps in the decision-making process 
• Storming – in this stage the members are trying to define their roles within the group, conflict is common during 

this stage of formation as team members try to establish structure and alignment with group objectives, it is the 
leaders role to help mediate conflict and move the group toward independence 

• Norming – group begins taking responsibility of its goals and the focus of the group normalizes to working 
together effectively 

• Performing – this is the final stage of formation, during this stage the team begins to focus on performance and 
meeting objectives, members of the group become comfortable with one another and begin working confidently 
as a group 

• The above four stages are considered traditional, Recently, however, two additional stages have been proposed: 
• Adjourning – final team meeting is held, decisions are made and other loose ends are tied up 
• Recognition – the team’s contribution is acknowledged 



Team Decision-Making Tools 
• Nominal Group Technique (NGT) – used to prioritize a list of items, each team member writes assigns a sequential 

letter value to the items on the list, then each item is uniquely scored on a scale (relative to the number of items on 
the list, if there are 4 items on the list, then 4 is the highest score, once a number has been used it cannot be used 
again), after the items are scored, the items are totaled and the highest grossing items are prioritized 

• Force Field Analysis – a goal or objective is listed as the future/desired state, the” driving forces” (why the change is 
needed) and the “restraining forces” (what is preventing the change from happening) are then identified on two 
separate lists, the lists are then prioritized using  NGT 

• Multi-voting – is a variation of NGT, each team member is given a set amount of votes, these votes are then 
allocated to the list items on an individual basis, after the voting has ended, the votes are counted and the highest 
ranking list item is prioritized 

 
Team Management and Planning Tools 
• Affinity Diagrams – used to produce numerous possible answers to an open ended question, the team lists 

responses to the question and then groups the responses into themes 
• Inter-relationship Digraphs – used to identify cause-and-effect relationships, anywhere from a half-dozen to a 

dozen issues are listed on individual sticky notes, these issues are laid out on a white board much like a clock, 
starting at the 12 o’clock position, each issue is compared with the other issues (moving clockwise), once the 
relationships of the 12 o’clock issue have been charted, the team moves on to the next issue (moving clockwise) 

• Tree Diagrams – used to help break a general topic into a number of activities that contribute to the overall general 
topic, using a series of steps, the team reviews the general topic and then offers 2 to 5 more specific topics, these 
topics are then reviewed and further broken down into greater detail 

• Process Decision Program Charts (PDPC) – is a tree diagram used to illustrate anticipated problems and list possible 
solutions 

• Matrix Diagrams – used to discover and illustrate relationships between two groups of items, options are listed 
across the top and objectives are listed down the sidebar, relationships are then scored using conventional symbols 
(if the intersection is left blank there is no relationship), see below for an example of a matrix diagram 

 
 

• Prioritization Matrices – aids in deciding among several options, in a matrix the options are listed along with the 
agreed upon criteria, the criteria are then weighted through consensus, once the criteria weights have been 
assigned, the options are then cross-referenced with how will it fits with the criteria and scored using a 1-4 scale (4 



being the highest score), the scores are then tabulated using the criteria weighting and summed, the highest scoring 
option is prioritized 

 
• Activity Network Diagrams (AND) – also known as an arrow diagram or PERT diagram, displays interdependencies 

between tasks through the use of boxes and arrows, arrows pointing into a task box come from its predecessor 
tasks, which must be completed before the task can start, arrows pointing out of a task box go to its successor tasks, 
which cannot start until at least this task is complete (see example below) 

 
 
Project Discovery and Evaluation 
• Identifying appropriate projects as they relate to strategy is key to the success of a project. In order to identify the 

right project, Six Sigma user’s employee selection matrixes to measure the projects fit and strategic benefit when 
compared to other potential projects. See example below. 

 

 
 

• Pareto Priority Index (PPI) – selection tool used that incorporates return on investment and probability for success 
• PPI = (Savings *Probability for success)/(Cost * Time to completion in years) 

STEP 5: 
1) Multiply weight and 

score 
2) Sum step 1 scores 

for total benefit 
3) Sum step 1 scores 

for total effort 
4) Subtract step 3 

(effort) from step 2 
(benefit) 



• Project savings are typically placed in the following categories: 
• Hard savings – are actual reductions in dollars now being spent (reduced budgets, fewer employees, etc.) 
• Soft savings – are projected reductions that should result from the project (less inventory, lower cycle times, 

reduced scrap, less rework, etc.) 
• Cost avoidance – actions that reduce future costs (replacing parts before they fail) 

• Throughput-Based Project Selection – while careful planning and management of projects is undeniably important, 
they matter little if the projects being pursued have no impact on the bottom line (throughput). Financial benefits 
claimed for every project must be confirmed by experts in accounting or finance. Initial savings estimates may be 
calculated by the team, but final results require validation from the finance department. 

• Theory of Constraints (TOC) – every organization has to operation within certain constraints, because of that 
projects should be selected using very specific rules. The Theory of Constraints is a set of holistic processes and 
insights, all based on a systems approach that simplifies the improving and managing of complex organizations by 
focusing on the few physical and logical constraining “leverage” points. Furthermore, it provides a tool set to build 
and implement the “levers” (holistic rules) that synchronize the parts to achieve an order of magnitude 
improvement in the performance of the system as a whole. The crucial insight of the Theory of Constraints is that 
only a few elements (constraints) in a business control the results of the entire organization. Theory of Constraints 
tools identify these constraints, and focus the entire organization on simple, effective solutions to problems that 
seemed insurmountably complex and unsolvable. 
1. Identify the system’s constraint 
2. Decide how to exploit the system’s constraint – look for projects that minimize waste of the constraint 
3. Subordinate everything else to the prior decisions – choose projects that maximize throughput of the constraint 
4. Elevate the system’s constraint 
5. If, in the prior steps, the constraint has been broken, go back to step one. 

 
DMAIC – Define, Measure, Analyze, Improve, Control 
 

 
  

•Review project charter
•Validate problem statement
•Validate VOC and VOB
•Outputs: Project Charer, Project team formed, Clear customer requirements, Clear 

project goals

Define

•Understand the project
•Measure the current process
•Develop and evaluate the current measurement processes

Measure

•Analyze data and prioritize causes
•Understand demand, flow, capacity, and valueAnalyze

•Improve the process
•Develop the concept and improvement design
•Pilot the new process

Improve

•Control the new process
•Implement a control system to ensure process success (verify long term capability)Control



Define 
• All projects, regardless of the underlying problem progress through the same series of tools in the define phase. The 

purpose of the define phase is to ensure that: 
• the project objective is clear 
• the project scope is clear 
• the customer/market value is understood (VOC) 
• the business value is understood (VOB) 
• the measures of process performance are agreed upon and baselined 
• clear breakthrough goals are set for each measure 
• project leaders, champions, process owners, and the team are identified 
• this is the right project to be working on 

• CTQ Flow-Down – customer satisfaction generally falls into three categories: quality, delivery (speed), and cost 
• the time required to complete the project 
• Customer Expectations - identifies the several types of requirements that impact customer satisfaction, from low to 

high the customer has basic, expected, desired, and unanticipated expectations of a product/service. 
•  Kano Model – also referred to as Kano analysis, is used to analyze customer requirements, according to the Kano 

model, there are 3 categories of customer needs: 
• Dissatisfiers – basic requirements, what the customer expects to be included 
• Satisfiers – variable requirements, “more is better”, more than basic needs, but not beyond expectations 
• Delighters – latent requirements, features or services that go beyond the customer’s expectations 

• Work Breakdown Structure (WBS) – a process for defining the final and intermediate products (or milestones) of a 
project and their relationships 

• Project Evaluation and Review Technique (PERT) – (see Activity Network Diagram for full definition), used to 
demonstrate the relationship, sequence, and dependency of task, used to plot work when the cause-effect logic is 
explicit or understood 

• Slack time (S) – is the latest data an event can occur without extending the project  (S = TLatest – TEarliest) 
• PERT Probabilistic Approach – used to plot work when the cause-effect logic is vague, accommodates for 

variation in time estimates (optimistic, probable, pessimistic) 
 

𝒕𝒆 = 	
𝒕𝒐 + 	𝟒𝒕𝒎 + 𝒕𝒑

𝟔
 

 
te = expected time    to =optimistic time    tm = most likely time    tp = pessimistic time 

 
• Critical Path – is the path (on the PERT chart) that requires the most time from start to finish, most times is used to 

estimate time required to complete a project because the only way to complete the project in less time is decrease 
the time for at least one of the activities on the critical path – which is typically accomplished by putting more 
resources into one or more activities on the critical path (referred to as “crashing the project”)  

•  Define tools include: 
• Preliminary project charter – used to initiate the project, serves as a rough draft for the final project charter 
• Project charter – tool/document used to ensure that all the goals/details of the define phase are clearly 

identified; some goals and details that specifically listed on the charter include: project scope, VOC, VOB, project 
team, and project metrics 

• SIPOC (Suppliers, Inputs, Process, Outputs, Customers) – high-level view of the process, used during the Define 
phase in order to understand the scope of the process 

• Brainstorming/Murphy’s Analysis – tool in which the user lists all possible errors in a process, Murphy’s Analysis 
states that if it can go wrong, it will go wrong 

• VOC Plan – how to obtain the “voice” of the customer through the use of customer Interviewing and surveys 
• Stakeholders Analysis 
• Customer Requirements Tree/5 Whys 
• Key Process Output Variables (KPOVs) 
• Key Process Input Variables (KPIVs)  



Measure – Data and Data Systems 
• Population – the totality of items or unites of material under consideration 
• Types of Data: 

§ Quantitative (also called Measurable data) – data that can be measured, deals with numbers 
§ Qualitative – data that can be observed but not measured, deals with descriptions 
§ Variable (also called Continuous data) – results from measuring on a continuous scale such as length, 

weight, or temperature (called continuous because between any two values are infinite numbers of other 
values, ex: 1.5372, 1.53727, 1.537271, …..) 

§ Attribute (also called Discrete data) – categorized data, results from counting the occurrence of events, 
referred to as counting data 

Measurement Scales: 
§ Nominal – classify data into categories with no order implied, LEAST informative 
§ Ordinal – refers to positions/order in a series (ex: place in a marathon, or letter grade) 
§ Interval – have meaningful differences, but an absolute zero does not exist, ratios are not useful (ex: 

temperature) 
§ Ratio – have meaningful difference, and an absolute zero exists (ex: length) 

• Methods of Measurement 
§ Transfer Tools – tools that have no reading scale (such as spring calipers), measurement of length, width, or 

depth is determined by positive contact, then transferred to another measuring device 
§ Attribute Gages – fixed gages used to make a go/no go decision (good or bad), quick and easy to read but 

provides minimal information 
§ Variable Gages – provides a physical measured dimension, provides if a measure is good or bad relative to 

specifications, variable data is often useful for process capability determination 
§ Check Sheet – a simple data recording device typically used to collect the frequency of occurrences of 

nominal data by category 
• Process Flow Metrics  

§ Work in progress (WIP) – is the material that has been input to the process, but has not reached the output 
stage 

§ Work in que (WIQ) – is the material waiting to be processed by some step in the process, is a component of 
WIP, desirable to maintain WIQ in “first in first out” (FIFO) order 

§ Takt time – is the production rate a process must operate at in order to meet customer demand, calculated 
as the time available divided by the demanded number of units 

§ Cycle time – is the average time for a particular step to complete one item 
§ Throughput – is the number of items or amount of material output from the process in a given period of 

time 
§ Setup time – also referred to as change-over time, is the time required to convert from producing one 

product to producing a different one on the same machine 
• Little’s Law – defines the critical relationships that dictate how long it will take, on average, to complete the work 

tasks in a particular process, states that the average number of customers in a system (over some interval) is equal 
to their average arrival rate, multiplied by their average time in the system 

§ WIP Inventory = Throughput x Flow Time 
§ Flow Time = WIP x Cycle time 

• Calibration – the comparison of a measurement instrument or system, used to detect any variation from the true 
value of the measurement introduced by the tool or system 

• Bias – the difference between the average measured value and a reference value 
• R&R – Repeatability and Reproducibility – determines the variance that tools introduce to a measuring system, 

measures precision which is the closeness of agreement between randomly selected individual measurements 
§ Repeatability -  is the precision under conditions where independent measurement results are obtained 

with the same method on identical measurement items by the same appraiser using the same equipment 
within a short period of time, often referred to as equipment variation 

§ Reproducibility – is the precision under conditions where independent measurement results are obtained 
with the same method on identical measurement items with different operators using different equipment, 
commonly referred to as appraiser variation 



• Stability – change in bias over time when using a measurement system to measure a given master part (or standard) 
• Linearity – the difference is bias through the range of measurement, a good measurement system should have a 

constant bias 
• Gage Repeatability and Reproducibility – used to evaluate the performance of a measurement system or test 

method, quantifies the capabilities and limitations of an instrument 
• Measurement Error – measurement errors can be placed in any of 7Ms 

§ Machine – equipment 
§ Methods – procedures 
§ Man – appraiser 
§ Mother Nature – environment 
§ Materials – parts 
§ Management 
§ Measurement – measuring equipment or system, to ensure that the system/equipment is functioning it is 

recommended that a calibration system be in place 
Sampling Techniques 

§ Random – is a procedure by which each item has an equal chance of being selected as part of the sample 
§ Sequential – is a non-probability technique for collecting a sample based on the convenient needs of the 

researcher, can continue indefinitely, used for costly or destructive testing with sample sizes of one 
§ Skip-lot – method in which only a few lots are sampled 
§ Stratified – used to sample stratified data, or data that is naturally broken down into groups, method of 

sampling that involves the division of a population into smaller groups known as strata which are formed 
based on members' shared attributes or characteristics, random samples from each stratum is taken in a 
number proportional to the stratum's size when compared to the population. 

• Sampling Homogeneity – refers to the need to select a sample so that it represents just one population 
 
Measure - Basic Statistics 
• Central Limit Theorem – states that regardless of the shape of the population, the sampling distribution of the mean 

is approximately normal if the sample size is sufficiently large, random variables from a select population will be 
approximately normally distributed 

§  Empirical Rule (68, 95, 99.7 Rule) 
§ 68% of the population will fall within in 1 +/- standard deviations of the mean 
§ 95% of the population will fall within in 2 +/- standard deviations of the mean 
§ 99.7% of the population will fall within in 3 +/- standard deviations of the mean 

• Measures of Central Tendency 
§ Mean – is the arithmetic average of a data set 
§ Median – is the middle value of an ordered data set 
§ Mode – is the most frequently found value in a data set 

• Measure of Dispersion 
§ Variance – equal to the sum of the squared deviations from the mean, divided by the sample size 
§ Standard deviation – calculated as the squared difference between a set of data points and the mean, 

equals the square root of variance, measures of variability, if the standard deviation is low, the data points 
are closely gathered around the mean, if the standard deviation is high, the data points are more spread out 

§ Range – the difference between the highest value and the lowest value in a data set (max – min) 
• Coefficient of Variation (CV) – measures the dispersion of a set of data points around the mean, useful statistic for 

comparing the degree of variation from one data series to another, ratio of standard deviation over the mean 
	𝑪𝑽 =

𝝈
𝝁

 

 
  



• Graphical Methods 
§ Histogram – also known as a relative frequency graph, a plot of frequency distribution in the form of cells 

whose bases are equal to the class interval and whose areas are proportional to the frequencies; is a 
graphical summary of variation in a data set 

§ Tally – provides a quick, informal histogram-like diagram, used to make preliminary judgment of distribution 
skewness 

§ Stem and Leaf Plot – similar to a tally except the last digit of the data value is recorded instead of a tally 
mark, provides information about the contents of the cells in a distribution 
 

Data: .18, .24, .21, .17, .36, .34, .19, .25, .18, .22, .37, .24, .42, .39 

 .33, .48, .56, .47, .55, .26, .38, .54, .19, .24, .42, .44, .11 

        
Measurement  Tally  Stem-and-Leaf  

.10 - .19  IIIIII  0.1 8 7 9 8 9 1  

.20 - .29  IIIIIII  0.2 4 1 5 2 4 6 4  

.30 - .39  IIIII  0.3 6 4 7 3 8 9  

.40 - .49  IIII  0.4 2 8 7 2 4  

.50 - .59  II  0.5 6 5 4  
 

§ Quartiles – four approximately equal subsets of a set of data 
§ Box Plot – also called a box-and-whisker diagram, illustrates range, median, and location of middle 50% of 

data, used to provide information about dispersion and location 
 

 
 

§ Scatter Diagram – used to determine the root cause of a problem, in this technique, measurements are 
taken for various levels of  the variables suspected as being the root cause, then each variable is plotted 
against the quality characteristic to get a rough idea of the correlation 

§ Normal Probability Plots – “best fit”, the data set lines are plotted and then a single, straight line is drawn 
through the points trying to depict trajectory 
 

 
  



• Probability – the proportion that an event occurs in a series of repeated experiments as the number of those 
experiments approaches infinity, used to make statistical inferences about a population based on the information 
contained in the samples 

§ Conditions for Probability – probability of any event, E, lies between 0 and 1 
§ Mutual Exclusivity – two events have no sample points in common 
§ Complementary Rule – probability that Event A will not occur is 1 – A, denoted as P(A’) 
§ Conditional Probability - the probability that Event A occurs, given that Event B has occurred 
§ Universe – sum of all sample points, represents the entire samples space, equals 1 

 
Summary of the Rules of Probability 

Axioms of probability 
0 ≤ P(Event) ≤ 1 
 

!𝑃
!

"#$

(E) = 1 

 
Complementary Rule 
P(A) = 1 – P(A’) 

For Two Events A and B 

Conditional Probability 

𝑃(A/B) =
𝑃(A	 ∩ B)
𝑃(B) 	for	𝑃(B) > 0 

 

𝑃(B/A) =
𝑃(A	 ∩ B)
𝑃(A) 	for	𝑃	(A) > 0 

 Independent Dependent 

Events P (A/B) = P (A) 
P (B/A) = P (B) 

P (A/B) ≠ P (A) 
P (B/A) ≠ P (B) 

Addition Rule P (A ∪ B) = P (A) + P (B) P (A ∪ B) = P (A) + P (B) – P (A  ∩ B) 

Multiplication Rule P (A ∩ B) = P (A) × P (B) P (A ∩ B) = P (A) × P (B/A) 
                 = P (B) × P (A/B) 

 Mutually Exclusive Not Mutually Exclusive 

 P (A ∩ B) = 0 P (A ∩ B) ≠ 0 

 
• Types of Distributions: 

§ Normal – is an unskewed distribution of data, has a mean of 0 and a standard deviation of 1, assumes a 
normal random variable will have a Z equal to the actual value less the expected value, divide by the 
standard deviation 

𝐙 = 	
𝑿 − 	𝝁
𝝈

 

§ Binomial – used to model discrete data, used when the population is large (N > 50) and the sample size is 
less than 10% of N, appropriate to use when the proportion defective is equal to or greater than 0.1 (10%) 

§ Possion – used to model discrete data when the proportion defective is less than 0.1 (10%), the mean equals 
the variance, the standard deviation can be found by taking the square root of the mean 

§ Chi squared – used to make decisions and construct confidence intervals 
§ F distribution – used to test for equality of variances from two normal populations, requires discrete data 
§ t distribution – formed by combining a standard normal random variable and a Chi square random variable, 

commonly used for hypothesis testing and constructing confidence intervals for means 
§ Hypergeometric  - used to model discrete data when the population size is small compared to the sample 

size (i.e. when the sample size, n, is a relatively large proportion of the population, n > 0.1N) 
§ Exponential – used to model items with a constant failure rate, in an exponential distribution the standard 

deviation equals the mean 



§ Lognormal – used when the data set is known to follow a lognormal distribution, the data is transformed by 
taking the logarithm yields of a data set that is approximately normally distributed 

§ Weibull – used to model time to fail, time to repair, and material strength, one of the most widely used 
distributions in reliability applications 

• Capability Studies – the objective of process quality control is to establish a state of control over a process, that 
actions that change or adjust a process frequently result from some form of capability study, when the natural 
process limits are compared with the spec range, any of the following possible course of action may occur: 

§ Do nothing -  if the process limits fall well with the spec limits, no action may be required 
§ Change the specs – in some cases the spec limits may be unrealistic and may need to be changed 
§ Center the process – when the process spread is approximately the same as the spec spread, an adjustment 

to centering the process may bring the bulk of the product within specs 
§ Reduce variability – this is often the most difficult option to achieve, in this case, the leading cause of 

variation is identified and then addressed 
§ Accept the losses – in some cases, management must be content with a high loss rate, if this is the only 

option, the principal emphasis should be focused on handling scrap and rework 
• Measures of Capability 

§ Process Capability Index (Cp) – an index describing process capability in relation to specified tolerance levels 
divided by the natural process variation, a state of statistical control is required 

§ tolerance/spread 

𝑪𝒑 =	
𝑼𝑺𝑳	 − 𝑳𝑺𝑳

𝟔𝝈
 

§ Cp > 1.33 indicates that the process is capable 
§ Cp = 1.00 to 1.33 indicates that the process is capable with tight control 
§ Cp < 1.00 indicates that the process is incapable of meeting the spec requirements 

§ Minimum Process Capability Index (Cpk) – the smaller of the upper process capability index (CPU) and the 
lower process capability index (CPL) 

§ Lower Process Capability Index (CPL) – an index describing process capability in relation to the lower spec 
limit 

	𝑪𝑷𝑳 = 	
𝝁	 − 𝑳𝑺𝑳
𝟑𝝈

 

§ Upper Process Capability Index (CPU) – an index describing process capability in relation to the upper spec 
limit 

𝑪𝑷𝑼 =	
𝑼𝑺𝑳 − 	𝝁

𝟑𝝈
 

§ Potential Process Capability (Ppk) – same index as Cpk – except it does not require a state of statistical 
control 

• Defects per Unit (DPU) – a measure of capability for discrete (attribute) data found by dividing the number of 
defects by the number of units 

𝑫𝑷𝑼 =	
𝑵𝒖𝒎𝒃𝒆𝒓	𝒐𝒇	𝒅𝒆𝒇𝒆𝒄𝒕𝒔
𝑵𝒖𝒎𝒃𝒆𝒓	𝒐𝒇	𝒖𝒏𝒊𝒕𝒔

 

• Parts per Million (PPU) – defined as DPU x 1,000,000 
• Defect Parts per Million Opportunities (DPMO) – a measure of capability for discrete (attributed) data found by 

dividing the number of defects by the opportunities for defects multiplied by a million 

	𝑫𝑷𝑴𝑶 =	
𝑫𝒆𝒇𝒆𝒄𝒕𝒔

𝑶𝒑𝒑𝒐𝒓𝒕𝒖𝒏𝒊𝒕𝒊𝒆𝒔
	× 𝟏, 𝟎𝟎𝟎, 𝟎𝟎𝟎 

• First Pass Yield (FPY) – also referred to as yield, probability of a having a defect-free unit, the equivalent of 
Exponential raised to the negative power of DPU 

𝒆!𝑫𝑷𝑼 à e = 2.71828 
• Rolled Throughput Yield (RTY) – is the probability of a unit of product passing through an entire process defect-free, 

determined by multiplying FPY for each subprocess of the total process 
• Measure tools include: 

• Venn diagramming – also, known as a set diagram, demonstrates all the possible logical relationships between a 
finite set of data 



Analyze 
• Value Stream Mapping - a graphical flow charting technique for following the production path for a product or 

service from beginning to end while drawing a visual representation of every process in the material and 
information flows 

• Regression analysis – is a technique that typically uses predictor variables (Xs) to predict an unknown outcome (Y), 
uses the method of least squares to determine outcomes 

• Least squares – is a technique for estimating a parameter that minimizes the sum of the squared differences 
between the observed and the predicted values derived from the model, the differences are known as residuals 

• Linear regression – mathematical function that indicates the relationship between a set of predictor variables and a 
response variable 

• Linear regression coefficients – numbers associated with each predictor variable in a linear regression equation that 
tells how the response variable changes with each unit increase in the predictor value 

• Multi-vari analysis - used to breakdown the components of variation, graphical technique for view the multiple 
sources of variation, different sources of variation are categorized into families of related causes and then quantified 
to reveal the largest cause  

• Types of Variation – typical categorization of variation is positional, cyclical, and temporal 
§ Temporal – occurs as change over time 
§ Positional – refers to variation of a characteristic on the same product, also referred to as within-part 

variation 
§ Cyclical – covers part-to-part variation or variation between two different products 
§ Seasonal –variation that is assignable to the change of season 

• Hypothesis Testing – uses samples to infer properties of a population 
§ Null Hypothesis (H0)– is the test for no difference (p value > 0.05), a hypothesis that is formulated without 

considering any new information, formulated based on the belief that what already exists is true 
§ Alternative Hypothesis (HA) – the test for difference (p value < 0.05) 
§ Significance Level – is the criterion used to reject the null hypothesis, level of significance is typically 

denoted by α 
§ Statistical Significance – assumes no sampling error, if there is a difference, the null hypothesis is rejected 
§ Practical Significance – asks if the difference is large enough prior to rejecting the hypothesis 
§ Alpha – is the maximum probability or risk of making a Type I error when dealing with dealing with the 

significance level of a test, also referred to as producer’s risk 
§ Beta – is the maximum probability or risk of making a Type II error, referred to as consumer’s risk 
§ Type I Error (alpha risk) – an error that occurs when the null hypothesis is rejected when it is true, the 

incorrect decision that a process is unacceptable, when, in fact, perfect information would reveal that it is 
located within the “zone of acceptable processes”, described by level of significance 

§ Type II Error (beta risk) – an error that occurs when the null hypothesis is accepted when it is false, the 
incorrect decision that a process is acceptable, when, in fact perfect information would reveal that it is 
located within the “zone of rejectable processes”  

§ p-value – the smallest level of significance leading to the rejection of the null hypothesis, if a p-value is less 
than the stated alpha, then the hypothesis is rejected 

§ Power – is the probability of rejecting the null hypothesis when the alternative is true, the stronger the 
power of a hypothesis test, the more sensitive it is to detecting small differences, 1 - β 

§ Sample size – in order to make a statistically significant decision, it is important that a hypothesis test and 
confidence intervals use the proper sample size 

𝑺𝑺 = #𝒁×	𝝈
𝑬
$ ^2 

 

Confidence Interval Z value 
90% 1.645 
95% 1.96 
98% 2.33 
99% 2.58 



§ One-Tailed Test – used to test the alternative hypothesis, if the sample that is being tested falls into one 
side of the critical area, the alternative hypothesis (HA) is accepted instead of the null, called the one-tailed 
test because the test only incorporates one side of the normal distribution (ex: error rate) 

§ Two-Tailed Test – a statistical test in which the criteria is two-sided, if the sample falls into either of the 
critical areas, the alternative hypothesis is accepted (ex: tolerance, if a sample size falls within the spec 
limits/range) 

§ Point and Interval Estimates 
§ Parameter – a constant of coefficient that describes some characteristic of a population  

• (LSL ≤ parameter ≤ USL) 
§ Efficiency - a measure of the optimality of an estimator 
§ Confidence Interval – an estimate of a sample containing the true value of the parameter with some 

probability, represents the degree of certainty to which the interval contains the true population 
parameter this probability is called the confidence level of estimate 

§ Prediction Interval –similar to the confidence interval, it is based on the predictive value that is 
likely to contain the values of future observations 

§ Tolerance Interval – also known as a statistical tolerance interval, is an interval estimator 
determined from a random sample so as to provide a level of confidence that the interval covers at 
least a specified proportion of the sampled population 

§ Estimator - is a rule for calculating an estimate of a given quantity based on observed data 
§ Point Estimate – is a statistic used to estimate a parameter of a population using a single number 
§ Interval Estimator - is the use of sample data to calculate an interval or range of possible values of a 

an unknown population parameter 
§ Unbiased Estimator – is a point estimate of a parameter such that the expected value of the 

estimate equals the parameter 
§ Efficient Estimator – is an unbiased estimator that has lower variance than any other unbiased 

estimator for all possible values of the parameter, referred to as the minimum-variance unbiased 
estimator (MVUE)  

§ Coefficient of Variation – a measure of relative dispersion, calculated as the standard deviation 
divided by the mean and multiplied by 100, cannot be used when the data has both positive and 
negative values 

• Parametric Tests – hypothesis test performed on data that has an underlying normal distribution which allows for 
more conclusions to be drawn as the shape can be mathematically described 

§ Analysis of Variation (ANOVA)  – used to test the hypothesis that the means of two (or more) populations 
are equal, breaks the components down into factors and levels, is basic statistical technique for analyzing 
experimental data, subdivides the total variation of a data set into meaningful parts associated with specific 
sources of variation in order to test a hypothesis, there are three model types: fixed, random, and mixed 

§ Factors – is an independent variable controlled by the experimenter (ex: temperature) 
§ Levels –is the setting or specific value of the a factor (ex: degrees in Farenheit) 
§ Degrees of Freedom (df) - number of values in a calculation that are free to vary, df = n - 1 

§ One-Way ANOVA –used when only one factor is being considered in the study 
§ Two-Way ANOVA –used when two or more factors are being considered in the study 
§ MANOVA – a statistical technique that can be used to analyze both balanced and unbalanced experimental 

designs 
§ Independent t-test – gives an indication of the separateness of two sets of measurements, used to check 

whether two sets of measures are essentially different 
§ Paired t-test – used when the data from the two groups can be presented in pairs, otherwise, same as the 

independent t-test 
§ Pearson’s Correlation –measures correlation between two populations that are normally distributed, 

calculated by dividing the covariance of the two variables by the product of their standard deviations 
§ Goodness-of-fit test (Chi Square) – used to test association of variables in two-way tables where the 

assumed model of independence is evaluated against the observed data 
§ Bartlett - used to test if k samples are from populations with equal variances, if the data is not normally 

distributed Levene’s Test is used 



• Non-Parametric Test – hypothesis test performed on data that is not normally distributed 
§ Mood’s Median –used to determine if there is sufficient evidence to conclude k medians from samples of 

size n are equal, for the null hypothesis the test determines if all the medians are equal, for the alternative 
hypothesis the test determines if any of the medians are unequal 

§ Levene’s Test –used to determine whether there is sufficient evidence to conclude k variances from samples 
of size n are equal, is an alternative to Bartlett’s test when the underlying data is non-normal 

§ Kruskal-Wallis – used to determine whether there is sufficient evidence to conclude k means from samples 
of size n are equal, for the null hypothesis the test determines if all the means are equal, for the alternative 
hypothesis the test determines if any of the means are unequal 

§ Mann-Whitney- also referred to as the Wilcoxon test, used to determine whether the two means from 
samples of size n are equal 

• Contingency Tables – also referred to as cross tabulation, provides the ability of determining whether items that  
are classified into two or more categories act independent of one another, for the null hypothesis the tables test if 
the classifications are independent, for the alternative hypothesis the tables test if the classifications are dependent 

 



 
 
• Analyze tools include: 

§ Gap Analysis – used to identify a performance difference between a current state and a desired or future 
state 

§ Dendogram – “tree” diagram, used to arrange components into hierarchical groups 
§ Spaghetti charts – is a map of the path taken by a specific product as it travels down the value stream, called 

a spaghetti chart because the completed chart looks like a plate a spaghetti 
§ Root Causes and Effects – in Six Sigma work, results are known as “Ys” and root causes are known as “Xs” 
§ 5 Whys - technique used to drill down through the layers of cause and effect to the root cause 
§ Pareto chart - developed by Juran, who stated that the Pareto chart identifies “the vital few and the trivial 

many,” per Juran’s research 80 percent of problems or issues result from 20 percent of the causes – this is  
§ known as the 80/20 rule 

§ Fishbone – also referred to as the Ishikawa diagram, commonly used in defect prevention or identifying the 
root cause of a defect, states that every defect or imperfection is caused by variation of some sort, these 
sources of variation are classified as people, methods, machines, materials, measurements, and 
environment 

• People – anyone involved in the process 
• Methods – how the process is performed and the specific requirements for doing it, such as policies, 

procedures, rules, regulations and laws 
§ Machines – any equipment, computers, tools, etc. required to complete the job 
§ Materials – raw materials, parts, components, pen, paper, etc. used to produce the final product 
§ Measurements – data generated by the process that is used to evaluate its quality 
§ Environment –the conditions, such as time, temp, and culture in which the process operates within 

§ Failure Mode and Effects Analysis (FMEA )–procedure for analyzing the potential failures of a process, 
failure modes are the possible defects that can occur in a process (measured as occurrence and severity) , 
effects analysis is the measure of the how likely the defect is to go undetected and the potential economic 
consequences of those defects reaching the consumer (measured as detection) 

§ Risk Priority Number (RPN) = occurrence * severity * detection 
• Once the RPN is calculated for each failure, the data is prioritized using a Pareto chart 

§ TIMWOOD – used to identify the 7 types of waste: 
§ Transportation – movement of parts and materials around the plant/facility due to poor layout 
§ Inventory – excessive supply of parts or materials 
§ Motion – movement by persons or equipment that does not add value 
§ Waiting – idle time, waiting for equipment, instructions, materials, etc… 
§ Overprocessing – effort that does not add value 
§ Overproduction – producing too much too soon too fast 
§ Defects – consumption of additional material, labor, time, and machine caused by defects 

See above for hypothesis test decision tree 



• Design of Experiments (DOE) – is a statistical approach to designing and conducting experiments through studying 
the effect independent variables have on response variables à y= f(x) 

§ Terms 
§ Effect -  the relationship between a factor and a response variable 
§ Response Variable – the output variable that shows the observed value of an experimental 

treatment 
§ Observed Value – the value of a response variable determined as a result of a test or measurement 
§ Factor – is an independent variable or assignable cause that may affect the response variable; 

factors are also known as explanatory variables, predictor variables, or input variables 
§ Noise Factor – is an independent variable that is difficult or too expensive to control as part of 

standard experimental conditions 
§ Level – is the setting or assignment of a factor at a specific value 
§ Design Space – the multidimensional region of possible treatment combinations formed by selected 

factors and their levels 
§ Experimental Unit – is the smallest entity receiving a particular treatment that yields a value of the 

response variable 
§ Experimental Error – variation that occurs in the response variable beyond that accounted for by 

the factors, blocks, or other assignable sources 
§ Treatment – is the specific setting or combination of factor levels for an experimental unit, also 

referred to as factor-level combinations 
§ Experimental Run – is a single performance of the experiment 
§ n represents the number of experimental runs that will be conducted, computed as: 

 
n = LF 

n = number of runs, L = number of levels, F = number of factors 
 

Example: Assume an operator can run a series of test while adjusting the feed, speed, and temperature of the process 
(factors). In addition to adjusting these factors, the operator can also adjust the specific level of each factor. 

 
n = LF 

n =2 3 

n =8  
 
 

§ Design Principles 
§ Replication – occurs when the entire experiment is performed more than once for a given set of 

independent variables 
§ Repeated Measures (Repetition) – is the measurement of a response variable more than once 

under similar conditions 
§ Confounding – also referred to aliasing, occurs when factors or interactions are not distinguishable 

from one another 
§ Order – refers to the sequence in which the runs of an experiment will be conducted 

• Standard Order – shows what the order of the runs in an experiment would be if the 
experiment was done in Yate’s order 

• Run Order – shows what the order of runs in an experiment would be if the experiment was 
run in random order 

§ Randomization – used to assign treatments to experimental units so that each unit has an equal 
chance of being assigned a particular treatment, thus minimizing the effect of variation from 
uncontrolled noise factors 

• Completely Randomized Design – treatments are assigned at random to the full set of 
experimental units 

  

Factor Level 
Feed 0.01 and 0.04 inches/revolution 
 Speed 1300 and 1800 revolutions/minute 
Temp 100 and 140 degrees Fahrenheit 



§ Blocking – refers to the method of including blocks in an experiment, used to minimize the impact 
of selected assignable causes 

• Block – a collection of experimental units more homogenous than the full set 
• Block Effect – effects introduced by the use of blocking 

§ Balanced Design – all treatment combinations have the same number of observations 
§ Combination Formula – used to determine the total number of unique occurrences/combinations, 

tells how many unique ways you can arrange n objects in to groups of r 
𝒏!

𝒓! (𝒏 − 𝒓)!
 

§ Planning Experiments 
§ One-Factor – is a single factor analysis of variance, same as the one-way ANOVA 
§ Randomized Complete Block Design (RCBD) – experiment in which each block contains all 

treatments, and randomization is restricted within blocks 
§ Hyper-Graeco-Latin Square  – used to eliminate two block effects by balancing out their 

contributions, assumes that the block factors do not interact with the factor of interest or with each 
other 

§ Factorial Design – is an experiment consisting of all possible treatments formed from two or more 
factors, with each factor being studied at two or more levels 

§ Two-Level Fractional Factorial Design – is an experimental design consisting of a subset (fraction) of 
the factorial design (ex: half-fractions, quarter-fractions, etc.) 

 
Improve and Control 
• Waste Elimination 

§ Muda – an activity that consumes resources but does not create value (TIMWOOD) 
§ Kanban – also referred to as 2-bin system, an system that signals the need to replenish stock or materials, 

also known as the “pull” approach 
§ 5S – lean tool used to eliminate waste from a work environment, helps establish a visual work environment 

§ Sort (Seiri) –to separate what is needed from what is not needed, unneeded items are removed 
§ Set in Order (Seiton) – to neatly arrange and identify parts and tools for ease of use 
§ Shine (Seiso) – clean the area 
§ Standardize (Seiketsu) –conducted to maintain the workspace and spaces like it, areas with similar 

functions should have similar layouts 
§ Sustain (Shitsuke) – audit the area, control the area to ensure that the space remains in order 

• Standardized work - Concept whereby human work is organized to meet customer demand. A precise description of 
each work activity, specifying cycle time, takt time, the work sequence of specific tasks and the minimum 
inventory of parts on hand needed to conduct the activity. All jobs are organized around human motion to create an 
efficient sequence without waste. 

• Standard operating procedures (SOP) - A lean tool that enables operators to observe a production process with an 
understanding of how tasks are to be performed. It ensures the quality level is understood and serves as an 
excellent training aid, enabling replacement or temporary individuals to easily adapt and perform the operation. 

• Simulation - The imitation of the operation of a real world system or process conducted under conditions that 
provide similar outcomes or results based upon the decisions and actions of the participants. 

§ Role play 
§ Dress Rehearsal 
§ Tabletop 
§ Computer 

• Pilot - A pilot study, pilot project is a small scale preliminary study conducted in order to evaluate feasibility, cost, 
adverse events, and overall impact in an attempt to reduce risk of unintended consequences and improve the 
performance of a full-scale implementation.   

• Poka-yoke – error proofing a process by building safeguards into the system to avoid or immediately find errors, 
poka means “error”, yokeru means “to avoid” 
 
 



• PDCA - A four-step process for quality improvement. In the first step (plan), a way to effect improvement is 
developed. In the second step (do), the plan is carried out, preferably on a small scale. In the third step (check), a 
study takes place between what was predicted and what was observed in the previous step. In the last step (act), 
action is taken on the causal system to effect the desired change. The plan-do-check-act cycle is sometimes referred 
to as the Shewhart cycle, because Walter A. Shewhart discussed the concept in his book Statistical Method From the 
Viewpoint of Quality Control, and as the Deming cycle, because W. Edwards Deming introduced the concept in 
Japan. The Japanese subsequently called it the Deming cycle. Also called the plan-do-study-act (PDSA) cycle. 

• Continuous Flow Manufacturing (CFM) – is a method in which items are produced and moved from one processing 
step to the next, one piece at a time, each process makes only the one piece that the next process needs and the 
batch size is one, commonly referred to as one-piece or single-piece flow 

§ Cycle time – the time required to complete one cycle of an operation 
§ Takt time –time required to meet customer demand, calculated as time available divided by unit required 
§ Single-minute Exchange of Dies (SMED) – also known as Rapid Exchange of Tooling and Dies (RETAD), used 

to reduce changeover time, technique pioneered by Shigeo Shingo for changeovers of machinery in less than 
10 minutes, objective to SMED is to move as many activities from internal to external as possible which is 
done by videotaping the changeover so that users can identify internal activities that can be converted to 
external, positioning correct tooling, equipment, and manpower should all be done in external time 

§ Internal Activities – activities done while the machine is down (down time) 
§ External Activities – performed in preparation or follow-up to the changeover (prep time) 

• Goldartt’s Theory of Constraints (TOC) 
§ What is it? TOC is a problem-solving methodology that focuses on the weakest link in a chain of processes, 

flow rate through the system cannot increase unless the rate at the constraint increases, TOC lists five steps 
to system improvement: 

§ Identify – find the process that limits/constrains the effectiveness of the system 
• Equipment: The way equipment is currently used limits the ability of the system to produce 

more saleable goods/services. 
• People: Lack of skilled people limits the system. Mental models held by people can cause 

behavior that becomes a constraint. 
• Policy: A written or unwritten policy prevents the system from making more (most common) 

§ Exploit – use a kaizen or other improvement method to increase the rate of the constraining process 
§ Subordinate – Adjust the rates of the other  processes in the chain to match that of the constraining 

process 
§ Elevate – if the system needs further improvement, elevate the constraining process to higher 

priority or higher level of decision making so that change can happen (ex: invest in new equipment 
or training) 

§ Repeat – after improving the constraint, reevaluate the system to identify more areas of 
improvement 

§ Why is it important? Emphasizes that improvements to an individual process will not improve the rate of 
the system unless the constraining process is improved. To illustrate this concept, Goldratt develop the 
Drum-Buffer-Rope method. 

§ Drum-Buffer- Rope Methodology – named after the 3 essential elements of the TOC solution; the 
drum or constraint or weakest link, the buffer or material release duration, and the rope or release 
timing, aim is to protect the weakest link in the system, and therefore the system as a whole, 
against process dependency and variation by creating a signal to stop the process in order for the 
constraint to catch up - thus maximize the systems’ overall effectiveness, the outcome is a robust 
and dependable process that will allow us to produce more, with less inventory, less 
rework/defects, and better on-time delivery 

§ What is its impact? Goldratt described that TOC had significant impact on three key interdependent 
operating measures of business: 

§ Throughput (designated as T) – the rate at which the entire system generates money through sales 
§ Inventory (designated as I) – the money the system invests in things it intends to sell 
§ Operating expense (designated as OE) – the money the system spends turning inventory into 

throughput 



 
 

• Risk Mitigation 
§ Feasibility Study – is a preliminary investigation used to determine the viability of a project, business 

venture, or the like in regard to cost, technology, culture, regulation, etc., at the conclusion of the feasibility 
study management determines whether to proceed with project or not 

§ SWOT – strengths, weaknesses, opportunities, and threats, used as a strategic planning tool, strengths and 
weaknesses are identified with respect to internal capabilities; whereas, opportunities and threats focus 
outside the organization 

§ PEST – similar to a SWOT, used in strategic planning 
§ Political – this perspective looks at political stability 
§ Economic – looks at exchange rates, market conditions, inflation, unemployment, interest rates, and 

so forth 
§ Social – looks at education considerations, demographics, health factors, culture, and so forth 
§ Technological – looks at new technology developments, rate of change, and cost of technology 

• Statistical Process Control (SPC) – set of statistical tools and activities that help direct quality activities toward 
meeting the needs of the customer through the following objectives: 

• Quantifying and reducing variation 
• Improving the understanding of products and processes 
• Improving product and process design 
• Monitoring processes in real time 
• Making statistically valid decisions 
• Centering the process 
• Determining when and when not to take action on the process 
• Determining the type of action to take 

• Special versus Common Cause 
• Common Cause (Natural, Chance, Random) – causes of variation that are inherent or naturally occurring 

within the process, generally not controllable 
• Special Cause (Assignable) – causes of variation that can be explained or controlled, occur due to error 

• Control charts – used to evaluate process performance over time 
• Subgroups – represented as; is the rational grouping of samples, minimizes variation within the sample  
• Control limits – represents the voice of the process, limits are calculated from process data, set at +/- 3𝜎 
§ Upper control limits (UCL) – set at +3	𝜎; Lower control limits (LCL) - set at -3	𝜎 
• Control rules – a process is considered to be out of control if any of the following are true: 

§ one point more than 3𝜎 from the center line (either side) 
§ nine or more consecutive points on the same side of the center line 
§ six point in a row, all increasing or all decreasing 
§ fourteen points in a row, alternating up and down 
§ two out of three points more than 2𝜎 from the center line (same side) 
§ four out of five points more than 1𝜎 from the center line (same side) 
§ fifteen points in a row within 1𝜎 of the center line (either side) 
§ eight points in a row more than 1𝜎 from the center line (either side) 

 

 



• Variable Charts – requires that the data to be plotted be measure on a variable or continuous scale 
• X-bar R chart – is the flagship of the control charts, range indicates dispersion 
§ typically used when the sample size of each subgroup is approximately < 10 since the range is a better 

estimate of dispersion for smaller sample sizes 
• X-bar S chart – is another variables control chart, similar to the X-bar R chart, except dispersion is indicated 

by the standard deviation (s) instead of range (r) 
§ typically used when the sample size of each subgroup is approximately ≥ 10 since the standard deviation is 

a better estimate of dispersion for sample sizes 
• Individual Moving Range (ImR or X-MR)  – used to analyze variable data with a subgroup size of one, 

examples include very slow processes or processes that are too expensive to measures, such as destructive 
test, used when the following questions are answered “yes”: 

§ Do you need to assess variability? 
§ Can the data be collected or does it already exist? 
§ Is the time order of data persevered? 
§ Is the data variable (in variable format)? 
§ Is the data collected in subgroups of one? 

• Attribute Charts – used for count data where each data element is classified in one of two categories, such as good 
or bad, since attribute data cannot have a negative value, the LCL is set to 0 if the LCL computes to a negative value 

• p chart – used when sample size varies, used to plot the proportion or percentage of defectives 
§ characterized by ragged control limits because the limits vary to reflect each subgroup 
• np chart –used to measure/plot the number of defectives (nonconformances) when sample size is constant 
• c chart – used to plot the number of defects (nonconformities) when the sample size is constant 
• u chart – used to plot the number of defects per unit (DPU) when the sample size varies, the control limits 

appear ragged because the limits vary to reflect each subgroup 
• Short Run Charts – used when data are collected infrequently or aperiodically 
• Moving Average and Moving Range Charts – used in the following situations: 

§ The data are collected periodically or when it takes time to produce a single item 
§ When it may be desirable to dampen the effects of overcontrol 
§ When it may be necessary to detect smaller shifts in the process 

 

 



• Suboptimization – occurs when one outcome, instead of all relational outcomes, becomes the focus of a project 
• Total Productive Maintenance (TPM) – works to ensure that every machine in a production process is always able 

to perform its required task so that production is never interrupted, maximizes equipment effectiveness by using a 
preventative maintenance program throughout the life of the equipment 

• Visual Factory Techniques –techniques that permit one to visually determine the status of a system, factory, or 
processes at a glance. Helps to control improvements through the use of visual management. Examples include: 

§ Signage 
§ Product line identification 
§ Color-coded items 
§ Schedule boards 
§ Conspicuous posting of performance indicators (WOW board)  

• Control Plan – is a living document that identifies critical input or output variables and associated activities that 
must be performed to maintain control of the variation of processes, products, and services, used to help hold the 
gains achieved from process improvement activities, because it is a living document, it is generally updated when: 

§ the process changes 
§ the specs change 
§ measurement technology changes 
§ there is personnel changeover 
§ there are organizational changes 
§ the defined review period has lapsed 

• Lessons Learned - Accumulated knowledge gained through project experience. Collection of successes and failures 
that are gathered to help the organization systematically improve future project endeavors. 
 

Design for Six Sigma (DFSS) 
• Design for Six Sigma (DFSS) - Data driven quality strategy for designing products and processes, when none exists. 
• DMADV (Define, Measure, Analyze, Design, Validate) – improvement plan used to develop processes that do not 

currently exist 
 

Define Define the goals of the design activity 
Measure Measure customer input to determine what is critical to quality from the 

customers’ perspective. Use special methods when a completely new 
product of service is being designed (Kano Model). Translate customer 
requirements into project goals. 

Analyze Analyze innovative concepts for products and services to create value for 
the customer. Determine performance of similar best-in-class designs. 

Design Design new processes, products, and services to deliver customer value. Use 
predictive models, simulation, prototypes, pilot runs, etc. to validate the 
design concept’s effectiveness in meeting goals. 

Verify Verify that the new systems perform as expected. Create mechanisms to 
ensure continued optimal performance. 

 
• DMADOV (Define, Measure, Analyze, Design, Optimize, Validate) – similar to DMADV, expect it includes a phase 

for optimize, forces attention on the need to optimize the design 
• IDOV (Identify, Design, Optimize, Validate) – parallels the MAIC phases in DMAIC, similarities between the two exist 

in that the work is chartered and driven by voice of the customer (VOC) and critical to quality (CTQ) requirements, 
the critical steps in IDOV include: 

§ Identify customer and product requirements 
§ Establish the business case 
§ Identify technical requirements (CTQ variables and specification limits) 
§ Roles and responsibilities 
§ Milestones 



• Robustness Design – Robust Design requires that the following four factors be considered in the design process: 
signal, response, noise, and control, the objective is to make the end-product immune to factors that could 
adversely affect performance, design for reliability 

• Evolutionary Operations (EVOP) -  to replace the routine  operation of a process by continuous and systematic plan 
of slight adjustments of the control variables, process is then shifted in the desired direction of improvement 

• Functional Requirements – defines what a is system is supposed to do, important that the requirements can be 
traced back to the voice of the customer 

• Design for X (DFX) – design technique used to ensure that product/service design benefits both the organization and 
the customer 

§ Design-for-Cost (Design-to-Cost, DTC) – used when an organization has a fixed design budget, “what works 
within budget”, incorporates fiscal responsibility into the design stage 

§ Design for Manufacturing/Producibility/Assembly – recognizes the limitations that my exist with respect to 
manufacturing, producing, or assembling a product 

§ Design for Test – incorporates an assemble-test-assemble type production system in order to better ensure 
quality 

§ Design for Maintainability – creates customer loyalty through incorporating service and maintenance into 
the design since most customers relate service plans with quality 

§ Design for Robustness – allows for the design to accommodate increased variation in the inputs, the design 
should be capable of accepting parts with variation 

• TRIZ – is an acronym for the Russian words Teorija Rezbenija Izobretaltelshih Zadach, meaning the “theory of 
inventive problem solving”, incorporates the following core concepts: 

§ Contradiction 
§ Resources 
§ Ideality 
§ Patterns of Evolution 
§ Inventive Principles 

• Axiomatic Design – divides the universe of the designer into four domains: 
§ Customer domain – lists the features that the customer wants 
§ Functional domain – lists the various ways that the product must work to meet the items in the customer 

domain 
§ Physical domain – lists the parameters in the design that satisfy the items in the functional domain 
§ Process domain – list the process that produce the product with the parameters listed in the physical 

domain 
• Systematic Design – refers to the current trend toward applying design principles to the design function itself, 

allows for a design process that is more efficient and better able to respond to changes in the marketplace 
• Set-Based Design – also referred to as concurrent engineering, when creating a product, multiple versions are 

developed simultaneously, each version being a 'set,' with variations such as on features or application, as market 
information and feedback becomes available, ‘sets’ are phased out or altered to meet demand 

• Critical Parameter Management – is the tactical plan for carefully monitoring the critical dimensions of a product, 
determines what is critical to success and establishes a data collection and analysis plan to meet those requirements 

• Pugh Analysis – decision matrix that is used when a single option must be selected from several and when multiple 
criteria are to be used 

• Taguchi’s Loss Function – graphical depiction of how every non-perfect product losses value to the organization 
• Porter’s 5 Forces – five forces that affect the success of an enterprise 

§ Bargaining power of the customers –ability and buying power of the customers to drive prices down 
§ Bargaining power of the suppliers –ability of the supplier to drive up the price of their products 
§ Threat of new entrants – represents the ease by which new competitors can enter the market 
§ Threat of substitutes – the extent to which different products or services can be substituted for your own 
§ Competitive rivalry – represents the strength of competition in the industry 

 


