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Introductions and Expectations 

Introduce yourself to the group: 

ÁName 

ÁJob 

ÁAny one thing not many people know about you! 

ÁExpectations for the session 
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Ground Rules 

Á Be on time 

Á Start and end on time 

Á Take a spelling holiday 

Á Participate, donôt spectate 

Á Track issues and questions for later on the parking lot 

Á ON-LINE TRAINING 
ï Keep cameras OFF during the training 

ï Please interact using the chat box or comment box 

ï If you wish to speak, please unmute yourself and speak and afterwards 
mute yourself once again 

Á CLASSROOM TRAINING 
ï Donôt conduct any side-conversations 

ï Itôs OK to stand up and stretch 

ï Turn off your cell phones or set them on vibrate 

ï Conduct business at breaks and lunch 

Á Have fun! 
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Chapter 2: 

Introduction to  

Anexas 
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Objectives  

ÁTo introduce you to Anexas Consultancy Services 

Á Introduce the benefits available to Anexas alumni  

ÁProject support details 

ÁCertification process 
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Å Anexas is a global network of lean six 

sigma and project professionals serving 

the wide spectrum of industries. We 

operate in 10 countries and have 25 

professionals in the team.  

 

Å Our mission is to help organizations and 

individuals achieve excellence. 

 

Å Trained more than 150,000 

professionals in Lean and Six Sigma, 

Project Management and quality related 

trainings across the world from various 

industries. 

 

Å Lean Green Belts and Black Belts 

certified by Anexas have completed 

more than 5000 successful projects 

under our guidance. 

Anexas Consulting 

Enabling individuals and organizations 

achieve excellence 

since 2006 
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ÅReduction of cycle times by more than 50%, at 

times to more than 90% 

 

ÅError reduction ranging from 50% to 100% 
 

ÅTotal project savings worth more than 50 Million 

Dollars 

 

ÅCertified more than 10,000 Black Belts, 20,000 

Green Belts and trained more than 50,000 

professionals in Lean and Six Sigma, project 

management and strategic management 

Some of Our Clients 

-Al Futtaim  

-DP World 

-ADNOC 

-Concentrix 

-UAE Exchange 

-Novartis 

-Colgate Palmolive 

-International 

Medical Centre 

- And many moreé 

 

Completed Projects for Worldwide Organizations by 

Anexas 

Al Futtaim 
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Anexas has won many Project and Quality Management Awards 

Anexas projects presented in World Conferences in ASQ, IQPC, Dubai 

Quality Awards, ADIPEC, etc. 
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Å A Manufacturing company improves production by 30% in 3 

months 

Å A bank reduces critical errors and cycle times by 80% 

Å VAT filing date adherence improved from 80% to 99% 

Å Reports generation time reduced to half 

Å Hotel improves customer experience and increases 

bookings to almost two times 

Å Project implementation time reduced by 20% 

Å NPS and CSAT scores improved in a call center 

     

 

   WHAT IS COMMON?  

 

Find the similarities 
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 THEY HAVE ALL USED LEAN 

SIX SIGMA AND DATA 

ANALYSIS TO ACHIEVE 

BREAKTHROUGH 

IMPROVEMENTS 

ÅDMAIC SIX SIGMA  

ÅLEAN 

Improvements Using Lean Six Sigma 
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Voice of Customer 

Improvement in: 

Å Quality 

Å Production Efficiency  

Å Productivity (10-20%) 

Å Customer Satisfaction 

Å Capacity 

Å Profitability 

Å Resilience 

What does it mean 
to Organizations 

Reduction in: 

Å Costs (10-20%) 

Å Defects (50-90%) 

Å Waste (10-60%) 

Å Rework 

Å Cycle-Time (20-
50%) 
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Å   Conceptualized at Motorola during 1979  when in a  management 

 meeting an executive proclaimed. 

   ñThe real problem at Motorola is that our quality stinksò 

Å  Chief Executive Bob Galvin threw a challenge in 1981 to achieve 5 

 fold  improvement in a span of five years. 

Å  Bill Smith, an engineer of Motorola presented a paper in 1985, 

 established in a correlation between the extent of repair a product 

 underwent during manufacturing and its field life. 

Å   Mikel Harry, subsequently developed a structured Six Sigma 

 approach.  

 

History of Six Sigma 
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ÅSavings $ 15 billion in 11 years 

ÅSales grew over 9 years by       

4.6 x 

ÅMfg costs reduced by $ 1.4 billion 

from 1987 to 1994  

ÅProfits went up 9.2 x   

ÅStock rose 5.5 x 

ÅGEôs Jack Welch promotes Six 

Sigma within GE aggressively  

ÅGE saves 12 Billion USD during 

1995 ï 2000 using Six Sigma 

1st recipient ï  

Motorola wins Malcolm 

Baldridge Award -1988 

Motorola and GE 

GE Lighting 
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Chapter 3: 

Introduction to Six Sigma 
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Goals 

Á Introduce the Six Sigma Process improvement 

methodology 

ÁExplain where Six Sigma comes from  

ÁProvide an overview of the DMAIC methodology 

ïDEFINE ð MEASURE ð ANALYZE ð IMPROVE ð CONTROL  

ÁProvide a brief overview of the DMADV methodology 

ïDEFINE ð MEASURE ð ANALYZE ð DESIGN ð VERIFY  

ÁDiscuss benefits, key success factors, and pitfalls  
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Understanding Where Six Sigma  

Comes From 

What Is Six Sigma? 
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History of Lean and Six Sigma 

ÁSix Sigma was initiated in Motorola 

ïBob Galvin 

ïBill Smith, Mikel Harry 

 

ÁLean was initiated                                     

in Toyota 

ïTaichi Ohno 
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Milestones of Six Sigma 
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The Six Sigma Basics 
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Attitude and Discipline 

ÁCustomer Focus 

ÁView Quality externally from the customerôs 

perspective 

ÁMeasure the same way that the customer does  

ÁMeet customer expectations every time 

Á Continuous improvement cycle 

ïSystematic 

ïScientific 

ïFact-based 

ïData-driven 
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Edward Deming 

Á It is difficult to improve if you cannot measure. 

Á In God we trust, rest others bring data. 

 

      Can you measure everything? 
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Data Types: Continuous and  Attribute (Discrete)  

ÁContinuous Variables 

ïCan be measured on a 

continuous scale: 

ÁCycle Time (hours) 

ÁLength (inches) 

ÁTemperature (F) 

ÁPressure (PSI) 

ÁRevenues (US$) 

ÁProcurement Time (days) 

ÁCholesterol (mg/dL) 

ÁAge (years) 

ÁHeight (cm) 

ÁWeight (Kg) 

ÁAttribute (Discrete) 

Variables 

ïCannot be measured,  

only observed, counted,  

or verified 

ÁNumber of defective 

services 

ÁPercent of nonconforming 

product or service 

ÁNumber of customer 

complaints 

ÁCustomer satisfaction on a 

scale from 1 to 10 
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Process Sigma and DPMO 

DPMO ů 

308,537 2 

66,807 3 

6210 4 

233 5 

3.4 6 

Increase in sigma requires 
exponential nonconformity 

reduction 

DPMO = Defects per 
million opportunities 
 
We shall learn more 
about its calculations 
in Measure phase 
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Why Aim as High as Six Sigma? 

ÁEven at 99.9% quality (equivalent to a sigma level 

greater than 4), there would be 

ïAt least 20,000 wrong drug prescriptions per year 

ïUnsafe drinking water for almost one hour each month 

ïNo telephone service or television transmission for nearly 10 

minutes each week 

ïTwo short or long landings at OôHare Airport each day 

ï25,000 lost or incorrectly delivered articles of mail per hour 

ïOver 9,000 wrong felony convictions per year 
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Goals of Six Sigma 
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Six Sigma Belts 



Anexas Europe: Lean and Six Sigma Training and Certification 

www.anexas.net 33 

Why Use Six Sigma as a Metric? 

Quality Percent DPMO Sigma Level 

93 66,807 3.0 

98 22,750 3.5 

99 6,210 4.0 

99.87 1,350 4.5 

99.977 233 5.0 

99.9997 3.4 6.0 

Process sigma is a more sensitive indicator  

than quality percentage 
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Currently   
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The Methodology for Process Improvement 

Overview of DMAIC 
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The DMAIC Process 

Define: 

Å  Problem 

Å  Team 

Å  Customer 

Data: 

Å  Collect 

Å  Plot and analyze  

Process: 

Å  Map process 

Å  Narrow the focus 

Root-cause analysis:  

Å  Investigate root cause  

Å  Verify potential causes  

Generate solutions: 

Å  Set criteria  

Å  Develop/select solutions 

Å  Conduct risk analysis  

Implement solutions: 

Å  Plan and implement 

Å  Consider the human side 

 

 

Monitor/Measure: 

Å  Standardize process 

Å  Train personnel 

Å  Monitor performance  
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How Six Sigma Works ð DEFINE   

ÁGoal: Define the projectôs purpose and scope 

ÁOutput: A clear statement of the intended improvement 

and how it is to be measured 

ÁSample tools: 

 

SIPOC map VOC data Other charts depicting gap 

Target 

}Gap 

Charter 

Purpose 

Deliverables 
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How Six Sigma Works ð MEASURE 

ÁGoal: Gather information on the current situation 

ÁOutput: A focused problem statement and baseline  

process sigma 

ÁSample tools: 

 

Frequency plot 

(Histogram) 

showing patterns in 

distribution and process 

sigma calculations 

Time plot 

or control chart 

showing patterns in 

variation over time Process map 

depicting 

current 

process 

s = 1.4 

VA NVA 

Process shift 
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How Six Sigma Works ð ANALYZE 

ÁGoal: Identify deep causes and confirm them with data  

ÁOutput: A theory that has been tested and confirmed 

ÁSample tools: 

 Cause-and-effect diagram 

(or other tool showing 

potential causes identified) 

Scatter plot, stratified 

frequency plots, or tables 

showing verification data 

X 

Y 

B 

A 
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How Six Sigma Works ð IMPROVE 

ÁGoal: Develop, test, and implement solutions that 

address deep causes 

ÁOutput: Planned, tested actions that should eliminate 

identified root causes or reduce their impact 

ÁSample tools: 

 

Results of 

pilot tests 

Solution matrix 

showing ranked criteria 

and scoring for each 

solution option 

Plans for 

implementation 

A 

B 

C 

D 

4 

1 

3 

2 

Test starts 
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How Six Sigma Works ð CONTROL 

ÁGoal: Maintain the gains by consistently implementing 

the new work methods or processes 

ÁOutput: 

   Documentation of the new standardized method 

   Training in the new method 

A system for monitoring consistent use of the new 

method and checking the results 

ÁSample Tools:  

 Samples of standardization 

documentation 

including revised maps, 

process management chart, etc. 

Learnings  
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Overview of DMADV 

The Methodology for Process Design 
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The DMADV Process 
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DMAIC Vs DMADV 
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DMAIC Vs DMADV 
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Benefits, Key Success Factors, and Pitfalls  

DMAIC and Process Improvements  
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Measuring Savings/Benefits  

ÁShort-term savings (hard) ­ P&L Statement 

 

ÁLong-term savings (hard) ­ Balance Sheet 

 

ÁShort-term cost avoidance (soft)  

 

ÁLong-term cost avoidance (soft) 
 

Project results to be validated by Finance 
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Key Success Factors 

ÁParticipation of top management 

ÁDo not expect only short-term hard savings 

ÁDo not leave the initiative in the hands of trained  

Black Belts 

ÁBuild the bridge between finance and operations 

ÁRecognize that Six Sigma is not a cost-cutting tool 

ÁRealize that it takes time to institutionalize the initiative  

ÁBreak down the ñsiloò approach (Silo thinking is focusing 

on departments rather on process)  
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Key Success Factors, cont. 

ÁCareful selection of: 

ïProjects  

ïChampions 

ïGreen Belts / Black Belts / Master Black belts  

ÁWell-defined and feasible project scope  

ÁGood project review process: 

ïPlan basis 

ïRegional basis 

ïGlobal basis 
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Chapter 4: 

DMAIC - The Process  

Improvement Methodology 
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Why Use an Improvement Methodology? 

ÁProvides a framework 

ÁProvides a  

common language 

ÁProvides a checklist  

to prevent skipping  

critical steps 

ÁAllows you to improve  

how you improve 
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Overview of DMAIC 
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Overview  

 

Chapter 5: 

DEFINE: Define the Project   
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You Are Here ð DEFINE 
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DEFINE: Define the Project 

ÁGoal 

ïDefine the purpose and scope  

of the project and get background  

on the process and customer 

ÁOutputs 

ïProject Charter 

ïSIPOC: A high-level map of the process 

ïA translation of the VOC into CTQ 

ïDefine phase review 
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Approach to DEFINE 

Understand the 

Voice of the Customer 

VOC to CTQ 

Develop Project  

charter 

Map the process - SIPOC  
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Chapter 6: 

Starting Your Project 

Project Charter 
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Organizational Context for Six Sigma Projects 

Coach 

Leader 

Members 

Sigma 

Team  

Executive Leadership Team 

TEAM 3 TEAM 1 TEAM 2 

Sponsor(s) 
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Process Owner 

ÁWorries about overall process health 

ÁHas responsibility and authority to manage and improve 

a process 

Process 

Owner 

Overall 

Process 

Dept A Dept B Dept C Dept D 
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Drafting Your Charter 
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Importance of Project Charters 

ÁA team charter is an agreement between management 

and the team about what is expected 

ÁThe charter: 

 

ïClarifies what is expected of the        

 team 

ïKeeps the team focused 

 

 

ïKeeps the team aligned with organizational priorities 

ïTransfers the project from the leadership team and sponsor(s) to 

the project team 
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Project No.:                           

Date: 

 

                                       

Date: 

 

                                        

Green Belt : 

Sponsor: 

Process Owner: 

Six Sigma Leader: 

Black Belt and Master Black Belt: 

Team Members/Support Resources: Resource Plan: 

Problem Statement 

Goal Statement 

Scope 

Customer CTQôs 

Functional Manager/Process Owner 

 

                                                                              

Black/Green Belt: 

 

                                                                             

Sponsor: 

 

                                                                           

Six Sigma Leader 

 

                                                                           

Core Process: Project Name:  

Validation 

Corporate services included 

Projects not included 

 

 

 

 

For the last 2 years, procurement time in our organization is 120 days for 

critical equipment . This delays our production schedules and dissatisfies 

the customer. 

 

 

 

Reduce procurement from 120 days to 90 days by March 2021. 

 

 

 

Text 

 

 

 

 

Estimate Financial Opportunities / Intangible Benefits 

Reduce the procurement time. 

Ensures that we comply with the plan 

Ensures timely revenue 

 

 

 

 

High Level Project Milestone 

Define: 25th Nov 

Measure: 15th Dec 

Analyze: 5th Jan 

Improve: 31sb Jan 

Control: 15th Feb  

 

 

 

 Date: 

 

                                              

Date: 

 

                                                

Date: 

 

                                                

Date: 

 

                                                

Financial Analyst:: 

 

                                                                           

Other: 

 

                                                                           

DMAIC Project Charter 

Text 
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Overview of Project Charter Elements 

ÁProblem statement 

ÁGoal statement (measures) 

ÁBusiness case (importance) 

ÁScope (and constraints) 

ÁResources 

ÁStakeholders 

ÁMilestones  
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ÁWhat is wrong in not meeting our customerôs needs? 

 

ÁWhen and where does the problem occur? 

 

ÁHow big is the problem? 

 

ÁWhatôs the impact of the problem? 

 

ÁWhat, Where, Since When, How big, How it impacts 

 

ÁDo not write Why? And Who is responsible for the 

problem 

Problem Statement: Description of the Problem 
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Á Needs to be SMART 

Á Defines what improvement the team is seeking to accomplish, 

i.e., what do we want the defect rate to be? 

Á Tends to start broadly ï eventually should include measurable 

target or specification limit and completion date 

ÁMust not assign blame, presume cause, or prescribe solution 

Á Has four parts: 

ïStarts with a verb (reduce, eliminate, control, increase) 

ïFocus of project (cycle time, accuracy) 

ïTarget (by 50%, by 75%) 

ïDeadline 

Goal Statement 
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Business Case (Importance)  

ÁDescribes the business case for this project 

ïWhy is it important to the business? 

ÁWhat will be the business impact of achieving reduced 

defects in this area? 

ÁHow will team members benefit from successful 

completion of this work? 
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Benefits 
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Scope 

ÁIdentifies the boundaries of the teamôs work 

ïStart and end points of the process the team is improving 

ïHow will the team focus its work? 

ïWhat information will you collect to identify urgent problems? 

ïWhat areas are inside/outside the work of the team? 

ïWhat specific parts of the process will you focus on? 
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Resources 
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Resources, cont. 

ÁTo whom is the team accountable? 

ïWho is your manager, sponsor, or guidance team? 

ÁWho is on the team? Who will lead the effort  

(team leader)? 

ÁTo whom can the team turn for expert guidance and 

coaching on improvement? 

ÁWhat budget does the team have?  

ïWho should approve expenditures? 

ïHow much can the team spend without seeking  

additional authority? 
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Resources, cont.  

Á In most cases, DMAIC projects require a cross-functional 

team 

ÁTeam members should come from a variety of different 

departments, such as: 

ïEngineering  

ïManufacturing 

ïQuality assurance 
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Stakeholders  

Á In most DMAIC projects, there is more  

than one stakeholder  

ÁThese stakeholders can be internal or  

external to the organization 

ïCustomer  

ïProject sponsor 

ïProcess owner 

ïShareholders 
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Who Are Your Stakeholders? 

Coach 

Other 

stakeholders 

inside and 

outside the 

organization 

Sponsor(s) 

Leader  

Members 

Sigma 

Team 
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Why Stakeholders Are Important 

Regular communication with stakeholders can help you: 

ÁUnderstand what is important about your work 

Á Identify better solutions to problems 

ÁCreate more buy-in 

ÁUnderstand when and how to best involve others 

ÁAvoid pitfalls 
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Milestones  

A preliminary plan is essential to establish target start  

dates and target completion dates for the various phases  

of DMAIC 

ÁDEFINE 

ÁMEASURE 

ÁANALYZE  

Á IMPROVE 

ÁCONTROL 

 Milestones   

Aug. Sept. Oct. Nov. Dec. Jan. Feb. Step 
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Refining the Project Charter 

ÁMost projects evolve; few are cast in stone from  

the beginning 

ÁIn each step, youôll learn more  

about what is really  

going on 

ÁBe open to revisiting  

the scope, definition,  

and purpose of  

the project 

ïCheck with your  

manager before  

making any  

substantive changes 
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Chapter 7: 

Understanding and  

Mapping Processes  
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Transforming Inputs into Outputs 

Understanding Processes  
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Process vs. Functional Approach 

 

 

 

 

 

 

  
Á Products are produced by processes that cross functional lines 

Á Processes are the way the customers identify with the organization 

Á Functions should be the residence of competencies 

Á Robust processes are crucial for the achievement of  

strategic goals 

STRATEGY 

Design Sales Mfg.  Servicing 

Processes 
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Key principles for investigation 

Y = 

X =  
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Y= f (X) 

Predictor  

Á X1...XN 

Á Independent 

Á Input-Process 

variables 

 

Á Cause 

Á Problem 

Á Control 

Response  

ÁY 

ÁDependent 

ÁOutput 
 

 

ÁEffect 

ÁSymptom 

ÁMonitor 

Key principles for investigation 
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SIPOC 

High-Level Process Mapping 
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Questions to Help with SIPOC 

 

 

 

 

Outputs 

ÁWhat product/service does this process produce? 

ÁWhat are the outputs of this process? 

ÁAt what point does this process end? 

Customers 

ÁWho uses the products from this process? 

ÁWho are the customers of this process? 
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Questions to Help with SIPOC, cont. 

Inputs/Suppliers 

ÁWhere does the information or material you work on 

come from? Who are your suppliers? 

ÁWhat do they supply? 

ÁWhere do they affect the process flow? 

ÁWhat effect do they have on the process and on  

the outcome? 

Process Steps 

ÁHow is the input transformed into the output? 

ÁWhat resources (variables) are needed for  

the transformation? 
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SIPOC Example 

Making a Photocopy 

Original You 

Office Supply 

Company  

Copies 

Copier Setup 

Suppliers 

Remove 

originals 

and copies 

You 

File 

Others 
Paper 

Press 

START 

Adjust 

settings 

Close lid 

Put original 

on glass 

Inputs Process Outputs Customers 
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SIPOC Workshop 

Objective: Practice SIPOC analysis for your process 

Instructions:  

ÁWork in groups  

ÁSelect one process within your organization and fill in  

the template 

ïYou may not need to use every blankðor you may need to  

add some 

ïBe prepared to share your work with the class 

Time: 30 minutes 
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Project Worksheet: SIPOC Analysis  

Suppliers Inputs Process Outputs Customers 
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. 

Start 

End 

Release RFQ 

Receive Quotations 

Choose Vendor 

Receive PR 

Prepare & Send PO 

Deliver Material 

SIPOC 

INPUTS SUPPLIERS PROCESS OUTPUTS CUSTOMERS 

 

 

Procurement 

team 

Department 

HR team 

Portal 

IT team 

Software 

Purchase Order 

Customer  

Requirements 

Material 

 Specifications 

Vendors list 

Purchase officer 

Procured  

Material 

 

Operations 
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Chapter 8: 

Understanding the  

Voice of the Customer 
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Goals 

Á Identify the main customers  

ÁCollect Voice of Customer (VOC) 

ÁTranslate VOC to CTQ (Critical to Quality 

Characteristics) 
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What Is the Voice of the Customer? 

ÁThe term Voice of the 

Customer (VOC) is 

used to describe 

customersô needs and 

their perceptions of 

your product or service 
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Who Are Your Customers? 

ÁWhat are the outputs of your process? Who are the 

customers of that output? 

ÁAre there particular groups of customers whose needs 

are especially important to your organization? 

S 

U 

P 

P 

L 

I 

E 

R 

S 

C 

U 

S 

T 

O 

M 

E 

R 

S 

Outputs Inputs Process 
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Basic VOC Systems 

1. Reactive systems 

ïInformation comes to you 

whether or not you take action 

2. Proactive systems 

ï You need to put effort into 

gathering the information 
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Typical Reactive VOC Systems 

ÁCustomer complaints (phone or written) 

ÁTechnical support calls 

ÁClaims, credits, contested payments 

ÁProduct return information 

ÁProblem or service hotlines 

ÁCustomer service calls  

ÁSales reporting 

ÁWarranty claims 

ÁWebpage activity 
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Proactive VOC Systems 

ÁDirect customer observation  

Á Interviews 

ÁFocus groups 

ÁSurveys 

ÁComment cards 

ÁData gathering during sales visits or calls 

ÁMarket research, market monitoring 

ÁBenchmarking 
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Affinity Diagram: Definition 

An affinity diagram is 

a tool that organizes 

language data into 

related groups 

Theme 1 

Need 1 Need 2 Theme 3 

Theme 2 

Need 3 Need 4 

Need 5 

Need 7 

Need 8 
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Affinity Diagrams 

Customization 

Invoices must be  
received by 10th  
of month to be  
paid by 15th 

Want to be billed  
monthly ( 1ï31 exactly) 

Will  pay only 1 person  
per meal receipt 

Like our invoices sent to  

our individual stores 

and statements to the 

home office 

Want to split up our 
credit memos between 
different accounts 

We do not  
like your  
returns policy 

Complete &   
Accurate Invoices 

Like visible  
invoice number  
and extra copy of  
invoice 

Professionalism,  

accuracy, neatness,  

consistency 

Incorrectly charged  
sales tax 

We are tax-exempt,  

as stated in our PO,  

but billed for tax 

Inv. must have  
contact name, addr,  
inv #, PO#, &  
description 

Missing information 

Your invoice is a  
carbon copy, not 
the original 

Incorrect rates on  
invoice 

Packing slips  
sometimes lack  
PO# 

Inv. needs  
payment due date 

Level 2 Theme 

(grouping of several 

clusters) 

One cluster 

with theme 

Invoices  

should be  
complete 

Want accurate  

and consistent  
billing 

Easy to read  

invoices  
(professional  

looking) 

Want your  

receivables process  

to match our  

payables process 

Want bills to  

match our  

payables cycle 

Level 1 

Theme 

Verbatim quote 

from customer 

Statements written on 

individual cards or notes 

Notes are clustered based on 

intuition, not logic 

OK to have  

clusters of  

one note 

Can be several 

levels of 

clustering 
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Example: Computerized Training 

ÁVOC has produced the following verbatims 

ÁVerbatims relating to design features, solutions, etc. 

have been sorted out 

ÁDuplicate or near-duplicate verbatims have  

been combined 

System uses 

web 

technology 

System 

delivery is low 

cost 

The 

presentation 

process feels 

familiar 

System uses 

appropriate 

delivery 

medium 

System works 

for all types of 

students 

Learning isnôt a 

hassle 

Practice 

doesnôt feel 

embarrassing 

Students leave 

with new skills 

The system 

works for 

varying levels 

of motivation 

The system 

accommodates 

different 

learning styles 

The system 

works for 

different entry 

skill levels 

Students can 

decide when 

this skill will 

work 

Students get 

enough 

practice 

Students 

understand 

skill set 

Students get 

high quality 

feedback on 

mastery 

Students can 

do this 

System 

development 

costs are low 

Students enjoy 

the experience 
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Example: Computerized Training, cont. 

System 

delivery is low 

cost 

The 

presentation 

process feels 

familiar 

System uses 

appropriate 

delivery 

medium 

System works 

for all types of 

students 

Learning isnôt a 

hassle 

Practice 

doesnôt feel 

embarrassing 

Students leave 

with new skills 

The system 

works for 

varying levels 

of motivation 

The system 

accommodates 

different 

learning styles 

The system 

works for 

different entry 

skill levels 

Students can 

decide when 

this skill will 

work 

Students get 

enough 

practice 

Students 

understand 

skill set 

Students get 

high-quality 

feedback on 

mastery 

Students can 

do this 

Students enjoy 

the experience 

System uses 

web 

technology 

Enjoyable 

learning 

experience 

System is easy 

to use 

Students 

understand 

skill set 

Students 

master the 

skill set 

C B A D E 
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CTQ Tree 

Translating VOC into CTQs 

(CTQ = Critical to Quality) 

 

need 

VOC 

CTQ 

CTQ 

CTQ 

CTQ 

CTQ 

CTQ 

CTQ 

CTQ 

CTQ 

I want 
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Example: CTQ Tree 

Good 

Customer 

Service 

Knowledgeable 

reps  

Answers given by reps are 

correct  

Reps can answer questions 

asked by customer without 

further research  

Researched information 

returned quickly  

Friendly reps Customer greeted by name 

Customer not interrupted 

Short wait Time on hold  

Customer transferred  

immediately to the person 

who can help 

Need Drivers CTQs 

General Specific 

Hard to measure Easy to measure 
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Set upper 

 specification here 

66° 67° 68° 69° 70° 71° 72° 73° 74° 75° 76° 

Room temperature (°F) 

%
 s

a
ti

s
fi

e
d

 
100% 

0% 

Set lower 

 specification here 

Set specification 

here 

%
 s

a
ti

s
fi

e
d

 

0 5 10 15 20 25 30 

Time (secs) 

0 

25 

50 

75 

100 

Specifications for CTQs 

Á In manufacturing, 

specification limits often 

come from technical or 

mechanical requirements 

ÁOtherwise, base 

specification limits on data 

about customer needs 

ÁSet specifications at the 

places where customer 

satisfaction starts to fall  

off appreciably 
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Revisiting Your Charter 

ÁDo you still think customers would consider the project  

a high priority? 

ïIf not, can you modify your focus to make it more relevant to 

customer needs? 

ïIf you canôt answer the question, what additional information  

can you collect to determine how the customer might perceive 

your project? 

ÁDo you have enough data to justify working on this project?  

ïIf not, can you get timely information so you can keep your  

project moving forward? 

ïDo you need to modify your timeline to include some customer 

research up front? Whose approval would you need to make  

that adjustment? 
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Review 

Chapter 9: 

DEFINE: Define the Project 
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You Were Here 
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Overview 

 

 

Chapter 10: 

MEASURE: Measure the  

Current Situation 
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You Are Here ð MEASURE 
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MEASURE: Measure the Current Situation 

Goal 

ÁFocus the improvement effort by  

gathering information on the  

current situation 

 

Output 

Á5 Step Data collection plan  

ÁData Samples 

ÁUnderstanding of how current process operates 

ÁGraphical Display of process performance 

ÁSigma Level 
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Approach to MEASURE 

Á Data methods and process mapping often occur in parallel in the 
MEASURE step 

Á Mapping the process may give insight into what data to collect and 
where 

Á Collecting and plotting the data may show which process areas 
need to be mapped in more detail 

Plot defect  

data 

over time  

and 

analyze for 

special  

causes 

Calculate  

process  

sigma 

Create and   

stratify 

frequency  

plots and do  

Graphical 
summary 

(if  

appropriate) 

Create detailed process maps 

Collect  

baseline 

data on  

defects 

and possible 

causal  

factors 
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Chapter 11: 

Basic Statistics Theory 
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The Normal Distribution 
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Data and Statistics 

ÁData is the way we measure process performance 

ÁTwo main types of data 

ïContinuousðmeasured   

ÁExample: Temperature 

ïDiscreteðcategorized and counted  

ÁExample: Acceptable yes or no 

ÁContinuous data are often treated as if they represented 

a sample from a distribution 

ÁAs shown, distribution is  

represented by a curve  

that shows all the possible  

values of the data and  

their relative frequency 

F
re

q
u

e
n

c
y
 

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

-3 -2 -1 0 1 2 3

Value 
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Random but Predictable 

Items vary unpredictably 

But as data accumulate... 

...they begin to form patterns 

   The pattern is often predictable 

The familiar bell curve is  

a typical pattern 
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The Normal Curve 

Definition 

ÁA probability distribution in which the most frequently 

occurring value is in the middle and other probabilities 

tail off symmetrically in both directions 

ïThis shape is sometimes called a bell shaped curve 
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The Normal Curve, cont. 

Characteristics 

ÁCurve theoretically does not reach zero; thus the 

sum of all finite areas is less than 100% 

ïCurve is symmetric on either side of the most frequently  

occurring value 

ïThe peak of the curve represents the center, or average, of 

the process 

ïBut for all practical purposes, the area under the curve 

represents virtually 100% of the output the process is 

capable of producing 
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8 9 10 11 12 13 14 

Mean = 11 

Std. Dev. = 1 

8 9 10 11 12 13 14 15 16 

Mean = 12 

Std. Dev. = 2 

6 7 8 9 

Mean = 7 

Std. Dev. = 0.5 

17 18 6 7 

Defining a Normal Curve 

Every Normal curve is defined  

by two numbers 

ÁMean: a measure  

of the center 

ÁStandard deviation:  

a measure of spread 
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Distributions 
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Deviations 
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Normal Distribution 

3s 2s 1s 0 +1s +2s +3s 

34.13% 34.13% 

13.60% 13.60% 
2.14% 2.14% 0.13% 0.13% 

68.26% 

 

95.46% 

 

99.73% 



Anexas Europe: Lean and Six Sigma Training and Certification 

www.anexas.net 120 

ä 

X =  

Equations for Mean and Standard Deviation 

Xi 

n 
Sample Mean 

Sample Standard Deviation   s = 
(Xi

  

X)2 

i = 1 

n 

n  1 

ä 
i = 1 

n 
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Calculating Mean and Standard Deviation 

3. Subtract the mean from 

each individual data value 

4. Square the 

differences between the 

values and the mean 

5. Sum the square 

of the differences 

6. Divide the sum from Step 

5 by (n-1)ðthe number of 

data  values minus 1 

7. Take the square root of 

the answer from Step 6 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Å 

Å 

Å 

Å 

Å 

n 

Sum 

Mean 

S 

1. List the data  

(order doesnôt matter) 

2. Sum all values, then divide 

by the number of values to 

determine the mean 

S2 

 X (X - X ) (Xi - X)2 
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Chapter 12: 

Data Collection 
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You Are Here 

Collect 

baseline data 

on defects 

and possible 

causal factors 

Plot defect 

data 

over time and 

analyze for 

special causes 

Create and 

stratify 

frequency 

plots and do 

Pareto 

analysis (if 

appropriate) 

Calculate 

process sigma 

Create detailed process maps 
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How Can Data Help You? 



Anexas Europe: Lean and Six Sigma Training and Certification 

www.anexas.net 125 

By Showing What Really Is 



Anexas Europe: Lean and Six Sigma Training and Certification 

www.anexas.net 126 

Exercise: Whatôs Been Your Experience with Data? 

Objective: To provide a personal context for the data 

collection process presented here 

Instructions:  

ÁTake a minute to reflect on your own experience with 

data and check off any of the following situations that 

sound familiar 

Time: 2 minutes 
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Five-Step Data Collection Process 

1 

  

Clarify data 

collection 

 goals 

 

2 

 

 Develop 

 operational 

 definitions 

 and 

procedures 

 

3 

 

 Validate the 

measurement 

system 

 

 

5 

 Continue 

 improving 

measurement 

consistency 

 

4 

 

 Begin data 

 collection 
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Clarify Goals 

Data Collection, Step 1 
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1 

  

Clarify data 

collection 

goals 

 

2 

 

 Develop 

 operational 

 definitions 

 and 

procedures 

 

3 

 

 Validate the 

measurement 

system 

 

 

5 

 Continue 

 improving 

 measurement 

consistency 

 

4 

 

 Begin data 

 collection 

Data Collection, Step 1: Clarify Data  

Collection Goals 

Goal 

ÁTo make sure the data you collect will give you the 

answers you need 
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A Balancing Act 
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Where to Collect Data: Process or Result? 

Process measures Results measures 

S 

U 

P 

P 

L 

I 

E 

R 

S 

C 

U 

S 

T 

O 

M 

E 

R 

S 

Outputs Inputs 

Process 
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Develop Operational Definitions  

Data Collection, Step 2 



Anexas Europe: Lean and Six Sigma Training and Certification 

www.anexas.net 133 

1 

Clarify data 

collection 

goals 

2 

Develop 

operational 

definitions and 

procedures 

3 

Validate the 

measurement 

system 

5 

Continue 

improving 

measurement 

consistency 

4 

Begin data 

collection 

Data Collection, Step 2: Develop  

Operational Definitions 

Goal 

ÁTo make sure all the data collectors measure a 

characteristic in the same way 

ïThis removes ambiguity and reduces variation in  

the measurements 
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Sampling Approaches 
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Representative Samples 

ÁFor conclusions to be valid, the samples must  

be representative 

ïThe data you collect fairly represents all the data from the 

process or the population under study 

ïNo systematic differences between the data you collect and the 

data you donôt collect 

ïEvery item stands a known and usually  

equal chance of being included 

ÁStatisticians call this ñavoiding biasò 
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Sampling Approaches 

 

 

Random 

Sampling 

 

 

 

 

Stratified 

Random 

Sampling 

 

 

 

 

Systematic 

Sampling 

 

 

 

 

Subgroup 

Sampling 

Sample Population 

Sample 

Population  

or Process 

Preserve time order 

Sample Process 

9:00 9:30 10:30 10:00 

Preserve time order 

Each unit has the 

same chance of 

being selected 

 

 

 

 

Randomly sample a 

proportionate 

number from each 

group 

 

 

 

Sample every nth 

one (e.g., every 3rd) 

 

 

 

 

Sample n units 

every tth time (e.g., 3 

units every hour); 

then calculate the 

mean (proportion) 

for each subgroup 

Sample 

AABBBBCDDD 
D 

D D 

D 
D 

D 

A 
A 

A 

A 

C 

C 

B 

B 

B 

B B 

B 

B 

B 

Population 
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Sampling Approaches, cont. 

Sampling Approach 

ÁRandom sampling 

ÁStratified random sampling 

ÁSystematic sampling 

ÁSubgroup sampling 

 

 

 

 

 

Situation 

ÁPopulation 

ÁPopulation 

ÁPopulation or process 

ÁProcess 

 



Anexas Europe: Lean and Six Sigma Training and Certification 

www.anexas.net 138 

Selecting a Random Sample 

ÁMany people think they can select a random sample 

from a list without the aid of statistical techniques 

ÁWhen trying to choose a sample, do not merely choose 

whatever items you like from a list or population 

Each unit has the 

same chance of 

being selected 

 

 

 

 

Random 

Sampling 

 

SamplePopulation
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Stratified Random Sampling 

Á Is appropriate when a large group has distinctive 

subgroups that you want represented in your sample 

ÁEnsures the sample represents each group in the same 

proportion as the population 

ÁRandom sampling from the group as a whole would tend 

to represent a proportional amount of each group, but 

stratified random sampling ensures it 

Randomly 

sample a 

proportionate 

number from 

each group 

 

Stratified 

Random 

Sampling 

 

 

 

 

Sample 

AABBBBCDDD 
D 

D D 

D 
D 

D 

A 

A 

A 

A 

C 

C 

B 

B 

B 

B B 

B 

B 

B 

Population 
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Systematic Sampling 

Á Systematic sampling selects items according to a pattern rule; you 

determine the pattern rule based on your process knowledge and 

sampling needs 

ï Population example: Stop every 7th person entering a store and ask, 

ñWhy do you shop here?ò 

ï Process example: Take every 10th application entering the Chicago 

regional office, preserve the time order, and track the total cycle time 

Á Systematic sampling ensures that a sample is representative of a 

process that may change or shift over time 

Sample every nth 

one (e.g., every 3rd) 

 

 

Systematic 

Sampling 

 

 

Sample
Population 
or Process

Preserve time order
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Subgroup Sampling 

Solid circles represent 

subgroup average 

XXXXXX  XXXXXX  XXXXXX  XXX  . . .  

9:00 

S ubgroups 

9:00a.m. 9:30 10:00 10:30 11:00 

Preserve time   
order 

Process 

Sample data 

9:30 10:00 10 :30 
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Validate the Measurement System 

Data Collection, Step 3 
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Step 3: Validate the Measurement System 

Goal 

ÁTo minimize controllable factors that could exaggerate 

the amount of variation in data 

 

1 

Clarify data 

collection 

goals 

2 

Develop 

operational 

definitions and 

procedures 

3 

Validate the 

measurement 

system 

5 

Continue 

improving 

measurement 

consistency 

4 

Begin data 

collection 
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Desired Measurement Characteristics 

ÁPrecise/accurate 

ÁRepeatable 

ÁReproducible 

ÁStable over time 
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Improving a Measurement System 

ÁA measurement system consists of: 

ïMeasuring devices 

ïProcedures 

ïDefinitions 

ïPeople 

ÁTo improve a measurement system, you need to: 

ïEvaluate how well it works now (by asking ñHow much of the 

variation we see in our data is due to the measurement system?ò)  

ïEvaluate the results and develop improvement strategies 



Anexas Consultancy Services 

Begin Data Collection 

Data Collection, Step 4 
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Data Collection, Step 4: Begin the Data Collection 

Goal 

ÁTo ensure a smooth start-up of data collection 

1 

Clarify data 

collection 

goals 

2 

Develop 

operational 

definitions and 

procedures 

3 

Validate the 

measurement 

system 

5 

Continue 

improving 

measurement 

consistency 

4 

Begin data 

collection 
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Continue Improving Measurement 

Consistency and Stability 

Data Collection, Step 5 
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1 

Clarify data 

collection 

goals 

2 

Develop 

operational 

definitions and 

procedures 

3 

Validate the 

measurement 

system 

5 

Continue 

improving 

measurement 

consistency 

4 

Begin data 

collection 

Data Collection, Step 5: Continue Improving 

Measurement Consistency and Stability 

Goal 

ÁTo check that data collection procedures are being 

followed and that changes are made as necessary to 

adapt to changing conditions 
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A Final Note: Do You Really Need New Data? 

ÁData collection can be time-consuming and expensive 

ÁBefore you collect new data, you may want to: 

ïSee if you have existing data that fits your needsðbut use  

with caution 

ïUse observation of the workplace as a way to gather information 
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Identifying Patterns over Time 

 

Chapter 13: 

Data Analysis I 
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You Are Here 

Collect baseline 

data on defects 

and possible 

causal factors 

Plot defect data 

over time and 

analyze for 

special causes 

Create and 

stratify 

frequency plots 

and do Pareto 

analysis (if 

appropriate) 

Calculate 

process sigma 

Create detailed process maps 
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ÁThe Information Services manager for a small company 

was told that the preceding month the new website had 

gotten 79 hits/day early in the month and 135 hits/day 

near the end of the month 

ïHis questions: 

ÁWas the 79 more  

typical? Or the 135?  

Was there a clear  

trend upwards? 

ÁHow does looking  

at the data this  

way help? 

ïHis staff charted  

the hits/day for June 
30 20 10 0 

70 

80 

90 
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Time Plot of Number of Website Hits 

June 1ï30 
N

u
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Days 

79 

Case Study: Website Hits 

135 
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Understanding Variation 
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What Is Variation? 

ÁNo two things are exactly alike 

ïHow a process is  

done will vary from  

day to day 

ïMeasurements or  

counts collected  

on process output  

will vary over time 

ÁQuantifying the  

amount of variation in a process is a critical step  

toward improvement 

ÁUnderstanding what causes that variation helps us 

decide what kinds of actions are most likely to lead to 

lasting improvement 

40 

45 

50 

55 

60 

65 

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 

Process data shows how the 

process varies over time 
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Variation vs. Specifications 

ÁThe amount of variation in a process tells us what that 

process is actually capable of achieving 

ÁSpecifications tell us what we want a process to be 

able to achieve 
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Types of Variation and 

Appropriate Reactions 
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School Bus Arrival Times 

ÁHere is a chart created by an 11 year old schoolboy 

ïWhat kinds of things would account for the variation on most days?  

ïWhat happened on the days of the two very high points? 
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Types of Variation 

Special cause: 

something different 

happening at a certain 

time or place 

Common cause:  

always present to some 

degree in the process 
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Goal: Minimize Variation 

ÁThere will always be some variation in a process 

ÁBut we can work to minimize variation around a target 

 

40 

45 

50 

55 

60 

65 

70 

1 11 21 31 41 51 61 71 81 

GOAL= reduce variation 

Target 
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The appropriate managerial actions are quite different for 

common causes than for special causes 
 

 

 

Reacting to Variation 

Common 

cause 

strategy 

Stable? 
Unstable Stable 

Special 

cause 

strategy 
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Special Cause Strategy 

Goal is to eliminate the specific special causes; to make an 

unstable process stable 

ÁGet timely data so special causes  

are signaled quickly 

ÁTake immediate action to remedy  

any damage 

Á Immediately search for a causeð 

find out what was different on that  

occasion; isolate the deepest cause you can affect 

ÁDevelop a longer-term remedy that will prevent that 

special cause from recurring or, if results are good, retain 

that lesson 
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Common Cause Strategy 

The process shown here is stable, but does it need to be 

improved? 

} Customer 

Needs 

Time 
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What Are Control Limits? 

Process 

Distribution  

Stable Process 

T
h

ic
k

n
e

s
s
 

40 

35 

25 

20 

30 
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Looking for Patterns Not Related to Time 

 

Chapter 14: 

Data Analysis II 
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Studying the Distribution 

of Numeric Data 
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Part 1: Histograms, Box Plots 

 

Minitab Exercises 
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Types of Frequency Plots 

0
 

5
 

1
0
 

95 

85 

75 

65 

55 

45 

35 

25 

Histogram 

Refer to the Minitab training material page number 37,38 
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Box plot and dot plot of the same sets of data 

SkewedBi-ModalNormal

20

10

0

N
o

rm
a
l

first quartile 

third quartile 

outliers 

whisker 

median 

box holds middle half 

Box Plots - Shorthand Histograms 

20100

Dotplot for Normal-Skewed

Normal

Bi-Modal

Skewed

Refer to the Minitab training material page number 40 
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Advantages of Box Plots 

Á Box plots let you look at the shape, center, and spread of many sets of data 

at the same time 

Á This allows you to  

look for similarities  

and differences  

across processes  

or strata 

 

 

 

 
Á These data show the daily volume of paper produced  

at a paper mill, stratified by day of the week 

Á What conclusions do you draw? 

Mon Tue Wed Thu Fri 

0 
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u
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Refer to the Minitab training material page number 41,42 
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Data Analysis II,  

Part 2: Pareto Charts 

Minitab Exercises 
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Pareto Charts Definition 

A Pareto chart is a graphical tool that helps you break a big 

problem down into its parts and identify which parts are the  

most important 

Refer to the Minitab training material page number 43,44,45,46 
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Pareto Charts Definition 

Height of vertical axis 

should represent the 

sum of all occurrences 

 Units clearly labeled 

Data are divided 

into categories 

Bar height shows 

relative importance; 

bars are arranged in 

descending order with 

tallest bar on left 

Refer to the Minitab training material page number 43,44,45,46 
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Pareto Charts: Uses 

ÁUnderstand the pattern of occurrence for a problem 

ÁJudge the relative impact of various parts of a problem 

ÁTrack down the biggest contributors to a problem 

ÁDecide where to focus efforts 

Refer to the Minitab training material page number 43,44,45,46 
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ÁThe Pareto principle, often called the ñ80/20 

rule,ò says that, in many situations, roughly 80% 

of the problems are caused by only 20% of the 

contributing factors 

ÁThe Pareto principle implies          

that we can frequently solve a        

problem by identifying and        

attacking its ñvital fewò sources 

The Pareto Principle 

Refer to the Minitab training material page number 43,44,45,46 
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Examples of Pareto Charts 
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Refer to the Minitab training material page number 43,44,45,46 
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Chapter 15: 

Determining Process Sigma Level 
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Goals 

ÁExplain the value of measuring process performance 

ÁUnderstand the various ways to measure  

process performance 

ÁCalculation of Sigma level using DPMO method 

ÁAutomated Sigma level calculator 
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Process Yield 

Percentage of output that meets  

customer requirements 

 

 

 

Á Method 1: Actual count  

 

 

Á Method 2: Estimated  

yield (continuous only) 

76 

= 95% 

4 

= 5% 

Upper 

Spec 

Limit 

Acceptable 

Unacceptable 

76 

= 95% 

4 

= 5% 

ɛ 

ů 

95% 5% 

Continuous Variable 
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Actual Count Method 

Á It involves simple and straightforward counting 

ÁHowever, there must be at least five units in  

each category: 

ï Usually there is no problem finding five good units 

ï When quality is already good, large sample sizes may be 

required in order to find five bad units 

76 

= 95% 

4 

= 5% 

Acceptable 

Unacceptable 
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Defects and Defectives 

Discrete Units 
Defective Units Defects within Units Defects within Bulk 

    Bulk Material 

5 in. 

1
0

 in
. 

Unit: The item 

produced or 

processed 

Defective:   

A unit of (unsalable) 

output that contains 

one or more defects 

Defect: A feature 

that does not meet 

customersô 

requirements 

Defectives 

Count the number of  

good units and bad units 

to calculate the yield 

Defects 

How do we calculate the 

yield in this case? 

Defects 

Here, we donôt even have 

predefined units! 
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Difficulty: Multiple Defects per Unit? 

Hey!  Both these 

samples have 80% 

yield! 

But this one has 

nearly twice as 

many defects! 



Anexas Europe: Lean and Six Sigma Training and Certification 

www.anexas.net 183 

 

Form 

 

Critical field 

with missing 

Information 

 

# Critical fields 

on the form 

 

Unit: the item produced or processed 

 

 

Defect: any event that does not meet the specification of 

a CTQ as defined by the customer 

 

 

 

 

Defect opportunity: any event which can be measured 

that provides a chance of not meeting a customer 

requirement (specification) 

Sigma Level Calculation 
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Calculate process sigma : formula 

 

 Calculate the number of Defects Per Million Opportunities  
 

   (No. of Defects) 

DPMO =  x 1 000 000 

No. Of Units x No. of opportunities 

In the Sigma table, look at the Sigma value relating to 
the DPMO determined 
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Long term Yield

Rendement Long terme

Process Sigma

Sigma du processus

Defects per 1,000,000

Défauts par 1.000.000

Long term Yield

Rendement Long terme

Process Sigma

Sigma du processus

Defects per 1,000,000

Défauts par 1.000.000

99.99966% 6.0 3.4 93.320% 3.0 66,800

99.9995% 5.9 5 91.920% 2.9 80,800

99.9992% 5.8 8 90.320% 2.8 96,800

99.9990% 5.7 10 88.50% 2.7 115,000

99.9980% 5.6 20 86.50% 2.6 135,000

99.9970% 5.5 30 84.20% 2.5 158,000

99.9960% 5.4 40 81.60% 2.4 184,000

99.9930% 5.3 70 78.80% 2.3 212,000

99.9900% 5.2 100 75.80% 2.2 242,000

99.9850% 5.1 150 72.60% 2.1 274,000

99.9770% 5.0 230 69.20% 2.0 308,000

99.9670% 4.9 330 65.60% 1.9 344,000

99.9520% 4.8 480 61.80% 1.8 382,000

99.9320% 4.7 680 58.00% 1.7 420,000

99.9040% 4.6 960 54.00% 1.6 460,000

99.8650% 4.5 1,350 50% 1.5 500,000

99.8140% 4.4 1,860 46% 1.4 540,000

99.7450% 4.3 2,550 43% 1.3 570,000

99.6540% 4.2 3,460 39% 1.2 610,000

99.5340% 4.1 4,660 35% 1.1 650,000

99.3790% 4.0 6,210 31% 1.0 690,000

99.1810% 3.9 8,190 28% 0.9 720,000

98.930% 3.8 10,700 25% 0.8 750,000

98.610% 3.7 13,900 22% 0.7 780,000

98.220% 3.6 17,800 19% 0.6 810,000

97.730% 3.5 22,700 16% 0.5 840,000

97.130% 3.4 28,700 14% 0.4 860,000

96.410% 3 .3 35,900 12% 0.3 880,000

95.540% 3.2 44,600 10% 0.2 900,000

94.520% 3.1 54,800 8% 0.1 920,000

Sigma Level Table 
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Double click on the spreadsheet and enter data in the the shaded cells. 

Define the following 

CTQ:  your customer CTQ 

Target:    your customer required target 

Defect:  Describe here how you would identify a defect 

Unit:   How do you define a unit 

Opportunity:  What is the rationale behind the # of opportunities 

enter 

1 Number Of Units Processed N= 100

2 Total Number Of Defects Made (Include Defects Made And Later Fixed) D= 20

3 Number Of Defect Opportunities  Per Unit O= 4

4 Solve For Defects Per Million Opportunities 50000

5 Sigma will calculate Sigma= 3.14

DPMO 

Automated Sigma Level Calculator given in 
Template 
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Review 

 

 

 

 

Chapter 16: 

MEASURE: The Current Situation 
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You Were HereðMEASURE 
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Overview 

 

 

 

 

Chapter 17: 

ANALYZE: Analyze  

to Identify Causes 
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You Are HereðANALYZE 
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ANALYZE: Analyze to Identify Causes 

ÁGoal: 

ïIdentify root causes and confirm them with data 

ÁOutput: 

ïA theory that has been tested and confirmed 
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Analyze Phase (Summary) 

ÅCause and Effect 

Diagram 

ÅControl Impact Matrix 

ÅPareto Chart 

ÅBox Plots and Scatter 

Plots  

ÅAs-is process map 

ÅGemba walk  

ÅValue Added and Non 

Value Added Analysis  

 

 

Analyze 

 
Process Door 

 

Data Door 
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Approach to ANALYZE 

Develop a 

focused 

problem 

statement 

Brainstorm 

potential 

causes 

Statistical 

methods to 

quantify 

cause-effect 

relationship 

Collect data 

Organize 

potential 

causes  
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Chapter 18: 

Identifying Potential Causes 
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Root Cause Analysis 
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You Are Here 

Identify 

potential 

causes 
 

Organize 

potential 

causes  

Statistical 

methods to 

quantify 

cause-effect 

relationship 

Collect data 
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Brainstorming Potential Causes 

ÁPurpose:  Brainstorming is a method of generating lots of 

ideas quickly by: 

ïEncouraging creativity 

ïInvolving everyone 

ïGenerating excitement  

and energy 

ïSeparating people from  

ideas they suggest 
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Brainstorming Potential Causes, cont. 

ÁUses in ANALYZE: 

ïUse brainstorming to generate a lot of potential causes of the 

problem you defined in MEASURE: 

ÁUse ñwhy-whyò to push for root causes 

ÁThe key question is ñWhy does that happen?ò 
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The Why-Why Technique 

ï To push for root  

causes, start with  

your focused  

problem and then  

ask ñWhyò  

several times 

ï Example: 

Á Focused problem: 

Customers complain 

about waiting too long 

to get connected to 

staff during lunch 

hours 

Why does this problem happen? 

 Backup operators take longer to connect callers. 

Why does it take backup operators longer? 

 Backup operators donôt know the job as well as the regular 

 operator/receptionists do. 

Why donôt operators know the job as well? 

 There is no special training; no job aids make up for the gap 

 in experience and on-the-job learning for the backups. 

Why donôt they have special training or job aids? 

 In the past, the organization has not recognized  

  this need. 

Why hasnôt the organization recognized the need? 

 The organization has no system to identify  

 training needs. 

Verify each assumption on the spotðwhere the activity in question is taking place 
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5 why analysis 

The stone on the Jefferson Memorial was crumbling. 

1. Why was it crumbling? 

Á Too many washings. 

2. Why was it washed so often? 

Á To remove bird droppings. 

3. Why were there so many birds in the building? 

ÁAbundant food supply of spiders. 

4. Why are there so many spiders? 

ÁAbundant food supply of midges. 

5. Why are there so many midges? 

ÁEvery evening at dusk they emerge in a mating frenzy. 

ÁAt the same time the Park Service turns on the lights. 

Á The midges are attracted to the lights. 
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5 why analysis 

ÁSolution 

Á Delay turning on the lights till one hour after sunset. 

Á The food chain was broken and the birds population dropped 

90%. 

Á The frequency of washings is reduced dramatically. 
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Organizing and Prioritizing  

Potential Causes  

Identify 

potential 

causes 
 

Organize 

potential 

causes  

Statistical 

methods to 

quantify 

cause-effect 

relationship 

Collect data 
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Cause-and-Effect Diagram 

Looking for Relationships 

Á Graphic displays can help you structure possible causes to find 

relationships that will shed new light on your problem 
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High number 

of ñmajor 

errorsò 

High number of 

grammar errors 
High number of 

misspelled words 

High number of wrong 

names, numbers, and facts 

Reporters and 

editors do not 

review grammar 

Copy editors busy 

tracking down facts 

Reporters and editors do 

not use spellchecker 

Reporters unaware of 

correct grammar 
Reporters have 

poor typing skills 

Results of accuracy checks unclear 

Hard  to detect errors 

Accuracy checks not done 

Cause-and-Effect Diagram Definition 

Á Cause-and- 

effect diagrams 

graphically 

display potential 

causes of  

a problem 

Á The layout shows 

cause-and-effect 

relationships 

between the 

potential causes 
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Cause-and-Effect Diagram Features 

High number 

of ñmajor 

errorsò 

High number of 

grammar errors 
High number of 

misspelled words 

High number of wrong names, 

numbers, and facts 

Reporters and 

editors do not 

review grammar 

Copy editors busy 

tracking down facts 

Reporters and editors 

do not use spellchecker 

Reporters unaware of 

correct grammar 
Reporters have 

poor typing skills 

Results of accuracy checks unclear 

Hard  to detect errors 

Accuracy checks not done 

Narrowly defined 

problem forms head of 

the fish; causes listed 

on the diagram should 

potentially contribute to 

this problem 

One ñspineò leads 

into head (problem 

statement) 

 

Contributing causes 

are arranged on 

smaller and smaller 

ñbonesò Potential causes at 

lower level would 

contribute to cause at 

next level up 

Arrows indicate 

the direction of 

potential cause-

and-effect 

Causes 

grouped by 

relationship to 

each other 



Anexas Europe: Lean and Six Sigma Training and Certification 

www.anexas.net 206 

      How Controllable? 

Im
p

a
c

t 

Easy 

H
ig

h
 

L
o

w
 

Hard 

éé.. 

éé.. éé.. 

éé.. 
éé.. 

éé.. éé.. 

éé.. 

High Priority 

Low Priority 

Medium Priority 

Low to Medium Priority 

Prioritizing Input Variables 

Focus on low-effort high-impact items 
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Identifying Potential Causes: Review 

ÁStart with a narrow problem definition  

ÁBrainstorm ideas 

ÁArrange ideas on a cause-and-effect or tree diagram 

ÁUse the Effort × Impact diagram to narrow the scope of 

your investigation  
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Identifying Causes with Process Maps 

 

Chapter 19: 

Process Analysis (Lean) 
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You Are Here 

Identify 

potential 

causes 
 

Organize 

potential 

causes  

Statistical 

methods to 

quantify 

cause-effect 

relationship 

Collect data 
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Goals  

ÁEnhance the process map with contextual information 

ÁUse process maps and context to identify potential  

root causes 

Á Identify sources of waste in the process map 
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Process Map Uses 

ÁProcess maps are typically used for three reasons: 

ïUnderstanding how work is currently performed: 

ÁClarifying the steps in a process 

ÁBuilding consensus on how a process actually operates 

ÁIdentifying key measurements to be made (in parallel with the data 

collection plan)  

ïManagement of the work as a part of a process  

management system  

ïAnalysis of the work for improvement: 

ÁIdentifying potential root causes 

ÁUncovering complexity, waste, delays, and inefficiencies 

ÁIdentifying bottlenecks  
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Two Sorts of Problems 

ÁResults problems: 

ïDiscover the root cause(s) of problems 

ÁFlow problems: 

ïIdentify waste and complexity in the process 
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Lean Cost Model 

Traditional Model 

Cost + Profit = Sales Price 

ÁPrice set by adding 

profit margin on top  

of cost 

ÁFew choices  

for customer 

ÁCustomer may not 

perceive value 

Lean Model 

Price ï Cost = Profit 

ÁOngoing cost  

reduction activities 

ÁMore choices  

for customers 

Á Increase profits 

ÁPossibly lower sales price 

PRICE   -   ® COST   =   ¬ PROFIT 
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Lean Method Model 

Traditional Model 

In order to increase output: 

Á Increase the workforce 

Á Increase working hours 

Lean Model 

In order to increase output: 

Á Eliminate all forms of waste as 

a default strategy 

Á Focus on efficient use of 

machines, equipment,  

and personnel  

Á Minimize problems with 

standardized work 
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ñThe Happy Pathò 

Identify the Value-Added Path 
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Process Mapping 

 

WHO 

PROCESS FLOW 

Process of Ordering  a New Laptop

S
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p
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T
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C
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s
to
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r

Needs Laptop

Completes Order

Form

Returns Order to

Purchasing Team

Sends Order to

Purchasing Team

Approved? Yes

Yes
Sends Order for

Approval

Order

Complete?
No

Sends Order to

Supplier

Approver informs

Customer
No

Processes Order Dispatches Order

Receives Laptop
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Common shapes used in Process Maps 

ÁShown below are the 4 common flow chart shapes used 

during process mapping 

 
Start / Stop 

Decision box 

Process 

Connectors 
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Process Mapping Applications 

Rank Application 

1 MS-OFFICE VISIO 

2 MS-OFFICE EXCEL 

3 MS-OFFICE POWER POINT 

4 MS-OFFICE WORD 

Applications are suggested and ranked below 
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Effective process mapping tips 

1. A detailed process map can be vertical  or Horizontal  

2. Write the process steps in noun-verb method 

3. Avoid using arrows instead of connectors 

4. Use legends whenever required 

5. Mention the preparers NAME and role on the top-right hand 

corner 

6. Mention the version & preparation date of the process map 

on the top-right hand corner 

7. If process flow has 2 or more ends, map them clearly using 

terminator  boxes 
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Value-Added and Non-Value-Added Steps 

ÁValue-added steps: 

ïCustomers are willing to pay for it 

ïPhysically change the product 

ïAre done right the first time 

ÁNon-value-added steps: 

ïNot essential to produce output 

ïInclude: 

ÁDefects, errors, omissions  

ÁPreparation/setup, control/inspection 

ÁOverproduction, processing, inventory 

ÁTransporting, motion, waiting, delays 


