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brought to you by:

L e a n  S i x  S i g m a  Tr a i n i n g

Black  Be l t



INTRODUCTIONS

TIMING and BREAKS

FIRE PROCEDURE

FACILITIES

SPECIAL REQUESTS



The ILSSI Exam

• Done online at ILSSI.org after training is finished
• Login and Password will be provided https://ilssi.org/login/
• Proctored by Webcam ( ProctorU.com )
• Sign-in and Schedule exam on ProctorU.com 
• Open Book
• 100 Multiple Choice Questions
• Pass mark is 70%
• Result issued immediately
• Retake is available

ilssi.org

https://ilssi.org/login/
proctorU.com
proctorU.com
ilssi.org
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1. Roles and Responsibilities of Black Belt
2. Strategic Planning : Hoshin Kanri
3. DMAIC for Black Belts
4. Design for Six Sigma  DFSS
5. Inferential Statistics /  Central Limit Theorem / Standard Error 
6. Advanced Hypothesis Testing ( Continuous Data )
7. Advanced Hypothesis Testing ( Attribute Data )
8. Advanced Design of Experiments ( DOE )
9. Binomial and Poisson Distributions
10. Measurement System Analysis for Attribute Data

Body of  Knowledge



Class Schedule

Day 1
o Black Belt Skills and Behavior
o Hoshin Kanri – Strategic Planning
o DMAIC Project Management
o Design for Six Sigma DFSS

Day 2
o Advanced Hypothesis Testing
o Advanced DOE
o Poisson and Binomial

Day 3
o MSA for Attribute Data
o Black Belt Exam



The Roles and Responsib i l i t ies 

OF A BLACK BELT



What is  the Role of  a  Black Bel t?

'There are four purposes of improvement: 
o Easier
o Better
o Faster
o Cheaper 

These four goals appear in order of priority. Hence the first is to make 
the work easier for workers while improving the fruits of their labour.’



What is  the Phi losophy of  a  Black Bel t?

Design and Develop the correct Products and Services 
o Build Quality into the Design ( DFSS /  Quality Planning )

Build Efficient Processes for Delivering the Product
o Constantly improve them  
o ( Quality Improvement with DMAIC and Kaizen)

Set up Controls to ensure Stability and Quality
o (Quality Control)

Dr. Joseph Juran’s ‘Quality Trilogy’
1951, Juran published the Quality Control Handbook



What is  the Phi losophy of  a  Black Bel t?



The Blackbel t ’s  Place in  Business

o Model of an organisation 
showing where Black Belts are 
considered in terms of   
INFLUENCE and DECISION  
MAKING.

o The BB should also have a 
dialogue with CUSTOMERS 
and SUPPLIERS

C-Class (CEO/ CFO etc)/ 

Corporate Board

Upper Management

Middle Management

Team Leaders Shop-Floor Workers
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How Blackbel t  Leaders Should ‘Th ink ’

o Observe work – “go see” when problems occur and make decisions on facts
o Think and act long term
o Focus on Continuous Improvement 
o Challenge management practices and learn new things
o Be humble with little interest in special privileges or status
o Respect and develop people at every level
o Put customers views first
o Believe that lean management is there to improve the entire business
o Soft skills and hard skills are connected and should work together



Blackbel t  Sk i l lset

o Leadership skills 

o Problem Solving Skills

o Strategic Thinking  

o Mentoring, Coaching & Training

o Project Management skills for large projects / 
programmes

o Practical understanding in use of Statistical tools

o Stakeholder Management

o Risk Management

o Change Management



Blackbel t  Consul ts

Task #1: The Pitch
The Chief Operating Officer (COO) of an investment bank wants 
to cut the costs in the process for lending high value amounts to 
new clients. They want to use Lean Six Sigma to achieve the 
cost cutting targets and asks for your advice.

Give:

1. Two reasons why using Lean Six Sigma could be an 
advantage.

2. Two challenges that lie in using Lean Six Sigma  to achieve 
the objective (reasons why the initiative might fail).

3. What are some of the first steps to take to implement a Lean 
Six Sigma programme ?



Strategic

PLANNING & 
DEPLOYMENT



Br ief  His tory

o Bridgestone Tire company, 

o Toyota, 

o Denso, 

o Komatsu

o Matsushita ( Panasonic ).  

Hoshin Kanri was developed in Japan during the 
1960s from Quality Management practices in:

It was strongly influenced by the Plan-Do-Check-Act (PDCA cycle) of 
W. Edwards Deming, and Management by Objectives of Peter Drucker.



Br ief  His tory

Hoshin =  ‘’The Compass’’  or ‘’ Direction Setting’’

Kanri =  Control with a Logical Plan (“The Map”)

“A statement of desired outcome for the future, plus the means of 
accomplishing that outcome, and for measuring the accomplishment.”



Strategic  Pr inc ip les

CONTINUOUS 
IMPROVEMENT

RESPECT & 
DEVELOPMENT

OF PEOPLE

The Hard Stuff
Belted Training / Measure

Projects etc…

The Soft Stuff
Behaviours, Motivation

How People Think



Strategic  Pr inc ip les

CONTINUOUS 
IMPROVEMENT

RESPECT & 
DEVELOPMENT

OF PEOPLE

We Focus on Just CI We Put More Focus on Respect 
and Development of People

CONTINUOUS 
IMPROVEMENT

FAKE LEAN SUSTAINABLE LEAN



Strategic  Long-Term Object ives

Process 
Improvement 
& Innovation

Value Creation
for Customers

Workplace 
Balance 

& Harmony

Financial 
Sustainable
Improvement



Strategic  Pr inc ip les

Conventional 
Behaviors

Lean 
Behaviors

Conventional 
Behaviors

Fake Lean True Lean

Conventional 
Practices

Lean 
Tools

Lean 
Principles 
& Practices

Starting Point

OPERATIONS



Added Value – Lean Behaviors

Behaviours
that CREATE
WASTE

Behaviours 
that ADD
VALUE

Non Value 
Add but 
NECESSARY
Behaviours



A Typica l  Workforce…

The direction you want to go

Lean Six Sigma 
Thinkers (10%)

Lean Six Sigma 
Blockers(10%)

Willing to 
Support (40%)

Quick to 
Criticize(40%)

Keep on Pushing



What is  Organizat ional  Cul ture?

o The beliefs, attitudes and values that exist 
within your organisation.

o Every company will have factors that 
influence its company culture.

“ The way we do things around here”



Four Elements of  Hoshin Kanr i

Focus

Alignment

Structure

Rigor

Focus on Prize ( Goals )

Catch ball – validates 
understanding

Shows relationship of 
actions to big picture

Review Cycles – Monthly 
and Annual Review 



Hoshin Planning Process

4. Prioritize and Schedule  Improvement Projects

3. Develop Annual Objectives and Improvement projects

6. Monthly Review

PLANNING

IMPLEMENTATION

REVIEW

1. Establish Vision / Mission for Business

2. Develop 3 to 5 Year Strategic Objectives

7. Annual Review

5. Implement Improvement projectsLean SS 
Projects

C
A
T
C
H
B
A
L
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Vis ion /  Miss ion /  Values

Vision
o An aspirational statement illustrating how the 

organisation will look in the future and how it will 
benefit if the change happens

Mission
o A statement defining what an organization is, why 

it exists, its reason for being.

Values
o Fundamental beliefs of the organization. These 

guiding principles dictate behavior and help 
employees understand the difference between 
right and wrong.

‘’A Black Belt must be committed to the company Vision, Mission and Values’’



Develop Strategic  Object ives

Strategic Planning is determining those 3 to 5 year breakthrough 
objectives that will move the organization towards world class.

Strategy  MapsBalanced  Score Card SWOT Analysis



Basic Strategy Map
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Add More Deta i l
Mission: Vision:Company Name

Financial

Customer

Internal

Workers

Strategic Objective 1 Strategic Objective 2

Strategic Objective 3

Strategic Themes Theme One Theme Two Theme Three



Strategy Man – Gener ic  Example

Customer
Perspective

Internal 
Perspective

Worker
Training and 
Development
Perspective

Financial 
Perspective

Improve Cost 
Structure

Increase Asset 
Utilisation

Enhance 
Customer Value

Expand 
Revenue 

Opportunities

Price Quality Availability Selection Function Service Partnership Brand

Productivity Strategy Revenue Growth Strategy

Production Service Attributes Relationship Image

Operations Management 
Processes

Processes that produce 
and deliver products and 

services

Customer Management 
Processes

Processes that enhance 
customer value

Innovative Processes

Processes that create new 
products and services

Regulatory and Social 
Processes

Processes that improve 
communities and the 

environment

Human Capital

Skills
Training

Knowledge

Information Capital

Systems
Databases
Networks

Organisational Capital

Skills / Training
Knowledge
Teamwork

Sustained Shareholder 
Value

+ +

Customer Value 
Proposition

Vision:      Leading with inspiration and courage, passionate about future possibility and change 

Mission:    Managing with greatness and strength, improving everything daily  



Strategy Man – Speci f ic  Example



Catch – Bal l  Process



CATCHBALLExecutive
Team

Senior
Mgmt

Middle
Mgmt

Frontlines

Strategy Deployment



DMAIC Pro jects

FOR BLACK BELTS



Two Step Measure

1.      Investigation Quick Wins

Analyse

2.       Detailed

Define

Analyse

Containment
(Stop the Bleeding )

G

G
G Project Gate 

Reviews

Measure

Analyze

Test the Data
( Trial Balances)



Trial Balances, Quick Wins, & Containment Actions

Trial Balances
o Try analysing your data early on (days/weeks) – you will not have 

enough data to identify root causes but you will be able to see if 
anything is missing

Quick Wins
o Just by measuring something you often suddenly see something 

obvious to fix – this might reduce the problem or give another benefit. 
JUST DO IT THERE AND THEN !

Containment
o A ‘Work Around’ to prevent further problems
o A  ‘Cause’ of the problem is identified and a ‘fix’ put in place
o Often an interim solution. 
o ‘Stopping the Bleeding’



Project Portfolio Management

Project portfolio management (PPM) is a key skill of any Black Belt with 
accountability for multiple projects. (also called ‘Programme Management’)

Visibility

Efficiency

Governance

Control



Efficiency and Control

Use a Project Portfolio Management (PPM) tool for better 
Efficiency and Control

Companion by Minitab   
http://www.minitab.com/en-us/products/companion

COMPASS
https://www.creato.com/compass-qms

Microsoft Project Server 2016 /  Project Portfolio Management (PPM)
https://products.office.com/en-gb/project/enterprise-project-server

http://www.minitab.com/en-us/products/companion
https://www.creato.com/compass-qms
https://products.office.com/en-gb/project/enterprise-project-server


Managing Stakeholder Expectations

o Selection of the correct Projects

o Alignment of Projects with Company Vision ( Hoshin Kanri)

o Gate Reviews

o Status Reports to Upper Management /  Executives

o Risk Management of portfolio / programme

o Change Management for all projects

Black Belt Governance duties at the programme level:



Managing Stakeholder Expectations

How the customer 
explained it

How the 
project leader 
understood it

How the analyst 
designed it

How the 
programmer 

wrote it

How the 
consultant 
described it

How the 
project was 
documented

What was 
installed by 
operations

How the customer 
was billed

How the project 
was supported

What the 
customer really 

needed



Change Management

• Requests for Change (RFCs) are written proposals for change to any 
existing process

• The BB needs to make sure that there is a solid Change Management 
process for all Lean Six Sigma projects

• A Change Control Board ( CCB ) is often used as part of the Change 
Management Process for Approval /  Rejection of RFCs
• For more information of  RFC, CCB and Change Management see:
• https://alison.com/courses/introduction-to-change-

management/content

https://alison.com/courses/introduction-to-change-management/content


Design For

Six Sigma DFSS



Literature

Design for Six Sigma: A Roadmap 
for Product Development

2008 - By Kai Yang Basem Ei-Haik

https://www.amazon.co.uk/Kai-Yang/e/B001IODJN2/ref=dp_byline_cont_book_1
https://www.amazon.co.uk/s/ref=dp_byline_sr_book_2?ie=UTF8&text=Basem+Ei-Haik&search-alias=books-uk&field-author=Basem+Ei-Haik&sort=relevancerank


Why Use Design for Six Sigma?

• Reduces the number of DEFECTS delivered to our customers
• Reduces the REWORK and SCRAP in the production of our 

products, processes or services 
• Reduces the LEAD TIME in the delivery of our products, 

processes or services 
• Reduces COST of production and delivery of our products, 

processes or services 

Design For Lean Six Sigma because it…



DFLSS to Reduce the Risk of New Product Launches

• Launching new products, processes and services 
has historically been a high risk activity. 

• More than 85 % of new Fast Moving Consumer 
Goods (FMCG ) products that established 
companies put into the market fail to deliver the 
expected return on investment. 

(Neilson Group 2014)
www.nielsen.com/us/en/insights/news/2014/how-to-flip-85-misses-to85-

hits-lessons-from-the-nielsen-breakthrough-innovation-project.html

http://www.nielsen.com/us/en/insights/news/2014/how-to-flip-85-misses-to85-hits-lessons-from-the-nielsen-breakthrough-innovation-project.html


DFLSS to Break the 5 Sigma Barrier



When to Use DFLSS

DFSS is always used EARLY in the new product development lifecycle.

Why? 
Because Cost of Changes increases with time /  stage in product lifecycle.



DFLSS: Predictive vs Reactive Design

Front-End Loading of Resources for Predictive Design:



DFLSS Deployment Methodologies (Design Algorithms)

• DMADV (Define, Measure, Analyse, Design, Validate).
• ICOV (Identify, Characterize, Optimize, Validate)
• IDOV (Identify, Design, Optimize, Validate).
• I2DOV (Invent / Innovate, Develop, Optimize, Validate).
• CDOV (Concept, Design, Optimize, Validate).

Note:  All approaches use the same philosophical approach. 
It is only the vocabulary that is used that is different.

Several Popular Methodologies (Design Algorithms):



ICOV Methodology



Steps of Methodology - Roadmap

Identify
o FORM TEAM 
o DEFINE /  IDENTIFY / UNDERSTAND your customer, Understand your 

market, Understand their needs and wants. Understand what FUNCTIONAL 
REQUIRMENTS.

o (FR) are important to them. Understand the competition. Understand the 
environment. Survey and Measure to confirm all understanding.

Step 1

Step 2

Step 3

Step 4

Characterize
o INNOVATE / CONCEPTUALIZE /  CHARACTERIZE a new or improved product 

or service which will satisfy FR to satisfaction of customers. SELECT best option.
o DESIGN and DEVELOP the concept into a working model.

Optimize
o OPTIMIZE the new / improved model by experiment,  measurement 

and analysis. Adjust tolerances to make the model as robust and free 
of potential defects as possible.

Validate
o Prototype / Pilot the optimized working model to VALIDATE / VERIFY that it 

meets the demands of the customer. Test and measure capability of the 
new/improved design to meet the expectations of customers. Release into 
production and continue to monitor.



Quality Function Deployment - QFD

The House 
of Quality



Quality Function Deployment Overview

o Quality Function Deployment (QFD) is a structured approach 
to understanding true customer priorities and a business’s 
ability to fulfil them

o QFD starts by identifying customer needs, wants, and wishes 
then translates them into the features and functionality of the 
product or service to meet those needs

o It can be used when-ever you are designing or developing a 
new process where customer satisfaction is key 

o Typically uses a four step matrix based approach (House of 
Quality)



House of Quality



SigmaXL QFD



P-Diagrams

P-Diagram (Parameter Diagram of Process Diagram)
o A graphical tool to help visualize the design problem in DFSS 

methodology.

o Provides a structured method to identify:
o Intended Customer Inputs (Signals)    M
o Unintended Inputs (Noise Factors)   N
o Design Controllable Factors  X
o Intended Outputs, Response (Ideal Function) Y



P-Diagrams

Signals

At least 1 Control Factor (DP)  per Functional Requirement ( FR)

(Uncontrollable Factors)

(Design Parameters)

(Functional Requirement)

(Energy, Information or Material 
defining the Customer intent for 

the product / process)

Fixed Response or
Variable Response



Example - Refrigerator

To satisfy these two FRs, a refrigerator with two compartments is designed. 

Two DPs for this refrigerator may be stated as: 
o DP1 = The freezer section 
o DP2 = The chiller (refrigerator) section

o CTQ = Store fresh food in the home for both long term and short term use
o FR1 = Freeze food for long-term preservation 
o FR2 = Maintain food at cold temperature for short term preservation 



Example of Decompose - Refrigerator

Having chosen the DP1, we can now decompose FR1 into secondary functional 
requirements as: FR1

FR11 = Control temperature of the freezer section in the range of -18 C +/- 2 C 

FR12 = Maintain the uniform temperature throughout the freezer section at the 
preset temperature 

FR13 = Control humidity of the freezer section t o relative humidity of 50 %



Class Exercises

1. Fizzy Drink Can
o Name the Primary FRs for a Fizzy Drinks can
o Name the Primary DPs for a Fizzy Drinks can

2.  A Umbrella 
o Name the Primary FRs  for a Umbrella
o Name the Primary DP’s for a Umbrella

3.  A Running Shoe
o Name the Primary FRs for a running shoe
o Name the Primary DPs  for a running shoe



Robustness Design

Robustness means insensitivity to variations caused by noise 
factors, which may include environmental factors, user conditions, 
and manufacturing disturbances.

https://www.youtube.com/watch?v=DiLD6ACw7fQ
Shin Taguchi  (son of Genichi Taguchi)
Cost vs Quality Trade Off

https://www.youtube.com/watch?v=DiLD6ACw7fQ


Taguchi Loss Function

Other Names Include:
o Taguchi Quadratic Loss Function 
o Quality Loss Function 

The Taguchi Loss Function translates variation and ‘Off 
Target’ production into a monetary value $$$ lost in 
customer value.



Taguchi Loss Function

L =  k * E (  Y – T ) 2

The objective of  Taguchi Tolerance Design is to minimize L by finding 
the perfect balance between reduced tolerances and increased costs of 
production

Where
L =  value loss  (  in $$ )
k =  quality loss coefficient 
E =  Expected value by customer
T =   Target value by supplier
Y =   Actual value



Quality Loss Function

$$$ Loss due to deviation
from target quality

o Zero at the target value
o Equal to scrap cost (A) at 

anywhere outside the tolerance limits



Example – Sony Televisions

o Sony TVs manufactured in both JAPAN and USA
o See: https://statweb.stanford.edu/~owen/courses/363/lecture13.pdf

o Distribution of color density varies around the mean
o Which has lower defect rates?
o Which one has better quality?

https://statweb.stanford.edu/~owen/courses/363/lecture13.pdf


Inferential Statistics

The Central Limit Theorem

Standard Error of the Mean



Inferential Statistics Defined

Inference :  
A conclusion reached on the basis of evidence and reasoning.   
(Oxford Dictionary)

There are 2 goals in using Inferential Statistics :

1. To draw a conclusion about a population based on the analysis 
of sample data from the population.

2. To quantify the level of confidence that we have in our 
conclusion.    To understand the level of risk that we are taking 
in acting upon our conclusion.

http://www.oxforddictionaries.com/definition/english/conclusion
http://www.oxforddictionaries.com/definition/english/reach
http://www.oxforddictionaries.com/definition/english/reasoning


The Central Limit Theorem

The Central Limit Theorem is key to Inferential Statistics
o The first version of this theorem was postulated by the French-born 

mathematician Abraham de Moivre who, in a remarkable article published 
in 1733, used the normal distribution to approximate the distribution of the 
number of heads resulting from many tosses of a fair coin.  

The Central Limit Theorem says:
As the sample size becomes larger the distribution of means of the samples 
will form a Normal Distribution, the spread of the distribution becomes 
narrower, and the mean of the means will move towards the mean of the 
population. 

https://en.wikipedia.org/wiki/Abraham_de_Moivre


The Central Limit Theorem

Bunnies, Dragons and the 'Normal' World: Central 
Limit Theorem | The New York Times 

https://www.youtube.com/watch?v=jvoxEYmQHNM 

https://www.youtube.com/watch?v=jvoxEYmQHNM


Samples from the population, each with five observations:

Sampling Distributions – The Foundation of Statistics

3
5
2
12
10
1
6
12
5
6
12
14
3
6
11
9
10
10
12

___
Mean of 

population = 7.78  

Population

1 9 2
12 8 3
9 5 6
7 14 11
8 10 10

Sample 1 Sample 2 Sample 3

7.4 9.2 6.4

X =  7.66
o In this example we have taken three samples out of the population 

each with five observations in it. We computed a Mean for each 
sample. Note the Means are not the same!

o What would happen if we kept taking more samples?



Standard Error of Mean

The Standard Deviation of the sample Mean distribution, also 
known as the Standard Error of the Mean or just ‘Standard Error’.

Standard Error of the Mean ( SEM )

SEM



Large Sample Sizes – Normal Distribution of Sample Averages

Recall that 95% of Normally Distributed data is within approx.
± 2 Standard Deviations from the Mean.  

Therefore, using the Central Limit Theorem, the probability is 95% that the 
sample Mean is within ± 2 standard errors of the true mean of the population.

Large Sample Sizes =
Approx Normal Distribution of Sample Averages



Practical Example – Small Sample Size

Measuring grams of active ingredient in tablets
o Based on a sample of 100 tablets you learn your baseline milli-grams of 

active ingredient is 250 mg with a Standard Deviation of 10 mg.
o Because this is just a sample the 250 mg average is an estimate of the 

true average.
o Calculate the 95% CONFIDENCE INTERVAL   CI

Conclusion:
We can say with 95% confidence  that the true average is 

somewhere between 243.68 and 256.32 mg

!𝑋 ± 2 !!
"
= 250 𝑚𝑔 ± 2 #$

%$
= 250 𝑚𝑔 ± 6.3295% CI : 



Diagram



Diagram



One Sided Risk Vs Two Sided Risk

Accept as chance differences 

> 95%

Less than 2.5% riskLess than 2.5% risk

a = 0.05

Region if H0 is true

> 95%

Region if H0 is true

Less than 5% risk

Region of DOUBT

One sided risk ( 1 tail )

2 sided risk ( 2 tails)

Region of DOUBT

Region of DOUBT



Table 1



Table 2



Small Sample Sizes :  T- Distribution of Sample Averages

Small Sample Sizes =
T- Distribution of Sample Averages

The probability is 95% that the sample Mean is within ± t 
standard errors of the true mean of the population.

The value of t changes with Sample Size



Practical Example – Small Sample Size

o Based on a sample of 5 tablets you learn your baseline 
grams of active ingredient is 250 mg with a Standard 
Deviation of 10 mg.

o Since it is small sample size we use t-distribution
o Degrees of Freedom  n – 1 = 4

o - t  =  2.776

Conclusion:
We can say with 95% confidence  that the true average milligrams 
of active ingredient  is between ________  and ________

!𝑋 ± 𝑡
𝑆&
𝑛

= 250 𝑚𝑔 ± 𝑡 #$
'
= 250 𝑚𝑔 ± ________________

95% CI : 



Practical Example – Small Sample Size

o Based on a sample of 15 reviews, you learn that your baseline 
average time taken to review a Credit Card application is 45 minutes 
with a Standard Deviation of 10 minutes.

o Since it is small sample size we use t-distribution
o Degrees of Freedom  n – 1 = 14
o - t  =  2.145

Conclusion:
We can say with 95% confidence  that the true average time is 
between ______

95% CI : !𝑋 ± 𝑡
𝑆&
𝑛

= 45 ± 𝑡 #$
#' = 45 𝑚𝑖𝑛𝑢𝑡𝑒𝑠 ± __________________



Summary

At this point you should be able to:

o Explain the term “Inferential Statistics”

o Explain the Central Limit Theorem 

o Describe what impact sample size has on your estimates of population 
parameters  

o Understand the difference between a Normal Distribution and t-Distribution

o Explain Standard Error of the Mean ( SEM )


