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I n t r o d u c t i o n s : J o h n  D e n n i s

Experience and SkillsQualifications

Reference ProjectsCertifications / Certificates

•Executive MBA University of New Orleans

•Post Graduate Certificate in Education York University

•BSC in Physics Loughborough University of Technology

•PMP Certified for 20+ Years

•Accredited Trainer with ILSSI, IASSC, CSSC

•Lean 6-Sigma Master Black Belt (ILSSI)

•Certified Project Management Professional (PMP)

•Certified Senior IBM Project Manager (CSPM)

•Lean 6-Sigma Black Belt Certified (IASSC)

•Director of Lean Six Sigma Training Ltd

•Senior Project Manager (IBM Global Services, SAIC, Entergy)

•Systems Engineer (GE Industrial Systems, Inst. Control Service, 

HT Associates)

•Diversity of projects/industries; DuPont Chemical, State Farm, 

Ryder Truck Logistics

•Chairman of International Lean Six Sigma Institute

•Worked with The Welding Institute (TWI Cambridge UK)

•Recent Clients; Ferrexpo Mining, Israeli Chemical, PepsiCo, Croda 

Chemical 

•Coached Team at Bombardier Transportation

•Taught LSS at Saudi Aramco
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Class  Schedu le
All times shown are USA East Coast EST

• Start   11:00am

• Break  1:10pm  - 1:30pm 

• Finish 3:30pm

• 1 to 2 hours Homework
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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.   The Fundamentals of Lean Six Sigma
2.   Meanings of Lean and Six Sigma
3.   General History of Lean Six Sigma
4.    Lean Six Sigma Projects
5 .   DMAIC
6.    PDCA
7.    Kaizen and Kaizen Events 
8.    Root Cause Analysis
9.    Voice of the Customer, and Business
10.  Lean Six Sigma Belt Roles
11.  Defining a Process 
12. Critical to Quality Characteristics 

(CTQs) 
13.  Cost of Poor Quality (COPQ) 
14.  Pareto Analysis 
15.  Basic Lean Six Sigma Metrics 
16.  Selecting Lean Six Sigma Projects
17.  Problem Statements 
18.  Building a Business Case & 

Project Charter 
19.  Project Metrics 
20.  SIPOC
21.  The 8 Elements of Waste
22.  5S
23.  Lean Thinking
24.  Kanban 
25.  Poka-Yoke (Mistake Proofing) 

26.  Process Definition
27.  Cause & Effect / Fishbone Diagrams 
28.  Process Mapping, SIPOC, 

Value Stream Map
29.  Failure Modes & Effects Analysis 

(FMEA) 
30.  Six Sigma Statistics 
31.  Basic Statistics
32.  Use of  Excel , Minitab and Sigma XL 
33.  Descriptive Statistics 
34.  Normal Distributions & Normality 
35.  Graphical Analysis
36.  Histograms
37.  Box Plots 
38.  Measurement System Analysis 
39.  Precision & Accuracy 
40.  Bias, Linearity & Stability 
41.  Gage Repeatability & Reproducibility 
42.  Variable & Attribute MSA 
43.  Process Capability 
44.  Capability Analysis 
45.  Concept of Stability 
46.  Attribute & Discrete Data 
47.  Hypothesis Testing 
48.  Hypothesis Testing Uses 
49.  Practical vs. Statistical Significance
50.  Alpha & Beta Risk

51.  p-values
52.  Types of Hypothesis Test
53.  Hypothesis Testing with Normal Data 
54.  1 & 2 sample t-tests 
55.  Hypothesis Testing with 

Non-Normal Data 
56.  Mann-Whitney 
57.  Simple Linear Regression 
58.  Correlation 
59.  Regression Equations 
60.  Non- Linear Regression 
61.  Multiple Linear Regression 
62.  Confidence & Prediction Intervals 
63.  Designed Experiments
64.  OFAT 
65.  Full Factorial Experiments 
66.  Full Factorial Designs 
67.  Statistical Process Control (SPC) 
68.  Data Collection for SPC 
69.  I-MR Chart 
70.  X-bar-R Chart 
71.  U Chart 
72.  P Chart 
73.  NP Chart 
74.  X-S chart

Body  o f  Know ledge
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Class  Schedu le
Day 1
o What is Lean Six Sigma ?
o 8 Wastes
o 5S
o Voice of the Customer (VOC) and CTQs Process
o Mapping, Value Stream Mapping

Day 2
o Pull, Kanban and Flow
o Visual Management
o Poka Yoke
o Standarized Work
o SMED
o Kaizen / Kaikaku
o Define Phase
o Problem and Project Selection and Definition
o Business Case Project Charter
o YELLOW BELT EXAM  (  as Homework )

Day 3
o Measure Phase
o Introduction to SigmaXL
o Fishbone Diagram, Pareto Charts
o FMEA
o Six Sigma Statistics
o Measurement System Analysis

Day 4
o Process Capability
o Analyze Phase
o Correlation and Regression Analysis
o Introduction to Design of Experiments (DOE)

Day 5
o Hypothesis Testing
o Improve Phase
o Control Phase
o Control Plans
o Statistical Process Control (SPC)
o Control Charts
o Revision and Rework of Mock Exam 

Questions
o GREEN BELT EXAM ( In own time )
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Measure Phase
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MEASURE PHASE

Measure

• Measurements of Inputs

• Measurement of Outputs

• Collection of Historical Data

• Process Mapping

• ‘As-Is’ Value Stream Mapping

• ‘As-Is’ process Capability



The X’s 

1. Understand the Process using Process Mapping and VSM
2. Identify all the possible X’s using the Fishbone
3. Use X-Y Matrix, FMEA and Pareto Analysis to narrow our investigation to 

the probable X’s
4. Collect data on the probable X’s.

X X XX X X

The quantity of Xs 
when we apply 
leverage (The vital 
few)

The quantity of Xs 
when we apply 
leverage (The vital 
few)

X X XX X X

The quantity of Xs 
when we apply 
leverage (The vital 
few)

The Vital Few Xs
That we Improve

The many Xs 
when we first start 
(The trivial many)

The many X’s 
when we first start 
(The trivial many) X X X X X X X X X X

X X X X X X X X X X
X X X X X X X X X X
X X X X X X X X X X

X X X X X X X X X X
X X X X X X X X X X
X X X X X X X X X X
X X X X X X X X X X
X X X X X X X X X X
X X X X X X X X X X
X X X X X X X X X X
X X X X X X X X X X

X X X X X X X X X X
X X X X X X X X X X
X X X X X X X X X X
X X X X X X X X X X

X X X X X XX X X X X X XX The quantity of Xs 
after we think 
about Y= f(X) + e

The quantity of Xs 
after we think 
about Y= f(X) + e

X X X X X XX X X X X X XX The quantity of Xs 
after we think 
about Y= f(X) + e

Measure and Analyze
Reduces that number 
Of Xs we consider
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Fish-bone Diagram 
(a.k.a. Ishikawa Diagram, Cause and Effect Diagram)

• Purpose

• To identify and structure the causes of a given effect

• When to use

• When investigating a problem, to identify and select key problem causes 

to address

• When effect of a problem is known, but possible causes are unclear

• To find other causal relationships, such as potential risks or causes of 

desired effects
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Cause & Effect Diagram

Effect (Y)Causes (Xs)

Problem
Statement

why

cause

Machine

Measurement Material

Method

Environment

Manpower
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Example: Cause and effect diagram used in solving 
the problem of “Late Payment of Invoices”

Computer
System

Internal Mail
System

Staff Finance
Policy Documentation

Older System

Downtime
Excess
Demand

Access Limitations

Low Priority

Manual Sort
ProcessNew

Maintenance
Contractor

Excess
Demand

Cost-Reduction Program

One Pick-Up Daily

Workspace Equipment

Lost/Misplaced Mail
Turnover

Inexperienced Staff

Manual
Files

Crowded
Space

Resigned
No Limit Manager

Missing Documentation
Branch Offices
Forward Payments Weekly
Reorganization
of Purchase Org.

Centralized
Payment
Authorization

Audit Recommendation
for Tighter Control

Missing
Purchase Orders

Maximize 
Cash

Payment
Delays

Increased 
Workload

Turnover
Hiring
Freez
e

Access Limitations

Low PriorityMorale
Paycuts

Overtime
Reduced

Productivity 
Deadlines

Validated  
root causes

Legend

Late 
Payment 

of 
Invoices
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How to Construct a Fishbone Diagram

1. Develop and agree on a problem statement (effect)

2. Brainstorm a list of possible causes; remove symptoms and 
solutions related to the stated effect

3. Identify major categories of causes (e.g. Man, Machines, Material, 
Method, Measurement, Environment)

4. Place each cause in a category (same cause can occur in several 
category)

5. Ask “Why does this happen?” for each cause

6. Design data collection strategy to verify and prioritize main causes
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5 Whys

Example of 5-Whys being used :
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Group exercise :    Fish Bone Diagram 

A Laptop Failure

You are an trouble-shooter and need to 
Get to the Root Cause of a recent laptop failure.   
It appears to be overheating !

What are the possible causes ?   

Draw a Fishbone Diagram.
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Identifying all the possible X’s
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Cause and Effect Diagram / Fishbone Diagram  / Ishikawa Diagram
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Pareto Analysis

üThe Pareto Rule
üPareto Analysis
üThe Pareto Chart ( Graph)
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The Pareto Principle
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SigmaXL Advanced Pareto Chart Example
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Pareto Analysis

Pareto Analysis using a Pareto Chart ( Pareto Graph )

• Pareto Analysis is done using a bar graph used to arrange data in such a 
manner that priorities for process improvement can be established. 
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Pareto Chart –Example

What does this Pareto Chart tell us ?
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FMEA ( Risk Analysis)
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Why Create an FMEA?

RISK!!!

Failure Modes and Effects Analysis (FMEA) is a 
methodology to manage…
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History of FMEA

History of FMEA:

• First used in the 1960’s in the Aerospace industry to manage risk 
during the Apollo missions to the moon.

• In the late 1970’s automotive industry incorporated FMEA into 
the management of risk in their processes

• Now used across industries and in design as well  as production
• Design FMEA  used before a product / service goes to production
• Process FMEA used on process used for production processes
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Reasons for FMEA

Failure Modes and Effects Analysis (FMEA) is used to:

• Predict failures in manufacturing and service industries before they occur.

• Estimate the Severity, Probability of Occurrence and Detection (SOD) of 

failures.

• Evaluate the current Control Plan for preventing these failures from 

occurring.

• Prioritize the risks using a Risk Priority Number (RPN) in order to 

indicate which risks require the most attention and controls for prevention.

• Decide on actions to be taken to mitigate the risks and the responsible 

person or team for implementing the action.
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Who Creates FMEAs and When?

• The Project Team.

• This includes:
• Functional Experts

• Technical Experts

• Supervisors

• Managers

• Etc.

• Design FMEAs should be created when 
new products or services are first being 
designed.

• Process  FMEAs should be started: 
• Before the start of production 

processes.
• Process FMEAs should be updated:

• When an existing process is being 
changed..

• When a problem solving study is 
completed and needs to be 
documented.

Who When
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The FMEA matrix

# Process 
Function
(Step)

Potential 
Failure 
Modes 

(process 
defects)

Potential 
Failure 
Effects 
(Y's) 

S
E
V

Potential 
Causes of 

Failure 
(X's)

O
C
C

Current 
Process 
Controls

D
E
T

R
P
N

Recommend 
Actions

Responsible 
Person & 

Target Date

Taken 
Actions

S
E
V

O
C
C

D
E
T

R
P
N

1

2

3

4

5

6

7

8

9

For a Process FMEA:

RPN =  SEV  x  OCC  x  DET
RPN =  Risk Prioritization Number
SEV =  Severity of the Failure        
OCC =  Probability of Occurrence of the Failure
DET = Difficulty to detect the Failure
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www.aiag.org/quality/automotive-core-tools/fmea

In 1993 the Automotive Industry Action Group (AIAG) 
first published an FMEA standard for the automotive industry.

This is now used as the the ‘Best in Class’ standard
for FMES in many industries. (outside of Automotive)

The Ford Pinto ( 1970 s ) caught on 
Fire when 
Involved in rear collisions and 
Caused many companies to 
Reconsider its RISK MANAGEMENT
Processes.

AIAG

http://www.aiag.org/quality/automotive-core-tools/fmea
https://en.wikipedia.org/wiki/Automotive_Industry_Action_Group
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FMEA VIDEO https://www.youtube.com/watch?v=rIGRd4VlCw4

FMEA Principles
• Use them to 

make more 
Money!!

By Paul Allen

https://www.youtube.com/watch?v=rIGRd4VlCw4
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Calculate RPN for your Business Risk if there was a new Lockdown in next 3 months for Covid19 that 
lasts more than 3 months !  Compare to RPN risk of a Financial Crash in Stock Market of more than 
40% in next 3 months. 
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Quiz  9:
• What is the purpose of the MEASURE Phase in DMAIC?
To understand the Current State ( As-Is ) of the process that contains the 
Problem.

• Detailed Process Understanding is required in the Measure Phase ?  Who are the 
People to involve to gain a better understanding of the process and problems ?
• The people who work on the process. The workers at the GEMBA

• Another name for an Ishikawa diagram is the _____________ diagram.
• FISH BONE

• To ask your team ‘Why does this happen ?’  more than once in order
• to understand the Root Cause is called the ______ method.
• 5 WHYS

• What is another name for the 80/20 Principe ?
• PARETO PRINCIPLE
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Measure Phase
Six Sigma Statistics
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Purpose of Basic Statistics

The purpose of Basic Statistics is to:
• Provide a numerical summary of the data being analyzed.

• Data 
Factual information organized for analysis 
• Numerical or other information represented in a form suitable for processing by 

computer
• Values from scientific experiments

• Provide the basis for making inferences about the future.

• Provide the foundation for assessing process capability.

• Provide a common language to be used throughout an 

organization to describe processes.

Homework :  Revise the “Presenting Data” section at

http://www.stats.gla.ac.uk/steps/glossary/

http://www.stats.gla.ac.uk/steps/glossary/
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Summation

The Standard Deviation of sample data

The Standard Deviation of population data

The variance of sample data

The variance of population data

The range of data

The average range of data

Multi-purpose notation, i.e. # of subgroups, 
# of classes

The absolute value of some term

Greater than, less than

Greater than or equal to, less than or equal 
to

Statistical Notation – Cheat Sheet

An individual value, an observation

A particular (1st) individual value

For each, all, individual values

The Mean, average of sample data

The grand Mean, grand average

The Mean of population data

A proportion of sample data

A proportion of population data

Sample size

Population size



Parameters versus Statistics

Population Parameters:
– Arithmetic descriptions of a population
– µ, s , P, s2, N

Sample Statistics:
– Arithmetic descriptions of a

sample
– X-bar , s, p, s2, n

Population: All the items that have the “property of interest” under study.

Sample: A smaller subset of the population used to make an inference.

Population

Sample
Sample

Sample

Sample
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Types of Data

Attribute Data (Qualitative or Categorical) 
Can be displayed on Nominal Scale or Ordinal Scale

• Colors, Countries, Types of Defects, Types of Animal
• Binary Data ( 2 states )

• Yes, No
• Go, No Go
• Pass/Fail

Variable Data (Quantitative) Can be displayed on Interval Scale or Ratio Scale
• Discrete (Count) Data

• Can be categorized in a classification and is based on counts.
• Number of defects
• Number of defective units
• Number of customer returns

• Continuous Data
• Can be measured on a continuum, it has decimal subdivisions that are 

meaningful
• Time, Pressure, Conveyor Speed, Material feed rate
• Money
• Pressure
• Conveyor Speed
• Material feed rate



brought to you by:

Attribute Data

Attribute Variable Possible Values for the Variable

Country of Origin China, Korea, USA, Germany

Quality Pass /  Fail

Colour of Fruit Crimson,  Red, Orange, Yellow, Green

Finish of Paint Matt, Satin, Gloss

Service rating Excellent, Good, Bad
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Discrete Variables

Discrete Variable Possible Values for the Variable

The number of defective needles in 
boxes of 100 diabetic syringes

0,1,2, …, 100

The number of individuals in groups of 
30 with a Type A personality

0,1,2, …, 30

The number of surveys returned out of 
300 mailed in a customer satisfaction 

study

0,1,2, … 300

The number of employees in 100 
having finished university

0,1,2, … 100

The number of times you need to flip a 
coin before a head appears for the 

first time

1,2,3, …
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Continuous Variables

Continuous Variable Possible Values for the Variable

The length of prison time served for 
individuals convicted of first degree murder

All the real numbers between a and b, 
where a is the smallest amount of time 

served and b is the largest.

The household income for households with 
incomes less than or equal to $30,000

All the real numbers between a and 
$30,000, where a is the smallest 

household income in the population

The blood glucose reading for those 
people having glucose readings equal to 

or greater than 200

All real numbers between 200 and b, 
where b is the largest glucose reading in 

all such people
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• Nominal scale:  A nominal scale is really a list of categories to which 
objects can be classified. 

• Ordinal scale:  is a measurement scale that assigns values to objects 
based on their ranking with respect to one another. 

• Interval scale: one unit on the scale represents the same magnitude 
on the trait or characteristic being measured across the whole range 
of the scale. For example, if anxiety were measured on an interval 
scale, then a difference between a score of 10 and a score of 11 
would represent the same difference in anxiety as would a difference 
between a score of 50 and a score of 51. 

• Ratio scale:  Ratio scales are like interval scales except they have 
true zero points.

Scales of Measurement

http://davidmlane.com/hyperstat/A30751.html
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Scales

Nominal Data
• Sex – Nationality - Grade

Ordinal Data
• ordered but differences between values are not important 
• e.g., political parties on left to right spectrum given labels 0, 1, 2 
• e.g., Likert scales, rank on a scale of 1..5 your degree of satisfaction 
• e.g., restaurant ratings 

Interval Data
• ordered, constant scale, but no natural zero 
• Achievement scale
• differences make sense, but ratios do not (e.g., 30°-20°=20°-10°, but 20°/10° is not 

twice as hot! 
• e.g., temperature (C,F), dates 

Ratio Data
• ordered, constant scale, natural zero 
• e.g., height, weight, age, length 
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Descriptive Statistics

1. Measures of Location / Position (central tendency)
• Mean
• Median 
• Mode

2. Measures of Variation (dispersion) 
• Range 
• Interquartile Range
• Standard deviation
• Variance
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Position and Variation 

48

- On average these shots are in 
the right position relative to the 
target but there is a lot of 
variation

- The position is not on the target 
but the variation is small
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Measures of Location

Mean is:
• Commonly referred to as the average. 
• The arithmetic balance point of a distribution of data.
• The best measure of central tendency for ‘Normal’ or 

‘balanced’ data distributions.

PopulationSample
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Mean Average

Mean Average:
can be calculated or estimated from the “Central” Position 
of the Histogram 

Mean Average = Sum of all values
Total number of values
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Measures of Location

Median is:
• The mid-point, or 50th percentile, of a distribution of data.
• Arrange the data from low to high or high to low.

– It is the single middle value in the ordered list if there is an odd number of 
observations

– It is the average of the two middle values in the ordered list if there are an even 
number of observations

– A better representation of the central tendency for Skewed Data than using the 
mean.

1 ,  3  ,  4  ,  10 ,  12,  15 ,   20   ,  25,  25,  50, 50

The median in this series of numbers is  15

1 ,  3  ,  4  ,  10 ,  12,  15,        20   ,  25,  25,  50,  50,  50

The median in this series of numbers is  17.5
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Measures of Location

Mode is:
The most frequently occurring value in a distribution of data.

• Useful for ‘Attribute Data’
• For example the most frequently occurring colour

Mode = Orange
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Measures of Location



Example of Skewed Data Distribution

Mean
Q3

Q1
Median

Mode



Measures of Variation

Range is the:
Difference between the largest observation and the smallest observation 

in the data set.
• A small range would indicate a small amount of variability and a large range 

a large amount of variability.

• 4.99      4.98        4.97    5.00       5.01      5.02

Interquartile Range is the:
Difference between the 75th percentile and the 25th percentile.

Use Range or Interquartile Range when the data distribution is Skewed.  
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Measures of Variation

Standard Deviation is:
• Equivalent of the average deviation of values from the Mean for a 

distribution of data.
• A “unit of measure” for distances from the Mean.
• Use when data are symmetrical. 

PopulationSample
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How to estimate the standard deviation
Use the Point of inflection of  a Normal Distribution to help you estimate the Standard 

Deviation 

Point of inflection Point of inflection
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How to estimate the standard deviation
EXCEL ( or other Statistical Software ) can be used to calculate the Standard Deviation of a 
column of numbers very easily.

Descriptive Statistics
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How to calculate the Standard Deviation

STDEV.S
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Measures of Variation

Variance is the:
Average squared deviation of each individual data point from the Mean.

Sample Population

i
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Distribution Curves

Data Distributions
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Shape  /  Data Distribution

-Modal

Mulit -
Distribution

Skewed
Negatively
Skewed

Normal Distribution

Bi -
Distribution

- Modal

Positively
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Skewed Data Distribution

• SKEWED data distribution is not symmetrical like Normal Data
• The Mean, Median and Mode are usually different values
• The Median is the best indicator of Central Tendency
• Can be Positive Skew or Negative Skew  ( Right or Left )

Right Skewed

Left Skewed
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Discuss :  What is this histogram telling us ?
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Distribution Curves

Data Distributions are important
In order to mathematically MODEL your processes and make 

INFERENCES about the way they behave.

They tell you the probability of occurrence of particular values of  
X in the sample or population
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Distribution Curves

Different types of Data Distributions are described by different 
mathematical equations.

You do not need to remember these,  just be aware that they are the 
maths that describe the shape of the distribution ( curve ). 

Sometimes called “Probability Density Equations’
Or ‘Probability Density Functions’ (PDFs)
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Probability Density Equations

Normal distribution:

Poisson distribution:

Binomial distribution:

Exponential distribution: P (x ) = ab x
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The Normal Curve

The Normal Distribution Curve is a smooth, symmetrical, bell-shaped 
curve.   Also called ‘Gaussian Distribution’.

What are the characteristics of a Normal Distribution?
– Only random (common cause ) error is present
– Process is free of special (assignable) cause
– The Mean, Median and Mode are all the same value
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Normal Distribution example

– WEST TEXAS CRUDE OIL PRICE INDEX ( WTI ) 
– http://www.eia.gov/todayinenergy/detail.php?id=22032

http://www.eia.gov/todayinenergy/detail.php?id=22032
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The Empirical Rule

The Empirical Rule…
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The 68–95–99.7 rule is also known as the empirical rule. 

65 – 95 - 99.7



brought to you by:

The  1.5  Sigma Shift

The 1.5 Sigma Shift for Processes over Long Term

• Motorola allowed for a 1.5 sigma decrease in process capability for systems and 

processes over a LONG TERM ( changes of operators, maintenance cycles, raw 

materials, suppliers etc)

• This is referred to as the 1.5 Sigma Shift

• What was called a ‘6 Sigma’ process by Motorola has only 4.5 standard deviations 

(Sigmas) between the mean and the nearest specification limit

• The “Motorola” definition for 6-sigma process is 99.9997% quality or 3.4 DPMO.

• A “true” 6 Sigma process only has 2 defects per billion opportunities for defects.  ( 

99.9999998 % yield )
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It is not important in practice to understand 
why Motorola decided to introduce the 
1.5 Sigma Shift but many students at Curious.

So if you are curious then watch this :

https://www.articlevideorobot.com
/uncategorized/six-sigma-6-the-1-5-sigma-shift-story
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Video :  Normal Distribution
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Introduction to Graphing

The purpose of Graphing is to:
• Provide a VISUAL representation of the data

• Identify potential relationships between the data 

• Indicated the amount of variation in the data

• Show how data changes over time

For example…
1. Histograms
2. Dot Plots
3. Box Plots  ( Box and Whisker plots )
4. Scatter Plots
5. Time Series Plots
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Variation on a Histogram

The Histogram can give an indication of the Distribution of the data.   
Below is indicative of a NORMAL Distribution of variation.
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Box Plot

• Box Plots summarize data about the shape, dispersion and center 
of the data and also help spot Outliers.

• Box Plots require one of the variables, X or Y, be categorical or 
Discrete and the other be Continuous. 

Middle
50% of 

Data
50th Percentile (Median)

25th Percentile

75th Percentile

min(1.5 x Interquartile Range 
or minimum value)
Outliers

Maximum Value

Mean
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Box Plot Examples

Da
ta

14-Day4-Day2-Day

350

300

250

200

150

100

Cholesterol Levels

What can you tell about 
the data expressed in a 
Box Plots?
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Boxplot of Glucoselevel vs SubjectID
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SigmaXL Boxplot Examples
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Box Plot Examples

Data from Major UK Retail Food Store.
Delays in Arrivals of Trucks from Suppliers to Central Warehouse
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Time Series Plots and Run Charts
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Population
(million)

Prim. 
energy
(TWh)

Productio
n

(TWh)

Import
(TWh)

Electricity
(TWh)

CO2-
emission

(Mt)

2004 7.48 316 137 179 60.6 44.6

2007 7.51 299 147 164 61.6 42.2

2008 7.71 311 148 180 63.5 43.7

2009 7.80 313 149 182 62.1 42.4

2012 7.87 295 143 167 62.7 39.9

2012R 7.93 298 148 170 63.06 41.3

2013 8.09 311 151 177 63.16 41.5

Change 
2004-09 4.3% -0.7% 8.0% 1.9% 2.5% -4.8%

Mtoe = 11.63 TWh.

Energy in Switzerland https://en.wikipedia.org/wiki/Energy_in_Switzerland

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


Run Charts in Excel 
Do not show Control Limits
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Run Chart ( Excel )
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Scatter Diagrams

Purpose:
• To identify the correlations that might exist between a quality characteristic 

and a factor that might be driving it
• A scatter diagram shows the correlation between two variables in  a 

process. 
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Scatter Plot ( Excel )
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Population
(million)

Prim. 
energy
(TWh)

Productio
n

(TWh)

Import
(TWh)

Electricity
(TWh)

CO2-
emission

(Mt)

2004 7.48 316 137 179 60.6 44.6

2007 7.51 299 147 164 61.6 42.2

2008 7.71 311 148 180 63.5 43.7

2009 7.80 313 149 182 62.1 42.4

2012 7.87 295 143 167 62.7 39.9

2012R 7.93 298 148 170 63.06 41.3

2013 8.09 311 151 177 63.16 41.5

Change 
2004-09 4.3% -0.7% 8.0% 1.9% 2.5% -4.8%

Mtoe = 11.63 TWh.

Energy in Switzerland https://en.wikipedia.org/wiki/Energy_in_Switzerland

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


brought to you by:

Measure Phase
Measurement System Analysis
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Measurement System Analysis
MSA is a procedure to quantify variation and error introduced into the 
measure by the act of measuring.

Measurement
Process

Environment

Measurement
Item to be 
Measured

Reference

Equipment

Procedure

Operator

FIVE FACTORS CAN EFFECT THE MEASUREMENT
1. Operator:  the person doing the measurement
2. Equipment:  the device used to measure
3. Procedure: how the operator uses the equipment
4. Reference :  what the equipment was calibrated against
5. Environment :  what the physical environment is around the measurement (temp etc)
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Variation

Variation is additive and the overall variation in a system or 
process is the sum of all sources of variation

𝜎!"#$%& = 𝜎'(")*++& + 𝜎,*$+-(*,*.# +/+#*,&
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Purpose

MSA classifies the sources of error in the following way:

• Precision
• Repeatability - within an operator or piece of equipment
• Reproducibility - operator to operator or attribute gage to attribute 

gage
• Accuracy

• Stability - accuracy over time
• Linearity- accuracy throughout the measurement range
• Resolution – how detailed is the information
• Bias – Off-set from true value

• Constant Bias
• Variable Bias – typically seen with electronic equipment, 

amount of Bias changes with setting levels
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Accuracy and Precision

Accurate but not precise -
On average these shots are in 
the center of the target but 
there is a lot of variability

Precise but not accurate -
The average is not on the 
center but the variability is 
small
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Components of Variation

Whenever you measure anything the variation you observe can be 
segmented into the following components…

All measurement systems have error.  If you do not know how much of the variation you 
observe is contributed by measurement system error you cannot make confident decisions.

AccuracyPrecision

Repeatability Reproducibility

Measurement System ErrorUnit-to-unit (true) Variation

Observed Variation

Stability Bias Linearity

Resolution
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Precision

PRECISION returns the same value of a given measurement 
every time the measurement is made.

Precise measurements are independent of who measures 
them or when the measurement is made.

Precision can be partitioned into two components:
– Repeatability
– Reproducibility

– This is sometimes called “Gauge R & R”
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Repeatability

DEFINITIONS:

Repeatability is the variation in measurements obtained with One 
measurement instrument used several times by 

One Operator while measuring the identical characteristic on the same 
part.

For example:
• Manufacturing: One person measures the purity of multiple 

samples of the same vial and gets different purity measures.
• Transactional: One person evaluates a contract multiple times 

(over a period of time) and makes different determinations of errors.
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Reproducibility

Reproducibility is the variation in the average of the measurements made by 
DIFFERENT OPERATORS using the same measuring instrument when measuring 
the identical characteristic on the same part.

For example:
– Manufacturing: Different people perform purity test on samples from the 

same vial and get different results.
– Transactional: Different people evaluate the same contract and make 

different determinations.

Reproducibility

Operator A

Operator B

Y
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Accuracy

ACCURACY is the difference between the observed average of the 
measurement and a reference value.  
The reference value can be:

– Measurement of a known standard
– Comparison with another known measurement method
– Prediction of a theoretical value

True
Average

Accuracy

Measurement

Accuracy is influenced by 4 different factors:

• Stability 
• Linearity
• Resolution
• Bias
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Bias

Bias is defined as the deviation of the measured value from the actual 
value. 

Calibration procedures can minimize and control bias within acceptable limits.  
Ideally Bias can never be eliminated due to material wear and tear!

Bias Bias
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Stability

Stability of a gage is defined as error (measured in terms of Standard 
Deviation) as a function of time.  Environmental conditions such as cleanliness, 
noise, vibration, lighting, chemical, wear and tear or other factors usually 
influence gage instability

Control Charts are commonly used to track the Stability of a measurement 
system over time.  

Stability is Bias characterized as 
a function of time!

Drift
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( Self Reading ) Repeatability and Reproducibility Problems

Repeatability Problems:
• Calibrate or replace gage.

• If only occurring with one operator, re-train.

Reproducibility Problems:
• Measurement machines

• Similar machines 
• Ensure all have been calibrated and the standard measurement method is being utilized. 

• Dissimilar machines 
• One machine is superior.

• Operators
• Training and skill level of the operators must be assessed.
• Operators should be observed to ensure standard procedures are followed.

• Operator/machine by part interactions
• Understand why the operator/machine had problems measuring some parts and not others.

• Re-measure the problem parts  
• Problem could be a result of gage linearity
• Problem could be poor gage design



brought to you by:

Crossed Design Example

Example of a Crossed Design / Crossed Study 

1 2 3 4 5 6 7 8 9 10

Operator 1

Operator 2

Operator 3

Trial 1

Trial 2

Trial 1

Trial 2

Trial 1

Trial 2

P
a
r
t
s

10 x 3 x 2 Crossed Design is shown
A minimum of two measurements/part/operator is required.

Three is better!
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OPTIONAL :  Crossed Design Class Practical

Gauge R&R Crossed Study on Star Weights

1 2 3 4 5 6 7 8 9 10

Operator 1

Operator 2

Trial 1

Trial 2

Trial 1

Trial 2

STARS

10 x 2 x 2  Crossed Study

1. Create worksheet in SigmaXL
2. Carry out measures and enter data
3. Analyze data using SigmaXL
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SigmaXL Gage R&R Dialogue
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Gauge R&R Study Output

Measurement Systems Analysis > Analyze Gage R&R (Crossed)
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Gage R&R Output - Graphs


