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The goal of business
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Presenter
Presentation Notes
The goal of business is to do things better, faster, cheaper.  Make products or deliver services better, faster, cheaper. As an organization evolves, it continuously improves the synergy between these 3 elements of success. Historically these elements of success work at odds with one another.  To make a process better means slowing it down, speeding the process up through technology means making it more expensive (in the short run).  The key is to leverage Lean Six Sigma to helps us achieve better, faster cheaper at the same time. The basic idea behind Lean Six Sigma is to blend the 2 root methodologies into one approach that optimizes quality, speed and cost of doing business. It provides a way to continuously improve the health of an organization so that we don’t become to complex, disorganized and inefficient.



CTQ - Types of Customers
External

– Direct: those who receive the output of your services, they 
generally are the source of your revenue

– Indirect: those who do not receive or pay for the output of 
your services but have a vested interest in what you do 
(government agencies)

Internal
- those within your organization
who receive the output of your
work 

Presenter
Presentation Notes
Every process has a deliverable. The person or entity who receives this deliverable is a customer.There are two different types of customers; External and Internal.  People generally forget about the Internal customer and they are just as important as the customers who are buying your product.



What Is a Problem?

A problem when the work assigned fails to 
produce the expected results.



Conventional Strategy
Conventional definitions of quality, related to conformance to standards and meeting specifications 

• If products and services were of good quality
then their performance standards were correct

• Rework was required to ensure final quality
• Efforts were overlooked and  not quantified (time, money, equipment usage, etc).

Requirement
or

LSL

Requirement
or

USL

Bad Bad

Target

Good

Presenter
Presentation Notes
The conventional strategy was to create a product or service that met certain specifications.  It was assumed that if products and services were of good quality, then their performance standards were correct irrespective of how they were met. Using this strategy often required rework to ensure final quality or the rejection and trashing of some products and the efforts to accomplish this “inspect in quality” were largely overlooked and un-quantified.You will see more about this issues when we investigate the Hidden Factory.



Variation (the enemy)  

Variation: Deviation from the  expected.

Variation is the degree to which a part, product, service, 
or transaction differs from all others in the same class or 
category.

Presenter
Presentation Notes
To recognize variation you must first understand what it is. So lets start by going over some basic definitions of variation. There are Two Types of Variation we will touch on soon. They are:Common CauseSpecial Cause



The Empirical Rule
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The Empirical Rule…

+6-1-3-4-5-6 -2 +4+3+2+1 +5

68.27 % of the data will fall within +/- 1 standard deviation
95.45 % of the data will fall within +/- 2 standard deviations
99.73 % of the data will fall within +/- 3 standard deviations

99.9937 % of the data will fall within +/- 4 standard deviations
99.999943 % of the data will fall within +/- 5 standard deviations
99.9999998 % of the data will fall within +/- 6 standard deviations

Presenter
Presentation Notes
The Empirical Rule allows us to predict or more appropriately make an estimate of how our process is performing.  You will gain a great deal of understanding within the Process Capability module.  Notice the difference between +/- 1 SD and +/- 6 SD.



There are two types of variation
– Common cause variation is the natural 

variation that is inherent to a given process.  

– Special cause variation is due to specific 
“assignable” causes.

Presenter
Presentation Notes
SPC techniques help identify which type is at play in the process.



Common vs. Special Cause Variation

When results do not fit our expectations, something out of the 
ordinary is happening. 

Typical traffic flow on any 
typical day –
normal cause

One day traffic is 
congested – something 
has happened - special 

cause

Presenter
Presentation Notes
When we observe variation that does not fit our expectations, something out of the ordinary is happening.  It is like being on a highway we frequently travel which has typical traffic flow and speed. This pattern is natural and is what we would describe as common cause variation. Then one day traffic is congested  and moving very slowly. Not what we would expect, we would immediately suspect something had happened. This we would describe as being due to a special cause in the change in traffic. These types of events happen quite often in poorly controlled processes. If PSC is not used to separate special from common we will nto recognize the event or we over react to it by changing a process setting, the flow of the process or apply additional inspection; all in hopes of improving the process but if it was a one time event  and the diagnosis and remedy of the problem may be incorrect. 



Where does variation come from?
• Variation comes from the fact that EVERY 

output varies. 

• Y= f (x) + e

Error

PROCESS OUTPUTINPUT

Presenter
Presentation Notes
The formula tells us that inputs are converted by the way of process into output and along with the inherent error that creates variation.  This is how change happens.  We said earlier that every output varies. Why?Because we have the principle of cause and effect at play. Examples:Temperature and humidity can affect the product in a manufacturing plant.Staffing can affect throughput; illness, absenteeism, tardiness or vacation can all affect lead times. 



Deming’s PDCA CYCLE
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Presenter
Presentation Notes
Must check solution to determine whether or not root cause was actually addressed and that the solution was the correct one to implement.If solution works, document it and keep it in place.If solution does not work, act on it and change it.



Problem Solving Methods

$, Time,
Resources, 
Impact 

Everybody, Every Day

Six Sigma Projects

Kaizen Events

A3 Reports

Quick & Easy Kaizen

PDCA

TWI Job Methods

Specialists, Infrequently

Presenter
Presentation Notes
This graphic is intended to show the continuum of problem-solving tools and how they relate to each other. On the vertical axis, projects get more expensive and resource-intensive as you move up the scale, so these are big projects that take a long time. On the horizontal axis is the number of people typically involved with a tool or method, from a few specialists in the case of six sigma to everyone in the organization in terms of Quick & Easy kaizen. What ties all these efforts together is the common thread of PDCA. 



Deming’s PDCA CYCLE
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Presenter
Presentation Notes
Must check solution to determine whether or not root cause was actually addressed and that the solution was the correct one to implement.If solution works, document it and keep it in place.If solution does not work, act on it and change it.



“Grasp the Situation”
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A SPECIFIC PROBLEM STATED CONCISELY:
• What the problem is
• Where it occurs
• When it happens 
• How often it happens  
• Who experiences it
• Why the problem matters

Investigation and 
analysis to sharpen 
our focus

Large, Vague Problem

Symptoms, 

but few specifics

Sharpen Your Focus: Problem 
Statement



Accurately Document the Process

n Procedures
n Drawings 
n Videos
n Flowcharts
n Photographs
n Signs
n Cartoons
n Whatever!

16

Presenter
Presentation Notes
	



Brainstorming Process
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1.Agree on the category or condition to be considered. 

2.Encourage each team member to contribute.

3.Discourage debates or criticism, the intent is to generate 
ideas and not to qualify them, that will come later.

4.Contribute in rotation (take turns), or free flow, ensure 
every member has an equal opportunity.

5.Listen to and respect the ideas of others.

6.Record all ideas generated about the subject.

7.Continue until no more ideas are offered.

8.Edit the list for clarity and duplicates.



Dig Deeper to Identify Root 
Cause(s)

Superficial cause Deeper cause

Failure to follow procedures Procedures were out for revision

Sloppy work No workmanship standards established

Not paying attention Inadequate tool caused distraction

Poor work ethic Told to skip training because of workload

Bad habits No clear specification for product

Cutting corners Instructed to reduce costs 

Human error Customer requirements were incomplete

Careless mistake Doing 2 jobs at once, per supervisor

18



Five Why’s
• Outcome of a 5 Why exercise is a root cause of a the

defined problem, not the resolution of the problem itself

• 5 Why’s is not a standalone Problem Solving technique but
more of a tool to aid in this process.

• Don’t worry about action plans and effectiveness
verification yet as that will be addressed in the rest of your
problem-solving methodology.

Presenter
Presentation Notes
Do not forget that the sought outcome of a 5 Why exercise is a root cause of a the defined problem, not the resolution of the problem itself; that will come later. 5 Why’s is not a standalone Problem Solving technique but more of a tool to aid in this process.  Do not worry about Action plans and effectiveness verification yet as that will be addressed in the rest of your problem-solving methodology (Six Sigma or other); but focus more on identifying the reason that allowed the problem to happen and escape. If you can come up with a reasonable answer, the 5 Why’s exercise would be successful. If it cannot be done, then quite probably more data needs to be collected to get a better grip of the problem and then the 5 Why process can be re-started



Five Why’s
• One final point to ponder:

• Challenge the root cause(s) that resulted from the 5 Why’s exercise to try
to reproduce the defect.

• If you cannot, there is a very big chance that you have not gotten to the
bottom of it yet. If you do reproduce them, move on to the Corrective
Action part and congratulate your team for a job well done.

A PROBLEM THAT CANNOT BE REPRODUCED IS A PROBLEM 
THAT HAS NOT BEEN RESOLVED YET. 



Fishbone Analysis
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The Fish bone diagram
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The Cause & Effect Diagram is a tool to generate opinions about 
possible root causes.

Solicit ideas using:

• Categories to stimulate cause and effect relationship with a problem.

• Verbal inputs in a team environment.

Problem or 
Condition

The Y

The X’s
(Causes)

l CategoriesMaterial Measurement Environment

People Machine Method

The 
Problem

Cause and Effect Diagram

Problem or 
Condition

The Y

The X’s
(Causes)

l CategoriesMaterial Measurement Environment

People Machine Method

The 
Problem

Cause and Effect Diagram

Presenter
Presentation Notes
You will need to use brainstorming techniques to identify all possible problems and their causes. Brainstorming techniques work because the knowledge and ideas of two or more persons is always greater than that of any one individual. Brainstorming will generate a large number of ideas or possibilities in a relatively short time. Brainstorming tools are meant for teams, but can be used at the individual level also. Brainstorming will be a primary input for other improvement and analytical tools that you will use.You will learn two excellent brainstorming techniques, cause and effect diagrams and affinity diagrams. Cause and effect diagrams are also called Fishbone Diagrams because of their appearance and sometimes called Ishikawa diagrams after their inventor. In a brainstorming session, ideas are expressed by the individuals in the session and written down without debate or challenge. The general steps of a brainstorming sessions are:Agree on the category or condition to be considered. Encourage each team member to contribute.Discourage debates or criticism, the intent is to generate ideas and not to qualify them, that will come later.Contribute in rotation (take turns), or free flow, ensure every member has an equal opportunity.Listen to and respect the ideas of others.Record all ideas generated about the subject.Continue until no more ideas are offered.Edit the list for clarity and duplicates.
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Deming’s PDCA CYCLE



Develop Countermeasures

n Specific actions
n Clear responsibilities
n Assignment of resources
n Timeframes
n Measures of effectiveness
n Progress update(s)

n With team
n With top management

24
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Implementation and Project 
Management

 Monitor progress and communicate 
frequently

 Have people who are taking action report 
their progress

 Look for and remove roadblock
 Ensure follow-through…Don’t drop the ball!



Plan

Do

Check

Act

Deming’s PDCA CYCLE



Introduction to MSA
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Heart and soul of Six Sigma is data.
– How do you know:

• data you have used is accurate and precise?
• measurement is repeatable and reproducible?

Measurement System Analysis 
or

MSA

How good are these?

Presenter
Presentation Notes
In order to improve your processes, it is necessary to collect data on the "critical to" characteristics. When there is variation in this data, it can either be attributed to the characteristic that is being measured and to the way that measurements are being taken; which is known as measurement error. When there is a large measurement error, it affects the data and may lead to inaccurate decision-making. Measurement error is defined as the effect of all sources of measurement variability that cause an observed value (measured value) to deviate from the true value. The measurement system is the complete process used to obtain measurements, such as the procedures, gages and personnel that are employed to obtain measurements. Each component of this system represents a potential source of error. It is important to identify the amount of error and, if necessary, the sources of error. This can only be done by evaluating the measurement system with statistical tools.  There are several types of measurement error which affect the location and the spread of the distribution. Accuracy, linearity and stability affect location (the average). Measurement accuracy describes the difference between the observed average and the true average based on a master reference value for the measurements. A linearity problem describes a change in accuracy through the expected operating range of the measuring instrument. A stability problem suggests that there is a lack of consistency in the measurement over time. Precision is the variability in the measured value and is quantified like all variation by using the standard deviation of the distribution of measurements. For estimating accuracy and precision, multiple measurements of one single characteristic must be taken.  The primary contributors to measurement system error are repeatability and reproducibility. Repeatability is the variation in measurements obtained by one individual measuring the same characteristic on the same item with the same measuring instrument. Reproducibility refers to the variation in the average of measurements of an identical characteristic taken by different individuals using the same instrument. Given that reproducibility and repeatability are important types of error, they are the object of a specific study called a Gage Repeatability & Reproducibility study (Gage R&R). This study can be performed on either attribute-based or variable-based measurement systems. It enables an evaluation of the consistency in measurements among individuals after having at least two individuals measure several parts at random on a few trials. If there are inconsistencies, then the measurement system must be improved. 



Accuracy and Precision
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Presenter
Presentation Notes
Measurement systems, like all things, generate some amount of variation in the results/data they output. In measuring, we are primarily concerned with 3 characteristics:How accurate is the measurement? For a repeated measurement, where is the average compared to some known standard?. Think of the target as the measurement system, the known standard is the bulls eye in the center of the target. In the first example below you see the “measurements” are very dispersed, there is a lot of variability as indicated by the Histogram curve at the bottom. But on average, the “measurements” on target. When the average is on target, we say the measurement is accurate. However in this example they are not very precise. How precise is the measurement? For a repeated measurement, how much variability exists? As seen in the first target example, the “measurements” are not very precise, but on the second target they have much less dispersion, there is less variability as seen in the histogram curve. However, we notice that the tight cluster of “measurements” are off target, they are not very accurate.The third characteristic is how reproducible is the measurement from individual to another? What is the accuracy and precision from person to person. Here you would expect each person that performs the measurement to be able to reproduce the same amount of accuracy and precision as that of other persons performing the same measurement.�Ultimately, we make decisions based on data collected from measurement systems. If the measurement system does not generate accurate or precise enough data, we will make the decisions that generates errors, waste and cost. When solving a problem or optimizing a process, we must know how good our data are, and the only way to do this is to perform a Measurement System Analysis.



The Basic Concept for Hypothesis 
Tests

29

Classes and cause of distributions that a data set may seem 
Normal, yet still be made up of multiple distributions.

Hypothesis Testing can help establish a statistical difference 
between factors from different distributions.
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Did my sample come from this population?  Or this?  Or this?

Presenter
Presentation Notes
Because of not having the capability to test an entire population, having to use a sample is the closest we can get to the population.  Since we are using sample data and not the entire population we need to have methods what will allow us to infer the sample if a fair representation of then population.When we use a proper sample size, Hypothesis Testing gives us a way to detect the likelihood that a sample came from a particular distribution.  Sometimes the questions can be:  Did our sample come from a population with a Mean of 100?  Is our sample variance significantly different than the variance of the population?  Is it different from a target? 



Significant Difference

30

Are the two distributions “significantly” different from each 
other? How sure are we of our decision? 

How do the number of observations affect our confidence 
in detecting population Mean?

µ1 µ2
Sample 2Sample 1

Presenter
Presentation Notes
Do you see a difference between Sample 1 and Sample 2?  There may be a real difference between the samples shown; however, we may not be able to determine a statistical difference. Our confidence is established statistically which has an effect on the necessary sample size. Our ability to detect a difference is directly linked to sample size and in turn whether we practically care about such a small difference.



Detecting Significance

31

During the Measure Phase, 
it is important that the nature of 
the problem be well understood.

In understanding the problem, 
the practical difference to be 
achieved must match the 
statistical difference.

The difference can be either a 
change in the Mean or in the 
variance.

Detection of a difference is then 
accomplished using statistical 
Hypothesis Testing.

Mean Shift

Variation Reduction

Presenter
Presentation Notes
An important concept to understand is the process of detecting a significant change. How much of a shift in the Mean will offset the cost in making a change to the process?This is not necessarily the full shift from the business case of your project. Realistically, how small or how large a delta is required? The larger the delta, the smaller the necessary sample will be because there will be a very small overlap of the distributions. The smaller the delta is, the larger the sample size has to be to be able to detect a statistical difference.
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Sustain Improvements
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Document Improvements

 Determine the best kind of documentation 
from users

 Make documentation as simple and graphic 
as possible

 Put documentation at points of use
 Use electronic media when possible
 Remove bureaucracy from document control 

process



Quality at the Source

Produce quality products through the prevention of 
defects rather than through inspection & rework.

• Jidoka – Automatic response to abnormality

• Poka-yoke – Mistake-proofing devices

• Andon – Lights, flags, or other call systems

• Inspectors as tutors and investigators



Levels of Mistake Proofing
• Instructions & Training
• Better Visual Guidelines
• Difficult to Make a Mistake
• Impossible 

Presenter
Presentation Notes
“Visual controls should be simple.  They should allow someone to walk into an area and have a immediate understanding of the situation or condition.  If someone has to think about a visual control, it’s probably too complicated.  Visual controls are efficient and should be low maintenance. Operators should be able to manage and change visual controls when necessary.”Transition:  “When I think of visual controls I think of universal signs that everyone understands. When I have traveled to foreign countries, international visual signs are a must for me to get around.”



Picture from LAST Week



Managing for Daily Improvement

• Performance Management:  Discipline that 
aligns Performance with Strategy
– “What gets measured gets done”
– Cascades throughout ENTIRE Organization

• Enabling front line associates
• Improving processes and performance

Vertical Cascading allows strategy to roll down and metrics to roll up



MDI Benefits  
• Links top business goals to tactical work and support

• Strengthens the team culture, generates ownership, 
drives individual and team accountability

• Improves problem-solving and process knowledge on a 
daily basis – exposes issues more quickly – “abnormality 
management”

• Improves ability to allocate resources and prioritize 
activities/projects

• Provides ongoing management and auditing of process 
to drive performance

Ability to quickly detect if we are  “on track” or “off track” 39 39
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