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Introduction
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If you are taking this training it means that you have embraced the thought process behind Statistical Engineering. You have been able to demonstrate that through this discipline you have been able to correctly root cause complex issues and implement correct actions in a timely manner.

I am sure that you have come across some resistance to this process from different groups within your company.  And may have been able to convert their thinking to accept Statistical Engineering as a viable and effective tool in problem solving. However, I am sure that in some cases you have not been successful in this attempt. Don’t worry about it, I don’t. If the people still cling to their preconceived ideas about problem solving and, in some cases, what the root causes are, they may never understand this methodology.

All you need to understand is that this is a tool, and like any other tool, it is only as good as the person using it. If you allow the data to lead you, you will get to the correct root cause. It will take longer than guessing, but it will definitely get to the true root cause!

I would like to thank my many students who have gone through the previous levels of training. Allowing me to coach you through your projects has not only been insightful but has also made me into a better Statistical Engineer. And truthfully, that is all there is in this, to become a better Statistical Engineer and understand truly how things work. With more and more projects you will be able to move more quickly through this process and make quicker decisions with the limited knowledge that we have at the beginning of any new project.

And that being said, welcome to the world of Statistical Engineering. I hope that you will all enjoy the benefits and understanding of the tools and processes involved in this discipline we all call Statistical Engineering. 
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Minister Ron McDonnell
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Objectives
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This training should enlighten you with a better understanding of Statistical Engineering and when you should use it.

You should be able to demonstrate an understanding of the tools and how to use them, when and where.

And lastly, broaden your ability to move quickly in how to gain knowledge and implement the correct tools with this knowledge.

Master Expectations

Develop Sound and Efficient Strategy

	List of projects must show the ability to develop and follow through projects with, defect, features and event issues

	Develop strategies and projects for more complex problems


Execute with Sense of Urgency

	Use a disciplined approach instead of the Dogmatic approach to move quickly in the use of the tools

	Demonstrate a deep understanding of the tools and the use of them

	Show that available resources have been leveraged for best use


Coaching and Development of Statistical Engineers

	Assist with the development and planning of projects

	Teach through coaching the use of the tools and their significance

	Help with the certification of the Statistical Engineering candidates


Ability to teach Statistical Engineering

	Demonstrate a deep understanding of the techniques

	Demonstrate effective ability to communicate to others


Leadership and Method

	Assist leadership in implementation of the Statistical Engineering process including a rolling Top 5 process

	Educate management in how they can be affective

	Coordinate project reviews

	Coordinate training


Strong and Successful Structure

Project Selections

	Make sure the leadership is buying into project selection – this needs to reflect their metrics

	Prioritize projects based on immediate needs – use various data to identify high areas of impact

	Impact from the project should reflect leaderships metrics – scrap, PPM, Customer Incidents, etc.


Sponsor

	They need to be true believers in the process – not done simply as a compliance

	Sponsor needs to assure all levels of organization are fully supporting this process

	Sponsors have a stake in the successful completion of projects

	Removal of roadblocks, by the sponsor must be quick and effective


Team

	The leader and other team members must be dedicated to completion of projects – must be a priority

	They must be allowed the time to complete projects in a quick efficient timeframe


Project Reviews

	This needs to be a time for leadership to review projects and verify that they meet the organizations expectations

	Shows a commitment from leadership for the Statistical Engineering process


Statistical Engineering Model

1. Think about what the customer is saying

2. Examine the failure

3. Assess the differences

4. Substantiate the major influence

5. Execute control
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Statistical Engineering Toolbox
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Toolbox Review

Think About What the Customer is Saying

Problem Identification

Use the customers feedback to develop into assignable projects
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	Use customer feedback metrics – PPM, CPV, Direct Run etc.







	Use Pareto to understand customers biggest issues







	From this you should be able to  	Identify a viable project

	Enough information to experience customers issue

	Identify the value for solving the issue

	Evidence that this issue still exists







Point: This is a management tool to identify potential projects based on metrics



Toolbox Review

Think About What the Customer is Saying

Pareto

Organize all streams of data into a ranked distribution

	Use customer measurements (PPM, Direct Run, CPV, etc.)

	Use this data to make your decisions
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	The Pareto should identify what is the most significant issues













Point: If the Pareto doesn’t show a distribution, look at the data in a different way. Don’t limit the categories to a single complaint, group them into “like” categories that are similar issues



Toolbox Review

Examine the Failure

––––––––
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Project Identification

Move from your Problem Identification to a Measurable Green I

	Measurement/Attribute response based on the Statistical Engineers observations







	Decisions based on Pareto distribution of number of failures or observations







	Output – a measurable Green I 	Largest Source of Contrast

	Outlined technique of how the measurements were used to identify the contrast







Point: This should be based on the Statistical Engineers personal observations and how the measurement system was developed



Toolbox Review

Examine the Failure

Concentration Map

Use this to identify area of highest concentration of defects

	Measurement from Statistical Engineers perspective of defects plotted on a single picture to visually see locations







	Decisions will be based on using an adequate sample size that shows the location of highest concentration


	Output 	Either Random or Non-Random concentration of defects

	Also will show lowest concentration of defects











Point: The Concentration Map not only identifies Random or Non-Random concentrations but can also identify potential areas of contrast



Toolbox Review

Assess the Differences

Dataplot

Understand if your measurement system is good enough to distinguish between your A and Z samples

	Be able to quantify your measurement system 	Event (Nm, ft/sec, etc.)

	Geometry (mm, inches, etc.)




	Decide if your measurement system is capable – is your process variation at least 6 times greater then your measurement variation







	Output 	Understand your process variation

	Understand your measurement variation

	Understand if your measurement system is biased

	Understand how much risk is associated with this measurement system







Point: The Dataplot gives you confidence that your can trust your measurements



Toolbox Review

Assess the Differences

Dataplot Quickcheck

Understand if your measurement system is good enough to distinguish between your A and Z samples

	Be able to quantify your measurement system 	Event (Nm, ft/sec, etc.)

	Geometry (mm, inches, etc.)




	Decide if your measurement system is capable – is the variation of your measurement system 1/12 of your process variation through five consecutive samples


	Output 	Understand your measurement variation with a small sample

	Understand the risk associated with the smaller sample size







Point: Quickcheck can only be used if your total process variation is understood. Need to have samples from both ends of that variation


Toolbox Review

Assess the Differences

Phase 0

Understand if your measurement system is good enough to distinguish between your A and Z samples

	Be able to quantify your measurement system 	Event (Nm, ft/sec, etc.)

	Geometry (mm, inches, etc.)




	Decide if your measurement system is capable – can you show that the measurement variation is at least 1/6 of the process variation


	Output 	A good estimation of your ΔM or measurement variation

	A good estimation of your ΔP or process variation

	Understand the risk associated with the limited sample size







Point: Phase 0 only offers an estimate of your ΔP and your ΔM. This should only be used when you have limited samples for your project.



Toolbox Review

Assess the Differences

Attribute Dataplot

Ability to quantify variation based on a set scale of 0 – 5 using a predetermined reference

	Measurement 	Limited to hearing, seeing and touching

	Limited to a scale of 6 very specific ratings




	Ability to give consistent ratings to the same defects


	Output 	Gives us the potential to discover the extremes from our process of our A and Z samples







Point: Like all attribute projects, the samples are limited. You can never be sure of getting the extremes from the process variation




Toolbox Review

Assess the Differences

Solution Diagram

Move from a measurable Green I to the Red DOT. Dotting your “I”’s.

	Be able to quantify your measurement system 	Event (Nm, ft/sec, etc.)

	Geometry (mm, inches, etc.)




	Decide what is the biggest contributor to the process variation 

	Identify at each step your reasoning behind your choices in relation to that variation
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	Output 	Demonstrate the logical progressive steps that allowed you to converge on the Red DOT.
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Point: Solution diagram only occurs if you have a variable measurement. It shows how the largest contributor drives us to the Red DOT


Toolbox Review

Assess the Differences

Strategy Map

Organization of the families of variation to identify the biggest provider of contrast

	Measurement can be attribute or variable but must be the same across all families


	Decide what family has the best opportunity to see the variation between the A and Z samples


	Output 	Identify which family and why it will be used in the project







Point: You will identify the Green I prior to developing your strategy. This does not limit you to this strategy only, you may change as you progress in your project. Using the Strategy Map will help you in your Dataplot to help understand the process variation. 


Toolbox Review

Assess the Differences

Multiple Variables

Shows multiple variables on same diagram to help identify the largest source of contrast

	Measurement will be the same across all families of variation


	Decide what the different families will be along the X axis. This will pictorially show the variation throughout the families.


	Output 	Provides a picture showing variation through different levels of family.

	It will help to identify the largest family of variation

	Identifies shape/position contrast in a geometry project







Point: This helps show the bigger picture to help identify the best strategy to use by plotting all the data in one picture



Toolbox Review

Assess the Differences

Element Search

This identifies where in the manufacturing process the Red DOT lives.

	Measurement can be attribute or variable


	Decide where the issue occurs by measuring the Green I at each stage


	Output 	Identifies where the problem can first be seen

	It also eliminates all other potentials after we see where the problem occurs







Point: Used early in the project to identify the location of the problem occurrence. 


Toolbox Review

Assess the Differences

Logical Pairs

Using quantified features or dimensions helps to identify potential suspect Red DOT candidates

	Measurement of each feature or dimension must be quantitative.


	Decide which features or dimensions maybe suspect by seeing patterns between the A and Z samples


	Output 	Allows for a connectivity split to a feature or dimension on a component that maybe a suspect Red DOT.







Point: Logical Pairs is usually used to identify what part of the component is a suspect Red DOT after the Element Search identifies the suspect component.


Toolbox Review

Assess the Differences

Group Pairs

Using quantified features or dimensions helps to identify potential suspect Red DOT candidates when numerous areas are suspect

	Measurement can be either attribute or variable for the Green I


	Decide which feature or dimension are potential suspects based on the endcount of the Green I when sorted by each feature.


	Output 	Allows for a connectivity split to a feature or dimension on a component that maybe a suspect Red DOT.







Point: Group Pairs is usually used to identify what part of the component is a suspect Red DOT after the Element Search identifies the suspect component.




Toolbox Review

Assess the Differences

Reverse Group Pairs

Using quantified features or dimensions helps to identify potential suspect Red DOT candidates when numerous areas are suspect and the assemblies are not easily torn down and rebuilt

	Measurement can be either attribute or variable for the for the Green I


	Decide which feature or dimension are potential suspects based on knowledge of the part and defect. Measure parts prior to build and identify the endcount of the Green I when sorted by each feature.


	Output 	Allows for a connectivity split to a feature or dimension on a component that maybe a suspect Red DOT.







Point: Reverse Group Pairs is usually used to identify suspect components when the assemblies are not easily torn down due to the assembly process.



Toolbox Review

Assess the Differences

Sequence Search

Data collection and review. Understand where in the chain this issue is  first seen. Set up data collection points at key areas.

	Measurement can be either attribute or variable for the for the Green I


	Decide which Areas of the supply chain area potentially significant. Set up data collection points for short period of time to help identify where the issue is first seen. Areas of interest would include Incoming Inspection, Final Inspection, Receiving at Customer, Quality Gates at Customer.


	Output 	Allows to narrow search for where your project will move to – this is first seen at incoming inspection so we will look at EOL at supplier to identify potential shipping issue

	May use Op Search to help identify which Operation after it has been narrowed down to specific area




––––––––
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Point: Sequence Search is typically used when the location of the initiation of the Red DOT is not clearly understood. Helps pinpoint where the project should be done.




Toolbox Review

Assess the Differences

Op Search

Data collection and review. Understand where in the operation this issue is first seen. Collect data at each operation.

	Measurement can be either attribute or variable for  the Green I


	Collect data after each operation to understand if it can impact the Green I


	Output 	Allows to narrow search for where your project will move to – if this issue is first seen at Op 20 then we can ignore the following operations.







Point: Op Search is typically used to narrow the search for where the Red Dot is initiated within the Operation. Can clearly define where the issue occurs to allow investigation of why it occurs.






Toolbox Review

Assess the Differences

Event to Energy

Used to convert an attribute measurement into a variable distribution which can identify A and Z samples

	Measurement will be variable that can measure the energy ( number of cycles, lb-ft, etc.)


	Decide how much energy is required to create the event


	Output 	A and Z samples can be identified using energy to create the event







Point: By understanding the energy required to create an event, we can understand the strength of the A and Z samples



Toolbox Review

Substantiate the Major Influence

Tukey a vs. z

Verification test to confirm a single suspect Red DOT when other dot’s may be present

	Measurement will be quantifiable variable measurement for the failure


	Decide if the “a” distribution is better then the “z” distribution


	Output 	If the endcount of the verification test is 6 or greater, we have a 95% confidence that you have confirmed the Red DOT











Point: The required endcount is always 6. Larger sample size maybe required to protect against unknown Dot’s.



Toolbox Review

Substantiate the Major Influence

Barrier a vs. z

Verification test to confirm a single suspect Red DOT when other dot’s may be present and a barrier condition exists

	Measurement can be either attribute or variable


	Decisions based on whether variable or attribute data is used 	Attribute data requires that all of the “a” samples must pass while at least 4 of the “z” samples fail

	Variable data requires that a minimum of 4 “z”’s must be worse then the “a”’s




	Output 	95% confidence that the “a” distribution is better then the “z” distribution







Point: Barrier test can be used for attribute measurements or when a variable measurement has a barrier. This only compares the end of both tails away from the barrier.



Toolbox Review

Substantiate the Major Influence

5 Penny a vs. z

Verification test to confirm a single suspect Red DOT by physically changing the suspect component to drive either an A or Z response 

	Measurement can be either attribute or variable


	Decisions based on whether variable or attribute data is used 	Must be able to switch the samples by changing the suspect component to give the opposite response
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	Output 	95% confidence that the “a” distribution is better then the “z” distribution







Point: 5 Penny should be used when the suspect component can be easily switched in the assembly with little risk of altering the outcome of the response.



Toolbox Review

Substantiate the Major Influence

Factorials

Verification test to confirm a suspect Red DOT when other suspect Red DOT’s are present

	Measurement will be quantifiable variable measurement for the failure


	Decide which of the suspect Red DOT’s is the biggest contributor and which are Pink DOT’s


	Output 	Identifies with 95% confidence which suspect component is the Red DOT, the Pink DOT, and how strong they are in comparison to each other



















Point: Factorials are not part of the clue generation process. It is used to identify the strength and identity of the Red DOT as well as any Pink DOT’s.




Toolbox Review

Execute Control

Tolerance Extremes

Tool used to identify realistic tolerances for the verified Red DOT which will influence the Green I

	Measurement can be variable or attribute for the Green I but must be variable for the Red DOT. This is obtained during the clue generation phase of the project.


	Decide what the range should be for the Red DOT to control the Green I


	Output 	A realistic range for the control of the Red DOT.
















Point: The Extreme Tolerance visually shows the entire project by showing the connectivity of the Red DOT to the Green I. It also shows how other items impact the Green I as well.
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Risk Management
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Risk Management

What if I’m wrong??

How much risk are you willing to accept?
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What are the consequences of a wrong decision? Can you afford these consequences?

––––––––
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The goal is to get to the Red DOT fast!

––––––––
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Guessing would be the fastest process......

But it also has the highest risk!
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Risk Management
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As problem solvers, it is our responsibility to manage speed versus risk. 

––––––––
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	As Masters, it is imperative to understand the tools and their limitations


	Taking higher risks is acceptable as long as you understand the consequences of those risks


	The effect of risk should be speed!


Risk Management

What are the misconceptions of Statistical Engineering?

“It takes too long!”

This misconception is partially our fault! Why?

	Too dogmatic


	Not being creative 	Overcoming roadblocks

	Developing strategies




Let everyone know how “fast” you can go when you have the right resources. Do not waste resources when you have them – you may not get them on the next project!

How many times have you seen wasted resources?

	Waiting for your extremes samples 

	Waiting on data

	Waiting on technicians

	Parts on hold


Is there another strategy that requires less resources?

The root cause will not be found in your Outlook file, at your desk, or on the phone! Get out on the floor and work the issue!

Risk Management

“It doesn’t work!”

Again, this is partially our fault as well! Why?

	No Run Chart to show effective corrective action

	Supporting projects that do not utilize the tools correctly

	Abuse of terminology

	Using a tool and declaring what the Red DOT is!

	Need to pont out that Statistical Engineering only identifies the largest contributor – smaller contributors may rise to the top and still show the defect


How often do you see sloppy and inaccurate execution of the tools?

	Point out the errors! This is a good opportunity to teach and improve others

	Be disciplined in your approach


As a coach, you are responsible to;

	Ensure your team uses the right tool

	At the right time

	In the right manner

	Ensure the team fully understands that this is only drivig resolution through the largest contributor


The goal is to produce higher quality and safer products through better problem solving

––––––––
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Risk Management

“It requires too many resources!”

	Teams are meant to be small – one, two or three people at a max! A focused disciplined approach should not waste resources!


	If the team is not using the right strategy, the coach needs to help determine a better approach!


	Do not collect data just to collect data – if you don’t know what you are going to do with it – don’t collect it!


	Don’t need a project for every little issue! If it is obvious – just fix it! You should only be working projects for difficult issues!


Risk Management

When, where, and how should risks be 

acknowledged and understood to go 

faster in your project?

Risk Management

Consider the consequences!

––––––––
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After answering these questions, decide the right confirmation method! 

Maybe “shim moves” or
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