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Outline of Presentation

= Stating the Issue
= Unreplicated 2k & 2kP Designs
» Common in Industry
» Provide useful information using limited resources
= Addressing the Issue
= Mechanics
» Developing intuition on the information in the plot
= Using the technique on various data sets.
» Simple cases
» Extension to finding more subtle information

= Questions and Reference
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Pseudo Standard Error Methods such as Lenths can
be used to evaluate statistical significance ‘
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A Graphical Tool for Detection of Outliers in Completely Randomized, Unreplicated 2*k and 2”k-p Fractorials

- Rank Order Outlier (ROO) Plot in Unreplicated

= Proposed method to
evaluate fit at each point
when the design is
unreplicated

= Compliments other
techniques

= Torres comparison of
analysis of ranks to actual Y

= Box (& Daniel) consideration
of the shape of the
probability plot.
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= An iterative, interactive
plotting procedure of effects
after data is placed in rank
order:

= Develop a feel for the data
and order of effects

= Qutliers and noise shifts often
highlighted

= Non-constant error structures
sometimes found

= Does not identify all unit
structure issues
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- A Plot in Rank Order - How

A Graphical Tool for Detection of Outliers in Completely Randomized, Unreplicated 2*k and 2”k-p Fractorials
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might it look?

= |f there was a single large

effect, how would the plot look?
= say A has a strong positive effect
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Example 1: Effects of Design Structure
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A Graphical Tool for Detection of Outliers in Completely Randomized, Unreplicated 2*k and 2”k-p Fractorials

Detecting outliers

= Rank Order Outlier Plots are a tool that primarily
evaluates information in the unit structure.

= Use residuals in replicated designs
= Definition of outlier

= Stefansky “An outlying observation is one that does not fit in with
the pattern of the remaining observations. In linear models, an
observation which differs very much from its fitted values is
considered to be an outlier.”

= An inconsistency in the pattern of the (modeled) active factors

» Includes a “special event”
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Example 2
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Example 3 (Daniel)
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A Graphical Tool for Detection of Outliers in Completely Randomized, Unreplicated 2*k and 2”k-p Fractorials

Remaining Examples

= Quitliers that fall far from the bulk of the data are easy to
find; inconsistent patterns within the expected range of
experimental results are more difficult to discover and,
hence, are often missed. The risk is erroneous
conclusions regarding the effect of factors on the
experimental response.

» The remainder of the presentation considers “more
interesting / subtle” information in the unit structure.
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Example 4d
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Pareto Plot of Estimates

The ties indicate issues with the measurement system.
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Example 5 (Hillstrand)
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This may be a critical mix.

A critical mix is when a
response occurs only at a
particular mix of the factors
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A Graphical Tool for Detection of Outliers in Completely Randomized, Unreplicated 2*k and 2”k-p Fractorials

Importance of the technique

= Qutliers are responses that do not fit the proposed model. These
discrepant points are of great interest.
= Possibilities:
= Unit Structure
» Special Cause
» Background Noise Shift
= Design Structure
» Wrong Model
» Metric
» Critical Mix
= Philosophies:

= A discrepant value should not just be thrown away-it might be trying to tell
us something — George Box

= Parallel paths in in the subsequent investigation should consider
opportunities in the unit structure as well as the design structure

GSas  Hs.

Mechanics

= Add Additional Columns To Spreadsheet (DF = #
Columns)

= Sort The Data by Y (smallest to largest)

= Use An Overlay Plot To Graph The Data

» Note Obvious Discontinuities In The Data Plot
» Used in synergy with the Normal Probability Plot

» lteratively & Graphically Explore X Columns
(Investigation For Subtle Discontinuities)

9Ssas | Kis.
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- Thank You

= Accepted for Publication in Quality Engineering:

= A Graphical Tool for Detection of QOutliers in Completely
Randomized, Unreplicated 2k And 2P Factorials

= By Doug Sanders and Cheryl Hild
» Publication 29 August 2012 (online), September 2012 (print)

= Questions?
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