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Agenda

1. Definitive Screening Designs

2. Orthogonal or Near Orthogonal Arrays in Screening Designer

3. Fast Flexible Filling (FFF) Designs
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Definitive Screening Designs
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Joint work with Chris Nachtsheim
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Motivation: Problems with Standard Screening Designs 

Resolution III designs confound main effects and two-factor 
interactions.

Plackett-Burman designs have “complex aliasing “of the main effects 
by two-factor interactions.

Resolution IV designs confound two-factor interactions with each 
other, so if one is active, you usually need further runs to resolve 
the active effects.

Center runs give an overall measure of curvature but you do not 
know which factor(s) are causing the curvature.
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Screening Design – Brad’s Wish List

1. Orthogonal main effects.

2. Main effects uncorrelated with two-factor interactions and 
quadratic effects.

3. Estimable quadratic effects – three-level design.

4. Small number of runs – roughly twice as many runs as factors.

5. Projections to 3 or fewer factors allow fitting RSM model.



Suppose we have 6 factors and can afford 12 runs. We are interested in 
main effects but we are concerned about possible two-factor 
interactions.

The full model containing both 6 first-order and 15 second-order terms 
is:

But n = 12, so we can only fit the intercept and the main effects:

Standard result: some main effects estimates are biased:

where the “alias” matrix is:

Screening Conundrum – Two Models

7
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Alias Matrix of 6 Factor Plackett-Burman design 

All main effects are potentially biased by 10 

possible two-factor interactions
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If only there were another 6 factor design with this alias matrix:



Turns out there is: 
Introducing Definitive Screening Designs

Run A B C D E F

1 0 1 -1 -1 -1 -1

2 0 -1 1 1 1 1

3 1 0 -1 1 1 -1

4 -1 0 1 -1 -1 1

5 -1 -1 0 1 -1 -1

6 1 1 0 -1 1 1

7 -1 1 1 0 1 -1

8 1 -1 -1 0 -1 1

9 1 -1 1 -1 0 -1

10 -1 1 -1 1 0 1

11 1 1 1 1 -1 0

12 -1 -1 -1 -1 1 0

13 0 0 0 0 0 0

Six foldover 

pairs



Definitive Screening Design for 6 factors

Run A B C D E F

1 0 1 -1 -1 -1 -1

2 0 -1 1 1 1 1

3 1 0 -1 1 1 -1

4 -1 0 1 -1 -1 1

5 -1 -1 0 1 -1 -1

6 1 1 0 -1 1 1

7 -1 1 1 0 1 -1

8 1 -1 -1 0 -1 1

9 1 -1 1 -1 0 -1

10 -1 1 -1 1 0 1

11 1 1 1 1 -1 0

12 -1 -1 -1 -1 1 0

13 0 0 0 0 0 0

Middle value 
in each row



Definitive Screening Design for 6 factors

Run A B C D E F

1 0 1 -1 -1 -1 -1

2 0 -1 1 1 1 1

3 1 0 -1 1 1 -1

4 -1 0 1 -1 -1 1

5 -1 -1 0 1 -1 -1

6 1 1 0 -1 1 1

7 -1 1 1 0 1 -1

8 1 -1 -1 0 -1 1

9 1 -1 1 -1 0 -1

10 -1 1 -1 1 0 1

11 1 1 1 1 -1 0

12 -1 -1 -1 -1 1 0

13 0 0 0 0 0 0Center Point
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Useful Column Correlation Pattern
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Journal of Quality Technology paper (2011)



Copyright © 2009, SAS Institute Inc. All rights reserved.

Table from initial JQT paper
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Follow up paper in JQT (2012)
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Follow up paper in JQT (2013)



Impact:  First published DSD case study



From the conclusions of first paper:

“Definitive-screening designs were used to efficiently 

select a model describing the formulation of a protein 

under clinical development. The ability of the single 

definitive screening design to identify and model all the 

active effects obviated the need for further 

experimentation, reducing the total number of 

experimental runs required to 17 from the greater than 

or equal to 70 runs that would have been necessary 

using the traditional screening/RSM approach.”



Impact:  A break-through solution for 
sequestering greenhouse gasses
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Awards for Definitive Screening Designs

“A New Class of Three-Level Screening Designs 
for Definitive Screening in the Presence of 
Second-Order Effects”, Journal of Quality 
Technology, Jan., 2011

1. Brumbaugh Award, 2011

2. Lloyd S. Nelson Award, 2012

3. Statistics in Chemistry Award, 2012
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JMP Demo
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Bottom Line

Recommendation:

Stop using 2k-p designs for five or more continuous factors!!
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Orthogonal or Near Orthogonal Arrays
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Work with Ryan Lekivetz
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Motivating Example

1. Suppose there are 6 machines and 4 suppliers of raw 
material.

2. The machines have 11 controllable settings.

3. You want to know whether the machines and suppliers 
make a difference

4. You also want to know what the vital few controls are.
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JMP Demo
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Fast Flexible Filling (FFF) Designs
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Latin Hypercube Designs 

“It ain’t what you don’t know that gets you into trouble. It’s 
what you know for sure that just ain’t so.” – Mark Twain 





Fast Flexible Filling (FFF) – Amuse-bouche
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FFF Design Construction

1. Generate a large random set of feasible points.

a) If n is the desired number of runs

b) Use maximum of 10,000 or 50n feasible points

2. Cluster the points using Fast Ward adaptation 

a) Create n clusters

b) One for each design point

3. Compute the centroids of each cluster



1000 points clustered into 20 groups 



20 group centroids with one cluster 



Average distance to the nearest design point from an arbitrary 
point by design type, number of factors and number of runs
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Two Factors – 100 Runs
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Three Factors – 100 Runs
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JMP Demonstration
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