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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.



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
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Alias Matrix of Plackett-Burman design 

PB (non-regular) design has “complex aliasing”



If only there were another design with this alias matrix:



Screening Design – 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 – order of the number of factors.

5. Good projective properties.



Previous Work – Three Level Designs

 Cheng and Wu (2001)

 Tsai, Gilmour and Mead (2000)

 Jones and Nachtsheim (2011) 



Design Structure
1. Scaled values of each element of the design are either +1, -1 or 0.

2. Each even numbered row is a mirror image of the previous row.

3. For the kth column, rows 2k and 2k−1 contain zeros.

4. The last row contains all zero elements. 

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



How did we find this design?



Problem: Finding orthogonal main effects plans.

Algorithmic approach gave orthogonal main effects 
plans for:

6 factors

8 factors

10 factors

but not 12 factors. 



Enter Dennis Lin

How to construct Definitive Screening designs that are orthogonal main effects plans.



Design Construction

Conference matrix

From Wikipedia, the free encyclopedia

In mathematics, a conference matrix (also called a C-matrix) is a square 
matrix C with 0 on the diagonal and +1 and −1 off the diagonal, such that 
CTC is a multiple of the identity matrix I. Thus, if the matrix has order n, 
CTC = (n−1)I. 

Conference matrices first arose in connection with a problem in 
telephony.[3] They were first described by Vitold Belevitch who also gave 
them their name. Belevitch was interested in constructing ideal telephone 
conference networks from ideal transformers and discovered that such 
networks were represented by conference matrices, hence the name.[4]

Other applications are in statistics,[5] and another is in elliptic geometry.[6]

/wiki/Mathematics
/wiki/Matrix_(mathematics)
/wiki/Identity_matrix
/wiki/Vitold_Belevitch
/wiki/Vitold_Belevitch
/wiki/Vitold_Belevitch
/wiki/Transformer
/wiki/Statistics
/wiki/Elliptic_geometry


Conference Matrices &Telephony

From Wikipedia article on 

Conference Matrices

http://upload.wikimedia.org/wikipedia/en/e/ed/Conference_matrix_10-port.svg


Conference Matrix of Order 6



Statistical Properties 

1. Orthogonal for the main effects.

2. The number of required runs is only one more than twice the number of factors. ***

3. Unlike resolution III designs, main effects are independent of two-factor interactions.  

4. Unlike resolution IV designs, two-factor interactions are not completely confounded with 
other two-factor interactions, although they may be correlated

5. Unlike resolution III, IV and V designs with added center points, all quadratic effects are 
estimable in models comprised of any number of linear and quadratic main effects terms.

6. Quadratic effects are orthogonal to main effects and not completely confounded (though 
correlated) with interaction effects.

7. If there are more than six factors, the designs are capable of efficiently estimating all 
possible full quadratic models involving three or fewer factors



Statistical Properties – Power for Main Effects 

Orthogonal designs are Plackett-Burman designs for 6, 10 and 12 

factors. For 8 factors the design is a 2(8-4) regular fractional factorial 

design. All designs have one center run.



Statistical Properties – Power for Quadratic Effects 



Statistical Properties - Power for Two-Factor Interactions



Example 1 

6 factors and 13 runs.

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

Note that even numbered row mirrors the previous row.

D-efficiency is 85.5% and the design is orthogonal for the main effects.



Alias Matrices

For our design there is no aliasing between main effects and two-factor interactions.

The D-optimal design with one added center point has substantial aliasing of each main 

effect with a number of two-factor interactions.



Column Correlations

0.25

0.5

0.4655

0.1333



Example 2 

12 factors – 25 runs.



Column Correlations

Note the 

zero 

correlations 

among main 

effects



Relative Variance of Coefficients



Recapitulation – Definitive Screening Design

1. Orthogonal main effects plans.

2. Two-factor interactions are uncorrelated with main effects.

3. Quadratic effects are uncorrelated with main effects.

4. All quadratic effects are estimable.

5. The number of runs is only one more than twice the number of factors.

6. For six factors or more, the designs can estimate all possible full quadratic 
models involving three or fewer factors
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