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R.A. Fisher

Fisher’s DOE Principles

DOE – Problem solving methodology for efficiently identifying 
cause-and-effect relationships.
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Here we limit consideration to factor screening

We start with little prior knowledge and a large initial set of 
potential factors influencing the response

Our purpose is to identify the smaller set of active factors.

Due to cost considerations many industrial experiments 
have no true replication



Important Screening Assumption

Sparsity of effects 

Operational definition:

fewer than half of the factors will be active.



Notation and terminology 

m factors, n runs

Linear main effect model (ME)



Model selection for unreplicated factorial designs

Any orthogonal main effects plan works for factor screening if:

1. Main effects are >> s

2. No 2FIs are active

3. The number of active factors < n/2

If the number of active terms > n/2, automated model selection 
procedures tend to break down.



Why Lenth’s method fails

Lenth’s PSE (an estimate of s) is based on the half of the 
estimated effects that are smallest in magnitude.

If more than half of the effects are active the estimate 
of s is biased high making all the effects seem less 
significant.



JMP Demonstration

Automated Lenth’s method for 2 (15-11) with 8 active factors fails. 



Why Forward Stepwise regression fails

When many effects are large, the effect that is largest in 
magnitude may fail to enter because the remaining 
effects are contributing to the estimate of the error 
variance.



JMP Demonstration 

Automated Forward stepwise for 2 (15-11) with 9 active factors fails. 



Why the Lasso fails

The Lasso works best when the number of runs far 
exceeds the number of model terms and there is 
substantial correlation among the predictors.

The analysis of designed experiments is clearly far from 
the above scenario.

Using generalized cross-validation criteria like AICc can 
over-penalize larger models when effect sparsity does 
not hold.



JMP Demonstration

Automated Lasso for 2 (15-11) with 9 active factors fails. 



Adding a few replicated runs works…

1. Even if all the effects are active.

2. Even though the resulting design is not orthogonal 
for the main effects.



Replicating Vertices vs. Center Runs

Replicating vertices is more efficient than center runs for 
both parameter estimation and response prediction.



Conclusion

Unreplicated screening designs depend on the 
assumption of sparsity of effects.

An operational definition of effect sparsity is that the 
number of active effects is less than half the number of 
runs.

Replicating a few runs can allow for the detection of all 
active effects (SNR > 2) even when the sparsity
assumption fails.
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