
STAT 5200 Handout #11a

Higher-Order and Unreplicated Factorial Designs (Ch. 8-9)

Higher-Order Factorial Designs: (like three-way design in Handout #11 example)

• Until now, we’ve considered factorial designs with [all combinations of] two factors

• Same ideas and methods apply when we have [all combinations of] more than two factors:

– means model and effects model

– constraints on parameters

– model assumptions

– contrasts (including post-hoc tests and multiple testing adjustments)

– main effects and interactions

– interactions plots to help characterize significant interactions

– partial R-square

– ANOVA table

• Only change is interpretation of model terms

Example: Handout #11 – Fabric data

• 3 factors – all combinations

• means model:

Yijkl = µijk + ϵijkl

• effects model:

Yijkl = µ+ Ai +Bj + Ck + ABij + ACik +BCjk + ABCijk + ϵijkl



• constraints in effects model (here, sum to zero)

– main effects, two-way interactions, and three-way interactions:∑
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– These are called identifiability constraints, and ensure unique and interpretable param-
eter estimates [by OLS, minimizing

∑
ijkl(Yijkl − Ŷijkl)

2 ]

• In Handout #11, two pairwise interactions are significant

• In Handout #11, the three-way interaction is not significant

• See Tukey groupings on last page of Handout #11



• Recall Hasse diagram:

Unreplicated Factorial Designs (like example in Handout #12)

• Lack of replicates causes problems in factorial design

– Why a problem?

– What to do?

∗ Need to drop some parameters (set to zero)

• Example here (Handout #12)

Yijkl = µ+ Ai +Bj + Ck + ABij + ACik +BCjk + ABCijk + ϵijkl

• But – no real way to check this assumption



• Could set other interaction terms to zero

• Can do similar “pooling” of terms into error even with replicates

– but see rules and warnings in section 8.10 of text


