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Factorial experiments
n two-level factors
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: mean, J;: main effect, 3;;: two-factor interaction..
full ‘Fao'bonaQ YUA Size =2
Fractional factorial designs

2"~F regular fractional factorial designs
n — # of factors
N = 2"P = run size

?flp—fraction of 2" complete factorial
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Fractional Factorial Designs (FED)
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A design of size N can accommodate at
most N — 1 two-level factors

A saturated design of size N = 2% can be
constructed by writing all possible
combinations of £ factorsina 2% x k
array, and then completing all possible
component-wise products of the columns.

A regular design with n factors is

__obtained by choosing 7 columns from the

saturated design.
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If we use capital letters to denote the factors, then
we also use combinations of these letters to
denote interactions

A: main effect of factor A

AB: interaction of factors A and B
BCE: interaction of factors B, C and E

etc.

Ly — 1L, s — 13
| = 2172974 = 212375 — T9T3T 475 Defining relation
I — ABD — ACE — BCDFE
Defining words

Defining contrasts, Defining effects
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1 = L1TX9oTy — 135 — ToL3L4d5

1 — To2Xxy4 — T3T5 — T1X9X3T4T5

A=BD=CE = ABCDE

In the model matrix for the full model, the columns
corresponding to the main effect A and interactions
BD, CE, ABCDE are identical. Therefore they are
completely mixed up. We say they are aliases of
one another.

{A, BD, CE, ABCDEFE}: alias set

One can estimate only one effect in each alias set, assuming
that all the other effects in the same alias set are negligible.
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— E=AC=BCD ;s called oonﬁaoa//hg ,
@ = BD = £ = ABEHE
B = AD = ABEF, = CBE
C)= ABCD = *E = BPE
D =AB)= ACBHE — BEE
E\=— ABRF —(AC — BCD
C)=ACD = ABE = DE

CD =ABC)—= APE = BE

In general, among the 2" — 1 factorial effects, 27 — 1
appear 1n the defining relation. The rest are divided
mto 2" P — 1 alias sets, each of size 2%.
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Regular fractional factorial designs have simple alias

structures: any two factorial effects are either orthogonal
or completely aliased.

Nonregular designs have complex alias structures that
are difficult to disentangle.

Under the design defined by | = ABD = ACE = BCDE, the
usual estimate of the main effect of A actually estimates

(A + BD + CE + ABCDE) This is an unbiased estimate of

A if all its aliases are negligible.
gowi et .

When some contrasts are found significant but cannot be
attributed to specific effects, one has to perform follow-up
experiments to resolve the ambiguity. This is called
de-aliasing.
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Which of the following two 272 resolution IV
designs 1s better?

di: 1 =DEFG = ABCDF = ABCEG

dy: 1 = ABCF = ADEG = BOCDEFG

Minimum aberration (Fries and Hunter, 1980): Technometrics

Sequentially minimize A;, Ay, --- , where
A; = number of words of length 7 in the defining
relation

Word length pattern (A1, Ag, -+ )
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Design Key

Patterson (1965) J. Agric. Sci.
Patterson (1976) JRSS, Ser. B

Bailey, Gilchrist and Patterson (1977)
Biometrika

Bailey (1977) Biometrika

© Dattecson and Bailey (1418) Applied Statistics

Factorial design construction, identification of
effect aliasing and confounding with block
factors
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