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Basic Definition

Many experiments involve the study of the effects
of two or more factors.

Factorial designs most efficient for this type of
experiment.

By a factorial design, we mean that in each
complete trial or replicate of the experiment all
possible combinations of the levels of the factors are
investigated

If there are a levels of factor A and b levels of factor
B, each replicate contains all ab treatment
combinations.



Informal way to find effects in Factorial
Design
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Definition of a factor effect: The change in the mean response
when the factor is changed from low to high
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The Case of Interaction:
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Formal ways to find effects in Factorial Design

 Sign Method:

22 Factorial Experiment

O

Possible combinations =1, g, b, ab

Effect of factorA=—-1+a—b+ab Sign Table

Effect of factorB=—-1—a+b+ab Effec 1 a b ab
Interaction ef fect =+1—a—b+ab t




Sign Table for 23 Factorial Experiment -

Effect 1 a b ab C ac bc abc
A - + - + - + - +
B - - + + - - + +
AB + - - + + - - +
C - - . - + + + +
AC + - + - - + - +
BC + + - - - - + +

ABC = + + = + _ _ +




Yates Method

22 Factorial Experiment

1 a+l Ab+b+a+ Grand effect
]
a abtb| ab-b+a-1 Effect of factor A
b a-1 \gb+b-o-1 Effect of factor B
ab ab-b ab-b=a+1 Interaction effect
23 Factorial Experiment
| a+1 ab+b+a+1 abc+bc+ac+c+ab+b+a+

a ab+b abc+bc+ac+c abc-bc+ac-c+ab-b+a-1

o ac+c ab-b+a-1 abc+bc-ac-c+ab+b-a-1
ab  abct+bc abc-bc+ac-c abc-bc-ac+c+ab-b-a+1
C a-1 ab+b-a-1 abc+bc+ac+c-ab-b-a-1
ac ab-b abc+bc-ac-c abc-bc+ac-c-ab+b-a+1
bc ac-c ab-b-a+1 abc+bc-ac-c-ab-b+a+1

abc abc-bc abc-bc-ac+c abe-bc-ac+c-ab+b+g




« Algebraic Method

22 Factorial Experiment
Effect of factorA=(a—1)(b+ 1) = ab—b+a—1
Effect of factor B= (a+ 1)(b — 1) =ab+b-a-1
Interaction effect(AB) = (a— 1)(b — 1) = ab—b—a+1

23 Factorial Experiment
Effect of factor A= (a—1)(b+ 1)(c+ 1) = abc—bc+ac—c+ab—b+a—1
Effect of factorB=(a+ 1)(b—1)(c + 1) = abc+bc—ac—c+ab+b—a—1
Effectof AB=(a—1)(b—1)(c+ 1) = abc—bc—ac+c+ab—b—a+1
Effect of factor C=(a+ 1)(b+ 1)(c — 1) = abc+bc+ac+c—ab—b—a—1
Effect of AC=(a—1)(b+ 1)(c — 1) = abc—bc+ac—c—ab+b—a+1
Effectof BC=(a+ 1)(b—-1)(c — 1) = abc+bc—ac—c—ab—b+a+1
Effect of ABC = (a—1)(b—1)(c— 1) = abc—bc—ac+c—ab+b+a—1




Advantages of Factorials

®* They are more efficient than one-factor-at-a-time experiments.

A factorial design is necessary when interactions may be present to
avoid misleading conclusions.

® Factorial designs allow the effects of a factor to be estimated at
several levels of the other factors, yielding conclusions that are
valid over a range of experimental conditions.




