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Lecture XV(b)
[Chapter 11 in textbook]

Process Improvement through
Design and Analysis of Experiments Factorial Designs

Terminology

Factors: Tire Make        Temp.

Levels: A    B    C 300o  350o 400o

All Levels of Each Factor are Combined
with all Levels of Every Other Factor

First Factor

A B C

1 -- -- --
Second Factor 2 -- -- --

3 -- -- --

Factorial  Design
Training Device 
A1 A2 A3

Content B1 48      28 7
58       33 15 
---------------------

Content B2 62       14 9
54       10 6

Example of Factorial Design

First Factor

A1 A2 A3

B1 -- -- --
Second Factor B2 -- -- --

B3 -- -- --

Model

yij k =   µ + Ai + Bj + ABij + εijk

Two - Way Factorial Design

Training Devices
A1 A2 A3

Content B1 53.0 30.5 11.0 (31.5)

Content B2 58.0 12.0 7.5        (25.83)

(55.5)  ( 21.25)       ( 9.25)

[Grand Mean =28.67]

Calculating the Effects
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Source df SS MS F α

Devices       2         4608          2304         99.5      < .0001
Contents      1             96               96          4.2    .088 
Interaction   2           283              141         6.1      .036 
Error            6           139               23 

ANOVA Table for a Two-Way Factorial 

B2

B1

A1 A2

Measure

Examples of Two-way Interaction

B2

B1

A1 A2

Measure

Examples of Two-way Interaction
(cont.)

B2

B1

A1 A2

Measure

Examples of Two-way Interaction
(cont.)

B2

B1

A1 A2

Measure

Examples of Two-way Interaction
(cont.)

B2

B1

A1 A2

Measure

Examples of Two-way Interaction
(cont.)
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B2

B1

A1 A2

Measure

Examples of Two-way Interaction
(cont.)

B2

B1

A1 A2

Measure

Examples of Two-way Interaction
(cont.)

B2

B1

A1 A2

Measure

Examples of Two-way Interaction
(cont.)

A1 A2

B1 B2 B3 B1 B2 B3

C1
S1 S2 S3 S1 S2 S3 S1 S2 S3 S1 S2 S3 S1 S2 S3 S1 S2 S3

C2
S1 S2 S3 S1 S2 S3 S1 S2 S3 S1 S2 S3 S1 S2 S3 S1 S2 S3

C3
S1 S2 S3 S1 S2 S3 S1 S2 S3 S1 S2 S3 S1 S2 S3 S1 S2 S3

Three Way Analysis of Variance

Model

yijkl = µ + A + B + C + AB + AC +BC + ABC + ε

Three-Way Factorial Design
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Machine
Head A B C 

1 6 8 0
2 9 0
0 7 5
8 6 3

2 -- -- --
3 -- -- --
4 3 2 9

3 1 9
9 1 6
8 4 8

Hierarchical (Nested) Designs

Machine A B C
Head 1  2  3  4 5  6  7  8 9 10 11 12

6 8 0 3      8 4  6 2 0  4  0  9
2 9 0 3      9 5  6 1 0  6  1  9
0 7 5 9      7 2  9 1 5  6  1  6
8 6 5 8      6 4  5 4   3  5  3  8

[Head 1 is only used on Machine A]

Hierarchical (Nested) Designs

Confounding

Unintentional

Intentional

Seven Factor Study  - 124 Runs 64 Runs
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32 Runs 16 Runs

[16  Instead of 124  Runs]

Confounding 

A   =    BCE = DEF = CDG = BFG
AB  =   CE = FG

1/8 th   Fractional Replication 1/16 th   Fractional Replication

[8  Instead of 124  Runs]

Confounding 

A = BD = CE = FG = CDF = BEF . . .


