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Multifactor Experimental Designs 
with more than 2 factors 

Two Factor Linear Model 
(Sample Model) 

Yijk = Y⋅⋅⋅ + aj + bk + (ab) jk + eijk

Score on Y 
for the ith 

individual in 
the jth 

treatment of 
factor A, and 
kth treatment 

of factor B 

Effect 
offset for 
level j of 
Factor A 

Error Grand 
Mean 

Effect 
offset for 
level k of 
Factor B 

Effect 
offset for 

combined 
effect of 
Factors in 
treatment 

jk 

FROM 
BEFORE 

Three Factor Linear Model 
(Sample Model) 

Yijkl = Y⋅⋅⋅⋅ + aj + bk + cl + (ab) jk + (ac) jl + (bc)kl + (abc) jkl + eijkl

Score on Y 
for the ith 

individual in 
the jth 

treatment of 
factor A, the 
kth treatment 

of factor B and 
the lth 

treatment of 
factor C 

Error Grand 
Mean 

Two-Way 
Interactions 

A x B 
A x C 
B x C 

Main 
Effects of 
Factor A 
Factor B 

and 
Factor C 

Three-Way 
Interaction 
A x B x C 

Three Factor Linear Model 
(Sample Model) 

Yijkl = Y⋅⋅⋅⋅ + aj + bk + cl + (ab) jk + (ac) jl + (bc)kl + (abc) jkl + eijkl
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Three Factor Linear Model 
(Sample Model) 

Yijkl = Y⋅⋅⋅⋅ + aj + bk + cl + (ab) jk + (ac) jl + (bc)kl + (abc) jkl + eijkl

Score on Y 
for the ith 

individual in 
the jth 

treatment of 
factor A, the 
kth treatment 

of factor B and 
the lth 

treatment of 
factor C 

Error Grand 
Mean 

Two-Way 
Interactions 

A x B 
A x C 
B x C 

Main 
Effects of 
Factor A 
Factor B 

and 
Factor C 

Three-Way 
Interaction 
A x B x C 

Three Factor Linear Model 
(Sample Model) 

Yijkl = Y⋅⋅⋅⋅ + aj + bk + cl + (ab) jk + (ac) jl + (bc)kl + (abc) jkl + eijkl

Score on Y 
for the ith 
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Main 
Effects of 
Factor A 
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and 
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Three-Way 
Interaction 
A x B x C 

Three Factor Linear Model 
(Sample Model) 

Yijkl = Y⋅⋅⋅⋅ + aj + bk + cl + (ab) jk + (ac) jl + (bc)kl + (abc) jkl + eijkl

Score on Y 
for the ith 
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the jth 

treatment of 
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Two-Way 
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A x B 
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Main 
Effects of 
Factor A 
Factor B 

and 
Factor C 

Three-Way 
Interaction 
A x B x C 

Three Factor Linear Model 
(Sample Model) 

Yijkl = Y⋅⋅⋅⋅ + aj + bk + cl + (ab) jk + (ac) jl + (bc)kl + (abc) jkl + eijkl

Score on Y 
for the ith 
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Three Factor Linear Model 
(Sample Model) 

Yijkl = Y⋅⋅⋅⋅ + aj + bk + cl + (ab) jk + (ac) jl + (bc)kl + (abc) jkl + eijkl

Score on Y 
for the ith 

individual in 
the jth 

treatment of 
factor A, the 
kth treatment 

of factor B and 
the lth 

treatment of 
factor C 

Error Grand 
Mean 

Two-Way 
Interactions 

A x B 
A x C 
B x C 

Main 
Effects of 
Factor A 
Factor B 

and 
Factor C 

Three-Way 
Interaction 
A x B x C 

Tests of Effects for Three Factors 

•  Effects of Two-Way 
Combinations: 

•  Overall Effect of Factor A 

•  Overall Effect of Factor B 

•  Overall Effect of Factor C 

 

FA =
MSA
MSerror

FB =
MSB
MSerror

FAB =
MSAB
MSerror

FAC = MSAC
MSerror

FBC = MSBC
MSerror

FC = MSC
MSerror

•  Effects of Three-Way 
Combinations: 

FABC = MSABC
MSerror

Tests of Effects for Three Factors 

•  Effects of Two-Way 
Combinations: 

•  Overall Effect of Factor A 
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MSerror
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FBC = MSBC
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MSerror
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Combinations: 

FABC = MSABC
MSerror

Tests of Effects for Three Factors 

•  Effects of Two-Way 
Combinations: 

•  Overall Effect of Factor A 

•  Overall Effect of Factor B 

•  Overall Effect of Factor C 

 

FA =
MSA
MSerror

FB =
MSB
MSerror

FAB =
MSAB
MSerror

FAC = MSAC
MSerror

FBC = MSBC
MSerror

FC = MSC
MSerror

•  Effects of Three-Way 
Combinations: 

FABC = MSABC
MSerror



2/18/15	
  

4	
  

Tests of Effects for Three Factors 

•  Effects of Two-Way 
Combinations: 

•  Overall Effect of Factor A 

•  Overall Effect of Factor B 

•  Overall Effect of Factor C 

 

FA =
MSA
MSerror

FB =
MSB
MSerror

FAB =
MSAB
MSerror

FAC = MSAC
MSerror

FBC = MSBC
MSerror

FC = MSC
MSerror

•  Effects of Three-Way 
Combinations: 

FABC = MSABC
MSerror

Time (in seconds) to Campus 
By Route (4-levels), Time of Morning (4-levels), and Day of Week (5-levels) 

TimesToCampus(4x4x5) 

(IBRD*)	


Multifactor Experimental Designs 
with 4 factors 

15 

Emotion and Memory 
By Stimulus Type (2-levels), Valence (2-levels), Induced Mood (2-levels) and Gender (2-levels) 

 
Total Words Recalled, 10 blocks of 10 words.  

EmotionAndMemory(2x2x2x2).jmp 

16 
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19 

Full Model Reduced Model 

The General Linear Test 

20 

F =

Reduction in Error
#  Added Parameters

⎛
⎝⎜

⎞
⎠⎟

Baseline Error

FROM 
BEFORE 
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F =

SSerror (R)− SSerror (F)
dferror (R)− dferror (F)

SSerror (F)
dferror (F)

The General Linear Test 

21 

FROM 
BEFORE 

22 

Full Model Reduced Model 

F =

SSerror (R)− SSerror (F)
dferror (R)− dferror (F)

SSerror (F)
dferror (F)

23 

Full Model Reduced Model 

F =

SSerror (R)− SSerror (F)
dferror (R)− dferror (F)

MSerror (F)

24 

Full Model Reduced Model 

F =

SSerror (R)− SSerror (F)
dferror (R)− dferror (F)

MSerror (F)

F =

1275.15−1169.5
152 −144
8.122

=

105.65
8

8.122
= 13.206
8.122

=1.626
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25 

Full Model Reduced Model 

F =

SSerror (R)− SSerror (F)
dferror (R)− dferror (F)

MSerror (F)

F =

1275.15−1169.5
152 −144
8.122

=

105.65
8

8.122
= 13.206
8.122

=1.626

26 

Full Model Reduced Model 

F =

SSerror (R)− SSerror (F)
dferror (R)− dferror (F)

MSerror (F)

F =

1275.15−1169.5
152 −144
8.122

=

105.65
8

8.122
= 13.206
8.122

=1.626

27 

Full Model Reduced Model 

F =

SSerror (R)− SSerror (F)
dferror (R)− dferror (F)

MSerror (F)

F =

1275.15−1169.5
152 −144
8.122

=

105.65
8

8.122
= 13.206
8.122

=1.626

28 

Full Model Reduced Model 

F =

SSerror (R)− SSerror (F)
dferror (R)− dferror (F)

MSerror (F)

F =

1275.15−1169.5
152 −144
8.122

=

105.65
8

8.122
= 13.206
8.122

=1.626
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29 

Full Model Reduced Model 

F =

SSerror (R)− SSerror (F)
dferror (R)− dferror (F)

MSerror (F)

F =

1275.15−1169.5
152 −144
8.122

=

105.65
8

8.122
= 13.206
8.122

=1.626

30 

Full Model Reduced Model 

F =

SSerror (R)− SSerror (F)
dferror (R)− dferror (F)

MSerror (F)

F =

1275.15−1169.5
152 −144
8.122

=

105.65
8

8.122
= 13.206
8.122

=1.626

31 

Full Model Reduced Model 

F =

SSerror (R)− SSerror (F)
dferror (R)− dferror (F)

MSerror (F)

F =

1275.15−1169.5
152 −144
8.122

=

105.65
8

8.122
= 13.206
8.122

=1.626

32 

Full Model Reduced Model 

F =

SSerror (R)− SSerror (F)
dferror (R)− dferror (F)

MSerror (F)

F =

1275.15−1169.5
152 −144
8.122

=

105.65
8

8.122
= 13.206
8.122

=1.626
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33 

Full Model Reduced Model 

F =

SSerror (R)− SSerror (F)
dferror (R)− dferror (F)

MSerror (F)

F =

1275.15−1169.5
152 −144
8.122

=

105.65
8

8.122
= 13.206
8.122

=1.626

34 

Full Model Reduced Model 

F =

SSerror (R)− SSerror (F)
dferror (R)− dferror (F)

MSerror (F)

F =

1275.15−1169.5
152 −144
8.122

=

105.65
8

8.122
= 13.206
8.122

=1.626

dfnumerator = 8

35 

Full Model Reduced Model 

F =

SSerror (R)− SSerror (F)
dferror (R)− dferror (F)

MSerror (F)

F =

1275.15−1169.5
152 −144
8.122

=

105.65
8

8.122
= 13.206
8.122

=1.626

dfnumerator = 8
dfnumerator =144


