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f
$h����$&�'��K

rj�
(t�_	,:(��w$
b
a
sis

	,�	,:
	=��<�(7+$
:��~��

ch
o
o
se

d
e
f2

()
K

C
m

d
>
 basis <

- choosedef2(3,2,all:T
)$basis

C
m

d
>
 confound2(basis)

com
ponent: block1

(1) "(1)"
(2) "abc"
com

ponent: block2
(1) "ab"
(2) "c"
com

ponent: block3
(1) "a"
(2) "bc"
com

ponent: block4
(1) "b"
(2) "ac"

IE N
	�-

	
-

	�-7�
�

-7�
	7�
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4
��+.���
:Y$
:)�
a
b
e
rra

tio
n

�$h���;����
(m5���l
+x	�:��$��B��$&�'���>�h�~f_���k��$���$�:)�~���)f%$�����	���$
����:�����(�:=f�$
f�K

rj��(t�'	,:0�8$6���"
+.	���:$h�k��$&�C�)�

 �%l|�hG�l.	��
�;:)�8$��k	7�C���z��:��m	,:=f"

��5���$�$�G�lx	��
�;:)�8$��k	7�C���y��:���	���$����:�����(�:=f%$
f�K
#%$_�,�����k�l�A�k5

2��;:�-��y���'{
�>�h�v/hn
2�����3

C
m

d
>
 stuff <

- choosedef2(4,2,all:T
)

C
m

d
>
 stuff

com
ponent: generators

(1) "A
B

C
"

(2) "A
B

D
"

com
ponent: aberration

(1)           0           1           2           0
com

ponent: basis
(1,1)           1           1           1           0
(2,1)           1           1           0           1

� 5����m	����Y�����:�����(�:=f��
o@9,4

oq9!�
	o

3;9�3O4s�
	04s��K

� 5����������5&$��:%$����:�����(�:=f�$
f��%lT�hG�l.	��
�;:)�8$��k	7�C���y�
:=K
o@1soq9!1soQ4s1soq�!139,4s139!��1sop4j�!139
4j�

	�:=f0oq9
4s�
	���$

(�:w����:�����(�:=f�$
f�K

14



Statistics 5303                                                        Lecture 37                                               D
ecem

ber 4, 2002

�'$���$	���$��5&$����$�	��%+|$�:)�)��n
C

m
d
>
 confound2(stuff$basis)

com
ponent: block1

(1) "(1)"
(2) "ab"
(3) "acd"
(4) "bcd"
com

ponent: block2
(1) "c"
(2) "abc"
(3) "ad"
(4) "bd"
com

ponent: block3
(1) "ac"
(2) "bc"
(3) "d"
(4) "abd"
com

ponent: block4
(1) "a"
(2) "b"
(3) "cd"
(4) "abcd"

IE N
�

	7�
	

	�-
	=-7�

-7�
-

	7�hf
	�f

f
�hf

-7�hf
-�f

	�-�f
	�-7�hf
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� �k�	2�
���c�1��7�+�;:=<05&�,l

�z��:=<�A���	�{&$h�&K
C

m
d
>
 tim

eit(stuff1 <
- choosedef2(7,3,all:T

);;)
E

lapsed tim
e is 10.8 seconds

� 5�������=:#,�
�%$��k�

�y�
:=<�-,(��u�A�,�m	
:%�_������$�	�-��z$

lx	
�O��K
C

m
d
>
 print(stuff1,form

at:"4.0f")
stuff1:
com

ponent: generators
(1) "A

B
D

E
"

(2) "A
C

D
F

"
(3) "B

C
D

G
"

com
ponent: aberration

(1)    0    0    0    7    0    0    0
com

ponent: basis
(1,1)    1    1    0    1    1    0    0
(2,1)    1    0    1    1    0    1    0
(3,1)    0    1    1    1    0    0    1

�� ��KSx5�	���_��5&$��$h�k��$&�C�)�m	���$���
:���
(�:=f�$
f�;:
��5&$

2�
���cf�$����;<�:�-&$h���if�$h�oQ4s���139,4s�b 1�	�:=f

o9,4�
�
�%�
�
�.�
(��~-=�

ch
o
o
se

d
e
f2

()
�

�� �� K�o���<�$�:%$��k	����A}�$
f������
f�(w�'���>�h�|��5&$h�w$
��5���$�$,n
oQ4s��

9
4s�b
	oq9
43;��3�b

	moq9�b
oQ4s��

o@9
4�
�
	o

3;9
43;���
�
	9!���

�

oQ4s��
9
4s�b

	oq9
43;��3�b
	moq9�b

	,:=foQ4s��
9
4s�b

oq9
4�
�
	o

3;9�3O4,c;��3�b
	�4�

��b K
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� 5��;�v����:��k�
�%+>�
a
b
e
rra

tio
n

l.5
���_5��	=�,�
*

����(���G�l.	��
�;:)�8$��k	7�C���z��:��m	���$����:�����(�:=f�$
f�1s-,()�

:%�
+x	��;:$h�k��$&�C�)�=1R�%lT�hG�l.	��,1R��5���$�$hG�l.	��,1

�B��Y$hG�lx	���1M���
�
G�l.	��,1j�����Y$�%$�:�G�l.	��
��:���$��7G

	7�C���z��:��=1�	,:=f���5&$���$	���$
�y�����>�h�(�:w����:�G

����(�:=f�$
f/
lx	=�

�;:)�8$��k	7�C���z��:��&K
#%$_�,�������$_��'5

�A�v�8�
2�
���cn

C
m

d
>
 tim

eit(stuff2 <
- choosedef2(8,3,all:T

);;)
E

lapsed tim
e is 87.8 seconds

C
m

d
>
 print(stuff2,form

at:"3.0f")
stuff2:
com

ponent: generators
(1) "A

B
D

E
F

"
(2) "A

C
D

E
G

"
(3) "B

C
D

E
H

"
com

ponent: aberration
(1)   0   0   0   3   4   0   0   0
com

ponent: basis
(1,1)   1   1   0   1   1   1   0   0
(2,1)   1   0   1   1   1   0   1   0
(3,1)   0   1   1   1   1   0   0   1

� 5������8����{	��i+T�h����
�H"

�Y$&����:=f��>��:�	
PR	7�!�;:)�8�h��5

� 
E �H"�K

PM(B�'5
�
	���<�$���<�$_�)�

�z��:=<�$��t��5�	�:m��:Y$
l.	,:)�)���8�

lx	��A��K

17

Statistics 5303                                                        Lecture 37                                               D
ecem

ber 4, 2002

rs��(t�'	,:��	�%$���+|$-��f_�
��$&�C���;:=<��k5=	��
ch

o
o
se

d
e
f2

()
:Y�_�t+|	�{�$	�:t$��=5=	�(����)��Y$

�Y$�	���'5�K
S>�A��5

trie
s:m

�i:����$�	Cf�
a
ll:T

1
ch

o
o
se

d
e
f2

()
�k�i:&f����5�$-�$����x���

m
��	�:�G

f��,+�A�
�Y$6�z$&�C�8$
f�Y$_�)�>�h�~f�$h�B��:���:=<>����:�G

���k	
���)�&K
?�,��'	,:�-&$

+>(B�'5
/=(���'{&$���1s	,:=f

	��A��5&��(=<)5
�O�����=:�,��<�(�	��k	,:���$=$
fu�8�

�B�;:=f���5&$
-&$h�����A�~�h�J�8$�:f���$h�&K

C
m

d
>
 tim

eit(stuff3 <
- choosedef2(7,3,tries:1000);;) 

E
lapsed tim

e is 2.5333 seconds

C
m

d
>
 print(abberation:stuff3$aberration,form

at:"4.0f")
aberration
(1)    0    0    0    7    0    0    0

C
m

d
>
 tim

eit(stuff4 <
- choosedef2(8,3,tries:1000);;)

E
lapsed tim

e is 2.4 seconds

C
m

d
>
 print(abberation:stuff4$aberration,form

at:"4.0f")
abberation:
(1)    0    0    0    3    4    0    0    0

S|$
<��_�v��5&$

��	C+T$	�-&$��k�k	����y��:���	��k�8$��):��m	
�
lm�A��5��5&$$���5�	,(�������%$

�Y$�	���'5&$h�m-,()�-&�_��5
l|$���$

+t(w�'5
�e	
���8$���K
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�'$���$
����	��	��B���
	��	�:�	��A�,�����>�h�	2�

�����f�$h���i<�:�1
E'D -��z�&�'{
�>�h�v���O}�$

�!K
C

m
d
>
 data <

- read("","exm
pl15.6")

exm
pl15.6          128    9

) A
 data set from

 O
ehlert (2000) \em

ph{A
 F

irst C
ourse in D

esign
) and A

nalysis of E
xperim

ents}, N
ew

 Y
ork: W

. H
. F

reem
an.

)) T
able 15.6, p. 398

) D
ata for a 2^7 in standard order.  F

actors are size of im
age, 

) shape ofim
age, color of im

age, orientation of im
age, duration

) of im
age vertical location of im

age, and horizontal location
) of im

age.
) A

B
C

D
, A

C
E

G
, B

C
E

, B
C

F
G

, A
C

F
, C

D
E

F
, A

B
G

, B
D

E
G

, A
D

E
, A

D
F

G
, B

D
F

,
) E

F
G

, C
D

G
, A

B
E

F
, and A

B
C

D
E

F
G

 are confounded w
ith blocks.

) C
olum

ns are block, A
, B

, C
, D

, E
, F

, G
, and response

R
ead from

 file "T
P

1:S
tat5303:D

ata:O
eC

h15.dat"

C
m

d
> m

akecols(data,block,a,b,c,d,e,f,g,y,factors:run(8))
C

olum
n 1 saved as factor block  w

ith 16 levels
C

olum
n 2 saved as factor a  w

ith 2 levels
C

olum
n 3 saved as factor b  w

ith 2 levels
C

olum
n 4 saved as factor c  w

ith 2 levels
C

olum
n 5 saved as factor d  w

ith 2 levels
C

olum
n 6 saved as factor e  w

ith 2 levels
C

olum
n 7 saved as factor f  w

ith 2 levels
C

olum
n 8 saved as factor g  w

ith 2 levels
C

olum
n 9 saved as vector y

�!(����	
�lm�A��5
:%��:�GB����:�����(�:&f�$
f

f%$h���;<�:����&�
(
�'	,:�y�=��{	���r�	��8$h�$h�k��$&�C�,��&K

�'�,+T$�1
5&�,lT$�%$��	=��$����:���
(�:=f�$
f0	,:=f+x	��-&$

�
	���<�$
-&$&�'	,(��Y$�h��A	=�)<%$-��z�&�'{

f_���k��$���$�:w��$h�&K
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C
m

d
>
 yts <

- yates(y)

C
m

d
>
 chplot(rankits(yts),yts,xlab:"N

orm
al scores",\

title:"N
orm

al score plot of Y
ates effects")

C
m

d
>
 chplot(halfnorm

(abs(yts)),abs(yts),\
xlab:"H

alf orm
al scores",\

title:"N
orm

al score plot of Y
ates effects")
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120121 122

123
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H
alf norm

al scores plot of |Y
ates effects|

N
orm

al score plot of Y
ates effects

N
orm

al scores
H

alf norm
al scores

���k��$&�C�)�E'D 1E "!�!13/�2	,:=f
E 2!*	����&$�	���8�-&$

��()�����y$����&K
?A:�-��;:�	��k�:%�_��	����z��:0�k5�$h�Y$	=��$

�b �!�4s9'o
���k��$&�C�

E_D
	
"!"E "!"!"�"�-

�
E "!�

	E!E "E "!"E -
o@�b

�

/�2
	
"E "E "E "�-

9!�b
E 2!*

	E!E�E!E!E!E�E -
o@9
4j��b

�

*'�_�8$��5�	��v�k5�$
�
	
���v��5���$�$	���$	
���p	C+T��:=<��k5�$

f�$h�B�;:���:&<����:��k�k	
�����m	,:=f0��$�����$h�Y$�:���f_���k��$���G
$�:w��$h�m-&$_�%lT$�$�:�-��y���'{
�=13:%�_�v����$�	��%+|$
:)�
$h�k��$&�C�)�&K
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�'$���$
����	,:mo�*.�

� o
��:B�!��(=f���:=<+.	��;:$h�k�$��C�)�

���;(��2!G�lx	=�,13 HG�l.	��	,:=f/HG�l.	��
��:)�8$��k	7�6G

���y�
:��&K
C

m
d
>
 anova("y=

block +
 (a+

b+
c+

d+
e+

f+
g)^4")

M
odel used is y=

block +
 (a+

b+
c+

d+
e+

f+
g)^4

W
A

R
N

IN
G

: sum
m

aries are sequential
                D

F
          S

S
          M

S
C

O
N

S
T

A
N

T
         1       30.44       30.44

block           15      1.3384    0.089225
a                1     0.02645     0.02645
b                1    0.014028    0.014028
c                1   0.0091125   0.0091125
d                1      0.0162      0.0162
e                1      1.9602      1.9602
f                1   0.0038281   0.0038281
g                1   0.0011281   0.0011281
a.b              1       0.005       0.005
a.c              1   0.0022781   0.0022781
a.d              1    0.029403    0.029403
a.e              1   0.0034031   0.0034031
a.f              1    0.017112    0.017112
a.g              1     0.01125     0.01125
b.c              1    0.021012    0.021012
b.d              1      0.0392      0.0392
b.e              1       5e-05       5e-05
b.f              1   0.0057781   0.0057781
b.g              1   0.0038281   0.0038281
c.d              1   0.0063281   0.0063281
c.e              1  0.00015312  0.00015312
c.f              1      0.0032      0.0032
c.g              1      0.0072      0.0072
d.e              1   0.0022781   0.0022781
d.f              1     0.00045     0.00045
d.g              1        0.02        0.02
e.f              1           0           0
e.g              1     0.00845     0.00845
f.g              1  0.00070312  0.00070312
a.b.c            1   0.0052531   0.0052531
a.b.d            1   0.0034031   0.0034031
a.b.e            1   0.0011281   0.0011281
a.b.f            1     0.00125     0.00125
a.b.g            0           0   undefined
a.c.d            1      0.0392      0.0392
a.c.e            1      0.0242      0.0242
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a.c.f            0           0   undefined
a.c.g            1   0.0011281   0.0011281
a.d.e            0           0   undefined
a.d.f            1   3.125e-06   3.125e-06
a.d.g            1   0.0087781   0.0087781
a.e.f            1    0.045753    0.045753
a.e.g            1   0.0087781   0.0087781
a.f.g            1   0.0006125   0.0006125
b.c.d            1    0.024753    0.024753
b.c.e            0           0   undefined
b.c.f            1    0.037812    0.037812
b.c.g            1      0.0098      0.0098
b.d.e            1   0.0019531   0.0019531
b.d.f            0           0   undefined
b.d.g            1      0.0338      0.0338
b.e.f            1   0.0021125   0.0021125
b.e.g            1     0.00045     0.00045
b.f.g            1    0.025878    0.025878
c.d.e            1     0.01445     0.01445
c.d.f            1  0.00070312  0.00070312
c.d.g            0           0   undefined
c.e.f            1  0.00037812  0.00037812
c.e.g            1    0.067528    0.067528
c.f.g            1    0.027612    0.027612
d.e.f            1    0.015753    0.015753
d.e.g            1   0.0034031   0.0034031
d.f.g            1      0.0072      0.0072
e.f.g            0           0   undefined
a.b.c.d          0           0   undefined
a.b.c.e          1      0.0162      0.0162
a.b.c.f          1    0.015753    0.015753
a.b.c.g          1  0.00090313  0.00090313
a.b.d.e          1   0.0091125   0.0091125
a.b.d.f          1   0.0087781   0.0087781
a.b.d.g          1   0.0047531   0.0047531
a.b.e.f          0           0   undefined
a.b.e.g          1    0.038503    0.038503
a.b.f.g          1     0.00845     0.00845
a.c.d.e          1   0.0047531   0.0047531
a.c.d.f          1     0.00045     0.00045
a.c.d.g          1   0.0006125   0.0006125
a.c.e.f          1      0.0128      0.0128
a.c.e.g          0           0   undefined
a.c.f.g          1   0.0022781   0.0022781
a.d.e.f          1     0.00605     0.00605
a.d.e.g          1    0.012012    0.012012
a.d.f.g          0           0   undefined
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a.e.f.g          1    0.011628    0.011628
b.c.d.e          1        0.02        0.02
b.c.d.f          1  0.00052812  0.00052812
b.c.d.g          1    0.014878    0.014878
b.c.e.f          1   0.0094531   0.0094531
b.c.e.g          1   0.0052531   0.0052531
b.c.f.g          0           0   undefined
b.d.e.f          1  0.00025313  0.00025313
b.d.e.g          0           0   undefined
b.d.f.g          1   0.0055125   0.0055125
b.e.f.g          1    0.032512    0.032512
c.d.e.f          0           0   undefined
c.d.e.g          1   0.0003125   0.0003125
c.d.f.g          1      0.1164      0.1164
c.e.f.g          1    0.023653    0.023653
d.e.f.g          1   0.0019531   0.0019531
E

R
R

O
R

1          28     0.59048    0.021088

� 5&$$��k�������$���+
����:��������)�>�h�T	
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