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j)!-�%!k����	`��	��P����	��l	�6�	���
����J�m�n�o	�1-prq:s�tg!-����7�6u/
1-povw<K1�'x�%	L�G�y�-�(�J	��H���G*,+���6�	����z��6��`	��L�L	�6(7P!{t
��6�1 s v|<K.}+��z�(��~����n�o���:�K!&1 p�q�s v�'�D

Cmd> data <- read("","exmpl15.6")
exmpl15.6          128    9
) A data set from Oehlert (2000) \emph{A First Course in Design
) and Analysis of Experiments}, New York: W. H. Freeman.
)
) Table 15.6, p. 398
) Data for a 2^7 in standard order.  Factors are size of image, 
) shape of image, color of image, orientation of image, duration
) of image vertical location of image, and horizontal location
) of image.
) ABCD, ACEG, BCE, BCFG, ACF, CDEF, ABG, BDEG, ADE, ADFG, BDF,
) EFG, CDG, ABEF, and ABCDEFG are confounded with blocks.
) Columns are block, A, B, C, D, E, F, G, and response
Read from file "TP1:Stat5303:Data:OeCh15.dat"� 3"!���!��"!��"!-6��?>K�,	�
{/��E!-�"!�6cM?>(��	�
�	�6Kt��-6"!

@H>K�,	�
���6Y�C!��;	"�#���z��6����)�-6-����$�6KtP!�t�/�<K��v�1 s >�<
��6̀ 	��4��D���tP!-���r7�6m!-��$�����	���!-6����4����3����m��6E!����
�\�{$(6�t�+(


choosedef2(7,4,all:T)
D

� 3"!���!k���̀ ��v|<c�%!-��������	��y!GD
Cmd> makecols(data,block,a,b,c,d,e,f,g,y,factors:run(8))
Column 1 saved as factor block  with 16 levels
Column 2 saved as factor a  with 2 levels
Column 3 saved as factor b  with 2 levels
Column 4 saved as factor c  with 2 levels
Column 5 saved as factor d  with 2 levels
Column 6 saved as factor e  with 2 levels
Column 7 saved as factor f  with 2 levels
Column 8 saved as factor g  with 2 levels
Column 9 saved as vector y
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j)!-�%!k����	�6��T�n���n�O/���6L�?��$Kt#��6(7*�	���6�!��;�\!��#���
���J$��c1?>(�,	�
u/��?>K�,	�
`	�6(t`M?>K�,	�
���6Y�C!��;	"��>
���z��6��uD � 3������J��	�6��r�Y���L�� �¡z¢(£�¤�	�6�	���
����J�uD

Cmd> anova("y=block + (a+b+c+d+e+f+g)^4")
Model used is y=block + (a+b+c+d+e+f+g)^4
WARNING: summaries are sequential
                DF          SS          MS
CONSTANT         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
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a.c.e            1      0.0242      0.0242
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
ERROR1          28     0.59048    0.021088� 3"!̀ !-�L� �����y!-��*��)��6������Y� ���n�o	��4��� 3E!�P���0��!�t

�?>�/�.?>m	�6Kt�@H>K�,	�
���6��y!-�L	L�G� �z�-6c���0D
�Y���y!B� 3E!����0�4�z������6(7 �
•
5H
�%	��m��3"!k��	��;7P!-���9!0�L�\!(�G�m*T!�	�6�����$�	��%!
����\�-�

e
D

•
� !��g*��

a.b.g
/
a.c.f

/
a.d.e

/
b.c.e

/
b.d.f

/
c.d.g

/
e.f.g

/
a.b.c.d

/
a.b.e.f

/
a.c.e.g

/
a.d.f.g

/
b.c.f.g

/
b.d.e.g

	K6�t
c.d.e.f

A $�6KtP!-�(�4��6"!{t�I 	��4��3�	��"!S��tP!�7���!�!-�
�n���%�%!�!{t �G*�D � 3"!-�E!	��%!x<KM|�n� ��3"!x<K�
�)��6-�\��$�6KtP!{t�!0�;� !(�#� �uD � 3L!�<K����� /

a.b.c.d.
e.f.g

�T��$�� t 3�	��"!+"!�!-6w��3"!-��!��y�,��3"!
*T�YtE!0����	(�

y=(a+b+c+d+e+f+g)^7
D
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��$��Y� 	��S���\��3`6E��6�>%�)�-6-����$�6(tP!�t�tP!����r7)6���
P��$
��	�6��z����~`	�����	Y�C!���!��;�\!(�G���uD j��G�T!-�"!�� /T<K�
	��%!��)��6��\�-$�6Ktg!{t��m��� 3`+��z�(��~��`	�6(t*,	�
`+"!
��	�� 7P!+"!���	�$��"! �n����	��;7E!�+��z�(��~ctH�y�L�\!-�%!-6L�)!-�u/
6E�H� +"!(��	�$��E!`�0�,���%!-	Y�E*T!�6�� tH�y�L�\!-�%!-6L�)!-�uD

Cmd> yts <- yates(y)

Cmd> chplot(rankits(yts),yts,xlab:"Normal scores",\
title:"Normal score plot of Yates effects")

Cmd> chplot(halfnorm(abs(yts)),abs(yts),\
xlab:"Half normal scores",\
title:"Normal score plot of Yates effects")
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��$Y���4��!-�L�uD j��G� t �&
E�-$�� tg!-6����y�%
w��3E!
!0�L�\!(�G� ��

8 ��z�`6E�H� 3�	�� t �4�c��3"!���~w��3�	���*,	���6m!0�L� !��#���
�o/G50/H2?/G�0/ 	 /��u/n	�6(t�� 	��%!`!0�L� !��#���}<Y/�10/GM0/
'�/�<K.0/G��1}	�6Kt .�MBAC1��C/�1��J/�1��C/�1��C/�1-sC/�1��C/�1��\I /
�E�}��3"!�+��r7�7P!-���9!��;�\!(�G� AL<K.#I �����?��!-	��(��
|��3"!
$�6"�)��6�����$�6(tP!{t 	 *,	��J6�!0�L�\!(�G�"D
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8:6`+���6�	��L
�6E�H� 	Y���z��6|� 3E!-�"!�	��%!
��� 	 �02G5u� 	 �L�\!(�#�

<K. vS���=<��������H+ 	
<K����vk<�<K�l<K���=<(+ �������
M�1 vS�=<K�l<K�=<K�H+ 5����
<K1 @�vk<�<�<�<�<�<�<(+ ��5�2G� 	 ���

R,3"!�6w��3"!��(�r7)3���*����Y�,t#�r7��\� ���B<Y/-� ������6
��3"!`!0�L� !��#�ED R�3E!-6|� 3E!&1H6(t��%�%��* ��3"!���r7)3��
���B<Y/G5x������6|� 3E!�!0�L�\!(�G� 	�6Ktw�E�`��6uD
�Y���y!B� 3�	��c<K���0/GM�1B	�6Kt <K1 @��)���L�%!-���E��6(t �4�
�)�-6-����$�6KtP!�tm�)�-6����L	���� 	�6Kt �%!-����!��"!�6�� tH�y�L�\!-�(>
!-6"��!-�`+"!#�E�T!�!-6�+��z�K��~��u/n6E�H�����%!-	Y�E*T!�6��
!0�L�\!(�G� �{D
j)!-�%! 8{�)��*���$��y!���6`	��E!-�L
�	��4��	�6"! �,	�
|� 3E!
��6(tH����!��m�n� ��¡4¡���3"!��)��6��\�-$�6Ktg!{t�!0�L� !��#���uD

Cmd> confounded <- vector("abg", "acf", "ade", "bce", "bdf",
"cdg", "efg", "abcd", "abef", "aceg", "adfg", "bcfg", "bdeg",
"cdef","abcdefg"); conf <- rep(0,15)

Cmd> for(i,1,15){
tmp <- match(vector("*a*","*b*","*c*","*d*","*e*","*f*","*g"),\
confounded[i],0,exact:F)
tmp[tmp != 0] <- 1
conf[i] <- sum(tmp*2^run(0,6));;}

Cmd> print(format:"3.0f",conf) # confounded terms
conf:
(1)  67  37  25  22  42  76 112  15  51  85 105 102  90  60 127� 3"!�
���6"� ��$(tP!&M�10/�<K���}	�6(t <K1 @-D
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���������m�n���l	��y!-�m!0�L�\!(�#���&*�$����W�G*��\����3"!
�)�-6-����$�6KtP!�t���6E!-�uD��06"! ��	�
w�4�Stg���\� ���|�4�
��!-����	L��!}� 3"!�* +�


MISSING
D � 3"!-�"! �m�4�4�?+"!

�r7)6E���%!{tB��6w��3"!����z�H�"/�!��"��!���� �\�-� �,	��L6���6(7
*T!-����	(7P!-�uD

Cmd> yts[terms] <- ? # set con

Cmd> yts[grade(abs(yts),down:T)][run(10)]
WARNING: missing values in argument(s) to abs()
WARNING:  MISSING values in argument to grade()
(1)      0.2475    0.060313    0.054375    -0.05125    0.048125
(6)    0.045937    0.043438    0.042187   -0.037813       0.035

Cmd> chplot(rankits(yts),yts,xlab:"Normal scores",\
title:"Normal score plot of Yates effects")

WARNING:  MISSING values in argument to rankits()

Cmd> chplot(halfnorm(abs(yts)),abs(yts),\
xlab:"Half normal scores",\
title:"Half normal score plot of Yates effects")

WARNING: missing values in argument(s) to abs()
WARNING:  MISSING values in argument to halfnorm()
WARNING: missing values in argument(s) to abs()

Normal score plot of Yates effects Half normal score plot of Yates effects
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� �����4�\� ���z��� tg!-���r7)6���	�6�+E!}��3E�-$(7�3Y�W�n�o	��`	
��
��E!`�n����6"�)�G*,����!H�y!+��z�K��~ctP!����r7�6{/��,3E!-�%!	��
��!�	����W��6E! *,	��J6�!0�L�\!(�G� �`	�6Ktw�E��*T!H��� *T!-�
��6Y�C!��;	"�#���z��6���	��%!��)��6��\�-$�6Ktg!{t��m��� 3`+��z�(��~��{D
• � ¡4¡Q��6-�\!-�%!�6L��!�	�+E�-$�����3"!��)��6��\�-$�6Ktg!{t!0�L�\!(�G� �m!0�L�\!(�#�����"! ��
����G*T!-����� ��* 	�6

�r�Y�����; �¡z¢K£�¤�	�6�	���
������uD
•
� �4�W��6-�\!-�%!�6L��!�	�+E�-$�����3"!�$�6L����6-����$�6KtP!�t
!0�L�\!(�#�����)�G*T!-���%�%��* 	�6 ���Y���;�� �¡z¢K£�¤
	�6�	���
������

� 3"!�+�	������ � �%!-	Y�E*T!�6�� �����L$L�#��$��%!k����$���$�	��4��

	��)�G*,����!#�y!��%	L�#�4������	���D
8:6|� 3E!��� *,����!-�Y� ��	��E! �
•
����$�3�	��"!	��$������P��� �%	L�G�y�-�L�u/-� 	�6Kt`5
���\��3�	`	�6Ktw+���!��"! ���u/n��!����"!��#�����"! ��
uD

•
����$ 3�	��"!�6�
�	�y+��z�K��~����=�n�����:��!�+u/n�?vE6�	�+
	�� ������6`	��4��D � 3E!-�"!�	��%!����P¢�¡����0¡z¢����(D

� 3"!`!����"!-��� *T!-6Y� 	���$�6��\���S���\��3���6`	�+����K��~`	��%!
��	��4��!{t����n¡��\���0¡z¢���� �-���E�G*T!H��� *T!-������ ���n¡�¢����! 
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R,3�	�������$�� t 	`j�	����E!
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Cmd> data <- read("","sandt")
sandt    64      4 format
) Split plot data from Steele & Torrie
) Experiment to study effects of 4 protectants on
) oats grown from 4 seed sources.  
) Seed source was whole plot factor, arranged in 4 randomized
) blocks (replicates).  Protectant was split plot factor,
) all 4 levels in each whole plot
) Col. 1: Block number (1 - 4)
) Col. 2: Seed lot (1 - 4)
) Col. 3: Protectant (1 - 4)
) Col. 4: Yield (response)
Read from file "TP1:Stat5303:Displays:sandt.dat"

Cmd> makecols(data,block,seed,protectant,y)

Cmd> block <- factor(block);seed <- factor(seed)

Cmd> protectant <- factor(protectant)

Cmd> anova("y=blocks+seed + E(blocks.seed) + protectant +
seed.protectant",fstat:T)
Model used is y=blocks+seed + E(blocks.seed) + protectant +
seed.protectant
              DF          SS          MS           F     P-value
CONSTANT       1  1.7849e+05  1.7849e+05  2598.06040           0
blocks         3      2842.9      947.62    13.79378   0.0010287
seed           3        2848      949.34    13.81877    0.001022
ERROR1         9      618.29      68.699     3.38234   0.0042283
protectant     3      170.54      56.846     2.79874    0.053859
seed.
 protectant    9      586.47      65.163     3.20823   0.0059453
ERROR2        36       731.2      20.311� 3"!��"!�!{t �P��$����)! *,	���6m!0�L�\!(�#� ���̀ 3��r7)3���


����7�6��y�"����	�6�� 	������|� 3E!���6Y�C!��;	"�#���z��6��n�o�"!�!{t
+�
̀ ��� ���y!(�G� 	�6��ED
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E(...)
Ay3"!���!

E(blocks.seed)
I /
anova()
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ERROR1

/
ERROR2

/
ERROR3

/ DrD D D
� 3"!&tP!�6E�G*���6�	��4���c�����o!-	"��3 �����w��3E!6"! ���
ERRORx

*T!�	�6c����$(	���!GD
j)!-�%!����w� 3E!��	{*T! ���n�n��� ���\��3E��$��

E() �
Cmd> anova("y=blocks*seed + protectant + seed.protectant",\

fstat:T)
Model used is y=blocks*seed + protectant + seed.protectant
               DF         SS          MS           F     P-value
CONSTANT        1 1.7849e+05  1.7849e+05  8787.53084  1.2987e-44
blocks          3     2842.9      947.62    46.65531  1.7295e-12
seed            3       2848      949.34    46.73981  1.6855e-12
blocks.seed     9     618.29      68.699     3.38234   0.0042283
protectant      3     170.54      56.846     2.79874    0.053859
seed.protectant 9     586.47      65.163     3.20823   0.0059453
ERROR1         36      731.2      20.311� 3"!���}	��%!B� 3E!��	�*T!GD � 3"! �->"�Y� 	Y� �J���������

�\���
blocks

	(6Kt
seed 
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