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Statistics 5303                                                        Lecture 19                                                  October 18, 2002V !.�%!W	��%!TX�	���	Y��8Z��6"!W8�$[:\,"!��]�^�_����	�8����
��6�	`�a!^:U!.�>9-![Xb�����c��6��%!�!d�e!�9�$�:f!W���-!C�g�h!��iH

Soil Type
Species Silt loam Sand Clay
Alfalfa None 89 95 22

Treated 92 90 72
Red
Clover

None 84 96 56
Treated 92 97 68

Sweet
clover

None 51 66 17
Treated 59 73 40j 6��L�W���k	�	k����8C9J�h!
�%!.���+����	`�G!/�^�_	�3JlC�.m

�%	n�4�o�.�C��	��pH
Cmd> y <- vector(89,92,84,92,51,59, 95,90,96,97,66,73,\

22,72,56,68,17,40)

Cmd> species <- factor(rep(rep(run(3),rep(2,3)), 3))

Cmd> fungicide <- factor(rep(run(2),9))

Cmd> soil <- factor(rep(run(3),rep(6,3)))j 6��L�W���k,�	��-![Xq�.8�	rXD	̀ �s	k�"!J�t��8����o!�!2�h!W	�8CX
j ���n���h!4H j 6"!/�����u9��L8�	��av]	���	�w�547WXP!.���u9�8
vc�x��6r�b�%!.���+����	̀ �G!��iH j 6"!Wy�	���$-!.�k6"!.�%!W	��%!
��6"!W�%�.$�8)Xz![XT�s�%!.	̀ �-:U!�8��c:U!.	�8��iH
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Cmd> anova("y=(species+soil+fungicide)^3",fstat:T)
Model used is y=(species+soil+fungicide)^3
              DF          SS          MS           F     P-value
CONSTANT       1       88060       88060   undefined   undefined
species        2      3320.8      1660.4   undefined   undefined
soil           2      5440.4      2720.2   undefined   undefined
fungicide      1      636.06      636.06   undefined   undefined
species.soil   4      225.22      56.306   undefined   undefined
species.
 fungicide     2      62.111      31.056   undefined   undefined
soil.
 fungicide     2      629.78      314.89   undefined   undefined
species.soil.
 fungicide     4      364.56      91.139   undefined   undefined
ERROR1         0           0   undefined� ���#� ���J� ���̀ � ���J�d���}����� ������,��h!�:�H j 6"!���!�	��%!W8-�

XP!.9��%!�!��Y�̂ ���%�%!�![X}�4: �����_!.�n�����}H��4�.$���	�8[{��
Xz�b��6"!
$���$�	����.@}�G!������iH
�Q8��e!.���k
-��$���	�8T:\	��-!
�-��:U!
	�����$�:]�̀ �}����8��[1
��6"!���!����W�+���>���h!W
-��$���	�8rXz�4H
����
�������	��
	�����$[:\�̀ �}�e�.8W���Z��6�	����P�4:U!k�.��	��+��6��u9�6Y�.��XP!.�
��8̀ �G!��>	"�#���e��8���	��%!~�QH
j 6��L�Y�̂ ���o!.8���� *Q� ����8"��!���8T:\	�8�

�"�h!2�uXD�i1
��:\�-�.�-��	�8���6��u9D6Y����XP!�����8��o!.�n	n�4�}�e�.8��k	��%!
�n	��%!4H¡ �y-!.8~v]6-!.8Z�s6-!.�%!d���k	�6��u9�6c����XP!.�
��8̀ �G!��>	"�#���e��8[1R�x���Y!Q�n�¢!��#����	���!W�[:\	��+�
�D��:\��	��%![XT�+������6"!��_!Q�n�¢!��#���iH
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$�8���:\�-���P��	�8`�"1^
-�.$W�h!�	�y"!F�s6-!�:£�.$��¤�^�¥��6"!
:¦�iXz!2�pH�;=8§��6�������	��"!¡vU!�vc�+�+��	�����$�:U!
¨¦©gª#«­¬¯®¦° �Q1^	��+�¤�p1f±O	�8CX/�iH

Cmd> anova("y=(species+soil+fungicide)^2",fstat:T)
Model used is y=(species+soil+fungicide)^2
              DF          SS          MS           F     P-value
CONSTANT       1       88060       88060   966.21823  6.3828e-06
species        2      3320.8      1660.4    18.21823   0.0097853
soil           2      5440.4      2720.2    29.84700   0.0039439
fungicide      1      636.06      636.06     6.97897    0.057474
species.soil   4      225.22      56.306     0.61780     0.67389
species.
 fungicide     2      62.111      31.056     0.34075     0.73005
soil.
 fungicide     2      629.78      314.89     3.45504     0.13442
ERROR1         4      364.56      91.139�̀ �4v vU!W6�	�y-!
	�8�!.�n�����c�o!.��:�1�	���,"!g�x�cvY�x��6

��8���
rMWXz!�9D��!�!.�Y�Q�����%!�!�Xz�4:�H��̀ ���o!F�s6�	�����6"!
!.�n���������b	�8)Xk�J�k	��%!d�uXP!.8̀ �}����	��¦vc�x��6����i²o³�́
	�8CXk�J�z²G³�́¥��8Z�s6-!µ�"���n����	�8�	���
������iH
�̀ ���o!F�s6�	���8-�b�PvU�Q@)v\	�
���8��o!.�n	n�4�}�e�.8W���k���u9�@
8��+�n����	�8��-H�;x�_
-�.$���8-!�v ��6"!�
TvU!.�%!
�%!�	��+��
��

-�.$�����$��¶X·�4:c�x����6"!̂ : �%���4: ��6"!¡:¦�iXP!g�p12�+���#H
j 6"!g�������dv¦��$��¶XT��6"!.8~:U!.�>9-!���8��+�T���.̧x1
9��Ly���8C9¹&)3��J�
�����_!��>�����}H
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� ��� � ��� � ���������� ����� ����� ��� H ;u�t�L�ky"!��>
 �o!�:\������8�9 �+�
�-���Q� �P�
��6�	`� 
P��$k6�	�y-!�:¦���%!�!��n�%�.��Xz!�9D��!�!.�Y�Q�
�%�%!�![X}�4:�H�;=8r9P!.8"!��>	��p1��P���Q����8C9k��6-��$��¶X/,-!
	�yP�Q�¶Xz![X/$�8��h!����W���-{����%!.	��+��
�8-!�![Xz![X�H
* !.6��h!��P�¥9J��y"!���	�9P���[X/�n$��h!/�^�¥��6�$[:\,	�
5���8����¶Xz!.���-���2�+��8C9 ��

��� v\6"!.8
•
�J����������� �d&)�

•
���T3'�x�.��	�8�
Z�o!.��: �o�
,"!W�-���2�h![X�HV !.�%!�{��§��6"!§�f� *^� � 	�9�	���8

Cmd> anova("y=(species+soil+fungicide)^2",fstat:T)
Model used is y=(species+soil+fungicide)^2
              DF          SS          MS           F     P-value
CONSTANT       1       88060       88060   966.21823  6.3828e-06
species        2      3320.8      1660.4    18.21823   0.0097853
soil           2      5440.4      2720.2    29.84700   0.0039439
fungicide      1      636.06      636.06     6.97897    0.057474
species.soil   4      225.22      56.306     0.61780     0.67389
species.
 fungicide     2      62.111      31.056     0.34075     0.73005
soil.
 fungicide     2      629.78      314.89     3.45504     0.13442
ERROR1         4      364.56      91.1397J
Z�s6-!
�n$��h!/�̂ �¥��6�$[:\,k
-��$���	�8��D�.8����¶XP!.�

�"���̂ �o�u8)9
species.soil

	C8�X
species.fun-

gicide
1#,�$D� 8"���

soil.fungicide
14�.��8>��!µ�¢�s�

� ° �QHeM������~3QH
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species.soil

	�8)X
species.fungicide

�
Cmd> anova("y = species + soil + fungicide + soil.fungicide",\

fstat:T)
Model used is y = species + soil + fungicide + soil.fungicide
              DF          SS          MS           F     P-value
CONSTANT       1       88060       88060  1350.84455  5.2892e-12
species        2      3320.8      1660.4    25.47043  0.00011898
soil           2      5440.4      2720.2    41.72831  1.4027e-05
fungicide      1      636.06      636.06     9.75712    0.010807
soil.
 fungicide     2      629.78      314.89     4.83041     0.03404
ERROR1        10      651.89      65.189;¶�P{e��±�$�����	��TvU!2�+�avf!~XJ�¶X�8[{�� �P���Q�

soil.fungicide � �¢�-{e�r8-�#v ���¶9�8.�o�n� ��	C8��"H
Cmd> interactplot(y,soil,fungicide,\

title:"Soil by fungicide interaction plot")

j 6"!W	�y-!.�n	C9-!k!Q�n�x!C�#�¤�Q���%$�8C9����A�¶XP!������P���.@
�x����y"!k!��n�D!.�`�<�.8 �����x�·����	[: �P�Q�+���iH
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�P���Q�e![Xb�L8��o!.�n	n�#���e�.8��
�e�����"!�Xb�+���-!4H

Cmd> interactplot(y,soil,species,\
title:"Soil by species interaction plot")

Cmd> interactplot(y,species,fungicide,\
title:"Soil by species interaction plot")

�`��������!��g���-!2��
���	��n	��+�h!g�p1^,�$���8-�J�·��	��]�^�n�sH
� ���	    "! !!!$#### � ��� � ����% %%%'&&&&)((((+* ***

Cmd> data <- read("","exmpl8.8")
exmpl8.8     54     5
) A data set from Oehlert (2000) \emph{A First Course in Design
) and Analysis of Experiments}, New York: W. H. Freeman.
)
) Data originally from an example (homework problem?) of Barry.
)
) Margolin Table 8.7, p. 187
) Columns are paging algorithm, initialization sequence, program
) size (small, medium, or large), RAM allocation (large, medium,
) or small), and number of page faults.
Read from file "TP1:Stat5303:Data:OeCh08.dat"

Cmd> makecols(data,algo,seq,size,ram,faults)

Cmd> algo <- factor(algo);seq <- factor(seq)

Cmd> size <- factor(size); ram <- factor(ram)j 6��L�W���k	r�JlC�Jl��JlC3 ° ��,¢lC3'�%	"�#�+������	��pH
7
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Cmd> list(algo,seq,size,ram,faults)
algo            REAL   54    FACTOR with 2 levels
faults          REAL   54   
ram             REAL   54    FACTOR with 3 levels
seq             REAL   54    FACTOR with 3 levels
size            REAL   54    FACTOR with 3 levels

Cmd> 2*3^3 # number of distinct treatments
(1)          54j 6"!���!����k8-�~�%!.���+����	̀ �}����8iH j 6"!W8�$�:],-!.�]�̂ �

���%!.	��P:U!.8���� ° 8�$[:\,"!.�]�Q����	��-!.�iH
Cmd> logfaults <- log10(faults) # analyze logs

Cmd> anova("logfaults=(algo+seq+size+ram)^4",print:F)
Model used is logfaults=(algo+seq+size+ram)^4
NOTE: Some results are in variables SS, DF, and RESIDUALS
      Use coefs(), secoefs(), or modelinfo() to retrieve other 
      results

Cmd> DF[-run(12)] # last 5 DF; last is 0
algo.seq.ramalgo.size.ramseq.size.ramalgo.seq.size.ram  ERROR1
           4           4           8           8           0

Cmd> SS[-run(12)]
algo.seq.ramalgo.size.ramseq.size.ramalgo.seq.size.ram  ERROR1
   0.0049053  0.00075474     0.19844   0.0042996           0
Cmd> anova("logfaults=(algo+seq+size+ram)^3",pval:T)
Model used is logfaults=(algo+seq+size+ram)^3
              DF          SS          MS           F     P-value
CONSTANT       1      433.53      433.53  8.0664e+05           0
algo           1     0.47188     0.47188   877.98573  1.8243e-09
seq            2      4.6473      2.3236  4323.40535  7.3001e-13
size           2      7.8635      3.9318  7315.55961  8.9187e-14
ram            2      17.484      8.7419 16265.42823  3.6539e-15
algo.seq       2   0.0033265   0.0016633     3.09471     0.10104
algo.size      2   0.0041899    0.002095     3.89794    0.065794
algo.ram       2    0.011324   0.0056621    10.53504   0.0057356
seq.size       4     0.15635    0.039088    72.72785  2.5105e-06
seq.ram        4      1.7938     0.44845   834.39270  1.6316e-10
size.ram       4    0.095118    0.023779    44.24470  1.6887e-05
algo.seq.size  4   0.0027469  0.00068673     1.27776     0.35476
algo.seq.ram   4   0.0049053   0.0012263     2.28176     0.14907
algo.size.ram  4  0.00075474  0.00018868     0.35107     0.83645
seq.size.ram   8     0.19844    0.024805    46.15350  6.7256e-06
ERROR1         8   0.0042996  0.00053745
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.@"���¶XP!W���e���¤�Q�O	��+�R��6"!
!Q�n�x!C�4�s�k	�8)X§�%!.���¶X�$�	����[H

Cmd> sidebyside(termlaby:vector(1,0,0,1,0,0,1,0,0,1,0,0,\
1,0,0)*(-.8) +vector(0,1,0,0,1,0,0,1,0,0,1,0,0,1,0)*(-.85) +\

vector(0,0,1,0,0,1,0,0,1,0,0,1,0,0,1)*(-.9))

j 6��L�����e�J�t����6-!2���.�%$��¤��8|Xz!C�g�uXJ��8C9 ��6"!
�%!.	��
��:\�-�.�-��	�8n��!/�^�¤XJ�o�n�x!.�%!.8`�a!2�n�¢!��#���
�-���O!���	[:]���h!41�	��¢��6-��$C9�6

algo.ram
�u�����¶9�@

8��+�n����	�8��-1f�x�����D�.8�������,�$����e�.8§�+����6"!¡:U!.	�8��W���
�g�e!.	�����
��h!.���Z��6�	�8~:¦�����¤�J�s6-!.�����u9D8��o�"����	�8��
�o!.��:\�iH
j 
��n!

help(sidebyside)
�x�[�q:U����!¡��8��x���)@

:]	D�}�h��8��[8
sidebyside()

H
9

Statistics 5303                                                        Lecture 19                                                  October 18, 2002j 6"!W8�$�:],-!.�n�W�¶Xz!.8`�}�o�%
Z�s6-!
��	��P�}����$���	��
!Q�n�x!C�4�"H¡�-�.��	T:\	���8Y!Q�n�x!C�#���i1¦&`1�3Q14�Q1�HuH�H
±�$��`� 	���!F��6"!µ�%	n�4�o�.���h!.y"!g�pH
j v¦�¡�%	n�4�+���_!Q�n�x!C�#������	�8k,"!TX#��������	�
"!�X/	���	
:\	������ �Tvc�x��6�����v]���D�.�>�%!.���-��8CXJ��8�9Z�+����6"!
�"���n���·�%	n�#�+����	�8)XY���Q��$�:]8��§�+����6-!
�"!��D��8CX�H
j 6"!W8�$�:],-!.�n������$�8`�¥Xz�4v\8��D�Q��$�:\8��"�

B level 1 B level 2 B level 3
A level 1 1 4 7
A level 2 2 5 8
A level 3 3 6 9Sc�x��6§��6��%!�!d�%	n�#�+���n�i1g��6"!d�n���n�`�¦��6�	�8�9-!.�

�%	��`�G!����-12��6"!W�"!��D��8CX/8"! ����	�8CX ��6"!
�J��X
�����4vU!.���

C1 C2 C3
B1 B2 B3 B1 B2 B3 B1 B2 B3

A1 1 4 7 10 13 16 19 22 25
A2 2 5 8 11 14 17 20 23 26
A3 3 6 9 12 15 17 21 24 27

10

Statistics 5303                                                        Lecture 19                                                  October 18, 2002V !.�%!W	��%!
�P�4:U!d��8`�G!��>	"�#���e��8k���e�J�s�	�
Cmd> interactplot(logfaults,seq, size)

Cmd> interactplot(logfaults,seq, ram)

Cmd> interactplot(logfaults,size, ram)

Cmd> interactplot(logfaults,algo, ram)

j 6"!~XP!.9��%!�!/�^�_8-��8�@"��	��n	��+�h!2�����[: �%!Q�"�h!C�4�s�
��6"!W��� � !/�^�¥��6"!§�f� *^� � ���QH�N4�.����8-�.8.@
��	C�n	.�+��!2�A	C��!

seq.ram
	�8)X

algo.ram
v]6.� ��6

6�	�y"!
SS

° &`HLBD(�Mb	�8)Xk�QH���&�&)� � �+��	��%!
����9�8��o�"����	�8��cv\6"!�8 ¨ ° H����QH�-�.���Z���t:¦���%!µ�%	n�4�+���n�i1�!.	n��6W�+��8-!r�����n��!��.@
�-�.8)XD�Z�+�~	��D�4:\,���8�	����e�.8Y�^���%	n�4�o�.�>�
��	C,"!2�o�h![X��+�u�"!r!Q�>�¢!C�#�s�
��8

sidebyside()
H
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