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�G�}��5���5G���i%��O�&2G!)��l m*� ��	��'!��'! � !#�;�*!]c)/�%�����5#6�	
4V��5�� !����i�)5��*?",�	��"!�c����i�#��!]c�%��i!	V�8!)	���2�����	�6G!$F
a 2"! � � § ���i�#��!]c�%��i!¯f¡�)�:°���i�_�$+ ��2"!��� $�� "&��;N� � ������/]��2G!#��°���5#6j!)	���2�%�����5#6�	4V��5�� !����i�)5��*?",�	��"!�c����#���E!��#�o�)5�%�5����3��	h�]+-	��3�!)5O��%#6B2��)5"!��������%�5�c���	��:6G!)�V�"F a 2"!��B�)�:�i!)��?�G�)5�cI�K5#6h2�
��G�I��2"!)������	�5�c�	��3��2�
��G�I�&2G!)�"!��	����G���@��	��*!]c�fj����2��]+-	��3�z!)��� � ��	��'!�	����O��i! � !#�$�E!�c�F

14

Statistics 5303                                                        Lecture 9                                              September 23, 2002

� ��� W WWW w www u uuu v vvv U UUU�W WWW � ��� ^ ^^^ ¦ ¦¦¦ . ... U UUU ^ ^^^
�0F � ��5#c �)��c;��5�	��:
�H@?"��	���%"!�������j��2"!�r2�
��G����2"!��"!���	�5#c��O���O����2G!�+ ��5��K5����i!)	�����5�6
��� cO!������ � � ~ ��� ��� ~ FqF�F ~ ��� ��� /[	�5#c��i!���� cO!��
��2"!�l mKn ��2"!���	]+S!�f-	�
�	���l m � � � /[l m � ��� /@F�FqF�/
l m � ���

= F@7��kr���� � � 4 �]/[���3���]/��i! � !��;����5#6�5G��l mKn F� �&2G!)��fj���"!�i! � !��;��l m � � � 	�5#c��B�)5�����5�%G!
�*!)������5�6���2"!��'![+-	���5��K5#6hr�? = 2�
��O����2"!��"!)�]F

.0F@7���C*r�? = J*� � ��� 4 �h�V�*�)�tF � ��2"!���f����G!�i!0?
� !#�;��l�m � ��� 	�5�cj�B��5V�e��5�%"!D�E!�������5#6d�&2G!
�i!�+-	���5���5#6�r�?�.�2�
��G�I�&2G!)�"!��tFF�F@F�F@F�F�F@F�F@F�F�F@F�F�F@F�F@F�F�F@F�F@F�F�F� F�1���5V�e�K5�%"!���5�	h��� +j�3��	��Yf�	�
�%�5����3��
G�)%
�"��5�cb	hC*r�? ����= J*� � | � 4 ��/�	V��f-2�����2h�G�0��5V�

G�)% cO!�����	��'!�l�m � n � �K��5G�I���'! � !��;�*!]c�/�� 4 �

a 2�%���	V� !�	���2�����	#6O!$/[
G��%h	�������
��&2G!�4V��5���!)�#?�_��5�����5"! ª %�	��3����
b�3� ��2"!��"!;�8�0�k2�
��O����2"!)�G!)�5G�I��
"!I���i! � !#�$�E!�c�F
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�0F � ��c !)�j��2"!�H@?G��	��K%"!)�h	�5�cbl m*� ��	�������j��2"!
l��0� + +S!;�&2O�tc�F

= F@7�����2"!���	��:6G!)�V� H@?"��	���%"!�� � ��� ~ �]/[���3����	�5�c
�'! � !#�;��	��*��l�m

's
F

.0F�7��k5G���G/��o���)°�	���� � � � � � F 7��kr�� � ��� � � ~ C*r�? = J<�]/
���3���h	�5#c��i! � !#�$� 	��3��l�m � n � /P� ~ r�? = /}��2�	��Y���
	��3� fj���&2h	��h�]+-	��3�������]+-	��'�z!)��H@?"��	���%"!��F�F@F�F@F�F�F@F�F@F�F�F@F�F�F@F�F@F�F�F@F�F@F�F�F� F�7��k
G�)%�2�	��"!�5G�����i! � !#�$�E!�c�	�5�
hl m �"! � / 1'4 � /
�o���)°�	V� ��� | � F 7��kr���� | � ~�� ��/��V�*�)��	�5�c
�i! � !#�;��	��3��l m � n � /P� ~��

a 2�	V�Y���t/��&2G!¯+¡���i!��)?"��	���%G!)�b�3������	��:6G!D�3�
�i! � !#�$����2�	���
G��%��"��5�c�/���2"!��o�$fS!)�j��2"!���%��
�G�}��5���������	�4V��5)��!)���_��5�����!]cb�)?"��	���%G!$F 7��k
G��%
�i!)	"��2b��2"!��"��5�	�� ����	#6G!�	�5#cd��2"!��]+-	��3�z!������ � � �
�z!�	�cB���*��i! � !#�;���)5���
 �*�kr�� � � � ~ �]/��&2�	��Y���
� � � � ~ ��F
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��&2G!)�"!�����%��Y+S!I��2G�]cB�t/[5�	����"!�/4V��5�� !����i�)5���/[l��0� + 	�5#c � � § �*����2"!HI�i�),��z!�+�0F ��cB	���	tF
Cmd> data33 <- read("","pr3.3",quiet:T) # Problem 3.3 data
Read from file "TP1:Stat5303:Data:OeCh03.dat"

Cmd> treat <- factor(data33[,1]) # create treatment factor

Cmd> longevity <- vector(data33[,2]) # create response vector

Cmd> anova("longevity=treat",fstat:T)
Model used is longevity=treat
              DF          SS          MS           F     P-value
CONSTANT       1      2782.4      2782.4  1349.49826     < 1e-08
treat          4      243.16       60.79    29.48371  5.9878e-07
ERROR1        15      30.928      2.0618

Cmd> W1 <- matrix(enter(1 -1 0 0 0   1 0 -1 0 0   1 0 0 -1 0\
1 0 0 0 -1   0 1 -1 0 0   0 1 0 -1 0   0 1 0 0 -1\
0 0 1 -1 0   0 0 1 0 -1   0 0 0 1 -1), 5)

Cmd> print(W1,format:"4.0f") # all 5*(5-1)/2 comparisons
W1:
(1,1)    1    1    1    1    0    0    0    0    0    0
(2,1)   -1    0    0    0    1    1    1    0    0    0
(3,1)    0   -1    0    0   -1    0    0    1    1    0
(4,1)    0    0   -1    0    0   -1    0   -1    0    1
(5,1)    0    0    0   -1    0    0   -1    0   -1   -1

Cmd> K <- ncols(W1); K # (5*4/2)
(1)          10

Cmd> tstats <- rep(0,K) # place to put t-statistics

Cmd> for(i,1,K){
result <- contrast(treat,W1[,i]) # uses column i of W1
tstats[i] <- result$estimate/result$se

;;}

Cmd> hypes <- vector("mu1-mu2","mu1-mu3","mu1-mu4","mu1-mu5",\
 "mu2-mu3","mu2-mu4","mu2-mu5","mu3-mu4","mu3-mu5",\

"mu4-mu5")
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Cmd> pvals <- twotailt(tstats,15)

Cmd> setlabels(pvals,hypes) # add labels to pvals

Cmd> pvals
     mu1-mu2     mu1-mu3     mu1-mu4     mu1-mu5     mu2-mu3
     mu2-mu4     mu2-mu5     mu3-mu4     mu3-mu5     mu4-mu5
  2.8671e-05  2.7416e-05  2.3821e-07  6.1028e-08     0.98068
   0.0098395   0.0013111    0.010344   0.0013786      0.3403

Cmd> J <- grade(pvals) # indices of increasing pvalues

Cmd> J # smallest is p[4], next is p[3], ..., largest is p[5]
(1)           4           3           2           1           7
(6)           9           6           8          10           5

Cmd> p_sorted <- pvals[J]; p_sorted
     mu1-mu5     mu1-mu4     mu1-mu3     mu1-mu2     mu2-mu5
     mu3-mu5     mu2-mu4     mu3-mu4     mu4-mu5     mu2-mu3
  6.1028e-08  2.3821e-07  2.7416e-05  2.8671e-05   0.0013111
   0.0013786   0.0098395    0.010344      0.3403     0.98068a 2"!��"���:�V�8!}�q6�2V��� � n � ~ F �����G� ��2G!5�	����"!

+S!I��2G�]c �"��5�c���	��3��cI�*����!)�i!)5"��!)�h���q6B5��*�"����	�5��
	�����2"!��� �z!)�"!��;! � ��!)�V� = 
 ?�=��>	�5�c =��k?�=��EF

Cmd> K*p_sorted # Bonferronized p-values
     mu1-mu5     mu1-mu4     mu1-mu3     mu1-mu2     mu2-mu5
     mu3-mu5     mu2-mu4     mu3-mu4     mu4-mu5     mu2-mu3
  6.1028e-07  2.3821e-06  0.00027416  0.00028671    0.013111
    0.013786    0.098395     0.10344       3.403      9.8068®V�$f �)5���
 < 	��i!��z!������&2�	�5RFo���0/[	�5�c'= � ?�=��

	�5#c = 
 ? =��P	��i!����q6�5��*�"����	�5V�Y��5�	#c�cI�����o�)5b�3�= 
 ? = � 	�5#c = � ? = � F
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Cmd> run(K,1)*p_sorted # Holmized p-values
     mu1-mu5     mu1-mu4     mu1-mu3     mu1-mu2     mu2-mu5
     mu3-mu5     mu2-mu4     mu3-mu4     mu4-mu5     mu2-mu3
  6.1028e-07  2.1439e-06  0.00021933   0.0002007   0.0078666
   0.0068929    0.039358    0.031033      0.6806     0.98068a 2"!(��	�¡�K�b��2"!��������V��4gF �����G����2"!���2G!��"�������


 	��'!��'! � !#�;�*!]c)F a 2�����������2"!���	]+S!��'!���%����	��������j��2"!5�	����G!̄ +S!I��2G�]c�/[,�%�� ����5����_�0�����&2G!�����_��5�6��i	]+j�3��
�fj���"!�!����i�)����	V�E!�F
� �K5�	��3��
]/�2G!)�i!	��'!�+¡�tcI�3���z!�chH@?G��	���%G!)�����)���2"! � � § +S!I��2G�]c�F

Cmd> K*p_sorted/run(K,1) # "FDR-ized" p-values
     mu1-mu5     mu1-mu4     mu1-mu3     mu1-mu2     mu2-mu5
     mu3-mu5     mu2-mu4     mu3-mu4     mu4-mu5     mu2-mu3
  6.1028e-08  2.6468e-07   3.427e-05  4.0958e-05   0.0021852
   0.0027571    0.024599    0.034481      1.7015      9.8068����	��O����5#6�	����&2G!2��q6�2�!)5�c)/}��2"!D��2���� c���	�� 6O!)���

��� � � ~ F ���0/��O��
O��%�	�6�	���5h�i! � !#�;��l m � � � /�FqF�Fq/[l m � � � F
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