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 ��� @r¼ 
 �
•

• ½ 5"!º�¬!)���»}�%�	������syj��%��»}t,"!
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}��*�r�w�Ñ@o8��F1p8��r�oÒ���	��M	b+U!>�F!��=�º�v�)�w���vK

���Ñ@t. DÐ��8��&5����w��	��"!�K
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4



Statistics 5303                                                        Lecture 6                                              September 16, 2002S-5�
z���t��5��L��!2�M�v!#�$�Ä��qH!�� :»�Ô	��6�h}Q!��"!)8#}C����8��5H! Z ZZZ � ����� ��� Z ZZZ � ��� a aaaM\ \\\ a aaa����� W WWW Û ÛÛÛ � ��� W WWW
				 Ú ÚÚÚ�ZZZZ>\\\\ Û ÛÛÛ � ����� ��� ` ``` \ \\\ Y YYY&Z ZZZ � ��� D6O��$K��8��&5H!/iU�p���piPG
�J%����H���H!�������t���M%"!$G ½ 5"!�8�� ����¾)���R�w}��*��� � ��DF�Ñ@t.�K�� �
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½ 5"!��'!X�����¬! �� ���bÆ ÇØÆ���� �� ����¾)����@ �� ����¾ Á �
DF�Ñ@�.�K�� � @oDF�Ñ@�9CK�� � �oDF9z@t.�K�� � �w}���Æ�ÇÈÆ�� �
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�� OA� Õ�ÇÖÇØ×ÏÇ ��� �� ��� Õ�ÇÖÇ�×»Ç¢Í DF�A@"9CK���� � �

Ù ÙÙÙ W WWW Û ÛÛÛ � ��� � ��� ` ``` � ��� � ��� W WWW Û ÛÛÛ �RS-5"!�8/� � ���Ü�&�M%H!$1A��5"!/!�Þ��H!#�h@
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½ 5��L�������+-%���	º�L� ©Q³J® �����M�¬!#�>�u����������5"!����5Q�2���C!)������o�U�)G :<8���	��Q�Ä� ��%���	����v�m����8H�J�
���M%"! �����o�U�¦�#0 � �¤À � �ØÍ 9�1p� � ��� � @10 �
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��	_�����)�"� !)���&5H!s��8��v�)�Ä+-	��h}Q!X�M��8��v���¢��8��p�r	
�C�)8����M	���� 9��Lq"!)8n,"!2�����¬!$G
½ 5"!]yU!X��9�5_����Ì&yr�ÈÎr��5"!p+��H!X��qH!)��	��¬!	����Q�
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•
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•
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¹ ��%{+�	�
��Q�$+U!J����+U!¥��	�����%���	��*!�H!)q"!��M	���C�)8����M	������n	�����	��Q���p�r
H�)%��w	�8�	���
������|G
S-5�	_� 
Q��%n%��"!{}Q!��"!)8#}C�o�)8t��5"!�
 ¨"«��®�¯¢³b©C³ µ ¯�©|®F«�ª'«��® �6�z��5"!º�'!��"!)	��6��5"!��l1p8H�J�;�)8�H��+U!����	_�Ä���_�Ä� ��	��§+�	�9����pG
:v�r
H�)%�	��'! +'%����Ô���Â�)q��»}J��8�9n�_�&	_�Ä�L��������	��	0}�q����C!$1p
H��%n8"!�!�}Ü�6� �M��8#}��)%���y-5�	�� ��%H!)��@���¢��8���8"!�!b}t	�8���y�!��=�bG
O����¬!n�)8t��5"!�!�Þ�	�+���� !>�

Cmd> anova("logy=treat",fstat:T)
Model used is logy = treat
WARNING: summaries are sequential
              DF          SS          MS           F     P-value
CONSTANT       1      79.425      79.425  8653.95365     < 1e-08
treat          4      3.5376     0.88441    96.36296     < 1e-08
ERROR1        32     0.29369   0.00917794��$+-��%��F!��� � �P¼ 
 �

•

	�80}�� � �P¼ 
 �
•

@¤À?¼ 
 �
•

Í 9
Cmd> muhats <- tabs(logy,treat,mean:T);muhats
(1)      1.9325      1.6287      1.3775      1.1943      1.0567

Cmd> alphahats <- muhats - sum(muhats)/5; alphahats
(1)     0.49456     0.19081    -0.06044    -0.24365    -0.38127O�	M��ij8H��q�	{�¬%�8M�>�Ä�¢��8

coefs()
�C�$+���%��*!)����X�¢¡¢�

Cmd> coefs(treat) # or coefs("treat") or coefs(2) 
(1)     0.49456     0.19081    -0.06044    -0.24365    -0.38127

coefs(2)
yj��%��Ï}/	����H� yU���M·/�6�#�{,"!#��	�%��"!

treat
����*��8"!T3Ñ��8

anova()
��%��&�#%��"G
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��|G
Cmd> w <- vector(vector(1,1)/2,-vector(1,1,1)/3); w
(1)         0.5         0.5    -0.33333    -0.33333    -0.33333

Cmd> vector(sum(w),sum(w*muhats),sum(w*alphahats))
(1)  1.1102e-16     0.57114     0.57114O�	M��iU8H��q#	�'%�8M�>�Ä� ��8

contrast()
+�	�·M!)�º���!)	���
��*�¥�C�$+-��%��*!¥�C�)8����M	������|G

Cmd> stuff <- contrast(treat, w); stuff
component: estimate
(1)     0.57114 Same as just computed
component: ss
(1)      2.9446
component: se
(1)    0.031886

½ 5M!�'!)��%��v� DL��%��&��%���KÔ�'�¬�$+
contrast()

���¥	
�®�ªM̈M°$®&̈�ª'« y��v�&5���5��¬!�! °�³|²��#³�©H«�©|®& �
• ½ 5"! estimate

�C�>+-�H��8"!)8��u���t�&5"!q�	���%"!n�p���5"!��C��8_�&�M	��_�oÀwyr����X� G
• ½ 5"! se

�C�$+-�H�)8"!)8��m���º�v����!)������+-	��*!b}����	�8#}C	��Ð}�!)�M�¬�)�ÄG ¹ ��%���	�8��C��+���%��*!	��Ä@����	������_�Ä��� �6�z�*!)�_����5H!8�%��6��5�
��H����5H!)�������5�	��w��5"!]Àwy � � � ���
• ½ 5"! ss

�C�$+-�H�)8"!)8��m����	�8����z	����H�0�A��	��*!b}y��v��5t��5"!��C��8_�&�M	��_�"G
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�2�)��8#9
estimate

	�8�}
se

�*�m�C�$+���%��F!	/�l@
����	_�Ä���_�Ä��� �6�z�*!)�_� � � ��À � y � � � �w�p�

Cmd> tstat <- stuff$estimate/stuff$se

Cmd> vector(tstat,twotailt(tstat,DF[3]))
(1)      17.912  3.0663e-18 t-statistic and P-valueS-5"!�8��������t���M%"!$1h�Ô5�	��¥����%0}Q!�8��Q¡¢���Ä@

}J�L�����#��,�%����¢��8���8¥}���Õ»ÇÖÇØ×»Ç��w�Ñ@�9¥}�Gv��G
stuff$estimate

������8M! y�	#
/�*�¤!)Þ��&�=	=�>� 	�C��+-�H��8H!)8��u�¬�Â�$+̧ 	n�����=%"�>��%��¬!$G ����8M�C!¦��5���������&5H! �"���M���§�C��+-�H��8H!)8��H1p	�8H�J�&5H!)�my-	�
z���
stuff[1]

	#8�}t�����
stuff[1]/stuff[3]

G
½ 5"! ss

�C�>+��H�b8"!�8�� D
stuff$ss

���
stuff[2]

K����OA�  �"!)�_�Ä��+-	_�F! � Í �H! �
Cmd> mse <- SS[3]/DF[3]; mse # MS in ERROR1 row of ANOVA
      ERROR1
   0.0091779

Cmd> mse*(stuff$estimate/stuff$se)^2
(1)      2.9446

stuff$ss/mse
���/�&5"!{��	|+�!{	��/� � �

Cmd> vector(stuff$ss/mse, tstat^2)
(1)      320.83      320.83
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•
IJ	�����y����"!��C�)8����=	������� � @�� � �o� � @o� � 4��$+-��	��'!E�QyU�{9��Â��%����Ì&y � ÎÔ�oÌ*�21�G�G�G�1~._1£�21�G�G�G�1�@_._1¢�21�G�G�G<Î

kH�)��9�9C�¬�)%����b1X��5"!��'!º	��¬!{9�DF9�@_.�K Í 3t!����"!�8)@����	��6��
¥}J�*�M�v!)�¬!)8_�Ô��	�����y����"!��C�)8����=	������_�
Cmd> print(pairwise_wts,format:"4.0f")
pairwise_wts: Each columns is a set of contrast weights
(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

½ 5"!s���2�6�¢��yo��8�9����$+-��%_�F!��t��5"!��C��8_�&�M	����Ô	�80}�Ä@"�_�&	_�Ä���_�Ä� �s��������5"!� �#N Í 3Ñ��.0�¦��	����Äy����H!�C�)8����M	������|G
Cmd> for(i,1,10){

stuff <- contrast(treat,pairwise_wts[,i])
print(paste("W =", pairwise_wts[,i],",estimate =",\

stuff$estimate,", t-statistic =",\
stuff$estimate/stuff$se))

}
W = 1 -1 0 0 0 ,estimate = 0.30375 , t-statistic = 6.3413
W = 1 0 -1 0 0 ,estimate = 0.555 , t-statistic = 11.586
W = 1 0 0 -1 0 ,estimate = 0.73821 , t-statistic = 14.889
W = 1 0 0 0 -1 ,estimate = 0.87583 , t-statistic = 16.928
W = 0 1 -1 0 0 ,estimate = 0.25125 , t-statistic = 5.2452
W = 0 1 0 -1 0 ,estimate = 0.43446 , t-statistic = 8.7626
W = 0 1 0 0 -1 ,estimate = 0.57208 , t-statistic = 11.057
W = 0 0 1 -1 0 ,estimate = 0.18321 , t-statistic = 3.6952
W = 0 0 1 0 -1 ,estimate = 0.32083 , t-statistic = 6.201
W = 0 0 0 1 -1 ,estimate = 0.13762 , t-statistic = 2.582
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