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Statistics 5303                                                        Lecture 15                                                    October 7, 2002����6"��!
�N�*TS!-�����U�V3F!
���%�-,�	�,��4�4�W��
X�O�Y��,->��	���6���6@7Z	[��	��\7N!
]->F����	������������^T_3"!-6a`�bc����%	����F!*0d
F��$a$��"!C��3"![6F��6�>%��!�6����<	���]feH���������+>,�$g���h��6i�4�f��	�����$���	g�D![�F��TY!��jE
k kkkgl lllgm mmm�n nnnpoooo*qqqqsr rrrOtvuxw Eh�y&g0�7 w = 0d6 w KC	�6(eaz|{ w
}c~ u ~ ���|��� w �O0�T_3F!-6i�+!-�g���J6@7a` b tsu { w E�E�E wXuO�

Cmd> g <- 6; n <- 4; df_error <- g*(n-1); df_error
(1)          18 Error DF

Cmd> alpha <- .01  # type I error probability

Cmd> F_alpha <- invF(1 - alpha, g-1, g*(n-1)); F_alpha
(1)      4.2479 Rejection cut-point for F-test

Cmd> zeta1 <- 5 # n=1 non-centrality parameter

cumF()
T�����3fK�	��\7�$|8S!-6��V���A�*8���$��D!-�

G#B+](����������� �R]N�%I t
Cmd> 1 - cumF(F_alpha,g-1,g*(n-1),n*zeta1)
(1)     0.61812

power2()
	@�F�O��eA�
����6(eH��6@7a]F�

Cmd> power2(n*zeta1,g-1,alpha,g*(n-1))
(1)     0.61812

power()
���f	f��3F���F�S��$����+�

power()
�W���_2#���	�6@ea��2*5OE

Cmd> power(zeta1,g,alpha,n) # Power for CRD, the default
(1)     0.61812
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BD��2*5#I�0*e������������ w BD7�>i&�I�B+6
>U&�I�E

Cmd> power2(n*zeta1,g-1,alpha,(g-1)*(n-1))
(1)     0.56874

Cmd> power(zeta1,g,alpha,n,design:"rcb")
(1)     0.56874
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5�!O�����%![
F��$¡��	�6���3N�����F!
	a��	|8_����!
���;��![6¢0

F�-$�6F!�!|ei�F��8Y!�3F�*T �4�f�A�*8S![$��RT��W��3
��	���$"!��
����� } u ~ � 	�6@e � � E
£���$a�������a	���	���$"!¤����� � � �V3F!
��	|8S!¥T_	�
a
F��$
��������	a��	��J$"!^������L��-¦YT�3F!-6U�V3F!�7N�-	��§���a	
2?E49�E�T���e¢��3|E
G���������6@7 } u ~ � �d�¨�+!-6a�"!�!d8����©8_�F�-������,���!*E
9��ª���a���©8_����!��ªT�3F!-6a
F��$¡��	�6��A��8S!
$���T��W��3
	feH�+����!��%!-6��A!��U�O�_�NT«�f!v����!��#���i��3�	g�¬�J�
�©8_�F�-�F��	�6g���+�®­�¯�°"±A²d³�´-µ�T��W�V3a3���7A3���� �-,�	->
,����4�W�V
|0v��3�	��ª�����%!v¶�!��#�·`�b:T��W��3�3���7�3a��� ��,�	�>
,����4�W�V
|E
£���$U�V3F!-6���	�6��h�����a	��·��	����h��$��¡��	��"!-����6��N�O�+>
���J6@7a	g�ª��!-	��g�§��6"![��	����¬T��W��3¹¸ u ~ > uvº ¸ w �OE
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� 3"! 8«����� ����6��F!-����	������F!a�-���F!-�����©8����������'���
�4������	�6
���-�X��3"! °�
������h´-°��:z¢{ w } u ~ � �V3�	��
��	�6X�@����$��ªT�3F!-6a	��ª��!-	���� u ~ 	�6(e u º T��W��3
¸ u ~ > u º ¸ w �OE

� 3��J�f7�$�	���	�6��+!�!-��	g�ª��!-	��g���V3F!Rej!-�����%!|e
�F��TS!-�ªT��W�V3���6F!a�-�¬8«�-��! ¸ u ~ > u º ¸ ���
� 3��J�RT«������� ��	��"! ���RT_3"!�6�	��4� u ~ w �i!�����!����
�NT«�®T_3�����3�3�	��"![��	���$"!-����� � 1OE§9;6U�V3�������	��"!

} u ~ � w � � � 1 	�6@e�z¢{ w � � � BD1 � � I�E
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) ��
F��$¡�A��$���eZ,F!
	�6X���g���D8X�J���·	�6(ei����	�6
�����
��3"!	����µ��@´-°��M�F��������,��h! } u ~ � T��W��3�	��ª��!�	����f&
��	����ªT��W�V3¹¸ u ~ > u º ¸ w �OE � 3����¡��	��F!
3�	��i��3"!
�h��TY!����·�F��TY!����d�c	��W�+!-��6�	������"!-��T��W��3
¸ u ~ > uOº ¸ w �'���-���N�*8S!¤� 0Y¶VE
Q��W��3/´v³ ´� 7|0 �V3�����3�	����F!-6���T_3"!-6a3�	��+� �V3F!u ~"! �a	��%!$#"� � 1 	�6@e ��3"!Z����3"!���3�	��+�c	��%!¤>�� � 1OE

9;6U�V3�������	��"!} u ~ � w 7ABD� � 1#I � 	�6@e�z¢{ w 7�� ��� BDK ��� I�E
Q��W��3f²�­�­�7�0���	�
f7 w 1H3%#i&g0 ��3"![,"!-�g�«��	��"!
����TX���V3a3 u ~ ! � w >NBD� � 1#I4B�>g&�>i& � 7AI:	�6@eZ3u ~ ! � w BD� � 1#I'&gB�&�>i& � 7AI�E Q��W��3i��3"!-�F! u ~ ! �

} u ~ � w BD� � 1#I � BD7 � >�&�I � 7
z { w BD7 � >�&�ID� � � BDK�7 � � I
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6�	g�����"!¤�J6RT_3�����3�
N��$�	�����$�8S! ��3"! u ~"! ��	���!r rrr)((((�* *** m mmm q qqq q qqq,++++-���� o ooo m mmm � ��� r rrr�.... ,"!#�NTS!�!�6[8���6 ~ u ~ w >"� � 1
	�6@e 8_	/� ~ u ~ w #"� � 1OE

9;6U�V3�������	��"!
z¢{ w 7�BD7�#g&�ID� � � B"&(1HB+7�>�&�I � � I�E

Cmd> sigmasq <- 1.26

Cmd> D <- 3

Cmd> power(D^2/(4*sigmasq),g,.01,n) # pessimistic
(1)     0.15842 Lowest power

Cmd> power(g*(g+1)*D^2/(12*(g-1)*sigmasq),g,.01,n) # in middle
(1)     0.61812 Intermediate power

Cmd> power(g*D^2/(4*sigmasq),g,.01,n) # optimistic
(1)     0.96745 Largest power� 3"!�eH�+���W!-����6@7Z�F��TY!��<�a�%!O�"��!@�*����3"!¤�%	��#���3�	g����3"![�"!������©8����g��������	��"![3�	��a�|8_	��4�h!-���z { 0 �V3F!¤��6g�D!���8S!�eH��	��+!���	��F!
3�	����F!@�A�-6(e�|8_	��4��!-��� z { 0d	�6(eR��3"!Z�������©8����������a��	��F!
3�	����3"! ��	��<7F!-�g� z¢{JE
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power()

�4�¥�"��6(eZ	���	|8�����!���;�(![eH�J��!��*����
i,�
 � ���10 000 � ��� m mmm q qqq m mmm�2222 . ... r rrr 0 000 0 00043 333 0 000 E
2���6�����ej!-����3"!¤��6g�+!-��8Y!�eH��	g�D!���	��"! t 2��*8_��$g�+!�F��TS!-�f������6 w 1O0*�O0�E�E�E�0«&(�

Cmd> N <- run(2,10) # range of sample sizes ≥ 2

Cmd> power(g*(g+1)*D^2/(12*(g-1)*sigmasq),g,.01,N)
(1)     0.10337     0.34759     0.61812     0.81296     0.92051
(6)     0.96987     0.98961     0.99669     0.99901Gg�*TS!�� w E &(����� .Z7j�@!-��T��W��3�6 w 1OE � 3"!�"�������·�F�*TS!�� �¥E"5 ���RE"5�1����y&�������6 w = �N�


F�-$�6F!�!|ei6 � = �������F��TS!-� �®E"576O���©8��4��	��@�J

�������F��TS!-���®E"5�� 
N��$a6"!�!�eZ6 � .-0|!#�©�dE
8 �W�D!-��6�	������"!O��
¢0�
F��$�����$���eZ$��"!

power2()
Cmd> power2(N*g*(g+1)*D^2/(12*(g-1)*sigmasq),g-1,.01,g*(N-1))
(1)     0.10337     0.34759     0.61812     0.81296     0.92051
(6)     0.96987     0.98961     0.99669     0.99901 ) ��
"��$���	�6f$��"!

samplesize()
E � 3����[���$��"!|eZ	��©8S�����¬�4���"!

power()
!�����!-������3"!̂ ��	����	��<7A$|8S!-6��ª���U��3"!
�N�*TS!-��
N��$RT_	�6��FE

Cmd> samplesize(g*(g+1)*D^2/(12*(g-1)*sigmasq),g,.01,.9)
(1)           6

Cmd> samplesize(g*(g+1)*D^2/(12*(g-1)*sigmasq),g,.01,.95)
(1)           7E95 	�6(e
E"5�� 	��%! ��3"!�eN!-������!�eZ�N�*TS!-���¢E�Eh�y&
�J���3"![����7�6��+�"����	�6"��! ��!-�"! � u �d� ��3"!C�D!����FE
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samplesize()
���f�"�*8Y!�T�3@	��S�A�*8��@$��V	->���h��6�	��4��
���6��+!-6������"!�E 5H
/eN!v�%	�$��W�ª�W����$��W�����6"��! �W�·�"!�!��i��3�	g� 6 ��1�� = 	�6@eZ�%!-�N���N�V��1�� =	��U��3"![	�6���TY!��jE§9���T_	���6��a
F��$�T_3"!-6U��3�	��3�	����"!�6��¢E

À!-�%! ! ��	�6¡!���	|8_����!¥TS!¥T_	�6��·�F��TY!�� w E95
,�$g��TY![3�	��"![	i����6�
a6 w &f6F��6�>%�A!-6�����	��4�W��

��	���	|8S!H�+!-�¡B©z¢{ w E���K#I�E � 3����a��!���$��J��!���	
��	��\7N!
��	�8_����!
���;��!�E

Cmd> samplesize(.04,2,.05,.9) # g = 2, alpha = .05,power=.9
WARNING: samplesize() truncated at  256
(1)         256� � �V��
a3�	��\eN!��j0d	��4���*T���6@7Z	�6���TS!-��� ��1�� = 0$��"!
�"!-
|T«����eZ��3��<	��F!

maxn:N
	���	�6f	��\7�$->8S!-6g���4�
�"!H����3"!C���<$�6���	g���h�-6��N�O��6����4���OEÀ!-�%! 9 ���@��!�eZ	�7�	���6|0�	��4�h�*T���6�7�� �¤&(�����OE

Cmd> samplesize(.04,2,.05,.9,maxn:1000)
(1)         264� 3��J�[������6���
a���4��7A3�����
R8«�-��!C��3�	�6U��3"!eN!v�%	�$��W������$�6���	����h��6a�F�O�J6��F0�	�6(e ��3"!��%! ! �a6F�H�8_$���3f7�	���6[�J6��F��TS!-� t
Cmd> power(.04,2,.05,vector(256,264))
(1)      0.8914     0.90038 8 more cases gains little
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				 � �������� r rrr � �������� 0 000 r rrr r rrr� ��� � ��� 3 333 � ��� � ��� r rrr)����
����
�H$����N���"!®��3"!®��3���!���3N�O��eC�������\��6��+!��%!-�����J6@7������
� w � 	�6(ei
F�-$�,F!-��� 7�$F!-������� � � w KOE
� 3"!�6i��3"! �h�*TS!-��,N��$�6@eiB+�F!-�����©8�����������I§6 w &6F�-6->%�A!-6g�V��	��4���V
a��	���	�8Y!#�D!������z|{ w � � � BD1 � � I w � � � BD1��@K#I w &gE &(1��OE

Cmd> samplesize(3^2/(2*4),6,.05,.95) # g = 6
(1)          19 Required sample size for each of 6 groups

Cmd> power(3^2/(2*4),6,.05,run(18,20))#Powers for n=18,19,20
(1)     0.94311     0.95545     0.96531� 3"! ��6��+!-��8S!|e#��	��+!
��	|8_����![���;�(!f���*8S!-�

T_3"!�6
z { w 7ABD7�#�&�ID� � � B�&(1#BD7�>g&@I � � I

Cmd> samplesize(6*(6+1)*3^2/(12*(6-1)*4),g,.05,.95)
(1)          14

Cmd> power(6*(6+1)*3^2/(12*(6-1)*4),g,.05,run(13,15))
(1)     0.94039     0.95768     0.97029 Powers for n=13,14,15� 3"!Z���g���©8����g�����[��	�8_����![���;��! ���
Cmd> samplesize(6*3^2/(4*4),g,.05,.95)
(1)           7

Cmd> power(6*3^2/(4*4),g,.05,run(6,8))#Powers for n=6,7,8
(1)      0.9078     0.95507     0.97919
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	�6(e ��3F!
�F��TS!-�f�������V3F!��	����D!��<6�	������"!��
������6 w 1O0��O0?E�E�E�0*1��OE
Cmd> D <- 3; sigmasq <- 4; g <- 6

Cmd> N <- run(2,20) # range of sample sizes

Cmd> pwr1 <- power(D^2/(2*sigmasq), g, .05, N) # pessimistic

Cmd> pwr2 <- power(g*D^2/(4*sigmasq), g, .05, N) #optimistic

Cmd> pwr3 <- power(g*(g+1)*D^2/(12*(g-1)*sigmasq), g, .05, N)

Cmd> lineplot(n,hconcat(pwr1,pwr2,pwr3),xlab:"Sample size",\
ylab:"Power",ymin:0,\
title:"Power for pessimistic, optimistic, intermediate cases")

Cmd> addlines(vector(0,21),rep(.95,2))

]�� ��8 ��3��������h���·
F�-$���	�6/ej!H�+!-��8���6"! ��3F!�%!
��$����%!|ei��	|8_���h!
���;�(!-�[��� �*8 ��3F!
�F�v��6����T_3"!���!C��3"!f��$����"!������ �����i��3"![�F��TY!�� w E95���4��6F!*E
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� � �D!����·` b t }c~ T ~ u ~ w �O0�
N��$a6F����8_	��4��
a$��F!
��3"!C�j>F����	������������
� w } ~ T ~ � 
 ~

•

�������� } ~ T ~ � 
 ~
•

�
w } ~ T ~ � 
 ~

•

����� L?� ¦ � } ~ T ~ � � 6� 
T��W��3/e-E���E w e�� ��� ����� w 7�B+6->�&�I
����6���! �"!$# � w ] {$% !&#�0�
F��$���	�6f$��"!

power2()
�+�

�A��8_��$��+!
�N�*TS!-��E
£*��$ª±��  (' �M$��"!

power()
�4�ª�A�*8_��$��D!
�F�*TY!-�	�6(ea
F��$¬±��� (' �§$��"!

samplesize()
�+� ����6(ea	��	�8_����!
���;��!�E

� 3"![6 w &f6F�-6->%�A!-6�����	��4�W��
a��	���	|8S!#�D!������
z¢{ w B }c~ T ~ u ~ I ���)�V��� � }c~ T ~ �  
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N��$RT_	�6����4�/�A��8_��	��%!C�V3F!
	��F!-��	@7N!!O���W!@�*�V���d� ����!�	��+!-�C&g0*1 	�6(eZ�¤T��W�V3U��3"!	��F!-��	@7N!�!O���W!@�*�V���d� ����!�	��N8S!-6�����KO0*�O0d	�6 = 0	�6@eZ	feH�+���W!-�%!-6��A!a�O�M� w &gE�� ���[�©8_�N���N�V	�6���4� ej!H�+!@�#��T��W��3�3���7�3a��� ��,�	�,��4�4���V
|E®£���$7�$F!-��� ��� w &gE�1 = 	�6(e[T_	�6��·�N�*TS!-� w E"5��
� 3"!��A�-6����<	�����TS!v��7�3g�V�a	��%!� & � �O0«& � �O0«& � �O0P>�& � �O0P>�& � �O0y>�& � �  

Cmd> w <- vector(rep(1/3,3),rep(-1/3,3)); w
(1)     0.33333     0.33333     0.33333    -0.33333    -0.33333
(6)    -0.33333

Cmd> sigmasq <- 1.26 # Hoped for variance

Cmd> D <- 1.5

Cmd> zeta1 <- D^2/(sum(w^2)*sigmasq); zeta1
(1)      2.6786

Cmd> power2(5*zeta1,1,.01,g*(5-1)) # power for n = 5
(1)     0.79612

Cmd> N <- run(2,20) # range of sample sizes

Cmd> power2(N*zeta1,1,.01,g*(N-1)) # power for n = 2, ..., 20
 (1)     0.19702     0.44891     0.65329     0.79612     0.88649
 (6)      0.9396     0.96906     0.98466     0.99261     0.99653
(11)      0.9984     0.99928     0.99968     0.99986     0.99994
(16)     0.99997     0.99999           1           1]�� ��8 ��3����X�-$�����$��F0 �V3F!̂ �"�������·�F��TY!�� �®E"5�� ���E95 = 5�� = �A�����%!-���N��6(e#��6@7 �+�
6 w � E
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£���$a��3F�-$���eR�V3F!
6F�-6->%�A!-6g�V��	���]/eH�J�����@��,�$����h��6T��W��3�6�$|8S!-��	��4���pe�EW��E w &Z�4� �"��6(eR��3"!
�N�*TS!-��d�c	U��>j�+!-���§�d�c	¡�A�-6����<	����§��6���
RT_3"!�6�
N��$���J	�6�	 ���«²�>j��	��4�P�+!����FE 8 �W��3F��$�7�3U�V3����[������ �-,�	�,���
R8«���g� �A�*8�8«��6|0��N�*8S!H���©8S!-�a
F��$��	����D!��<6�	������"!C�+�` b t }c~ T ~ u ~ w � ���
•
`�� t }c~ T ~ u ~ ���CB+�%!v¶�!@�*� ������� � ���%I

���
•
` � t } ~ T ~ u ~ � �CB+�%!v¶�!@�*� �������¡�¥>�� � I

Q_3"!�6�` b ���
�%	����F!*0 �·3�	���T_3�	��ª���a��6F��T_6�	��
��3F! 2 222 3 333 2 222	���� � ��� r rrr 2 222 � ��� 0 000 m mmm q qqq � ��� � ��� . ... � ��� � ����� ���10 000 � ����



 * *** � ��� � ��� 3 333 2 222 ��6aeH����� � ���
eN!-7��%!�!��X�d���%�%!�!|e��*8¹	�6@eZ6N��6-> ��!-6g�V��	��4�W�V

��	���	|8S!H�+!-�
� w � 6 } T ~ u ~ � B � � �V} T ~ �  4I§�F�
��3�	g��� � w z�E�� w �Z�A�-�<�%!-���F�-6(eA�U�+�a���\eH��6�	���

B��A!-6�����	��JIc�FE
Q_3"!�6����Z�O0v� e��@!-�a6F���·3�	��"!
�¤8S!-	�6a	�6@e���a6F��6�>"��
�8�8Y!#���@����	�,N��$��ª�W���R8S!�	�6¢E
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Statistics 5303                                                        Lecture 15                                                    October 7, 20029;6fL�	���8S6F����	¢0�
F��$f$��"!
cumstu()

T�����3��a	��	��<7A$|8S!-6�� �¥�4�f�A�*8_��$g�+!
6F�-6->%�A!-6�����	��Y���� �-,�	�,��4�4�W����!-�¢E
]��J6(eZ�N�*TS!-���d��&��¤�NT«�d>j��	��4�Y�D!����¬��������3"!���%!����h��$��¡!���	|8_����! t

Cmd> t_005 <- invstu(1 - .01/2, g*(5-1))#two tail 1% cutpoint�g�*T ���*8_��$g�D!
G#B#̧<� �������;����������� ¸ � �
�
b�b���I w

G#B%� ������������������� �¥>��
�
b�b��WI #¡G#B%� ����������������� � �$#��

�
b�b��WI

Cmd> cumstu(-t_005,g*(5-1),sqrt(5*zeta1)) +\
1 - cumstu(t_005,g*(5-1),sqrt(5*zeta1))

(1)     0.79612� 3��J�R8_	��D��3F!-�i��3F!
�F��TS!-�M�A�*8_��$��+!|ei$�����6�7
power2()

E
Cmd> power2(5*zeta1, 1, .01, g*(5-1)) # power for n = 5
(1)      0.79612]��J6(e �-6"!O>���	��4���N�*TS!-�ªT_3"!�6 } ~ T ~ u ~ w � w &gE��
Cmd> t_01 <- invstu(1 - .01,g*5-1);t_01# 1-tail cutpoint
(1)        2.462

Cmd> delta1 <- D/sqrt(sum(w^2)*sigmasq)

Cmd> 1-cumstu(t_01,g*(5-1),sqrt(5)*delta1)
(1)      0.875528«��
N��$���3F��$���e�!����"!��#�F0v��3F!
�F��TS!-���d� ��3"!��6F!O>j��	��4�P�+!-���ª������	��<7F!����V3�	�6i��3F!
�F��TS!-���d���3"!C�FT«�d>���	��4�P�+!-�g�"E
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