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l �*�m	�8�
�9c21��5"!*�%!	��%!n��8���
�	a�"��8��o�p!8�$c+-,"!*�
�f�O9q,�
�9n �	(����8���r�$�	��%!��sHt:o�u�j5.!*�%!	��v!N
��r�$�	��%!��s2R�v$��6���w	�8yxz�3+{�<|s	(�z�}��8a�L8�).�~��)"!*�
����������8�9{�*8"!��r�$�	��%!��{�o��5����%�*,�	�,��6�6�o��
 ?C� NUH
l �*��!*��	�+-����!32��-5"!*8�9a��/Q2�N���/f�

� 7 	�8Cx 7 �
7 � � 7

l �*��9a���Q23Nt� ? /���,���	���8.!cx�,�
�	��6�3����x�!*�CA
��8�9����Q�-��5.!���3�-���Q�

� 7 4 � 4 7
7 4 � 	�8yx 7 � 4
4 � 7 4 7 �

l ����9a��MQ2~��5"!��%!	��%!�10 > 2�	��v�3��,(�j	���8�	�,���!,�

�"!���+�$(�z�L8C9n���3�-�n	�8yx{�D�~��$c+-8��{�f�
� 7 4 � � 7 4 � � 7 4 � � 7 4 �
7 � � 4 7 4 � � 7 � � 4 7 � � 4
4 � 7 � 4 � � 7 4 � � 7 4 � � 7
� 4 � 7 � � 7 4 � 4 7 � � 4 7 �
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? H���!~��!C�3��	���r�$�	��v!a	����w	�8yxz�3+ �%���3+�	a�6�L���
�f���%!*���v!��"!*8(�j	(����)"!a��r�$�	��%!*�a�L8�	��j	�,���!

/QH(�J	�8Cx��3+{�<|y!���5"!q����xP!*���Q���%�����c2s���Q��$�+�8��
	�8Cxq	�������9D8c+U!*8(�;�Q�u�j�%!*	(�P+�!�8������6�
��!J�w�p!*�w�sH

�~�#��$�	��v��
�
P��$]xz��8c����8"!�!�xqr�$��o�p!���5�	(�{+�$"��5
�w	�8Cx��3+{�<|s	(������8s2f,�$(� �o�ux��C!���8c����5�$��P�m�6��x��
+����%!F�j5�	�8���5.!�+{��8��¡+-$�+¢H
l �*����	��=9.!��¢9�2�
P��$���	�8n�v!�����	"��!�(�p!*� ? ,�

? ��H�4���8������w$w�#��	n��r�$�	��%!���8n	���
����p!f+�	(�z���
+-	�8�8"!*�z2f��	�
&�{�o�j5£��237Q2J4B2BH�H�H}¤¥��8��D�Q��$�+-8
?�¦ 7Q2�4B2��Q2BH�H�H�23¤Q2��§��8m���Q��$�+�8�/ ¦ 4B2��Q2
H�H�H�2�¤Q2��O2�7¥��8��D�Q��$�+-8¨�Q2�H�H�H�2�!J�G��H��6���"!
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¨MF��r�$�	��%!*�{��8��cH
> ��²F	��&+-	���������!*�³��8�N�	w�(�U8P��)�	

Cmd> print(square1,square2,square3,square4,\
labels:F,format:"3.0f")

square1:
   1   2   3   4 1 = A, 2 = B, 3 = C, 4 = D
   2   1   4   3
   3   4   2   1
   4   3   1   2
square2:
   1   2   3   4
   2   3   4   1
   3   4   1   2
   4   1   2   3
square3:
   1   2   3   4
   2   4   1   3
   3   1   4   2
   4   3   2   1
square4:
   1   2   3   4
   2   1   4   3
   3   4   1   2
   4   3   2   1I���������8.!��r�$�	��v!a�w	�8yxz�3+{��
(�
Cmd> ceiling(4*runi(1)) # random selection of square
(1)           2 Square 2'(�3���.!~��!��#���=	�8yxz�3+��%!�����xP!��C�L8C9{�Q���%���-�s2

	�8yx��D�Q��$c+�8���	�8yxq	�������
���5"!�+§�p�
square2

H
Cmd> J_rows <- rank(runi(4)); J_rows # to reorder rows
(1)           2           4           3           1

Cmd> J_cols <- rank(runi(4)); J_cols# to reorder columns
(1)           3           4           2           1

Cmd> square <- square2[J_rows,J_cols]� 5��L���"!��z+-$(�G!���,P����5����3�-�n	�8yx{�D�Q�L$c+-8��sH
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�w	�8Cx��3+{��
n�"!*��+-$��p!cx��

Cmd> square
(1,1)           4           1           3           2
(2,1)           2           3           1           4
(3,1)           1           2           4           3
(4,1)           3           4           2           1� 5"!�8̈ 9P!J���w	�8yxz�3+�	�������9�8�+U!*8�� �Q�

���%!*	��P+U!*8������p����!J�w�p!*�w�nE68�$c+-,"!��=�n5"!��v!�K
Cmd> J_trt <- rank(runi(4)); J_trt
(1)           3           1           4           2��������9D8����%!*	��P+U!*8(� ? �p�&7Q23/ �p�&�Q23� �p�q�

	�8CxnM��6��4
Cmd> treat <- vector(square) # unravel square to vector

Cmd> treat1 <- rep(0,16) # new vector for treatments

Cmd> treat1[treat==1] <- 3; treat1[treat==2] <- 1

Cmd> treat1[treat==3] <- 4; treat1[treat==4] <- 2

Cmd> matrix(treat1,4) # Final square, with treatment numbers
(1,1)           2           3           4           1
(2,1)           1           4           3           2
(3,1)           3           1           2           4
(4,1)           4           2           1           3� �&$��"!±��8

anova()

.��$T�U��$�� xq8"!�!cx��p�³�j$��w8

treat1
��8��p�T	&�%	=�#�p���

Cmd> treat1 <- factor(treat1)
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ZZ
� �������� Y YYY i iii#k k

kk \ \\\ _ ___ X XXX k kkk
�(�3+U!#�z�¡+U!��a�o�{+-	�
n,"! �¡+-�.��������,���!��6�&5�	�)"!
	���4#7����m	� C�QH
� 5��L�T+-	�
n5�	����"!*8n,"!���	�$��"!a
.��$¨xP!*����9�8.!cxq	
��437����m	n C�Q2f,�$�� ���*�����.��+U!TxD	(�j	n�.���j5�	��
��5"!��v!a	��%!�+{��������8C9q)�	���$"!*�cH
����$n�����6�6��5�	�)"!F�j5.!��	c+U!�+��sx�!~�



	����������	�����������	��
���


 	�� ������ 	 ��� � ����� ��� 	�� �
! �{�j5.!8�	(��$��w	���,����y���n���<|y!������p���&��+�	��6�;�����
	��v�B9����%!*	��P+U!*8(�j�cH
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"!Tx�������!���	c+-����!����n	m��	��"! ��8
�.�~��8��"�
" ���"!*���¡+U!*8(� �����6�¨�D�3+-��	��v!n!*
.!Tx��%�*��,��w	�8yxD�
�{�o��5��%!*���"!C�3�m�p����5"!~����!~�=�o!C�3� ��8�!�
"!
���w���o�j	(������8sH � 5"!��%!����³�6���"!1��
��6�&,.!	³����� �f�
)�	�����	�,��6�v�o�j
n,"!#�.�U!�!�8���$�,$# !C�3�j�n	�8Cxq
P��$
����$�� x��6���.!��6�$��"!a��$�,�#L!��#����	���,����y�����sH
:o�u��5"!*�%!a	��%!n�*8���
�9a��/�,��w	�8yx��s2��o�P����!*	���
sH
" 	"��5n��$�,�#L!��#��5�	��¨9³�m/�!�
"!*�n	�8yx�
.�*$m��	�8
�w	�8Cx��3+{��
n	�������9�8n,��w	�8yx �t�p�n��8.!�!*
.!	�8yxn7
�6�³��5"!q����5"!���H � 5��L�¨9���).!*�n	¨��437ax�!*����9D8sHt:o�
��5"!��v!a	��%!,n��$�,$# !C�#���nE6,����y������K 2c!�	w��5n,��w	�8yx
���n�v!����6����	��p!cx��]��,����¡+U!*�cH
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.�*$m��	�8c���ux��
	���437�����8w�D!�.!�������!5�	�)"!q��8���
��P���¨!�
"!*�cH
����$q8.!�!cx��P�3+U! ������+ �Q��	�8 \ \\\ X XXX � ��� Z Z

ZZ~[[[[('''' � ��� i iii b bbb�i iii
� ��� � ��� Z ZZZ � �������� Y YYY i iii#k k

kk \ \\\ _ ___ X XXX �����¨�-5�����5{!*	"��5q,����y���q5�	��q�
) 9�xJ�p�w� !��%!*8��m���%!*	��P+U!*8����sH
! 8"! ��	�
�
P��$T+{��9D5��ux����o�.2R�p��
.�*$�5�	�)"!a,
��$�,$# !C�3�j�n	�8yxq9a���Q2������6�
•
�J	�8Cx��3+{��
n�"!~��!C�#� /��Q�-��5.!���5��%!�!
���v!�	��P+U!*8����a�o�*�O!�	w��5n��$�,$# !C�#�

•
� 5"!�8�	��6���y��	(�G!F��5"!�+��w	�8Cx���+���
��6�³��5"!
!*
.!*�sH

�D!*�%!��}��5P�3� �o�{+{��9�5(��,"!Txz��8.!��{�o��5 ? ���
��$�,$# !C�3�j�s�

Cmd> g <- 3; k <- 2; b <- 100

Cmd> subjects <- factor(rep(run(b),rep(2,100)))

Cmd> subjects[run(10)] # blocking factor for subjects 1 - 5
(1)           1           1           2           2           3
(6)           3           4           4           5           54��%!*	��p!F�j�%!�	��P+�!�8���	�������9�8�+U!*8����sH�����	��P�

�{�o��5�	�8�!�+-�(�j
&+-	����C�L�T�{�o��5�	��D�Q�L$c+-8�����
!*	"��5n��$�,�#L!��#�"�

Cmd> trt <- matrix(rep(0,k*b),k) # 2 by 100 matrix
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��*��x�!*�%!cx��=	�8yx���+��"!~��!C�#������8
�f�O/����%!*	(�.+U!*8(���a��8�!*	w��5m���Q��$c+-8cH

Cmd> for(i,1,b){
trt[,i] <- rank(runi(3))[run(2)];;}�D!*�%!a	��%!���5"!F�j�%!�	��P+�!�8���	�������9D8c+U!*8����a�o�*�

��5"!��w���w�(�u�F��$�,�#L!��#���nE����Q��$�+�8���K��
Cmd> trt[,run(5)] # first 5 subjects
(1,1)          3           3           2           3           1
(2,1)          2           1           3           1           3'(�3�§�j$��w8

treat
��8��p�&	�v	w�#�p�*��H

Cmd> trt <- factor(vector(trt))� 5"!F���%�*$�,���!��{�o��5���5����n	���������	w��5a�����j5�	��
•
� �%!*	��P+U!*8(�j�&+-	�
n8.����	��v��,"!a�v!����6����	��p!cx
��5"!a��	c+U!a8�$c+-,"!����f�u���¡+U!*�sH

•
IJ	������{���"!��D��+���	������.�*8��{�f�u�j�%!�	��P+�!�8����
+-	�
n5�	�).!Tx#�p�=�o!*�%!�8�������	�8CxD	���x{!��w�%�*�=�cH

�D!*�%! :c���%!*	(�G!�xq�P�3+U!	��.���p�"���1��	��1xD	(�j	c2��a�m/
)�	���$"!��������!*	"��5{�f�u��5"!,a� ? ������$�,$# !C�3���sH

Cmd> y <- 100 + rnorm(k*b) # create some artificial data

Cmd> tabs(y,trt,count:T) # unequal replications
(1)          69          68          63��!*���6����	(�z���*8��n�=	�8C9.!��%�%��+ > ���6� >�� H
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Cmd> anova("y=subjects + trt",fstat:T)
Model used is y=blocks + trt
WARNING: summaries are sequential
              DF          SS          MS           F     P-value
CONSTANT       1  2.0021e+06  2.0021e+06  2.5158e+06           0
subjects      99      85.958     0.86826     1.09101     0.33334
trt            2     0.65094     0.32547     0.40897     0.66546
ERROR1        98      77.992     0.79583'(���p!#�

trt
���a��8q�j5"!�+U�sxP!~�B	*� �G!*�

subjects
H

� 5��L�T+-$��(� 	��¡�-	�
��n,"!F�j5.!̈ ��	��"! �{�o�j5
$�8�,�	��L	�8w�D!cxq,����y������8C9�xP!�����9�8��sH�7����y������8�9
�%	w�3�p�*�=�������	�O���%!C�D!cxP!F���v!�	��P+U!*8������6�
	�����$��%!F�j5�	��m��5�	�� ����
��
�����	��j
��"! :6:����Q2
�p	Cx #v$��(�p!cx��m�����{,����C�����sH
! ��x�!*�¢x���!*��8�� �{+-	��w�p!*�̈ �����m	̈ ��437QH
�D!*�%!a	��%!���5"!a����	�8CxD	���x{!��=���*�=�a�����{�j5.!���5��%!�!
��	��������L�"!̈ ����8����w	������cH

Cmd> contrast(trt,vector(1,-1,0))$se
(1)     0.17371

Cmd> contrast(trt,vector(1,0,-1))$se
(1)     0.18047

Cmd> contrast(trt,vector(0,1,-1))$se
(1)      0.1818� 5"!�
c�}�v!��1���*�"!32f,�$(��8.��� � x�!*8�������	�� H
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� ���
W WWW � ��� W WWW(X XXX � ��� i iii Y YYY

\ \\\ X XXX � ��� Z Z
ZZ1[[[[('''' � ��� i iii b bbb�i iii � ��� � ��� Z ZZZ � �������� Y YYY i iii3kk

kk \ \\\ _ ___ X XXX k kkk ���
� �������� � �������� �n	��%!a	n��	��P�z����$��L	��m)�	�����!J��
{�Q����8"�D��+�A
����!J�p!,��}�y��������5�	(�-xz��8c����5�	�)"!���5��L��������,���!�+�H
� 5"!1���¢xP!Q�"��8���8C9q�������"!��.��
³���(�
•
" ).!*�w
����%!*	��P+U!*8(��	����.!*	��w����5.!��	�+U!
8�$�+-,"!*�m�{���¡+�!��

•
" 	"��5��j�%!*	(�.+U!�8���	����"!*	��=�&�{�o�j5�!*).!*�w

����5"!��{�j�%!*	(�P+�!�8��m��5"!��	c+U!8�$c+-,"!���� �Q�
���¡+U!*�sH

� � 7 4 7 � 4 7 �
7 4 4 � 4 7 7 � 4

�D!*�%!9a���Q2��a�m/Q2f,� � 2��¨� > 	�8yx
�t��Ep��A ? K���� � EG9�A ? K¢�m�

Cmd> b <- 9; g <- 3; k <- 2

Cmd> blk <- factor(rep(run(b),rep(k,b))) # 1,1,2,2,...,9,9

Cmd> print(matrix(blk,k),format:"3.0f")
MATRIX:
(1,1)   1   2   3   4   5   6   7   8   9
(2,1)   1   2   3   4   5   6   7   8   9

Cmd> trt <- factor(1,2, 1,3, 2,3, 3,1, 2,3, 1,2, 3,2, 2,1, 1,3)

Cmd> y <- 100 + blk + trt + rnorm(b*k) # Artificial data

Cmd> tabs(y,trt,count:T) # replications are all the same
(1)           6           6           6

Cmd> r <- 6; lambda <- r*(k-1)/(g-1); lambda
(1)           3
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Cmd> anova("y=blk + trt",fstat:T)
Model used is y=blk + trt
WARNING: summaries are sequential
              DF          SS          MS           F     P-value
CONSTANT       1  2.0811e+05  2.0811e+05  2.1129e+05           0
blk            8      155.19      19.399    19.69558  0.00038481
trt            2      17.377      8.6883     8.82095    0.012218
ERROR1         7      6.8947     0.98496'(�3� ��5"!��D�*8����=	���������	�8CxD	���x£!*�w�%�*�w��	��%!F�j5.!

��	�+U!3H
Cmd> contrast(trt,vector(1,-1,0))$se
(1)     0.66163

Cmd> contrast(trt,vector(1,0,-1))$se
(1)     0.66163

Cmd> contrast(trt,vector(0,1,-1))$se
(1)     0.66163

Cmd> varBib <- contrast(trt,vector(0,1,-1))$se^2; varBib
(1)     0.43776
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•

A�� 
 �
•

� �����{�j5����¨7U:}7��
�D��+���	��v!��T�{�o�j5��	�
� 
 	

•

A�� 
 �
•

� �m/��� � �]�%�%��+ 	
��437��{�o��5��¨� > ,����C�����qEp��	�+�!a8�$�+�,.!*���f�
�%!*���6����	��p!*�DK;	�8Cx�{�o��5���5.!��	�+U!�� � H

Cmd> mse <- SS[4]/DF[4]; mse
      ERROR1
     0.98496

Cmd> varRcbd <- 2*mse/r; varRcbd
(1)     0.32832

Cmd> varRcbd/varBib
(1)        0.75� 5��L����5P�3�-����5"!n!Q�w�"���1��!�8w��
{�f�u��5�����7U:}7��

�D��+-��	��%!cxT�6�&	���437������j5���5"!��	c+U!8�$c+-,"!��
�f���%!*���6����	(�G!���	�8yxq��	c+U!�� � ���THL0D���*� 0D��BH
: � ��	�8�,"!a��5P�3�-8���5�	(�

"���� ����� ����� ��9DEp�*A ? K � E6EG9�A ? Kp��K
Cmd> g*(k-1)/((g-1)*k)
(1)        0.75��8.�J�j5.!*�]�-	�
��6���$��]�o�"2U������5�	(�m��5"! i iii����� � ��� i iii � ��������b bbb \ \\\
� ���
i iii h hhhji iii ' ''' � ��� \ \\\ � ��� W WWW�b bbb

\ \\\ Z ZZZ X XXX ���
" ��� ����� ����� ���̈ �{EG� � M#K > ��MQH��f�

Cmd> 2*mse/4.5
(1)     0.43776 = varBibd
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+-	�
n,"!a�.��������,���!��{�o��5.��$(��5�	�)���8C9³�v	��{�p���
+-	�8�
�,����C�����sH
����$&+�$�����5�	�)"!&'¥��,��n	�8Cxn' ����9
��8yx �����wE6�*A ? K � EG9�A ? K +-$�����,"!a	�8³��8��p!�9P!*�zH
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������³����)����P�j$�	��6��
³� xP!�8�������	�� �����j5n	¨��437
x�!*����9�8c2Q	��o��5P��$C9D5���5"! �p,�
q5�	�8Cx	��������+-$���	��
	��%! +U�*�v!��D��+����6����	(�G!�x�H

Cmd> tab14_1 <- read("","exmpl14.2")
exmpl14.2          36     3
) A data set from Oehlert (2000) \emph{A First Course in Design
) and Analysis of Experiments}, New York: W. H. Freeman.
)
) Data originally from John, P. W.~M. (1961). ``An application x
) and  balanced incomplete block design
) '' {\em Technometrics\/}~{\em 3}, 51--54.
)
) Table 14.1, p. 359
) Test of 9 different detergents.  There are three basins that
) are used simultaneously at the same rate with a different 
) detergent in each basin.  Response is number of plates until
) foam disappears in a basin.  
) Column 1 is session. Column 2 is treatment (kind of detergent)
) Column 3 is response (number of dishes)
) Treatments 1-4 are detergent base 1
) with (3, 2, 1, or 0) parts additive
) Treatments 5-8 are detergent base
) 2 with (3, 2, 1, or 0) parts additive
) Treatment 9 is a control.
Read from file "TP1:Stat5303:Data:OeCh14.dat"

Cmd> makecols(tab14_1,session,treatment,count)

Cmd> session <- factor(session)

Cmd> treatment <- factor(treatment)� 5"!,����y������8C9a�v	"�#�p���̈ ���
session

H�:��{+�$����
	����"!*	��]��8��j5"! +��sxP!Q��,"!Q�o���v!

treatment
H
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Cmd> anova("count=session + treatment",fstat:T)
Model used is count=session+treatment
WARNING: summaries are sequential
              DF          SS          MS           F     P-value
CONSTANT       1       13572       13572 16469.69663  1.5466e-25
session       11      412.75      37.523    45.53320  6.0284e-10
treatment      8      1086.8      135.85   164.85393  6.8089e-14
ERROR1        16      13.185     0.82407����$���	�8̈ x����	������{���"! +-$��o��������!��D��+���	��CA

���P��8��n	��a�o�*�m	 43����	�8Cx]43��7QH
Cmd> pairwise("treatment",.05,hsd:T)
             4    -12.9
             3    -6.22
  |          2    -2.22
  | |        8   -0.222
  | |        1    0.333
    | |      7     1.67
      | |    6     3.56
        |    5     5.89
             9     10.1����$���	�8���5"!������j5�	��m��5"!�(�j	�8yx�	���x{!*�w�����w�

	��%!F�j5.!��	�+U!#�
Cmd> contrast(treatment,vector(1,-1,rep(0,7)))
component: estimate
(1)      2.5556
component: ss
(1)      9.7963
component: se
(1)      0.7412

Cmd> contrast(treatment,vector(1,0,-1,rep(0,6)))
component: estimate
(1)      6.5556
component: ss
(1)      64.463
component: se
(1)      0.7412
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