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h hhh V VVV�´ ´´´ Y YYYµ[[[[r¶ ¶¶¶�c cccf···· Y YYY#¸ ¸¸¸¹]]]] U UUU ¸ ¸¸¸ Y YYY e eee�gggg V VVV9X XXX ^ ^^^ h hhh Y YYY#o ooo

��º �¥���q� �b��� �±����» � ¢ �¼C
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•

Ã � �%!-���D��5��D!ª���q��2�+��¦�(���
*S!-	�5��%!�*¾��}D!zy�C s 2"!�5ÆÇ Á � } Á

•

����º @3@%���%!-	��O*S!-5��®��$z*�Hx����º H
È ÈÈÈ ¸ ¸¸¸ Y YYY ^ ^^^ h hhh c ccc Y YYYF[[[[ h hhh{ÉÉÉÉ É ÉÉÉ
���zÊvËÌÊ � ��ºbÍ Á ÆÇ Á ©

Î ÎÎÎ ^ ^^^ ¸ ¸¸¸ V VVV ^ ^^^ [ [[[ X XXX Y YYY ^ ^^^ [ [[[)Ï ÏÏÏ o ooo h hhh ^ ^^^ [ [[[)Ï ÏÏÏ ^ ^^^ ¸ ¸¸¸"Ï ÏÏÏ Y YYY#¸ ¸¸¸ ¸ ¸¸¸�] ]]] ¸ ¸¸¸À]]]] U UUU_^^^^X XXX ] ]]] [ [[[ h hhh ¸ ¸¸¸ ^ ^^^ o ooo h hhh
Ð<@ÑÍ Á � Á ÆÇ Á H � @ÑÍ Á � Á ©qHÑ¨�©q����º
� � @ÑÍ Á � Á ÆÇ Á H �ÀÒÔÓ @ÑÍ Á � Á ©qHÑ¨«©�����º9Õ

s 2"!��"!�	��%!Ö�3���D!×��2"!��)�F*,���v!G�x!+��¦�J���������*,$���	��R���q��2{��2"!t!0�K�q!(�#����}"!��%!-���3�v��	����¦��5t��º��5t����	"��!t�0����2D!	K�F��$�	��«�|!����3����	����¦��5t�¼C
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������¥�0��4S794�� ��Ù 	�*���v!Ú;JL0C .×$����I5(6M«	K� Ø 5O��}�	zC
s 2"!�	�5�	���
����������t}����O��$�	��3��
���y¼!-5�������	��¾���q��2�	~�1F4×yO!-���b6�5z/0	��q��2O��$�6�2²��2D!×Ûx+�
¬2�	�5Jy�Ûf������*¥=$��I	���	��|!Ü*¾���%!§���F*,���3����	��x!zy-C

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)s 2"!+��v�J������5(6��|	"�#�x���§���
session

CÝ7±��*$����	����"!-	��§�b5{��2"!n*¾�ryO!0��+"!0�q���|!
treatment

C
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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����$ ��	�5§y¼���	����������"!Ü*,$��q�������v!��)��*��	��(=���O��5��t	����q�-��	_1F~��×	�5(y¹1F~�40C
Cmd> pairwise("treatment",.05,hsd:T)
             4    -12.9
             3    -6.22
  |          2    -2.22
  | |        8   -0.222
  | |        1    0.333
    | |      7     1.67
      | |    6     3.56
        |    5     5.89
             9     10.1����$ ��	�5 ��2"!�������2�	��®����	�5(y)	�� yÔ!-�K�%�-�:�������yG�3�:�q!-�%!-5��®��	����������"!��)��*��	������D�-5��t	��%!×��2"!��	�*S!��
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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Cmd> trtmeans <- tabs(count,treatment,mean:T)

Cmd> blkmeans <- tabs(count,session,mean:T)

Cmd> tabs(count,treatment,count:T) # reps of each treatment
(1)           4           4           4           4           4
(6)           4           4           4           4

Cmd> tabs(count,session,count:T) # sizes of each block
 (1)           3           3           3           3           3
 (6)           3           3           3           3           3
(11)           3           3

Cmd> r <- 4; k <- 3; b <- 12; g <- 9;

Cmd> eff <- g*(k-1)/((g-1)*k); eff
(1)        0.75

Cmd> effective_r <- r*eff; effective_r
(1)           3s 2�$�� � ��� ���I� ���I� � C�?)�×	�5Jy{��º � �0C

~�!�*¾�-}"!+��¦�J���R*S!-	�5���%�̄ �F* ��2"!&y)	���	zC
Cmd> v <- count

Cmd> for(i,1,b){ # loop over blocks
v[session == i] <- v[session == i] - blkmeans[i];;}

Cmd> tabs(v,treatment,sum:T)/effective_r # alphahats
(1)     0.33333     -2.2222     -6.2222     -12.889      5.8889
(6)      3.5556      1.6667    -0.22222      10.111

Cmd> coefs(treatment) # same by black box
(1)     0.33333     -2.2222     -6.2222     -12.889      5.8889
(6)      3.5556      1.6667    -0.22222      10.111

Cmd> c <- vector(1, -1, rep(0,g-2)); c # pairwise contrast
(1)           1          -1           0           0           0
(6)           0           0           0           0

Cmd> mse <- SS[4]/DF[4] # estimated sigma^2

Cmd> sqrt(mse*sum(c^2)/effective_r) # standard error
(1)      0.7412

Cmd> contrast(treatment,c)$se # Standard error from black box
(1)      0.7412
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s 2"!°��5K���F*,���v!#�B!��K	�5JyW�F*��9¡�!�y¬+��¦�J���&*¾�ryO!u����


 ÁÄÃ ���	� Ç Á ��
 Ã �� ÁÄÃ
�,2"!��|!�5D�G�Â	��3���D�-������+��v!w@ � /��%H«�(����$��¼C
1���5�����yO!��¥��2"!�+��¦�J������$z*,�t


•

Ã�� Í Á 
 ÁÄÃ �,2"!-�%!
��2"!���$z* ������}D!-��	��3�����%!-	��D*S!�5�������5t+��¦�(������C
s 2"!�5



•

Ã � Í Á 
 ÁÄÃ � � �	� Í Á 5 ÁÄÃ Ç Á � � 
 Ã � Í Á 5 ÁÄÃ � ÁÄÃ
� � ��� Í Á 5 ÁÄÃ Ç Á ��� Ã

�,2"!��|!
•
5 ÁÄÃ � ;�x�����|!�	��O*S!-5��À���I����5t+��¦�J�����

•
5 ÁÄÃ � � �x�����|!�	��O*S!-5��À���I��5D�G�À��5�+��¦�J�����

•
� Ã�� � 
 Ã � Í Á 5 ÁÄÃ � ÁÄÃ
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Ã � Í Á 5 ÁÄÃ @ ��� Ç Á H ��� Ã
s 2��I��2�	��{��2"!Ö������* �i��	R*,$����W�����v!�%!�6)�|!��-=��� ��5����q��������� �z�������������x�"! �



•

Ã � Í Á$#
 Á Ù ÁÄÃ ��� Ã
�,2"!��|!A��2"!�%!�6)�%!-�����¦��5 �)�(!d�:�"���>�v!-5����t	�5Jy���%!�yG���#�3����}�	�����	�+��v!���	��|!

#
 Á ���	� Ç Á 	�5Jy Ù ÁÄÃ � 5 ÁÄÃ
EG�¯��}��byO!zyR��2"!+��¦�J���¥!0�K�q!(�#��� 
 Ã º ��	��%!
�K	�5(y¼�F* 	�5Jy×��5(yO!��"!-5(yO!-5��"/ � Ã 	��%!
��5(yO!-�D!-5Jy¼!-5������q��2�����5�����	�5��®}�	��(�I	�5K�)!

#¨�© � ��©3¨&%�© � ��¨�©BC
Q,2"!�5{��2����w���{��2"!���	��"!ª�S!���	�5�6D!#�
!-����� *	��B!��¥�0� �	� Ç Á +�
��v!�	����®�('�$�	��%!-�
�%!�6��%!-�����¦��5&�¥�q��2�
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Ã 	����%!-���O��5��D!}�	�����	�+��v!
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Cmd> blksums <- tabs(count,session,sum:T) # y_dotj

Cmd> nij <- tabs(count,session, treatment,count:T)

Cmd> print(nij,format:"2.0f")
nij:
 (1,1)  1  1  1  0  0  0  0  0  0 Trt 1, 2, 3 in block 1
 (2,1)  0  0  0  1  1  1  0  0  0 Trt 4, 5, 6 in block 2
 (3,1)  0  0  0  0  0  0  1  1  1 Trt 7, 8, 9 in block 3
 (4,1)  1  0  0  1  0  0  1  0  0 Trt 1, 4, 7 in block 4
 (5,1)  0  1  0  0  1  0  0  1  0  etc
 (6,1)  0  0  1  0  0  1  0  0  1
 (7,1)  1  0  0  0  1  0  0  0  1
 (8,1)  0  1  0  0  0  1  1  0  0
 (9,1)  0  0  1  1  0  0  0  1  0
(10,1)  1  0  0  0  0  1  0  1  0
(11,1)  0  1  0  1  0  0  0  0  1
(12,1)  0  0  1  0  1  0  1  0  0

Cmd> makecols(nij,x1,x2,x3,x4,x5,x6,x7,x8,x9)����|!-6��%!-�����¦��5&���q��2O��$��£����5�����	�5����x!-��* +�
	Jy�y#��5(6
-1

�3�w��2"!Ü*S�ry¼!d� �
Cmd> regress("blksums=x1+x2+x3+x4+x5+x6+x7+x8+x9-1")
Model used is blksums=x1+x2+x3+x4+x5+x6+x7+x8+x9-1
                Coef      StdErr           t
x1             19.75       1.147      17.219
x2            15.417       1.147      13.441
x3            13.417       1.147      11.697
x4            6.4167       1.147      5.5944
x5            26.083       1.147      22.741
x6            24.083       1.147      20.997
x7             19.75       1.147      17.219
x8            19.417       1.147      16.928
x9            30.417       1.147      26.519

N: 12, MSE: 4.3056, DF: 3, R^2: 0.99969
Regression F(9,3): 1082.4, Durbin-Watson: 0.63656
To see the ANOVA table type 'anova()'
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D�-$�5D!�!zyR�3�&��$�+����:	"�#����2"!Ü*�!�	�5��i����2"!&6�)��!0�K�"���u�v!-5�����%�¯�F* !-	"��2����(!0�K�"���u�v!�5��DC
Cmd> COEF - sum(COEF)/g # interblock estimates of alpha's
          x1          x2          x3          x4          x5
          x6          x7          x8          x9
     0.33333          -4          -6         -13      6.6667
      4.6667     0.33333 -3.5527e-15          11M�	K���%�

interblock()
���%��}��±yO!-�§	tÛB+���	K���+O� Ù ÛÂ�,	�
��3�&6D!#����2"!��"!t!������ *,	��x!��

Cmd> interblock(count,session,treatment)# response,block,treat
 intra est intra se   inter est inter secombined est combined se
   0.33333  0.49414     0.33333  0.91174     0.33333     0.43443
   -2.2222  0.49414          -4  0.91174     -2.6259     0.43443
   -6.2222  0.49414          -6  0.91174     -6.1718     0.43443
   -12.889  0.49414         -13  0.91174     -12.914     0.43443
    5.8889  0.49414      6.6667  0.91174      6.0655     0.43443
    3.5556  0.49414      4.6667  0.91174      3.8078     0.43443
    1.6667  0.49414     0.33333  0.91174      1.3639     0.43443
  -0.22222  0.49414 -1.7764e-15  0.91174    -0.17177     0.43443
    10.111  0.49414          11  0.91174      10.313     0.43443s 2"!

intra est
�)�0�b$z*5�2�	���!-���W� *	��B!-��	���)�#*��$��B!ryt+�


coefs()
�q�0�x�¦�F�¥�b5(6

anova()
C

s 2"!�
�	��|! �b��� !K� � ��� � ���Â!-���W� *,	��B!���+"!���	�$��"!��2"!�
�	��%!°� *,���3���u���W��
 �)��*��$��x!zy×�|�̄ �F* ���q��2��I5+�� �J���§yG�x�K�q!-�%!-5K�)!-�rC
s 2K!

inter est
�)�0�b$z*5�2�	(�{��2"!&��	z*�!}�	���$"!���	����|$����_����$�5Jy�/u��2"! �����x�"!���� � ���!-����� *	��B!��rC
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Cmd> anova("count=session + treatment",silent:T)

Cmd> coefs(treatment)
(1)     0.33333     -2.2222     -6.2222     -12.889      5.8889
(6)      3.5556      1.6667    -0.22222      10.111s 2"!��"!Ü*	��B��2����0��$�*5A;�C

s 2"!
combined est

�)�0�b$z*5���§	�3�b5"!�	���)��*,+���5�	��W� ��5R�,2�����2&��!u�b6�2�������2"!�!������ *,	��x!-���5�}"!-�K�"!u��
����%�-�D���O���¦��5�	��P�3�w��2D!d����}�	��(��	�5K��!�C
� ��� ^ ^^^ ¶ ¶¶¶ h hhh V VVV ] ]]] [ [[[ � s 2����×��5��x!��K+��¦�(���¬�%!(����}D!-�K
�¾���K���
�z�	��
²�,2D!-5�+��¦�J������	��|!��K	�5JyW�F*�C
•
s 2"!�����	�5(y)	�� yÔ!-�K�%�-�:���i����2"!°��5��x!-�(="+��¦�J���!-���W�B*	��B!��¥�0�,���%!-	��D*S!�5��8!0�K�q!(�#����	��%!	�� �,	�
���+��b6�6O!-����2�	�5���2"!Ö��5����:	�="+��¦�(���!-���W�B*	��B!��rC

• � 5��v!�������2D!5�$z*,+"!-��0��+��¦�J�������I����	�� 6O!F/��2"!-�%!°����$�5��3���D!d��
{�3�+"!Ü*$"��2t+"!-5D!0�"�q��%�%��* ��2��������%�(��!zy�$��%!FC

11

Statistics 5303                                                        Lecture 36                                               December 2, 20024G	��I	�5K�)!zy×�I5K�)��*���v!G�x!+��¦�J�����¹y¼!-����6�5��t2�	�}D!��2"!����¯���"!��D��

•

Ø �3�P���|!�	��O*S!-5��8!0�K�q!(�F��� Ç Á ��	�5t+"!�!������x=
*,	��x!zy����q��2¥!"'�$�	��«	K����$��K	K��


•

Ø �3�G�)�-5����:	������R���q��2���2D!��	�*S!ªÍ�� Á ©P2�	�}"!
��2"!���	z*S!����	�5Jy�	�� y�!-�K�¯���W/«��� �,�
r�
���(!����"!®��2�	�5���2D!����	�5Jy)	���yÔ!-�K�¯����i����2"!
�)�-5����K	����_�%�¯�F* 	§~�1F4Ö���q��2t��+��¦�J������	�5Jy
��2"!���	z*S!ª¨«©BC

� ���"!-5�����	��3��
z/d��2"!°�¦�����¥�i�P!d�:�"���>�v!-5K��
���������%!-	Jy{	z*¾��5�6t	��|�G�)��5����:	������ ! '�$�	��3��
rC
s 2��I������5�ºZ�®	�� �	�
��§yO!-�����K	�+��v!�C
•
���F*S!��)��5����K	�������	��%!Ü*S�-�%!Ö� *,�D�-�D��	�5����2�	�5�����2"!��:�zC

•
���F*S!��)��5����K	������R*,	�
t+"!�	�����$z*S!zyR�x�+"!�
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