
����������	�
������������	����������������������
 "!��#��$��%!&��'

��!(�)!�*,+"!-��'/.�0�����0

1�2��������3����2"!-��4���5�6�2�	�*�.8795������:$"�#�3���
;=< 0?> ; 0��?>(@)��0��BAC���EDGFH	�$��JI

;=< 0?> ; 0��?> < ��0�KBACLM��5�5E!-	��N�/�3���)I
1O��	����QPR!-+�FH	(6E!

http://www.stat.umn.edu/~kb/classes/5303

© 2002 by Christopher Bingham

Statistics 5303                                                        Lecture 39                                               December 9, 2002S SSSUTTTTHVVVVXW WWW T TTTHY YYY&ZZZZ\[ [[[G]]]]_^ ^^^C` ``` [ [[[G]]]] T TTT ` ``` Z ZZZ
a !(��	��3�O��2E!�����b$b�G�c$��d!e�f�g	h�����3�i�j���k���ED
• l 2E!B���%!�	��N*R!-5\�m�\�c�b$"�#��$��d!n�J�poooo T TTTUqqqq [ [[[G]]]] W WWW ` ``` W WWWr rrrcs sss o ooo ` ``` T TTT#V VVV ^ ^^^ s sss ] ]]]ut �i��2v� t �e�-�w*x�-�d!y�%	"�#�3���b�
• z ��$�2�	�{"!B� t �|�}!-{E!U���~�f�O!-���"!-����*R!-5\�c	��$�5�������.R����j���� T TTT ] ]]] W WWW�[[[[G]]]] T TTT ` ``` Z ZZZ 	�5�� Z ZZZ\[ [[[G]]]]�^ ^^^C` ``` [ [[[G]]]] T TTT ` ``` Z ZZZ �3�t 2�����2�%	b�G���-���}!-{"!�����	��d!�	�������6�5E!���b	�5����G*~��
�D l 2E!�����3�i�j���k�H�c�h	��%!��$�+��H�J{������k�-5��~�f����2"! t 2N�/�}!����k������D
• � 5"!��-�w*x���%!y�%	"�#�3���b�e	��%!|����j���� T TTT ] ]]] W WWWy[[[[G]]]] T TTT ` ```
r rrrcs sss o ooo ` ``` T TTT#V VVVNZ ZZZ 	�5����-5"!�����*R�-�%!�	��%! Z ZZZ�� ���\� ��� [ [[[G]]]] T TTT ` ```r rrrcs sss o ooo ` ``` T TTT#V VVV�Z ZZZ D
� 	"��2 t 2N�/�}!����k����6N!H����	h����5�6��}!y�}!-{"!��G����)��*,+���5�	\������5p�/���}!-{"!����p�/���c2E! t 2E�U�}!���k����%	b�#�3�-�bA��)I�.����G*,+���5E!�� t ���c2h	����G*,���}!#�C!�"!#���f���}!-{E!U���h	�5��~�)�G*,+���5�	����k�-5��p�/��}!-{E!U���~�f����2"!���$�+����k�����%	b�G���-�bA3��I

P,2"!�5�
E�-$���2"!������3�i�j���k��� �%	b�G�3���b��.��c2E!!-���"!-����*R!-5\����	�5��k���- ��3�� E!	���*x�����j	�5�
!-���"!-����*R!-5\��	�����!-����6)5���5�{E�/��{���5(6v�c2E! t 2N�/�}!���������d	"�#�3���b� t �i��2��c2E! t 2E�U�}!���k��������2"!��¡=¢ �£>�¤¤¤¤�¥¥¥¥�¦¦¦¦ . ¥ ¥¥¥ ¤ ¤¤¤U§§§§f¦¦¦¦ ./¨¨¨¨\s sss ` ``` ^ ^^^ Y YYY©ZZZZ�ª ªªª � ��� s sss V VVVXW WWW . § §§§M«««« § §§§ D
2

Statistics 5303                                                        Lecture 39                                               December 9, 2002

• 
¤ ¤¤¤?¥¥¥¥/¦¦¦¦

1��G*,���}!#�C!���
��b	�5�>
���G*~�9¬�!���	�������6�5->
*R!-5����f� t 2E�U�}!
���k�H�����%!-	\�E*R!-5\�c���3�
�c2E! t 2E�U�}!���k�����

a = 4, b = 4, n = 4

1

1

A 4
3

(WPE)
16

12

(SPE)
64

48

B 4
3

AB16

9

Whole plot 
Hasse diagram

• 
¥ ¥¥¥ ¤ ¤¤¤?§§§§

l 2"!
t 2N�/�}!����k������c2E!�*,�"!���{"!-�h	��%!6��_�-$��E!��©��5�3��$��"!��+��k�(�� ���O�-���%!����3�3>��	���!���	�5(�e	��d$��3��"!H���/� t 2N�/�}!���k����c�%!�	��N*®!�5������b	�5�>���G*~��
h	�������6�5E!��v�3�t 2E�/�}!����k�H�c����5!-	b��2��%!-���3����	\�C!�D

a = 4, b = 4, n = 4
Whole plot 
Hasse diagram M 1

1

A 4
3

(WPE)
16

9

(SPE)
64

48

B 4
3

AB16

9

Blk 4
3

¯)!-�%!�AXPuF � Im�����c2E!&4��k�(�� h+�
~°±��5\�C!��:	"�#���k��5�D� L���²c³�´xµ�¶�·�³�¸M¹�KU¶?²c³�¸
3

Statistics 5303                                                        Lecture 39                                               December 9, 2002

• 
¨ ¨¨¨�º ººº

l 2"!
t 2N�/�}!����k�������	�5h+"!6��_��$��E!��+�
�� t �+��k���� ���5(6�d	"�#�3���b���J5�	 �	�����5h��»�$�	��%!GD

AXPuF � Im�����c2E!$���$�	��� ���!-�b�_����C!���*

a = 4 with rows = cols =
4, b = 4
Whole plot 
Hasse diagram

M 1

1

A 4
3

(WPE)
16

6

(SPE)
64

48

AB16

9

Col4
3Row 4

3

l
t � t 2E�U�}!���k�H�
�d	"�#�3���b�~°¼	�5(�h4
��5�1 a � t �i��2p�-5"!
�����d�i�����k�����%	b�U>
���-��1?D
AXPuF � Im�����c2E!$���$�	���+E!H� t !�!-5PuF t ���c2���5�c�%!�	��N*®!�5��������

Whole plot 
Hasse diagramM 1

1

A a

a-1

(WPE)
abn

ab(n-1)

(SPE)
abcn

ab(c-1)(n-1)

B b
b-1

ACac

(a-1)(c-1)

C c
c-1

BC
bc

(b-1)(c-1)ABab

(a-1)(b-1)

ABC abc

(a-1)(b-1)(c-1)

4



Statistics 5303                                                        Lecture 39                                               December 9, 2002

� 5E!
t 2E�U�}!

���k�H� �%	b�G�3���
��5�1 a � t �i��2
� t ������d�i�
���k�H� �%	b��>
���-�b��D

Whole plot 
Hasse diagram M 1

1

A a

a-1

(WPE)
an

a(n-1)

(SPE)
abcn

(a-1)bc(n-1)

B b
b-1

ACac

(a-1)(c-1)

C c
c-1

BC
bc

(b-1)(c-1)ABab

(a-1)(b-1)

ABC abc

(a-1)(b-1)(c-1)

795p!-	b��2p�/�,��2E!-�"!�
E��$h2�	�{"!£� t ��!��b�%�-���!-��*,��. PgF � 	�5(�h��F � D
l 2"!

t 2E�/�k!���k�H���d	"�#�3���b��	�5��Q�c2E!U������5���!���>	b�G���k��5 t �i��2~����2"!-� t 2E�U�}!���k�����%	b�#�3�-�:�h	��%!��!-�\�C!��e	(6)	���5�������2"! PuF�!��:�_����D�°����E�����	�5��)	���� !-�b�_���b�p�f�O!U�:�i!(�G����	�5(�p����5����b	����	��%!��)�G*,��$\��!����%�_�G* L���²X³ ���������
l 2"!������3�i�j���k�����%	b�G���-�b��	�5(�v��2"!�������5���!-�(>	b�G���k��5���. t �i��2�!�	b��2~����2"!��	��
���������������
�������! "�$#&%!' 	��%!£��!-�\�C!��e	�6�	���5�������2"!&��F
!-�b�_����D ���c	�5��)	�� �~!-�b�_���b��	��d!��)��*u��$���!��
�%�_�G* L?�-·�³ ���(���)�+*

5

Statistics 5303                                                        Lecture 39                                               December 9, 2002, ,,, o ooo o ooo � ��� V VVV s sss o ooo.---- � ��� W WWW Y YYY�W WWW r rrr ^ ^^^�` ``` Z ZZZ T TTT r rrr Z ZZZ\[ [[[G]]]]_^ ^^^C` ``` [ [[[G]]]] T TTT ` ```0//// W WWW Z ZZZ ^ ^^^ 1 111 Y YYY
l 2"!��F�!-�b�_����L�� ����5N����*,	��3��
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Cmd> data <- read("","sandt")
sandt    64      4 format
) Split plot data from Steele & Torrie
) Experiment to study effects of 4 protectants on
) oats grown from 4 seed sources.  
) Seed source was whole plot factor, arranged in 4 randomized
) blocks (replicates).  Protectant was split plot factor,
) all 4 levels in each whole plot
) Col. 1: Block number (1 - 4)
) Col. 2: Seed lot (1 - 4)
) Col. 3: Protectant (1 - 4)
) Col. 4: Yield (response)
Read from file "TP1:Stat5303:Displays:sandt.dat"

Cmd> makecols(data,block,seed,protectant,y)

Cmd> block <- factor(block);seed <- factor(seed)

Cmd> protectant <- factor(protectant)

Cmd> anova("y=block+seed + E(block.seed) + protectant +
seed.protectant",fstat:T)
Model used is y=block+seed + E(block.seed) + protectant +
seed.protectant
              DF          SS          MS           F     P-value
CONSTANT       1  1.7849e+05  1.7849e+05  2598.06040           0
block          3      2842.9      947.62    13.79378   0.0010287
seed           3        2848      949.34    13.81877    0.001022
ERROR1         9      618.29      68.699     3.38234   0.0042283
protectant     3      170.54      56.846     2.79874    0.053859
seed.
 protectant    9      586.47      65.163     3.20823   0.0059453
ERROR2        36       731.2      20.311��!�!��e�N��$��d��!y������2E! t 2E�U�}!���������%	b�#�3�����b$�5��5h	 a 1G4�� t �i��2�K£�%!����3����	\��!-��D FH�_����!(�#��	�5�������c2"!8':96;$���<96;+#=���d	b�#�3����D

ERROR1
L��n����c2"! 2 �N!-5E�G*p��5�	������w�i���

seed
	�5��

ERROR2
L?��i������� 2 �N!-5"�G*~��5�	������w�i���

protectant
	�5��

seed.protectant
D
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contrast()

.
secoefs()

	(5��
pairwise()

��5���$�*�*u	�����¬���5�6h	 t 2"�/�}!&���k����%	b�G���-��.f
E�-$�5"!�!��Q���£��!U�3�O��2"!f* ���$��E!£��2"!t 2E�U�}!���k���8!-�b�_����.��b	���2E!-�~�c2�	�5��c2E!Q��!/�%	�$��i���	������3��5"!�.U��2"!������3�i�j���k���8!��:�_����D
Cmd> contrast(seed,vector(1,-1,0,0),error:"ERROR1")
component: estimate
(1)       -10.95
component: ss
(1)       959.22
component: se
(1)       2.9304

Cmd> contrast(seed,vector(1,-1,0,0))
component: estimate
(1)       -10.95
component: ss
(1)       959.22
component: se
(1)       1.5934 Incorrect standard error

Cmd> pairwise("seed",.95,hsd:T,error:4) # ERROR1 is term 4
WARNING: error rate >= .5 in macro pairwise
       1    -10.4
  |    2    0.597
  |    3      1.5
       4     8.26

Cmd> pairwise("seed",.95,hsd:T)
WARNING: error rate >= .5 in macro pairwise
   1    -10.4 This output is incorrect
   2    0.597
   3      1.5
   4     8.26

Cmd> secoefs(seed,error:"ERROR1")
component: coefs
(1)      -10.353      0.59687       1.4969       8.2594
component: se
(1)       1.7945       1.7945       1.7945       1.7945
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�¬�!£��2"!�%!-��$��i����.f
E��$h5"!�!��v�3�+"!	�+��}!B��� � �N!�5������%
�	�����3�i�j���k�H�,��!-����6�5�D
l 2"!�����	"��!B��� �k���- ����h2E� t ��2"!��b	�5����G*p>�9¬�	����k��5 t 	��w���-5"!GD
°¼����*,���}!���»�$"!������k��5 7¯�� t ���&
N��$���!U�d� t 2"!H��2"!���	w�N!�����6)5����h	a 1G4��£�b	���2"!��p��2�	�5�	�1 a ���
z ��$h2�	�{E!��nµp����+ ��¡=¢ ��.f	�5(�e
N��$����b	�5(���G*p>�9¬�	����k��5������%!-�\�c�����#��!��£��5��c2�	��j
E�-$��%!-»�$����%!��2�	\��	��3� �N¡=¢ ����5h	����%!��N!#�C!���*~��5E!����"!H���p�/��N¡=¢ ��	��3��2�	�{"!&�H���b�i!-�%!-5������%!-	��N*R!-5\�c��D°x5�
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E��$��C!��3��	h�����d�i�����k������!-����6)5�%�_�G*	 a 1#4����
l 2"!��b	�5����G*~�9¬�	\���k�-5����h�%!-���������#��!��Q�3�	�������6)5�*R!-5����~�f� �N¡=¢ ����$b��2��c2�	��j	��3� �N¡=¢ ����5t 2E�U�}!���k����6E!#����2E!��	�*R! �}!�{"!U�G�/�g	 t 2E�U�}!�%	b�G���-��	�5��Q�c2E!�����3�i�j���k�H�j�:	�5�����*~�9¬�	����k�-5�����3�� E!	 a 1G4����f�®����2"!����d	"�#�3���b��D
4�!(��	�$��E!h�/���c2E!£� t �&�\�c	�6E!�b	�5(����*p�9¬�	����k��5�.
E�-$�	���*x���������-5 ¢ �j�"!�!B�c2������%!-�\���(���G������5�D
< a 	�5(���G* 	�������6)5�*R!-5\���f�mPuFn�d	"�#�3����)��*,+���5�	\���k�-5������ PuF ¢ �0 a 	�5(���G* 	�������6�5�*R!-5\���f�M��Fe�)��*u+���5�	\���k�-5���3�Q��F/D
� 	b��2��b	�5(���G*~�9¬�	����k��5�)��5\���(��+�$���!-�h	�5!-�b�_���~�C!���*mD
l 2"!�¯�	����E!Q�H��	�6��b	�**,	� "!������k!-	��~��2"!�N!-5N�G*~��5�	\���-�b��D
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