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Cmd> data <- read("","exmpl8.10")
exmpl8.10     96     4
) A data set from Oehlert (2000) \emph{A First Course in Design
) and Analysis of Experiments}, New York: W. H. Freeman.
)
) Data originally from Table 22 of Bruce Orman (1986) "Maize
) Germination and Seedling Growth at Suboptimal Temperatures",
) MS Thesis, University of Minnesota, St. Paul, MN.
)
) Table 8.9, p. 194
) Amylase activity in sprouted maize under various conditions.
) Column 1 is the temperature at which the assay takes place
). Levels 1 through 8 represent 40, 35, 30, 25, 20, 15, 13, and
) 10 degrees C.
) Column 2 is the growth temperature of the sprouts. Level 1 is
) 25  degrees, level 2 is 13 degrees.
) Column 3 is the variety of maize. Level 1 is B73, level 2 is
) Oh43.
) Column 4 is the amylase specific activity in international
units.
Read from file "TP1:Stat5303:Data:OeCh08.dat"

Cmd> makecols(data,assaytemp,growthtemp,variety,activity)

Cmd> assaytemp <- factor(assaytemp) # factor A

Cmd> growthtemp <- factor(growthtemp) # factor B

Cmd> variety <- factor(variety) # factor C

Cmd> list(assaytemp,growthtemp,variety,activity)
activity        REAL   96   
assaytemp       REAL   96    FACTOR with 8 levels
growthtemp      REAL   96    FACTOR with 2 levels
variety         REAL   96    FACTOR with 2 levelsKR	�S"!D��2"!PT�	���	�$�4�+�	���	�4"��!UTV+�
W�X!�����	Y�?��4A5Z�[2,!�Y���:���\�-	��"!̂ ]_�̀ �[2

MISSING
F

Cmd> activity[1] <- ? # or activity[1] <- NA

Cmd> hconcat(assaytemp,growthtemp,variety)[1,] #factor levels
(1,1)           1           1           1

2

Statistics 5303                                                        Lecture 24                                                  October 30, 2002a 2��J�b���W+"!-�c�d	�4�	���
fe�!�Tg��4h�i!-��6j�_�k�l�m��5��cn
Cmd> logy <- log(activity)

Cmd> anova("logy=(assaytemp + growthtemp + variety)^3",fstat:T )
Model used is logy=(assaytemp + growthtemp + variety)^3
WARNING: cases with missing values deleted
WARNING: summaries are sequential
              DF          SS          MS           F     P-value
CONSTANT       1      3200.5      3200.5   6.012e+05           0
assaytemp      7      3.0628     0.43755    82.19202           0
growthtemp     1    0.001396    0.001396     0.26223     0.61038
variety        1     0.55282     0.55282   103.84598  5.9679e-15
assaytemp.
 growthtemp    7     0.06407   0.0091529     1.71935     0.12055
assaytemp.
 variety       7    0.025892   0.0036989     0.69483     0.67608
growthtemp.
 variety       1    0.078632    0.078632    14.77084  0.00028496
assaytemp.
 growthtemp.
 variety       7    0.053554   0.0076506     1.43715     0.20654
ERROR1        63     0.33538   0.0053235a 2"!��X!o���W4,�'���p��+��q!k6 �E!�������4A5Z�[2,!srQ3�1��4c�E!��:	"�#���m��4W����4"��!t�u�v���h��2"!t�J	����w�i!-��6�Fx7y����W4,���d����5�4��i�"����	�4��,F

z���$l��	�4W	����M�{�i!-���|3�1}����4Y�B!t�u�v���h�[2,!t��	�����M]\�k>��%	Y�0�i�-����4��i!-�Y	Y�0�~�m�-4�Fx7y��������������#CE3�1�� < .�r�.m3/.�1?.�rQ3/.�r=1kI8	�4ATg���W����5B4��i�"����	�4��,F
3H$��d
M��$w��	�4U���w�i!-���LrQ3h����r=1��X�p��6���2,!-�"!��$�6����k������$�	��X!�������4Y��!D��2"!��������bT~�'4M������/�*�m��]�3�1?F
r\4�TV
,�-$w��!��,��	���4���
l��	�4h�E!����Lr�.3h�-��1?F
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Cmd> anova("logy=assaytemp + growthtemp + variety +\
growthtemp.variety + assaytemp.growthtemp +
assaytemp.variety", \
fstat:T)
Model used is logy=assaytemp + growthtemp + variety +\
growthtemp.variety + assaytemp.growthtemp + assaytemp.variety
WARNING: cases with missing values deleted
WARNING: summaries are sequential
              DF          SS          MS           F     P-value
CONSTANT       1      3200.5      3200.5  5.7602e+05 8.6928e-139
assaytemp      7      3.0628     0.43755    78.74947  1.2012e-30
growthtemp     1    0.001396    0.001396     0.25125     0.61777
variety        1     0.55282     0.55282    99.49646  4.4379e-15
growthtemp.
 variety       1    0.075538    0.075538    13.59537  0.00044398
assaytemp.
 growthtemp    7    0.067028   0.0095754     1.72337     0.11756
assaytemp.
 variety       7    0.026029   0.0037184     0.66924     0.69725
ERROR1        70     0.38893   0.0055562� �J4�TW���#Cur�3�� < .�r�.m3/.�1?.�r=1?.m3�1kI
Cmd> anova("logy=assaytemp + growthtemp + variety + \
growthtemp.variety+assaytemp.variety+assaytemp.growthtemp", \
fstat:T)
Model used is logy=assaytemp + growthtemp + variety +\
growthtemp.variety + assaytemp.variety + assaytemp.growthtemp
WARNING: cases with missing values deleted
WARNING: summaries are sequential
              DF          SS          MS           F     P-value
CONSTANT       1      3200.5      3200.5  5.7602e+05 8.6928e-139
assaytemp      7      3.0628     0.43755    78.74947  1.2012e-30
growthtemp     1    0.001396    0.001396     0.25125     0.61777
variety        1     0.55282     0.55282    99.49646  4.4379e-15
growthtemp.
 variety       1    0.075538    0.075538    13.59537  0.00044398
assaytemp.
 variety       7      0.0259   0.0037001     0.66593     0.69998
assaytemp.
 growthtemp    7    0.067156   0.0095937     1.72668     0.11679
ERROR1        70     0.38893   0.0055562
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 � ����� ��� � ����� ����� ��� � ����� �����rQ� � ���

� ����� ����� ������������� � ���
� ��� � ��� � ��� � ��� � ����� ����� ����� ��� � ��� ���� � ��� � ��� �X��S"!{K�	"��r\4M��!�	�F#"�	Y��2W������h��2"!b	�6\��$�4c� �/����2"!D�*����	��?���%$�!'&��->��	���4"!�T�$ +�
h��2�	c�w�i!-��6 (*),+.-*/_�"�u�Y����4A5
0 /1-324-�5�687:9h�i!-��6��

; ;;;=< <<< � ��� 
 


 � ��� � ��� � ���>����a 2"!'�"!-�A$"!-4��~��	�� ���o�u���
"y=(a+b+c)^2"

.0	�A2,�U�,� ��$B�_�̀ �U�
"y=a+b+c+a.b+a.c+b.c"

n
���#C̀ r{� < I .����#CE3�� < .�r I .0���#C 1�� < . rL. 3#I .���#C̀ rQ3�� < . rL. 3/. 1kI .����#C̀ r=1�� < . rL. 3/. 1?. r�3#I .���#CE3�1�� < .�r�.m3/.�1?.�rQ3/.�r=1kIa 2"!'�"!-�A$"!-4B�~��	-� ���t�u���

"y=a*b*c-a.b.c"
.#	�A2,�U�,� ��$B�_�̀ �U�

"y=a+b+a.b+c+a.c+b.c"
n

���#C̀ r{� < I .����#CE3�� < .�r I .0���#Cur�3�� < .�r�.m3#I .�.���#C�1�� < .�r�.m3/. r�3#I . ���#C̀ r=1�� < . rL. 3/.�rQ3/. 1kI .���#CE3�1�� < .�r�.m3/. r�3/.�1?.�r=1kIa 2"!��"!b+,����2W�X!����%!-�"!�4��w��2"!
��	U6Q!b����	�������������	��6\��Tf!��
@?BADC8EGFIHKJMLN?OJ3P�A8J@Q�CRJ:LKP�?BA8JMLKQ�? CSJ3P�Q�ATCUJWV3?BADC8E
]_�u��2V��2"!D�i!-��6j�{��4�TH�i�Y�̀ !��%!-4�� ��� TM!��Y��F
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Y?�q!-�Y	��*��2�����	��?���/FZ"�	Y��2��������h��2"!	U6\�-$�4c�L�k�|��2"!^�*����	��R���%$�!*&����J	���4,!UT�$L+�
s	�i!-��6 	-� �i!-���"�u�:����4�5h��2"!o��	��:5,!-�c�2��q!��Y	��X��2�����	��\6\�UTM!��N��2�	���Tf�A!���4M�����4Y�?��$�Tf!g��2"!�6�F
r����V�i!-�c�E!�Tg��4h��2"!}6\�UTM!��
[FIH\J]L ? J^P A J_Q C J`P�Q ADC JaV ?BADC
3����h�E!����i!UTD��4V��2"! 6\��TM! �
[FIH\J]L ? J^P A J_Q C J]L�Q ? C JaV ?BADC
1 ���h�E!����i!UTD��4V��2"! 6\��TM! �
[FIH\J]Lb?bJ^P�AcJ_Q�CKJ]LKP�?BAcJaVd?BADC
rQ3/.-r=1}	�4ATW3�1}	��X!D�E!����i!UTD��4V��2"! 6\��TM! �
[FIH\J]Lb?bJ^P�AcJ_Q�CKJ

LKP ?BA JeLKQ ? C J`P�Q ADC JaV ?BADC
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"y=(a+b+c)^3"

.���	A
�./��2Y!g�[
��Y!�7i70���{	A�%!
���#C̀ r{� < . 3/. 1?. 3�1kI .0���#CE3�� < .�r�.�1?.�r=1kI .���#C�1�� < .�r�.m3/. r�3#I .����#C̀ rQ3�� < . rL. 3/. 1?. rR1?. 3�1kI .���#C̀ r=1�� < . rL. 3/. 1?. r�3/. 3�1kI .���#CE3�1�� < .�r�.m3/.�1?.�rQ3/.�r=1kI���#C̀ rQ3�1�� < . rL. 3/. 1?. r�3/. rR1?. 3�1kIa 
��,!�7*7*7k���
"�	"��2W��� ���Z��2"!b���%$�!'&�����	���4,!UT�$ +�
h��2"!�i!-��6 	-� �i!-���Y�u�Y����4A5[('fgf���2,!W����2"!��_�E!��~6����4h�[2,!}6\��Tf!�� F
��� �u���L!*&A	U6��-�q!t��4P6Q��TM!/�

"y=a*b*c"���=hiFl���#C̀ rb� < . 3k.�1?.�rQ3/. rR1?. 3�1?.�rQ3�1kI
���=hkjlFw���#C̀ r{� < .�r�.m3/.�1?.�r=1?.m3�1?.�rQ3�1kI
!H�E��F
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��"! 7*7*7���� h �J4�	��?>��%	Y�#�*���v6\��Tf!��\]_�u��2
�?>�]�	�
b��4c�E!��:	"�#���m��4{���V��2"!
���}�*�{�i!-�c�

Y�m nNLonKFeLbpGF�F�F�FqF]Lsr
��4h�[2,!�����4��i!*&c� �k����2"!}6\�UTM!��
H ?BADC FIHKJ:L ? JdP A J@Q C JMLUP ?BA JMLKQ ? C JdP�Q ADC J:LKP�Q ?BADC

794h�[2����w����4��i!*&c�tYumj����!-��$��8!�	��m!-4��w�*�
Yum nNHcn

••

FeH>p
••

F F?F FqF]H>r
••]�2"!-�%!vH ?

••

F�C <3w +"��I,x A x C H ?BATC ���V��2"!
	�!"!-�Y	A5,!
�k��	��*�qH ?yATC ]_�u��2
�"���Y���d��$�+��"���������v� Fa 2"! a 
��"! 7*7*7����=h.j=���E6��X��	�����
V�i!-�c�[�
Y�mEnbLUP ?BA Fl�/.�	��*� ��	�4�T{z .���4V��2,!��B�-4��i!*&�� �/�
��2"! 6Q�UTM!��
Hb?BADCUF]HUJMLN?OJ3P�A8J3Q�CSJMLUP�?yA|J:L�Q�? CSJ3P�Q�ADCSJMLUP�Q�?BADC

Y m ���l!-��$��8!�	��q!-4��w�*�}Y m n�r��*�~Hs?BA
•

	��%!�!���$�	�� .
]�2"!-�%!vHb?BA

•

F�C <3w �HI,x�C8Hb?BADC\���W	�4�	�!"!-�Y	A5,!s�k�
	��X�qHs?BADC�]_�u��2
�"���Y���|&g��$�+��Y�����������b��	�4�T{z F
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 � ��� ����*� ��� � ��� n

•

a 
��,!�7*7*7k���=h�.0���*jN	�4�Ts�����j���-����2"! 6�	���4
!/�Y�u!A�#�_6\��Tf!��qH ?BADC FeL ? J^P A J_Q C 	��%!%7���+
��
��"! 7*7���� �����_�M]\�k>�	�4�TP��2��%!�!/>A]�	�
��4��i!��:	"�#���m��4'6Q�UTM!����

•

a 
��,!�7*7*7k���=h.jE.����=h��*.����*j��������_��2"!g�M]\�k>
]�	�
{��4��i!-�Y	Y�0�~�m�-4P6\��Tf!��
Hb?BADCKF]Lb?sJ`P�AcJ^Q�CUJ]LKP�?BAcJeLKQ�?BCKJ`P�Q�ADC
(d/1-V	����,�g��
��"! 7*7���� �����_�M]\�k>�	�4�T
��2��%!�!�>�]�	�
{��4��i!-�Y	Y�#���m�-4P6\��Tf!����a �'5,!H�d	��X�N��
��"! 7*7���� �����w	��?>��%	Y�#�*���r�� )
	 r 
,��$W4"!�!�TZ�*�ZT~���-4���
��Zr�� )�	 r\��F
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Cmd> anova("logy=(assaytemp + growthtemp + variety)^3")
Model used is logy=(assaytemp + growthtemp + variety)^3
WARNING: cases with missing values deleted
WARNING: summaries are sequential
                               DF          SS          MS
CONSTANT                        1      3200.5      3200.5
assaytemp                       7      3.0628     0.43755
growthtemp                      1    0.001396    0.001396
variety                         1     0.55282     0.55282
assaytemp.growthtemp            7     0.06407   0.0091529
assaytemp.variety               7    0.025892   0.0036989
growthtemp.variety              1    0.078632    0.078632
assaytemp.growthtemp.variety    7    0.053554   0.0076506
ERROR1                         63     0.33538   0.0053235

anova()
SY!-
�]Q�U��TW�A2�� 	��Y!

marginal:TTH�J�X!��#���V��2�	c����
��"!�7X7*7����g��2M��$��yTV+"!�B��6���$��i!UT-Fa 2"!
���g	��%!b	��*�N��
��,!�7����/F
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marginal:T
]_�̀ �[2Z6�	-��4w!/�:�̀ !A�#�l6\�cTM!��

Cmd> anova("logy=assaytemp + growthtemp + variety",marginal:T)
Model used is logy=assaytemp + growthtemp + variety
WARNING: cases with missing values deleted
WARNING: SS are Type III sums of squares
                DF          SS          MS
CONSTANT         1      3196.6      3196.6
assaytemp        7       3.044     0.43486
growthtemp       1   0.0021074   0.0021074
variety          1     0.55282     0.55282
ERROR1          85     0.55753   0.0065591a 2"!s��� TM!��j�k���E!���6j��Tf��!-��4�� �_6�	��Y�i!-�fn
Cmd> anova("logy=variety + growthtemp + assaytemp",marginal:T)
Model used is logy=variety + growthtemp + assaytemp
WARNING: cases with missing values deleted
WARNING: SS are Type III sums of squares
                DF          SS          MS
CONSTANT         1      3196.6      3196.6
variety          1     0.55282     0.55282
growthtemp       1   0.0021074   0.0021074
assaytemp        7       3.044     0.43486
ERROR1          85     0.55753   0.0065591O�2"!�4�
,�-$�	��X!t�"�u�:����4�5W	'6Q�UTM!�� ]_�u�[2_��4���
6�	���4�!/�Y�u!A�#����. ��2"!-�,!'K��g	��%! ]j2�	��d
,�-$�$��"!��4h�E!�������4A5_!-	Y��2��,!H� �k�N!/�Y�u!A�0�[�UF
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marginal:T

.̂ 
,��$]\��$��yTs2�	d!"!D�i�PTf�g��2��%!�!sr�� )�	 rQ�/.��-4"! ]��u��2!-	"��2_�k���[2,!g�i!-��6��b��	����,F� ���L!*&�	U6j����!0.��[2����l��4"!
2�	��
growthtemp

��	��B�	�4ATW���*r�
�
Or�����������6�	��E��2"!��V��2"! a 
��"! 7*7*7���� zX$����
�B��6���$��i!UT-F

Cmd> anova("logy=variety+assaytemp+growthtemp")
Model used is logy=growthtemp+variety+assaytemp
WARNING: cases with missing values deleted
WARNING: summaries are sequential
                DF          SS          MS
CONSTANT         1      3200.5      3200.5
variety          1     0.56975     0.56975
assaytemp        7      3.0452     0.43503
growthtemp       1   0.0021074   0.0021074
ERROR1          85     0.55753   0.0065591
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��"! 7*7����t]_�u��2W	V�M]\�k>��-���2��%!�!�>��%	Y�#�*���v6\��Tf!���
M��$W4"!�!�TZ��2��%!�!r�� )
	 rQ�h]_�`�[2"��$��
marginal:TO��̀ �[2

growthtemp
��	A���:n

Cmd> anova("logy=variety*assaytemp*growthtemp")
Model used is logy=variety*assaytemp*growthtemp
WARNING: cases with missing values deleted
WARNING: summaries are sequential
                               DF          SS          MS
CONSTANT                        1      3200.5      3200.5
variety                         1     0.56975     0.56975
assaytemp                       7      3.0452     0.43503
variety.assaytemp               7    0.026078   0.0037254
growthtemp                      1   0.0020694   0.0020694
variety.growthtemp              1    0.075399    0.075399
assaytemp.growthtemp            7    0.067156   0.0095937
variety.assaytemp.growthtemp    7    0.053554   0.0076506
ERROR1                         63     0.33538   0.0053235�/4�Tf!-���*��4"!�TZ�i!-��6���	��X! a 
��,!�7*7����/F

O��`�[2
assaytemp

��	��B�Yn
Cmd> anova("logy=growthtemp*variety*assaytemp")
Model used is logy=growthtemp*variety*assaytemp
WARNING: cases with missing values deleted
WARNING: summaries are sequential
                               DF          SS          MS
CONSTANT                        1      3200.5      3200.5
growthtemp                      1   0.0024441   0.0024441
variety                         1     0.57061     0.57061
growthtemp.variety              1     0.08202     0.08202
assaytemp                       7      3.0375     0.43393
growthtemp.assaytemp            7    0.067028   0.0095754
variety.assaytemp               7    0.026029   0.0037184
growthtemp.variety.assaytemp    7    0.053554   0.0076506
ERROR1                         63     0.33538   0.0053235
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��	��B�Yn
Cmd> anova("logy=assaytemp*growthtemp*variety")
Model used is logy=assaytemp*growthtemp*variety
WARNING: cases with missing values deleted
WARNING: summaries are sequential
                               DF          SS          MS
CONSTANT                        1      3200.5      3200.5
assaytemp                       7      3.0628     0.43755
growthtemp                      1    0.001396    0.001396
assaytemp.growthtemp            7    0.056997   0.0081425
variety                         1     0.55989     0.55989
assaytemp.variety               7    0.025892   0.0036989
growthtemp.variety              1    0.078632    0.078632
assaytemp.growthtemp.variety    7    0.053554   0.0076506
ERROR1                         63     0.33538   0.0053235z���$l��	�4W	����M�P5,!#�w�[2,! a 
��,!�7*7?�,]\�/>�]�	�
��4c�E!��:	"�#���m��4���� �%�%��6 ��4"!Vr�� )�	 r ]_�u��2

marginal:T
F

Cmd> anova("logy=(variety+assaytemp+growthtemp)^2")
Model used is logy=(variety+assaytemp+growthtemp)^2
WARNING: cases with missing values deleted
WARNING: summaries are sequential
                       DF          SS          MS
CONSTANT                1      3200.5      3200.5
variety                 1     0.56975     0.56975
assaytemp               7      3.0452     0.43503
growthtemp              1   0.0021074   0.0021074
variety.assaytemp       7     0.02604     0.00372
variety.growthtemp      1    0.075399    0.075399
assaytemp.growthtemp    7    0.067156   0.0095937
ERROR1                 70     0.38893   0.0055562+�$c�d
,��$l��	�4U� �|5M!H�w��2"! a 
��"! 7*7R6�	���4�!/�Y�̀ !��#���$�����4A5

marginal:T
]j2"!-4�	��*�=�[2"! ��4��E!-��>	Y�0���m��4��W	��%!t��4h��2"! 6Q�UTM!��
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Cmd> anova("logy=variety*assaytemp*growthtemp",marginal:T)
Model used is logy=variety*assaytemp*growthtemp
WARNING: cases with missing values deleted
WARNING: SS are Type III sums of squares
                               DF          SS          MS
CONSTANT                        1      3184.6      3184.6
variety                         1     0.55812     0.55812
assaytemp                       7      3.0304     0.43292
variety.assaytemp               7    0.025891   0.0036987
growthtemp                      1   0.0025845   0.0025845
variety.growthtemp              1     0.07626     0.07626
assaytemp.growthtemp            7    0.063516   0.0090737
variety.assaytemp.growthtemp    7    0.053554   0.0076506
ERROR1                         63     0.33538   0.0053235a 2"!��"!b	��%!g��2"!t�X$��*� a 
��,!�7*7X7����/F ) 4��J
���� hkj��

6�	��E��2,!-�h�[2,!W������5H��4�	�� a 
��"! 7����s���06���$��i!�T]��̀ �[2"�U$��
marginal:T

F
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"d!,!-4{�i��
,��$�TM!-����5�4W	�4�!*&��,!-��� 6Q!-4��w�*�'+,!+�	���	�4"��!UT-.�
M��$P6�	�
l!-4ATs$��P]_�u��2�$�4�+�	���	�4"��!UTTB	c��	�+"!���	�$��"!s��4"!s���v6\���%!
�%!-���,��4��"!���	��%!4M��� 	d!�	��*��	�+��q!�. ��2�	������Z�[2,!-
s	��%! 
 


 � ��� � ��� � ��� � ��� � �������� Fa 2��J����4"��! ]j	���	W���p��+��m!�6 +"!���	�$��"!t����6�	ATM!��2"!���	�����$���	c�~�m�-4��'6j$"��2W2�	�� TM!��fF}KR	�4�
�i!A��2�4�����$"!-�']Q!-�%!
���%�-�,���,!UTP�i�
��� 6����X�i�X
�B��6���$���	����m�-4����-�_�i�
$��,!
	������p��&�� 6j	c�i!6Q!H��2,�UTB��F a ��T�	�
'6\����� �B��6���$��i!-�w���%��5��Y	U6��2�	�4�TH�m!
$�4�+�	��J	�4Y�B!UT�T�	���	�	�4�TV2"!-4"��! 6���������4�5TB	c��	P]Q!��*� F
z���$W2�	d!,!g�*�'+,![!���5��*��	�4c�w�i�g���:
h�*�ZTM!#�E!��A>6_��4"!��
	�����	��"!���	��X! 6_��������4�5UF
r\4�	���
������']�2�����2vzX$����v��5B4,���%!-�l��	��"!-�']_�u�[26_��������4A5s�X!����,�-4��"!��b���W$�4�+���	��,!UT ��4���
']�2"!-46_�������J4A5h�%!-���,�-4��,!-�V	��%! 
 


 � ��� � ��� � ��� � ��� � �������� � ��� � ���
� ��� � ��� � ����



 � ����



 Fa 2"!t�%	Y�#�w��2�	c�|	l��	��"!o���P6_��������4A5
6�$����d+"!Ci	BI?�B��6j���q!H�i!���
W$�4��X! ��	��i!UTP�i�g��2"!g���%!-	c�,6Q!-4c�	�4ATVCi+BI8$�4��X! ��	��i!UTP�*�^]�2�	c����2"! !�	���$"! ]Q�-$��yT2�	�!"!b+"!�!�4b�i��4,�H�_6_��������4�5UF
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����J���k����2"!TB	c��	w��	�4�+,!}6_�����q!�	�TH�J4A5U.k	��u��2,�-$A5�2h��2�	��v���]�2�	c� �J�P6\���c�8�/� �E!�4�Tf�-4"!�F
7u� 6_��������4A5s�X!����,�-4��"!���	��X! 6\���%!t�*�JS"!���
']_�u�[2��4,!D���%!-	��M6Q!-4c�w��2�	�4W	�4,����2,!-�~. ��2"!�4 $ 6_���->����4A5�4,!-����$|6�	�
g�u�[�,!��i�j+"!{	�4{� 6��M���M��	�4��C���	��i!�5M�-�A����	��JI �X!����,�-4��"! ]�2�����2P6_��5�2c�d+"!��!,!-���m���-S"!UTD�i��
,�-$�4"!'!"!-�v6�	�Tf!
	W�%!A�B�-��T �k���2"! 6��J������4�5	!�	���$"!���F
r\4�TD�i� 6���������4�5�4"!����b�J���%!���	c�E!�TZ�*�{��2"!
!�	���$"!s�k����2"!b�X!����,�-4��"!�.���	�
�	�4�
W�X!����,�-4��"!�������W�%!A�B�-��Tf!UTs	��P6_��������4A5����L��	�$��,!-�V��2"!��$�+'z`!A�0���*�PTH�q!0. ��2"!W!/�Y�`!��#�8!-�c�~�E6j	c�E!�T{�����w	���%!-	��M6Q!-4��_]_�u��2W	b�m�0] 6Q!�	�4��%!����,�-4��"! ]_�*�*�2�	�!"!b	��,�-���u���8!"!b+���	���.k����4"��!g��2"!o�m�0]Q!����
!�	���$"!��P]_�*�*��+,!
�%!�6\��!,!UT-F a 2��������u�[$�	����m��4{����M�06Q!#�~�E6Q!-����	��X�q!UT����� � ����� ��� � ����� ��� � ��� � ��� � �������� 	�4�Th
,��$s4"!�!UT�*�'$��"!
���"!�� ��	����E!���2�4�����$,!-�V��2�	c�w�[	�S"!o�u���4c�i�
	Y������$�4c�"F
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 � ��� � ��� � ���
� ���
� ��� � ��� � ��� � ����c�06Q!#�~� 6Q!���	�4�!-4c�~���%!D�[�%!�	��M6�!�4�� �B��6�+���4->	����m�-4b���'6_��������4�5W�M�{��2�	c�8�-4"!s���v6\���%!��! �*�����/���[2,!g��	�+��q!W�/� 6�!�	�4��{���l!k6�����
�Fa 2��J�w��	�4��%!-	��*��
P6�	�S"!g��2��J4A5���TH�i�Y�"����$����"F

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

Cmd> d <- factor(1,1,2,2,3,3,1,1,2,2,3,3,4,4,1,1,2,2,3,3,4,4)

Cmd> y <- vector(96.7,100.6,107.5,108,101.8,103.3,104,100.1, \
96.1,95.7,101.8,99.6,105.7,101.4,100.2,99.9,97.1, \
103.5,102.2,102,101.7,92.6)

Cmd> tabs(y,c,d,count:T) # cell (1,4) is empty
(1,1)           2           2           2           0
(2,1)           2           2           2           2
(3,1)           2           2           2           2

Cmd> anova("y=c*d")
Model used is y=c*d
WARNING: summaries are sequential
                DF          SS          MS
CONSTANT         1  2.2432e+05  2.2432e+05
c                2       34.89      17.445
d                3      7.4967      2.4989
c.d              5      166.84      33.367
ERROR1          11      90.155      8.1959

Cmd> coefs("c.d") # interacton effects
WARNING: Missing df(s) in term c.d
Missing effects set to zero
(1,1)     -4.4167      3.6167       -2.05        2.85
(2,1)      2.8833     -4.3333           0        1.45
(3,1)      1.5333     0.71667        2.05        -4.3�c���i!D�[2,!-�%!t���W	�4�!-����� 6�	��i!UTD��4��i!��:	"�#���m��4!/�Y�u!A�0� �J4V��2"!{C < .m(#I8�M�������~�m�-4�F��c�0] 	�4�T�B����$U6�4��W��$�6j�W	��%!b	��*�?�/F
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Cmd> coefs(CONSTANT)+coefs(c)+coefs(d)'+coefs(4)
WARNING: Missing df(s) in term c.d
Missing effects set to zero
(1,1)       98.65      107.75      102.55      108.85
(2,1)      102.05        95.9       100.7      103.55
(3,1)      100.05       100.3       102.1       97.15"d&"��!-�c� �u�-�_�[2,!bC < . (#I?��! �*�\]�2�����2P]�	��!�6��c�[
U.���2"!��"! 6j	c�E��2V��2"!b��	�6j���q!}6Q!�	�4��UF
Cmd> tabs(y,c,d,mean:T)
(1,1)       98.65      107.75      102.55     MISSING
(2,1)      102.05        95.9       100.7      103.55
(3,1)      100.05       100.3       102.1       97.15�c�0] ���%!-	��i!
	W4"!�] �X	"�#�*���

d1
]�2�����2{���V�[2,!��	�6�!b	��

d
!*&Y�B!-���w��2"!t�m!*!"!��R4�$U6�+"!��:�W2�	d!,!+"!�!-4W�%�H�[	c�E!�Ts�M�{��2�	c� <�� &/.0& � �/.�� � (	�4ATW( �x< F

Cmd> d1 <- factor(vector(2,3,4,1)[d])�c�0] ��2"!W!�6�����
l��!��X� ���b��4h��2"!{C < . < I8�M�����i>���m��4UF
Cmd> tabs(y,c,d1,count)
(1,1)           0           2           2           2
(2,1)           2           2           2           2
(3,1)           2           2           2           2
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Cmd> anova("y=c*d1")
Model used is y=c*d1
WARNING: summaries are sequential
                DF          SS          MS
CONSTANT         1  2.2432e+05  2.2432e+05
c                2       34.89      17.445
d1               3      7.4967      2.4989
c.d1             5      166.84      33.367
ERROR1          11      90.155      8.1959+�$c�w�[2,!t��4c�E!��:	"�#���m��4�!/�Y�u!A�#����Tf��4�� �v�m���-S�	+�������2"!b��	�6Q!0.U!'!"!�4�	-� �i!-�w	��*� �0]_��4A5Z�[2�	���B����$U6�4 < �k����2"!g��	�+��q!������Y�%!-���M��4�T��V�*��B����$U6�4�(h�k����2"!
���%!*!��m�-$��h�[	�+��q!s�k�N!/�Y�u!A�#����F
Cmd> coefs("c.d1")
WARNING: Missing df(s) in term c.d1
Missing effects set to zero
(1,1)       28.85     -13.083       -5.05     -10.717
(2,1)      -11.55      7.2167           0      4.3333
(3,1)       -17.3      5.8667        5.05      6.3833

�c�0] 	�4�T_�B�/��$�6�4�����$U6���	��%!
	A5B	���4��/F
3H$��d��$��Y�~�J4A5h��2"!k6 �i��5,!#�[2,!-�w
,�-$�5,!#�w�[2,!��	�6Q! �"�u� C%��2"!
��	U6����q! 6Q!-	�4���Id���-����2"!b4,�-4->!�6��c�[
l��!��X����F

Cmd> coefs(CONSTANT)+coefs(c)+coefs(d1)'+coefs(4)
WARNING: Missing df(s) in term c.d1
Missing effects set to zero
(1,1)      160.85       98.65      107.75      102.55
(2,1)      103.55      102.05        95.9       100.7
(3,1)       97.15      100.05       100.3       102.1

Cmd> tabs(y,c,d1,mean:T) # sample means
(1,1)     MISSING       98.65      107.75      102.55
(2,1)      103.55      102.05        95.9       100.7
(3,1)       97.15      100.05       100.3       102.1
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4M��!�6��c�[
l��! �*����. ��2"!!-�c��� 6j	c�i!UT_!��:�u!��#����	��%!b$�4�����$"!0F}3H
h�[2�	��s76Q!-	�4V��2�	c�".N�����w	�� �%	Y�0�*���v6\��TM! � .���	�
�.��2"!��X!b	��%!
4M������2,!-�a!�	��J$"!-�b�u�-���H=.��L ? .��P A .��Q C .
�LUP ?BA .�F�F�F�	�4�T L��P�Q ?BADC ��2�	��_]_�*�*�

•
��	c�~�J�-�%
V��2"!b$���$�	����%!-�c�[�����0�~�m�-4��sC,x��L ? Fl�/.
x ? �LKP ?BA Fl�k.�F�F�F9I

•
�%!-��$��u�v��4V��2"!b��	�6�!t�"�u�:�i!�T !�	���$"!��
�Hb?BADCKF��HKJ��Lb?OJ��P�A8J��Q�CSJ��LUP�?BA8J��L�Q�? CRJ��P�Q�ADCSJML	�P�Q�?BADCa 2"!b	�4M�06\�/�m�-$������u��$�	����m��4']Q! zX$��c�d��	U]��2M�0]��V��2�	��_]�2"!-4h��2"!-�%!
	��X!W!�6��c�[
l��!��X�����2����{����4M� �m�-4A5,!��_�[2,!���	��"!0F a 2,!-�%!
	��%!

 (37 ���,�-�����J+��q! !�	���$,!-�b�u�-����2,!�!-�c�~�E6j	c�E!�T!/�Y�u!A�0�[�h��2�	��_]_�*�*�����%�*!��yTf!g��2"!b��	U6Q!t�Y���"Fa 2"!D�M]Q�
�"!#�[�_�k�l��4c�E!��:	"�#���m��4�!/�Y�`!��#����
M��$
zX$��c�|��	U] ��2M�0]��V��2��J�V�*�'+,!g��2"!���	��,!0F a 2"!-
	��%! !"!-�Y
�TH�i�Y�`!��%!-4��,.k
"!H�w��2"!t�Y���:�i!UT��H ?BA 	��X!
��2"!b��	U6Q!t�u�-�_�[2,!
4M��4-> !�6�����
w�B!��*���UF

21


