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�& �x	"�#�)������	��0!,«��+!,���i6S!,4��+F�F
Cmd> data <- read("","pr8.1")
pr8.1     30     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 Hareland, G.~A. and M.~A. Madson (1989). 
) ``Barley dormancy and fatty acid composition of lipids 
) isolated from freshlyharvested and stored kernels.'' {\em 
) Journal of the Institute of Brewing} {\em 95}, 437--442.
)
) Table 8.1, p. 166
) Columns are weeks, water, and response (number of seeds
) germinating).
) Codes 1, 2, ... 5 for weeks are 1, 3, 6, 9, 12 weeks.
) Codes 1, 2 for water are 4, 8 mls.
Read from file "TP1:Stat5303:Data:OeCh08.dat"

Cmd> makecols(data, weeks, water, y)

Cmd> weeks <- factor(weeks); water <- factor(water)

Cmd> tabs(y,weeks,water,count:T) # equal sample sizes
(1,1)           3           3
(2,1)           3           3
(3,1)           3           3
(4,1)           3           3
(5,1)           3           3���)��4 · � 	��%!y!,��$�	�����r�	���	y	��%! V VVVXW WWW0Y YYY W WWW U UUUdZ ZZZ]\ \\\�̂ ^^^ F
Cmd> anova("y = weeks + water + weeks.water",fstat:T)
Model used is y = weeks + water + weeks.water
              DF          SS          MS           F     P-value
CONSTANT       1      6049.2      6049.2   101.27009   2.845e-09
weeks          4      1321.1      330.28     5.52930   0.0036449
water          1      1178.1      1178.1    19.72321  0.00025098
weeks.water    4      208.87      52.217     0.87416     0.49673
ERROR1        20      1194.7      59.733l 2"!h��4��|!,�g	"�#���t��4f����4+�H�n����5B4��|�"����	�4X�n�+� 7o��)�)��o��,�:�'o�����2���2"!m	¥r�r#���d�J�"!�6��arN!/�¬F
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weeks

*"!O�����x!
water

¦
Cmd> anova("y = weeks + water",fstat:T)
Model used is y = weeks + water
              DF          SS          MS           F     P-value
CONSTANT       1      6049.2      6049.2   103.43951  3.5295e-10
weeks          4      1321.1      330.28     5.64775   0.0023801
water          1      1178.1      1178.1    20.14573  0.00015255
ERROR1        24      1403.5      58.481������	R6S�]rN!/�So�����2

water
*"!O�����x!

weeks
¦

Cmd> anova("y = water + weeks",fstat:T)
Model used is y = water + weeks
              DF          SS          MS           F     P-value
CONSTANT       1      6049.2      6049.2   103.43951  3.5295e-10
water          1      1178.1      1178.1    20.14573  0.00015255
weeks          4      1321.1      330.28     5.64775   0.0023801
ERROR1        24      1403.5      58.481 ��J4"!,�u	��%!���4u	sr#�|�g��!��x!�4�� ����rN!��[.w*�$X�����O.0L��

	�4Ary�u	��%!���2"!m��	�6p!�Fm�����N�R��� � 	��%!���2"!
��	�6S!0F
��� (�� � �����%!,	��)��
��%!�5B�x!������²��4m�J4srH����5�$����"!0F
���m��4u�%!�5��%!,�����t��4z��	�4srN!/�"��4"!'���
	���
�	�����2+!
��$a6 �O�{����$�	��%!,����!�«�����	��J4"!�r��M*�
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Cmd> ss_tot <- sum((y - describe(y,mean:T))^2) # Total SS

Cmd> ss_resid <- SS[4] # Residual SS

Cmd> ss_reg <- ss_tot - ss_resid; ss_reg # Regression SS
(1)      2499.3

ss_resid
2"!,�%!§���q��2"!'�%!,����rB$�	������§oe2"!,4


+�,$
�"���}��2"!�6��arN!/��
A· �(' ¹/.1034/·5076 � 082�· �!'	�4¥r
ss_reg

���y��2"!
	a6S��$�4�����2"!
�%!,����rB$�	������
oe	��u�x!�rB$"��!arq*�
m�g���g����4A5 ��2����R6��arN!/��	��
�B��6e��	��%!arR�)�f��2"!D����������	���6��]r[!/�¬F
l 2"!
���y�B��6e��$��|!arq*�
�L�	"���S4N����	�	��%!
9 ��:<;��>=@?BADC���F�ª�	"��2f�J����2"!m������!,«����J	���4+!ar��*�
�!,	"��2q�|!,��6 A�=EC<�F�GAH?IAJ��=s�)�
���%!,���t�,$���|!,��6e�]F��X�f��2"!y���+!,�g	��)�?���q!�«����J	���4"!�ry*�

water

	A4�r
weeks

���
SS[2] + SS[3]

F
Cmd> SS[2] + SS[3]
(1)      2499.3 same as ss_regl 2��J�sr[��!,�K=L��?8rN!��"!,4Ar���4�����rN!��[.�!,�+!,4oe2"!�4srB	X��	�	��%!m$�4�*�	���	�4"��!ar,F
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�X�0o 7=6S�arH�|�%
q��2+!RrB	X��	u�"!#���)��6e	��"!h���$�4�*�	���	�4g��!�r�F 7a�B������!ar
y
�)�

y1
	�4¥ry�+!H�

y1[1]
�|�

MISSING
*A


y1[1] <- ?
�a�

y1[1]
<- NA

F
Cmd> y1 <- y; y1[1] <- ? # or y1[1] <- NA

Cmd> tabs(y1,weeks,water,count:T)
WARNING: MISSING values in argument 1 to tabs() omitted
(1,1)           2           3
(2,1)           3           3
(3,1)           3           3
(4,1)           3           3
(5,1)           3           3�X�0o 4 ³�³ ¹}&�	�4¥rq	��)�0�H��2+!,�}4 · � ¹z�
Cmd> ss_tot1 <- sum((y1[-1] - describe(y1[-1],mean:T))^2)

Cmd> ss_tot1 # modified data total SS 
(1)      3892.2

Cmd> anova("y1=weeks + water", fstat:T)
Model used is y1=weeks + water
WARNING: cases with missing values deleted
WARNING: summaries are sequential
              DF          SS          MS           F     P-value
CONSTANT       1      5938.8      5938.8    97.64532  9.5671e-10
weeks          4      1333.1      333.27     5.47958   0.0030012
water          1      1160.3      1160.3    19.07713  0.00022514
ERROR1        23      1398.9       60.82

Cmd> ss_resid1 <- SS[4]; ss_resid1# modified data residual SS
      ERROR1
      1398.9

Cmd> ss_reg1 <- ss_tot1 - ss_resid1; ss_reg1
(1)      2493.3
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weeks
	A4¥r

water
¦

Cmd> SS[2] + SS[3]
(1)      2493.3� !]r[�f��2"!u� � (�� � o�����2

weeks
	,�¢�|!,�

water
¦

Cmd> anova("y1=water + weeks",fstat:T)
Model used is y1=water + weeks
WARNING: cases with missing values deleted
WARNING: summaries are sequential
              DF          SS          MS           F     P-value
CONSTANT       1      5938.8      5938.8    97.64532  9.5671e-10
water          1      1263.6      1263.6    20.77537  0.00014007
weeks          4      1229.8      307.45     5.05502   0.0045115
ERROR1        23      1398.9       60.82

Cmd> SS[2] + SS[3]  # same sum = ss_reg
(1)      2493.3������2+��$A5�2y��2"!'��� �����

weeks
	�4¥r

water
���d�)�|�

	¥r�ry$��q�)�f��2"!
���
	 ��
�./��2"!�
z!�	g��2�rH�|�g��!,���x�~��6
��2"!'���°��4q��2"!y� � (�� �­o�����2

water
	��¢�E!,�

weeks
F
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 · �8���
�%!ar�$g��!�ry	�4Aru��� 	���
 ���f��4g���%!,	��+!ar
oe2+!,4q��2"!
��	�����	�*���!h���u	¥r�r[!ar �)����2+!�6��]r[!/��	��¢�|!,����2"!
����2+!,���E!���6{�f��4q��2+!�6��]r[!/�¬F
l 2"!'�����x!,�+���+�|!ary*�


anova()
������	q�E!,��6 ���

��2"!
����oe2"!,4���2+!
	����+�A����	X�E!�r �|!,��6 ����	Ar�r[!ar
�)�f��2"!�6��]rN!���oe2�����2m��4"����$¥r[!,�u	��)�P��2"!D�|!,��6{�
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Cmd> anova("y1=1") # y_ijk = mu + e_ijk
Model used is y1=1
WARNING: cases with missing values deleted
                DF          SS          MS
CONSTANT         1      5938.8      5938.8
ERROR1          28      3892.2      139.01

Cmd> rss1 <- SS[2] # save SS_error� ��� ` ``�̀_ ___ \ \\\ ¦ l 2"!u!��:�~���}��� ������� �( "�$#"% F
�X�0o �"���}��2"!�6S�arN!���
 · �(' ¹ .1034 · 0 2 · �('

Cmd> anova("y1=water") # y_ijk=mu + alpha_i + e_ijk
Model used is y1=water
WARNING: cases with missing values deleted
WARNING: summaries are sequential
                DF          SS          MS
CONSTANT         1      5938.8      5938.8
water            1      1263.6       1263.6
ERROR1          27      2628.6      97.357

Cmd> rss2 <- SS[3]; rss1 - rss2
      ERROR1
      1263.6 SS_water = difference of Rss's

rss1
	�4¥r

rss2
	��x!���2"!
�x!,����rB$A	��?��� �x�%�06

��2"!D����������	���6��]r[!/��	�4¥rR��2+!�6��]r[!/� ��4"����$ArH��4A5
water

*�$B��4+���
weeks

F
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�X�0o ��2"!��"���}��2+!§�%$��)��	¥r�r#�������"!�6��arN!/�¯o�����2
*+����2

water
	A4¥r

weeks
¥· �(' ¹ .1034/·5076 � 082�· �('
Cmd> anova("y1=water + weeks") # y_ijk=mu+alpha_i+betas_j+e_ijk
Model used is y1=water + weeks
WARNING: cases with missing values deleted
WARNING: summaries are sequential
                DF          SS          MS
CONSTANT         1      5938.8      5938.8
water            1      1263.6      1263.6
weeks            4      1229.8      307.45
ERROR1          23      1398.9       60.82

Cmd> rss3 <- SS[4]; rss2 - rss3
      ERROR1
      1229.8 SS_weeks = difference of Rss's

rss3
���q��2"!
�%!,����rB$�	��?��� �x�~�06 ��2����R6��]rN!/�

	�4¥ru����
 �&� ' 
 ¹ rss2
>

rss3
���y��2"!'�%!arB$:�#������4

��4���2+!
�%!,����rB$�	��?����*�
m��4g�?��$¥r#��4A5�� 6 ��� ��4���2"!6��]r[!/� ��4u	¥r�rH�����t��4��|� .h	�4¥r�� 4O· � F����
 �&� ' 
 ��4q��2��J����� (�� ��rd�A!��
�"��4"!D�|�
�B��6e��$��|!
���)�f�|!,���/6O³p¹ 6�́�¹ 6���¹76��M¹z�O.
*�$X������
 # �!��	 ����4+�H� (�� �)�f�|!��������i¦ 4�³S¹34Ó�¹}�
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water

	,�¢�|!��
weeks

.0�+�R����
 # � ��	 6p!,	A��$��x!,�
2+��o 6e$g��2

water
��!�«�����	���4�� ����2�	��¯��	�4a����*+!

!,«�����	���4"!aru*�

weeks

¦
Cmd> anova("y1=weeks + water") # water after weeks
Model used is y1=weeks + water
WARNING: cases with missing values deleted
WARNING: summaries are sequential
                DF          SS          MS
CONSTANT         1      5938.8      5938.8
weeks            4      1333.1      333.27
water            1      1160.3       1160.3
ERROR1          23      1398.9       60.82�X����2+!'�����)�'*+!
$��"!arD��4q�|!,�X�d�J4A5u	��%!����
 # � ��	 ¹ <�<�; �OF²� �%�%��6 ��2�������� (5� �

	�4Aru����
 �&� ' 
 ¹ < &�&��OFt-°�%�%��6 ��2+!
���x!���!ar#��4A5aF
3H$��}��2"!��"!m4+�§�t�,4A5N!,�}	¥r�rq$����|����2"!�6S�arN!/����

Cmd> ss_reg1
(1)      2493.3 Model SS

Cmd> 1229.8 + 1160.3
(1)      2390.1 Sum of SS used in F-tests
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3�!A��	�$��+!���2"!��x!�6e	�
u*"!
�+!,�"!��g	���r#�|�:��!,�%!,4X���$�6e���w������$�	��x!��
�����}	m�x	"�#�)���{������4X�E!��g	g�/>���t��4a.�
N��$�4+!�!arR�)�'2�	��"!m	Roe	�
��)�§��r[!,4����|�%
��2"!w6 F l 2"!�
�	��x!'rH���X�d��4�5�$�����2"!�ry*�
q��2"!6��]r[!/��	����x!�	¥rB
m�"����o{2+!,4���2+!��|!,��6 ���!,4X�|!,�%!ar�F l 2�	X�����].w*�
���2+!�6��]r[!/�H����4�����������4A5�w����2"!D�|!,��6{��!,4X�E!��x!�ry*+!O�����%!���2"!D�|!,��6 ��4��$+!,�����t�,4]F
794u	q��2��%!�!�oe	�
sr[!,����5�4Ro�����2m�x	"�#�)���g����.�3
	�4Ars1?.���2"!,�%!m	��%!'���N��������*���!
�����|¦
�H$a6®�w������$�	��x!�� L0�arN!/��	,�k�|!,����4g�?��$¥rH��4�5�1
���#C�1�� < I . 0�� ' C

"y=c"
I

���#C�1�� < . ��I . 034 · 0�� ' C
"y=a+c"

I
���#C�1�� < .²3#I . 076 � 0�� ' C

"y=b+c"
I

���#C�1�� < . �M.²3#I .1034 · 076 � 0�� 'C
"y=a+b+c"

I
���#C�1�� < . �M.²3O. �S3#I .1034/·5076 � 034 6�· � 0�� 'C

"y=a+b+a.b+c"
I
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u	����|��oe2�	��n	��%!��2"!m	������%�,������	��|!m��$a6e���w������$�	��%!,�f��4$�4�*�	��J	�4g�B!ar���	��"!��]F
L�	g����4+�,��	f��4�5+!�4"!��:	��8���O�)�t�0oe����2"!
���A�J4g��������!��2�	X�n
N��$u$���$�	��)��
y��2+�,$���r�*"!��"���g����4A5 ¨ ¨¨¨ b bbb \ \\\#£ £££
				W WWW]£ £££ Z ZZZ ¨ ¨¨¨ b bbb Z ZZZ�WWWW0YYYY ¡ ¡¡¡ ` ```�^ ^^^ \ \\\=YYYY + +++ F
l 2"!��"!m	��%!�6��]r[!/������2�	��n2�	��"!���2+!
���~���+!,�N��
��2�	X���|��	u��	��+������$���	�����4X�E!��:	"�#���t��4f���m��4���2"!6��]r[!/�¬.���2+!,4u	��)�P�|!,��6e��	�4¥rm6{	���4z!/�:��!��#���
������4X��	���4"!�r��}��4f��� ��2+�,$���r�	��J�+�m*"! ��4���2+!6��]r[!/�¬F� ���
� ��� W WWW ¡ ¡¡¡ � ��� Y YYY \ \\\ ¦M7±4u	�K°�%	"�#�)���{!,«��"!��A�E6p!�4��+.S�|�{
+��$4"!�!arR��2+!y�S3��°��4��|!,�g	g�0���t��4q��2+!,4�
N��$u��2+�,$���r�"!�!,���M.�3O.0�O.��S3O.,�S��	�4Aru3��°��4���2"!�6��arN!/�¬.!,�+!,4f�|����2+!,
�r[��4��±�n	����"!,	����)�
*"!����5�4��|�"����	�4��+F

15

Statistics 5303                                                        Lecture 23                                                  October 28, 2002794m�x	"�#�+./��2+!�oe	�
�L�	"����4+����	sr[��!,�f������B��6e��$���	����t�,4��].p���8!,4����,�)�B!,����2����]F 7���
+�,$��4"����$ArN!f	�4�����4"����$ArH�J4A5�����4X�|!,�g	"�#���t�,4y*"!O���,�%!	�4E���J4g���J$¥r[!ar��e�|!,��6�.?��2+! ��4��|!,�g	"�#���t�,4���� 2�	��	����%!,	ArB
��|��oS!,��� �M$�� ��2+!h�J4g�?��$¥r[!arq�����!�	�����4�5u4N����2���4A5f��������2"!��J	��|!,���|!,��6 F
Cmd>  anova("y1=weeks + weeks.water + water")
Model used is y1=weeks + weeks.water + water
WARNING: cases with missing values deleted
WARNING: summaries are sequential
                DF          SS          MS
CONSTANT         1      5938.8      5938.8
weeks            4      1333.1      333.27
weeks.water      5      1372.6      274.53
water            0           0   undefined
ERROR1          19      1186.5      62.447l 2g!'���h���a�

weeks.water
���y��2"!'��$a6 �w�e��2"!

	g�0��$�	�� �J4��|!,�g	g�#���t�,4q�|!,��6 	�4Aru��� 
 # � ��	�F l 2"!
��	�6S!��������g$+!u�w����2"!
�H�X¦w� ¹�CE�?> < I)CE&?> < I 0
< F l 2"!,�%!m	��%!
4N� 6��]r[!/�?�H��������� ����������
 #$�!��	
��4"��!D��2+!���4X�E!��:	"�#���t��4f���m�J4q��2"!�6S�arN!/�iF
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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 levelsL�	��"!D��2"!Rr�	���	�$�4�*�	���	�4"��!arq*�
u�x!�����	g�?��4A5 ��2+!�g���:�����,	��"! o�����2

MISSING
F

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

Cmd> hconcat(assaytemp,growthtemp,variety)[1,]
(1,1)           1           1           1
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[µ�!�r���4��|!,��6{���w�z�t��5��X¦
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   0.0053235l 2"!��x!h���u4+�'���%�,*���!w6 �E!�������4A5 ��2+!y�S3�1��4X�E!��:	"�#���t��4u����4"��!�����������2"!��J	����}�|!,��6�F 7�����u4+���n����5�4��|�"����	�4��+F

� ��$z��	�4u	����N�f�|!,����3�1�����4g�B!�����������2+!���	�����No��w>��%	g�0�|�,����4��|!,�g	g�0�d�t�,4]F 7��������°������#CE3�1�� < . ��.t3O.�1?. �S3O. �=1wI8	�4Ar����u����5B4��|�"����	�4��+F
3H$��n
N��$}��	�4a���}�|!,���M�S3����e�=1 �x�~��6 ��2+!,�"!��$�6e���w������$�	��x!�������4g��!D��2"!/�������mrd�'4N������O�)�t��o 3�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¥ru���#C��S3 � < . ��.t3O. ��1?.²3�1wI
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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