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h hhhji iii`k�I	���	l��7m��4G!n�o�V8p���q*S!(��%�7����5�:�r	��5�K%��r!s�t�u	�r!(����7�%�7#vO!����Y�&�r!����^��7s	w����!x�y!��w	��)!Vvz�'�)�{!�)!(�Y�&�VF}|(4G!(�r!�~S!(�r!
���&�r!�	��O*�!�7����vO!=�)!(��*��K7"!Vvm+�
��E!t*��G!(�w	���%��r!$F���!�!z|(	�+��y!�1Fq-YF

9P�"���w�����r!(	#vp��4"!���7(�����r!#������v��(7
�"�5�y!
OeCh03.dat

�)�g�w��7/v��&4"!RvB	��&	��"!I��7�	V*�!
	#7/v��4"!�7�	�7#vp��4"!�7��r!(	#vp��4"!�vB	���	��G!I��	�7#v.�����5�\��\����7Y�)�
	
�r	w�$�)�(��	�7/vm	��r!(���G��7��"!$F
Cmd> read("","info") # read from file of named data sets
info  0
) Data sets for Chapter 3 of Oehlert's A First Course in Design 
) and Analysis of Experiments examples and exercises.
)
) Data set names for examples, exercises, and problems have the
) form exmplC.N, exC.N, or prC.N where C is the chapter number 
) and N is the example/exercise/problem number.  For example
) ex20.2 is Exercise 2 inChapter 30.
)
) The names of data sets in the file are
) exmpl3.2 (resin lifetimes)
) ex3.1 (rat liver weights)
) ex3.3 (orange pulp silage)
) ex3.5 (leaf angles)
) pr3.1 (solder joints)
) pr3.2 (fruit fly longevity)
) pr3.3 (alpine meadows)
) pr3.4 (caffeine/adenine)
) pr3.5 (polypropylene fibers)
WARNING: 0 lines of data in data set
Read from file "TP1:Stat5303:Data:OeCh03.dat"
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Cmd> data <- read("","exmpl3.2")# data has 37 cases, 2 vars
exmpl3.2          37     2
) A data set from Oehlert (2000) \emph{A First Course in Design
) and Analysis of Experiments}, New York: W. H. Freeman.
)
) Data originally from Kvam, P. H. and Samaniego, F. J. (1993). 
) ``Life Testing in Variably Scaled Environments.'' {\em
Technometrics} 35, 306--314.
)
) Table 3.1, p. 33
) These are the log10 times to failure (in hours) of a resin
under five
) different temperature stresses.  Column 1 is) temperature
(levels 1
) through 5 are 175, 194, 213, 231, 250) degrees C, and Column 2
is response. 
Read from file "TP1:Stat5303:Data:OeCh03.dat"

Cmd> data[run(10),] # first 10 cases
 (1,1)           1        2.04
 (2,1)           1        1.91
 (3,1)           1           2
 (4,1)           1        1.92
 (5,1)           1        1.85
 (6,1)           1        1.96
 (7,1)           1        1.88
 (8,1)           1         1.9
 (9,1)           2        1.66
(10,1)           2        1.71

Cmd> treat <- factor(data[,1]) # 1st variable is treatment

Cmd> logy <- data[,2] # 2nd variable is response

Cmd> stats <- tabs(logy,treat,mean:T,count:T,stddev:T)

Cmd> stats
component: mean
(1)      1.9325      1.6287      1.3775      1.1943      1.0567
component: count
(1)           8           8           8           7           6
component: stddev
(1)    0.063415      0.1048     0.10714    0.045774     0.13837
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������^���s+�	��G!Vv��7s������+�	�+��'�5�\�&
�*���vO!`����0t%���%�	��5�K
�+"!�����vO!��(?������+G!Vvz�K7m��4"!���	�7#8B%�	#8O!s�1��*�	Y�&4G!�*,	��������VF
9;7�vO!(����8�7G!Vvl!����"!����q*�!�7�����0`��4"!�*��VvO!x�%���%�	��'��
�����7������������1�,�O~��
��	��O����F
•
����	��O��vO!��w������+���7#8p�&4G!�*S!(	�7��

•
����	��O��vO!��w������+���7�8p��4"!z��!��w�r�(�w����0@��4�	Y�����V0vO!�����	Y���o�(7��l�t�u�'!����O��7��G!(�
�r���$* *S!(	�7��

|(4"!^%���%�	�����7"!x?/~,	�
����t�t��� *���v¡!x��~l�\��4�7O����G!#�`�K	����r!(�Y�&�����$���o�(7��l��7m��4"!g*S!(	�7��^��� k
•
|(4"!��'!^	��r!
%�7�¢�7G�$~,7�*�!�	�7��m£�¤{0�F�F�F�0x£�¥������
!(	"��4�8�����%��.C¦*���vO!`�:������*S!(	�7���J

• § �w�����w��¨�©«ª�¬­
/©«ª�?�£t©(	��r!¯®�°�±G²B³#²�°�±O²�°Y´
7G�(��*,	��@�=CE�10�µ�¶�J·C¦*���v¡!x�:�����u!��<�����w��J

��7���+��"!(�w��	����o��7s
 ©«ª ¬l£ ©w¸ ¨ ©«ª F
|(4��K�^���s	���	��O������%���	��N��	��"!.�t�u	�7�¹#±�±�®\´�®)º�²
vO!��B�$*,�O�����\���o�(7��t�u	s�r!(���O��7��G!n��7Y�)�
	�³�»'²1¼
±�®y½=´�¹�¾�¿y²m��	��G��C'£ © J:	�7#v.	�7�À#°�³V»r²�±�®�½$´�¹�¾�¿y²
³V¹�»O´NCE¨ ©«ª J�F
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G�(%���	�7���%V*�*,	�������!^+G����4��	��O�&�l�t����4"!g*S�VvO!x�����q*,%��\��	�7G!��(%�����
s+�


#©«ª=	��r!n��7#vO!(�G!(7/v¡!(7����=C'£1©y0�µ ¶ J

|(4"!g*��������q*,�O���O�&	�7�� �\!(	���%��r!.�t����4�����*S�VvO!x������&4�	���	��5�$!(�w�r�(�w��	��r!���7/vO!��"!(7#vO!�7��·�t�P!(	"��4����4G!(��F
|(4"!^7"!����l*��������q*,�G�(�O�&	�7�� �\!(	���%��r!.�t����4����*���v¡!x�·������4�	�����4"!^����	�7/v�	���v�v¡!(���K	����o��7�v¡�#!��7G�I��vO!(�G!(7/v ��7��&4G!z���r!(	��O*S!(7Y�"0`��4�	������V0�µ ����B�(7�����	�7��
��7G����4"!����{!�	���%��r!$0t%���%�	��5��
 �y!(���^�q*,�O���O�&	�7��G0�����&4�	�����4"!s!(�w�r�(�<�s	��r!
7O����*,	�� F
�Y�$*S!n�{!�	���%��r!(�l�t����4"!g*S�VvO!x����%w��4�	����B�(7(?����	�7��lµ¯	�7#v.7O����*,	��5�\��
�	��'!���4G!#��¢�	�+��y!D�5��G��*S!�!(�Y�E!�7��GF
�@�&4G!(�w����%w��4s	�� ��7/vO!��"!�7/vO!�7w��!^	��r!
�G!(�w
vI�5�<�"����%��\�·�����q*,�G�(������+��y!z�5����4"!���¢�0t+�%Y��	��r!!1�w�\!#�$�����G!x��
�8�%�	��<	�7��)!�!�v.+�
s�������G!(���w	�7/v��$*�?���V	����o��7�Fn|(4����^���s	�7G�I�&4G!(���r!(	��O��7s�<	�7/v¡��*�?���V	����o��7^�K�^�q*,�G�(�G��	�7Y�"F
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6�!#��	�%��G!
�Y�&	Y���K��������	��������/��!�vB%��r!���	��r!�vO!(�G!1?�o�(�"!�vR�5� �¦~����w¢B����7.	�7�!�7���������7�*S!(7�����7~,4�����4��B!(�O�&	���7�	�����%�*,�����o��7��s	��r!z���w%"!�F
��7/v*,	�7�
.�����/�B!Vv�%��r!(��v¡�^7O�����¦~��(�<¢B���K7s���\��%�	�?���o��7��R~,4"!��'!D��4"!(�G!
	�����%�*��Y��� ��7��s	��r!}�r	����G!$F
Q,4�	Y�,v��#!��^�\�l*S!(	�7
������	��Y��	�������������	��������t?��!�vB%��r!D�)��~����w¢��
� ��� Z ZZZ � ����� ��� Z ZZZ _ ___�Z ZZZ 	 			 c ccc � ��� 	 			 U UUU�



 U UUU [ [[[ 
 



|(4"!g¹w½$´&À�¹�¿�����8�7��)�"����	�7w�B!n�y!��"!x���t�u	�����8�7��5?�"����	�7w��!.����4�
��G����4"!��������)!(��������vO!1�"��7G!Vv.	��

� ¬�H=C)�r!�
{!#�$�����������S���w%"!�J
Q,4"!�7�
G�(%�v���	s����8�7��)�"����	�7"��!.����4�
��G����4"!�������)!(�Y��
O��%s	��q~,	�
���4�	��"!^	�7g®�°Y´)²�°�±O²�±�����8�7��)?�"����	�7w��!��y!(�G!x����	�
pF ������� F � -YF 9\����4"!	w�$��%�	�������8�7��)�w�y��	�7"��!n�o!(�"!`���D��7��)!�7/vO!�v�0`�&4G!����8�7��)�"����	�7w�B!z�)!(�����}®���°��I´����(»���®�°� �F
§ ��	V*,���y! k"! ��%­��4O�����G! F ���z	�7/v.H=C)�r!�
{!#�=�� � �#� � �&�w%G!�J�¬�F -�-$�
F ���&%¯°��I´'�(�(»���®�°� VF
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 U UUU X XXX-,,,, c ccc e eee [ [[[� vO!x�w��7���7#8.�������"!��G��
l�t�u	/.���0p�B�(7(�"� vO!�7w��!��7Y�E!��<��	������r�#��!Vv�%��r!$0t��	�
�0P�K�m��4�	Y�
H=C���7��)!��<��	�����%��w�r�(%�7/v�����	��<	�*S!I�)!(�"J21¬�F3.��

Q,4"!�7�
G�(%���	�����%���	��)!
	�3@F)9KF�0t
G��%s	��q~,	�
��4�	��"!^	�7g®�°�´)²�°�±O²�±�����7(�"� v¡!(7w�B!n�y!��"!x� 0(�t�¦�)!(7.���0����4.5.�0`F
� 3@F)9�F�±���²6�#°87 ´��(��»9��~,4"!�7m��4"!g¹w½=´�À�¹�¿½:��°<;"®�±G²(°"½�²�¿y²1º�²x¿ ¬H=C���7Y�E!��<��	�����%��w�r�(%�7/v�����	��w	V*S!I�)!(�"J=���7��)!(7#vO!Vvl�B�(7(�"� vO!�7w��!��y!(�G!x� Fa aaaYb bbb c ccc�d ddd W WWW$eeee U UUU �I%����O���"! 
O��%�v¡�D�&4G!���	��y��%��K	����o�(7
������	>.���0¯��7Y�E!��<��	���C)��	�
m£ ¬@? 
&A
21F 2�26BDC��FEHG 7
���(��	�*S!(	�7s+�	��"!Vv ��7s7
¬�-�-
��+��"!(�w��	����o��7��BJ�F
9\����4"!^	w�=��%�	��I�B�(7(�"� vO!�7w��!��y!(�G!x�:¬2BI.1Fo��0����.5.1Fq-J0@0`�&4G!�����7(�"� v¡!(7w�B!n��7Y�E!��<��	���®���°"7 ´�(��»9��®�°- VF
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��	�*S!n��7!(	"��4�8�����%�� k µ�¤S¬�µ ¶ ¬�F�F�F ¬�µ�¥
! ��%­��	�7�8G!I���O�$*S!n��7��\�(��*�	Y��� ��7�	�+G��%Y���&4�����r���$* ���o�I�&�VF

Cmd> vboxplot(split(logy,treat),title:"Log times til failure")
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|(4"!��'!����s7G���(+���� ��%��s��	��w�)!(�w7�Fn|(4"!^4���8B4"!(�Y��)!�*,�"!��<	Y�&%��r!�8�����%��R*,	�
s4�	��"!^	��B�(%����o!s�t���%Y���5�y!(�w��0t+�%����\��L ��4�	���vp�5����	�
�0t+"!���	�%��"!D�&4G!8����(%����s�����/!n���s�V*,	��5� F
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vO!�����	Y���o�(7��s�/©�����*S!(	�7��4? 
/© k

Cmd> stats <- tabs(logy,treat,mean:T,count:T,stddev:T)

Cmd> plot(stats$mean,stats$stddev,\
title:"s vs means",symbols:run(5),\
xlab:"Means",ylab:"Stddev",ymin:0)
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Sample means vs sample standard deviations

Don't miss this one

|(4"!�vB	���4"!�vz�5��7G!n���s�w	���4"!(��	��w+��\�&�w	��w
V0�+�%�������(+�	�+���
�v¡!(�w���#��+G!(���&4G!
��	Y�w�E!��<7s	���~S!x�5��	��	�7�
��I�&4G!(���5��7"!.���N��%��w�"!$Fn|(4��K�^����~�4�	���
G�(%4G�(�"!D�)�
�"!�!}?��w��	Y�<�)!(���1�,��4"!^�G�x��7�����	��r�(%�7/v	s4G�������/�(7���	��·�5�K7"!$F
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­��4"!���¢��&4G!
	�����%�*���?���o��7l�t�P!���%�	�� µ:F �B!(�r!
	�~�	�
�%�����7#8.���q*�?%��K	����o��7�0t+�	��"!Vv ��7*,	���C)� © J EV*l��7�C)� © J�¬ G������	�
~,4"!��'!
�����	�P*,	���C)� © ¶ J EV*l��7BC)� © ¶ J����>��	��G���y!�
�Lo�
*,	����q*,%V*����Y�&	Y�����Y����� k

Cmd> N <- sum(stats$count);N
(1)          37

Cmd> max(stats$stddev)/min(stats$stddev) # observed
(1)      3.02299;���&4�����%�7�%���%�	��'��
̂ ��	���8O!�� QS!���	�7̂ �"��7/v��(%��+�
s���q*,%���	����o��7VF 9��w���w����v��R�������z�r!(�G!I���)?���o��7��R~l�\��4�7G�(��*�	��̀ vB	Y�&	
Cmd> M <- 5000; ratio <- rep(0,M) # place to put results

Cmd> for(i,1,M){
@temp <- tabs(rnorm(N),treat,stddev:T)
ratio[i] <- max(@temp)/min(@temp);;}

Cmd> sum(ratio >= 3.0229)/M # P-value
(1)      0.0842 proportion ≥≥≥≥ observed|(4��K�m�)!(����v¡!(�"!�7/vB�s��������7#8I��
��(7�7O����*�	��5�\��
�F�B!(�r!¯9$v¡���������z�'!��"!=���\���o�(7��R~l�\��4�� ¤3� v�	���	
Cmd> for(i,1,M){

@temp <- tabs(invstu(runi(N),10),treat,stddev:T)
ratio[i] <- max(@temp)/min(@temp);;}

Cmd> sum(ratio >= 3.0229)/M
(1)      0.1444|(4"!
H@?"��	���%"!�������%��\�)!�vI�)�w�{!��'!�7��GF
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"!�	���0�o�#��	����o��7V0V!��"!(7����q*S!s�t�·v�	�
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Q,4�	Y��
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 �1�S��7"! ���'!�	��O*S!(7Y��	��­���$*,��	��r!VvR�5�	�7O����4"!��¡F�6�!#��	�%��G!s�1���&4�����0t	��q*����Y��	��q~,	�
����4"!z£t© L ��	�7/v.	��'!s!(�����r!(���G!VvD��7�	�7G����4"!��~,	�
 k £1©t¬l£�� ¸ � ©
~,4"!��'!z£�� ����	s7�%V*,+G!(����%V*�*,	������t��7#8p�&4G!���G!(�w	��5�N�y!(�"!`�$�t����4"!^�'!����O��7��G!
�r!�8�	���vI�y!(����t�����r!(	��O*S!(7Y��	�7/v� ©t¬l£1©t?�£��
���p��4"!z��!x�<�\!��=��� �1����4"! ���r!(	��O*S!�7��G0@��4"!
	V*��(%�7�����4"!g*�!�	�7m£ © ���­��4�	�7#8O!Vv.+�
m��4"!
���r!(	��O*S!(7�� �r���$* ��4"!.���"!��<	��5�·�y!��"!x�P£��(F
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G�(%m��	�¢G!}������£��(F
�G�(��*�	�7�
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�B!(�r!����R~,4�	Y��	�M�	w����7G�(��	����t�t��� ��	�+��o!�o����¢�� �5��¢"! k
Cmd> anova("logy = treat",fstat:T)
Model used is logy = treat
WARNING: summaries are sequential
              DF          SS          MS           F     P-value
CONSTANT       1      79.425      79.425  8653.95365     < 1e-08
treat          4      3.5376     0.88441    96.36296     < 1e-08
ERROR1        32     0.29369   0.0091779|(4"!
M@�m�B�1��%�*,7̂ �������IE#� ��Fn|(4"!
�����1��%�*�7	��r!̂ �<	Y��� �����1�NM@���5� ��4G!�!(�w������M��1FgC ! ��%~���7�L ���"!�!RH@?"��	���%"!(�
�5��¢"!

 < 1e-08
%�7����5� ��4"!7"!(�����r!x��!(	��"!s�t�·M�	w���S7G����	�F J

F
	�7/v

P-value	��'!s�=*l�{�<�)!�v
~��\�&4
fstat:T

F
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anova()
	��q~�	�
����B�$*���%��E!(����	��#��	�+��y!(�

SS	�7#v
DF

*,	��E��4���7#8���4"!
��%�* �1�N� ��%�	��r!(��	�7/vvO!(8��r!�!����t���r�r!�!Vv��$* �B�x��%V*,7��VFn|(4"!(�G!���	�7+"!^%��G!Vvp�5����4"!���¢l����4"!(��7�%V*,+"!(�w� ��7m��4"!��	�+��y!s���N���$*,��%Y�E!.����4"!�� ��%�	�7Y���\���y!��vO!��"!(7#vI��7�8l��7���4"!�*�F
Cmd> SS
    CONSTANT       treat      ERROR1
      79.425      3.5376     0.29369

Cmd> DF
    CONSTANT       treat      ERROR1
           1           4          32

Cmd> MS <- SS/DF; MS # matches MS column
    CONSTANT       treat      ERROR1
      79.425     0.88441   0.0091779

Cmd> fstats <- MS[-3]/MS[3];fstats
    CONSTANT       treat
        8654      96.363

Cmd> pvalues <- 1 - cumF(fstats,DF[-3], DF[3]); pvalues
(1)           0           0
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�G�(�l�&4G!����$*,���y!=�E!`��
��w	�7#v¡�$*l���/!VvsvO!(����8�7�0��4"!��'!^	��r!
�O���)!(7�����	��5��
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••
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¬m-YF
����7w�B!z��4���� �5��7G!n���s%���%�	��5��
s7G���
��7��)!��'!�������7#8V0�*,	�7�
����$*,��%��)!(�����r��8��w	V*,�
�$*l�\���\�GF�M�	"����7G����	̂ ��	�+"!x������4"! £��D�5��7G!
CONSTANT

F
Cmd> grandmean <- describe(logy,mean:T)

Cmd> ssconst <- N*grandmean^2; ssconst
(1)      79.425 Same as in anova() output

18

Statistics 5303                                                        Lecture 5                                              September 13, 2002

• � © Lo� Cr�&�r!�	��O*�!�7��:!1�w�\!#�=����J
����¬������

�
�P¬���¤

�
©
�
¥j7 © C ? 
 ©

•

? ? 

••

J ¶
� �
¬­8̂ ?�-
� ;:��4"!D�&�r!(	Y�G*S!�7��:!1�w�\!#�=���s	��r!RvO!x�w�K7"!Vv
	�� � © ¬l£ © ?��,7 © £ © E#�10��O� �� © ¬ ? 
 ©

•

? ? 

••�����

�
�P¬���¤

�
©
�
¥ 7 © �� © ¶ 0�+�%����&4����^�K��7G�I���&�w%"!n�����

����4"!���vO!1�"��7��\���o�(7��V0P��7"�`��%/v=��7#8p�&4G!s�(7"!
M�	w����7G�(��	�%��"!(�VF

Cmd> n <- tabs(logy,treat,n:T) # sample sizes

Cmd> ybars <- tabs(logy,treat,mean:T); ybars # sample means
(1)      1.9325      1.6287      1.3775      1.1943      1.0567

Cmd> sstrt <- sum(n*alphahat^2); sstrt
(1)      3.5376

•
¨ ©«ª L � C�!(�w�r�(�w�������r!(��� vB%�	�����J
��� ¬�������¬�� © � ª C)
 ©«ª ?@? 
 ©

•

J ¶ ¬�� © C)7 © ?�-�J)� © ¶
� �
¬­� ?�8 ¬���¤

�
©
�
¥ C)7 © ?m-�J

Cmd> vars <- tabs(logy,treat,var:T)

Cmd> sse <- sum((n-1)*vars); sse
(1)     0.29369

19

Statistics 5303                                                        Lecture 5                                              September 13, 20023����w�r!(���G��7#vI��7#8p�5� ��4"!^	/v�v=�\�����"!�vO!#���$*�?�G�(���\���o��7 
#©«ª�¬l£�� ¸ � © ¸ ¨�©«ª
��4"!��'!�����	�7�	#v�vI�\�����G!RvO!��B�$*,�O�����\���o�(7��t�N���
��¤

�
©
�
¥ ��¤

�
ª
���
	

 ©«ª ¶ ¬­������


�
�
� ¸ �����

�
� ¸ �����

	����G�#�`��	��)!Vv^~l�\��4 £�� � © ¨#© ª
�I%V*S!��#����	��I����7��w����*,	����o��7

Cmd> sum(logy^2)
(1,1)      83.256

Cmd> ssconst + sstrt + sse
(1)      83.256��7/v
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Cmd> sst <- sum((logy - grandmean)^2); sst
(1,1)      3.8313 Total SS

Cmd> SS[2] + SS[3] # or sum(SS[-1])
(1)      3.8313 SStrt + SSE 
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