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Cmd> anova("logy=treat",fstat:T) # same as before
Model used is logy=treat
WARNING: summaries are sequential
              DF          SS          MS           F     P-value
CONSTANT       1      79.425      79.425  8653.95365  1.6145e-40
treat          4      3.5376     0.88441    96.36296  2.2419e-17
ERROR1        32     0.29369   0.0091779

Cmd> muhats <- tabs(logy,treat,mean:T) # sample means

Cmd> muhats - sum(muhats)/5 # direct computation of effects
(1)     0.49456     0.19081    -0.06044    -0.24365    -0.38127

Cmd> alphahats <- coefs(treat); alphahats #black box effects
(1)     0.49456     0.19081    -0.06044    -0.24365    -0.38127

Cmd> w <- vector(vector(1,1)/2,-vector(1,1,1)/3);w # contrast
(1)         0.5         0.5    -0.33333    -0.33333    -0.33333

Cmd> result <- contrast(treat,w); result
component: estimate
(1)     0.57114 Value of contrast
component: ss
(1)      2.9446 SS for contrast
component: se
(1)    0.031886 Standard error of contrast

Cmd> tstat <- result$estimate/result$se; tstat
(1)      17.912 t-statistic to test H0:sum(w*alphas)=0

Cmd> errorss <- SS[3]; errordf <- DF[3]; mse <- errorss/errordf

Cmd> vector(errorss, errordf, mse)
      ERROR1      ERROR1      ERROR1
     0.29369          32   0.0091779

Cmd> tstat <- result$estimate/result$se; tstat
(1)      17.912

Cmd> twotailt(tstat,errordf) # P-value (two tail)
(1)  3.0663e-18 Essentially 0

Cmd> fstat <- result$ss/mse; fstat # = 17.912^2
(1)      320.83 F-statistic with 1 d.f. in numerator

Cmd> 1 - cumF(fstat,1,errordf) # P-value (two tail)
(1)           0
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H�*%Sno�*%��qpr���$,.��%h�F!s	ut��Wv
�C�*6*�"�qpP!�6w��!x��6��+!*�wy�	��9�����

nzD+{'|W}�~4K��rD'|����r|1��K+��/�@rD4|1����|����r|1��K4�#�
Cmd> t_025 <- invstu(1 - .025, errordf); t_025
(1)      2.0369 t_32 probability point

Cmd> result$estimate + vector(-1,1)*t_025*result$se
(1)     0.50619     0.63609� ��� a aaa�� ����� ��� d ddd a aaa1� ��� X XXX f fff � ���Q� ��� a aaa�d ddd�e eee

\ \\\
f fff�g ggg e eee8$p<�qpC6�m������l!*y�����%�����
�p<���w��%������&3H!%��"!��1�

��	�-���!*�r�1�?�C�#!W�;�"���A��!*6����s���*��!*��%�	��4��
�����	"��!�p
p��*�"!*��	�6#p�!���%�	�����	�,�����!���:��!*����6¡ *	�-���!�1G =
¢ �*���&3H!*�"!)pC	h�&	�0W��3"!s��	�,�����!���:��!*�upJ�+�w��!*�
	�6#p£��3"!E�+!�,.�"!*�w	h�&%��'!���	��'!s6H���9!���%�	��4��

����	w��!�p�G
 ��¤�4�4��%��h�&�w	��+!E�&3H!%��H!��1�z�&3H!¥��	�-���!*�¦0§8�	�,
7P�W��6#7£�+�SpJ���"��	��̈ p©!*6H�*%#7�3ª��	��"!*���H�¥�&3�	���	��4�
��	�,.����!���:��!���	��l! = G
 *3"!E�+!�,.�"!��;	h�&%��'!���	��'!s	��«,o���h�9!*��%�	��4��

����	w��!�p¬-�
 > t1G�h�®8?nr�'�4��%��H!,o�¦p<�+�w��!�p
�+!�,.�"!��;	h�&%��l!*�¡��3�	h��	��l!u���$,.����!<�F!̀ ��
ª!���%�	��4��

����	w��!�p¬-�
 > t1G

3

Statistics 5303                                                        Lecture 8                                              September 20, 2002

Cmd> tabs(logy,count:treat) # original sample sizes
(1)           8           8           8           7           6

Cmd> J <- vector(run(6),8+run(6),16+run(6),24+run(6),31+run(6))1̄�"!
J
	���	���%�-��w���#���h�°�+��"!W��!��<�±�w���w��� =

��	��"!*����6ª!�	w��3�7��²��%��
Cmd> treat1 <- factor(treat[J]) # new treatment factor

Cmd> logy1 <- logy[J] # new response

Cmd> n1 <- tabs(logy1,treat1,count:T); n1 # new sample sizes
(1)           6           6           6           6           6

Cmd> temp1 <- run(175,251,19); temp1 # new temperatures
(1)         175         194         213         232         251

Cmd> temper1 <- temp1[treat1] # vector of length 30

Cmd> anova("logy1=P4(temper1)",fstat:T) # fit 4th order polynom
Model used is logy1=P4(temper1)
WARNING: summaries are sequential
              DF          SS          MS           F     P-value
CONSTANT       1      62.814      62.814  5938.94768  3.0168e-31
{temper1}      1      2.9526      2.9526   279.16183  4.4799e-15
{(temper1)^2}  1    0.061344    0.061344     5.79994    0.023727
{(temper1)^3}  1  0.00010667  0.00010667     0.01009     0.92081
{(temper1)^4}  1  0.00016095  0.00016095     0.01522     0.90281
ERROR1        25     0.26442    0.010577 *3"!s%�6#pP!*���4��6H!�p¬y�	���%H!*��	��'!E��3"!�������*���&3H!

�H�W��
�6P�$,���	��J����6����w	��h�&��G
³���%ª��	�6�7H!J�°��3"!��C�*6����;	������¡��3"!�,��H!W��yH!*�r�*�
��3"!̀ �����h��	�6́ p�	��̈ p�!��;�²���w���&3����Sn.	�
�0�-�%��°��3�	��PmZ�
µ1¶ ����6"��!
P��%)nT�*%��qp¡�"!W�·p��$,b6H!�!�pS�&3H!�,�G
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�H�W��
�6P�$,���	��J����6h�&�w	��h� �C�#!W�;�"���`��!*6����s���*� 7��
���l�²�$,  *	�-���!)�1G = ��6��¦G = ���1Gk !*�l! 8�!*6h�F!��'!�p£��3"!�, ��6��4�)	),.	����#� � Dl��	�-���!�Kn�����3u�¥�²�$n.��0�n�����3°����6����w	��h�&�up���n�6ª�C�W�+@
%�,.6����w	���3"!��r��3�	�6s��6��²�$n.��	��s��6���3"!¥��	�-���!$G

Cmd> WP <- matrix(enter(-2 -1 0 1 2   2 -1 -2 -1 2  \
-1 2 0 -2 1  1 -4 6 -4 1), 5)

Cmd> WP # each column is a set of contrast weights
(1,1)          -2           2          -1           1
(2,1)          -1          -1           2          -4
(3,1)           0          -2           0           6
(4,1)           1          -1          -2          -4
(5,1)           2           2           1           1�h����� µ�� � �H�u�C�*6����;	���� ��	�6Sno���	�¦G
Cmd> anova("logy1=treat1",silent:T)

Cmd> contrast(treat1, WP[,1]) # linear contrast
component: estimate
(1)     -2.2183
component: ss
(1)      2.9526
component: se
(1)     0.13277

Cmd> for(i,1,4){ss <- contrast(treat1,WP[,i])$ss
print(paste("SS for temper1^",i," = ",ss,sep:""))

}
SS for temper1^1 = 2.9526 -2,-1,0,1,2 linear
SS for temper1^2 = 0.061344 2,-1,0,-1,2 quadratic
SS for temper1^3 = 0.00010667 -1,2,0,-2,1 cubic
SS for temper1^4 = 0.00016095 1,-4,6,-4,1 quartic *3"!*�"!,�	��«��3¡��3"!S���x�l�l�$,

anova()
��%�����%��"G
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��� k
��� |?� ��|���� G�G·GQ�r| �k
� � |W}���| � ���*�°	�� ��!*	����§��6"!s��	����������

R.3"!�6�
H�*%��l!�� !#�$� k � 0�n.3�	�����3P��%��qp¡
H��%up��6"! � ���
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���H!#�`�4�w������%H!*�������*6��s��6),���6´p*G
µ � �+!*6�
H�*%Sno��%��qp¥�4���H!¥�4�SpP!J�+!*��,���6"!�0?�����
	�6�
¡�Pno�����l!*	��P,T!*6h�&��0�n.3H!J��3"!*����3"!`���
!1�w��!#�$�&��	��l!���·7�6��+�w����	�6h� ��
upJ�+�w��!*�l!*6h�"G
�o6´pS�&3����s���r!*	���
¡�4�Sp�� �����°	�6�
�"� � !�p¬��	����
���z���l!*	��P,T!*6h�&��0¦��3H���H!*6�-"!1�����l!x����������6#7¬	��
��3"!)pC	���	¦0���	�
¡���l!*	��P,T!*6h� ��	�6´pS���'!�	��P,T!*6��
�&G³$��%�'%����°�+!*�h� k �! 
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��	�
�| � GZ�������ª| � GZ� > G
���·7C6��+�"����	�6"��!x��!*y"!`��| ����	�6+*-,.,0/�,1,	2435*�0
���"!��A�+�"����	��4�L
¡	 e eee � ��� 
 


 ] ]]]76666 ] ]]]

\ \\\ \ \\\ a aaa \ \
\\ \ \\\

f fff e eee ] ]]] G

7

Statistics 5303                                                        Lecture 8                                              September 20, 2002 *3��L�s�����&3H!�!��;�²���°�w	��+! ���*��	�����6�7���!��C��6�@
���w	�����	�6#p¬3H!*6w�C!$0 ��6¡��3����ª�C�*6��+! � �H0 ���°��	��4��!�p��3H! 
 


 ] ]]]

\ \\\ Y YYY a aaaW���� 
 


 f fff
\ \\\ X XXX g ggg a aaaJd ddd ] ]]]

\ \\\ \ \\\ a aaa \ \
\\ \ \\\

f fff e eee ] ]]] G
�J%����H���H!
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k !*6"��!E�&3H!*
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	��F,T�*��� ��6´p�!*�"!�6´pP!�6��HG
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r��� ,.	�
�6H�J�9�#����%��"K ��6�	����²��-�	*@
-��'�4���&
),o�¦pP!`� 0W��3H!*6

I<D5;���/�, ;���K �£I<D5;h� K��ªI<D5;���K
 *3����E�L�S��3"!����� a aaaJd ddd c ccc ] ]]]

\ \\\ \ \\\
a aaa<d ddd X XXX X XXX d ddd ] ]]]����� V VVV f fff � ��� X XXX e eee � ��� G

8�� ; � �ª{4�l!��L!��<� k �� 
} �#" ~9	�6´p�; � �r{4�l!�� !#�$� k �! 	�
 " ~ 0��� 7�%�	��w	�6��+!�!*�¡��3�	h�°�&3H! �"!����Hno�u�C�$,.��	��´@

���P��6��r!*�w�l�*�°�;	h�F! �£/��| G
N����l!)7P!*6"!��;	��4��
¦0`��3"!5��*6*��!*�w�²��6��O��6"!*��%�	��'���&

����� ¶ !*yH!*6����¦0�; � 0�; � 0�G·G�G·0�;��Q����	��+!*���&3�	��
I<D5; � /�, ; � / , G�G·G�/�, ;���K ��� � �q} � �LI<D5; } K G
 *3��L�u7�%�	��w	�6��+!�!��¡��3�	h����3H! �"!�� ¶ �C�$,.��	��´@
���P��6��r!*�w�l�*�°�;	h�F!�0�!�	w��3���� n.3�����3s����	��
����7�6��+�"����	�6w�C!¤��!�y"!W��| ��� � ¶ ��| G
 *3�	h� ���¦0 �+��
H��%��+!*��� ¶ 3 ,�� *¬6�%��4��3�
��H�J� @
3"!��"!*��0W��3H!���²��-�	�-��'�4����
r�����l!�� !#�$� �L6#7��*6"!¬���
,o���l!¤�L��-H�*%�6´p�!�p¡-�
 ¶ �C|QG 8:6),o����� ��	��"!��¦0
��3"!s���²��-�	�-��4�4����
�����	������ �`�Z���"!��r�4� ¶ |®��3�	�6
�4�| G
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	��'� ¶ �°7�DF7�@ > K+�#/¥��	����w�r���Q!W�;��!#�$���¦G ;�y"!�6s�+�
!*yH!*�w
 k �! 

} �#" ���¡���w%"!�D·��	�6�3�	����"!�6r�*6���
)n�3H!*6
|?� ��|���� G�G·GQ�r| � K 0?�����°	�6�
¡�+!�������6#7¬���²�´��!W@pC%��l!$0W��3H!*�l!¤�����H�$,T!s���²��-�	�-��4�4���&
��&3�	���
H�*%
no��%��qp,.	 �H!	h�±��!*	��h�9�*6"!E�&
��"! 8�!*�w�²��� G
 *3"!s���²��-�	�-��4�'���&
���� ,.	 ����6#7¬	�� ��!*	����§��6H!
��
��H! 8�!��;�²��� no��%��qp¬-H!¥��3"! *���� * ,���� *�� 3 �
! ��" * * ,	,0/�,1,.2 35*���������3"!,T!<�&3P�¦p¬%��"!�p*G
8���
H�*%�%��"!�pS� @��+!*�����)nr����3����·7�6��+�"����	�6"��!
��!�y"!W��|�	�6´p£��3H!*
SnT!��'!s	��4�§�L6´pP!��"!*6#pP!*6h�
Dl��3"!�
�m��l!s6H���¨K 0`��3"!�! � �"!����«, !�6��Pn����"!�!*�w�l�*��w	��+!no��%��qp¬-H!

> @rD > @�|AK �  �$#
� " % �

Cmd> alpha <- .05; g <- 5

Cmd> 1 - (1 - alpha)^(g*(g-1)/2)
(1)     0.40126 *3��L�s����	s���J� -��·7�7P!*����3�	�6��Wv̀ G¤ *3"!

5h��6�� !��w�l�*6���%����"!���-P��%�6́ p���������3"!�! � �"!*�#@�«,T!*6h�Hn����H!�!��;�²���°�w	��+!x����DF7�DF7�@ > K4�#/<K4|
Cmd> (g*(g-1)/2)*alpha
(1)         0.5
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��	������H��6�������°	s�'	�,��4��
r�1�����$,.��	��#���P��6��
n�����3 ¶ ����6����w	��h�&��0�%��"!*�¬|`� ¶ 	����&3H!s| @
��!�y"!W�9���*�O!�	w��3ª�C��,.��	������H�*6¦0�n.3"!*�l!s| ������3"!
pP!������l!�p¥�l	�,��4��
*@#nr�L�"!�!��;�²�*���w	h�F!�G
�o6ª!���%���y�	���!*6h��n.	�
¡�4�Sp�� ���±�L�¡�4� ,.%���� ������

!*	"��3����¨pJ��6�	��w
uIA@"y�	���%H!-�
 ¶ 0*��-���	���6���6#7
n.3�	h�±�L���H��,T!J���«,T!*�°��	��4��!�p¬	'&4/(�*) * ,	,0/+�
�,�.-9*�/©IA@"y�	���%"!$G

Cmd> data33 <- read("","pr3.3",quiet:T) # Problem 3.3 data
Read from file "TP1:Stat5303:Data:OeCh03.dat"

Cmd> data33[1,] # first case; shows col. 1 is the factor
(1,1)           1        20.7

Cmd> treat <- factor(data33[,1]) # create treatment factor

Cmd> longevity <- vector(data33[,2]) # create response vector

Cmd> list(treat) # g = 5
treat           REAL   20    1     FACTOR with 5 levels

Cmd> tabs(longevity,treat,count:T) # n1 = n2 = n3 = n4 = n5 = 4
(1)           4           4           4           4           4

Cmd> anova("longevity=treat",fstat:T)
Model used is longevity=treat
              DF          SS          MS           F     P-value
CONSTANT       1      2782.4      2782.4  1349.49826  4.1416e-16
treat          4      243.16       60.79    29.48371  5.9878e-07
ERROR1        15      30.928      2.0618 *3"! ¢ @H����	���������������3H��n�����3"!*�l!x����y"!��w


�����²��6�7r!*y��qpP!�6w��!E�&3H!,T!�	�6��upJ�+�w��!*� G
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Cmd> tabs(longevity,treat,mean:T) # sample treatment means
(1)          18          12      11.975           9           8 *3"!��'!s	��l!7CDF7�@ > K+�#/�� > �¥��	���� n����H!

�C��,.��	������H�*6��¦G
Cmd> g <- 5; g*(g-1)/2
(1)          10k !*�l! 8�!*6h�F!��°	S,.	������ � n.3H�*�"!��C�1��%�,.6��pP!W�"��6"!	��4� > ��Pno��@ �&�l!*	h�H,T!�6�� �C��,���	������H�*6��
Cmd> W1 <- matrix(enter(1 -1 0 0 0   1 0 -1 0 0   1 0 0 -1 0\

1 0 0 0 -1   0 1 -1 0 0   0 1 0 -1 0   0 1 0 0 -1\
0 0 1 -1 0   0 0 1 0 -1   0 0 0 1 -1), 5)

Cmd> print(W1,format:"4.0f")
W:
(1,1)    1    1    1    1    0    0    0    0    0    0
(2,1)   -1    0    0    0    1    1    1    0    0    0
(3,1)    0   -1    0    0   -1    0    0    1    1    0
(4,1)    0    0   -1    0    0   -1    0   -1    0    1
(5,1)    0    0    0   -1    0    0   -1    0   -1   -1
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for

�������s��6uN�	w�4�T6P��y�	¡�4���C�$,.��%��+!
	��4� > � � @w����	C���·��� �����u%�����6́ 7

contrast() �
Cmd> tstats <- rep(0,10) # place to put t-statistics

Cmd> for(i,1,10){
result <- contrast(treat,W1[,i]) # uses column i of W
tstats[i] <- result$estimate/result$se

;;}

Cmd> tstats
(1)      5.9093       5.934       8.864      9.8489    0.024622
(6)      2.9547      3.9396      2.9301      3.9149     0.98489

Cmd> pvals <- twotailt(tstats, DF[3]); pvals
(1)  2.8671e-05  2.7416e-05  2.3821e-07  6.1028e-08     0.98068
(6)   0.0098395   0.0013111    0.010344   0.0013786      0.3403 *3"!��"!s	��l!¥��3"!¬���̈ pJ��6�	��w
uIA@Hy�	���%H!*�¦G
Cmd> 10*pvals
(1)  0.00028671  0.00027416  2.3821e-06  6.1028e-07      9.8068
(6)    0.098395    0.013111     0.10344    0.013786       3.403 *3"!��"!s	��l!)5h�*6*��!*�w�l�*6��:�́ !�p�IA@Hy�	��L%"!*��G
Cmd> t_025 <- invstu(1 - .025, DF[3]); t_025
(1)      2.1314 Ordinary critical value

Cmd> abs(tstats) > t_025 # T means signif. at ordinary 5% level
(1) T       T       T       T       F       T       T      
(8) T       T       F Grouped by left treatment

Cmd> bonf_t_025 <- invstu(1 - .025/10, DF[3]); bonf_t_025
(1)       3.286 Bonferronized critical value

Cmd> abs(tstats) > bonf_t_025 #significant by Bonferroni method
(1) T       T       T       T       F       F       T      
(8) F       T       F 
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©��� ��3"! a aaa \ \
\\
� ���
X XXX d ddd f fff

\ \\\ � ��� � @�+!*�h�&��%�����6�7�%�6´pP!��#�4�L6���6#7
 *�l!*	h�H,T!*6h� > / � M �
�o6�
��&�l!*	h�H,T!�6�����6P�������·7C6��+�"����	�6�����

pJ�4�;��!*�l!*6h��	��l!u����6�6H!#�<�+!�p¡	s�4�L6"!$Gk !��l!����¬	¬��%�,°,.	��w
©�1� ��3H! � ��� a aaaJd ddd c ccc ] ]]]

\ \\\ \ \\\ a aaaJd ddd X XXX � ��� ] ]]] � ���� @��+!*�h�&��%�����6#7�%�6´p�!*���4��6���6�7
 *�l!*	h�H,T!*6h� > / � M �
�o6H����3"!�� n�	�
¡�4�¥�F!����°��3"!Sp<�+�w� !��'!�6w��!��
'| } @('| � ���¡�4�u�C�$,.��	��l!¥��3"!�, n�����3�	
���l!��C�$,.��%h�F!�p¬���·7�6��4�w����	�6��zp<�+�w� !��'!�6w��!
��D·������������	���y�	��L%"!�K ���<;¦G
�J%w��3�	upJ�+�w��!*�l!*6w�C! ��������3"!5h��6*��!*�w�²��6��
,T!<��3H��p������	��4��!�p£	 � ��� a aaaJd ddd c ccc ] ]]]

\ \\\ \ \\\
a aaaJd ddd X XXX � ��� X XXX � ��� d ddd X X

XX
� ���c ccc X XXXZY YYY f fff d ddd�e eee����� X XXX c ccc c ccc ] ]]]

\ \\\
] ]]] d ddd Y Y
YY
] ]]] ���

BSD
G  *3��L�¥���,.	���6���


%��H!�psn�3H!*6�	��4�Q��3"!s��	�,�����!���:��!���	��l!E�&3H!
��	�,T!�H�¥��3�	���	��4�Q��3"!�h��	�6´p�	��¨p�!��;�²���w��	��l!
��3"!s��	�,T!$G
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Cmd> se <- contrast(treat,W[,1])$se; se #  1 vs 2 contrast
(1)      1.0153

Cmd> contrast(treat,W1[,6])$se # 2 vs 4 contrast
(1)      1.0153 Same

Cmd> bsd <- bonf_t_025*se

Cmd> bsd # Bonferroni significant difference
(1)      3.3364�o6�
r!1�w� !��<�zpJ�+�w��!*�l!*6"��!*����	��;7H!����&3�	�6u5����

	��l!s���·7�6��+�"����	�6h����
�pJ�4�;��!*�l!*6h�±�'�²�$, �1G
Cmd> diffs <- rep(0,10) # place to put differences

Cmd> for(i,1,10){ # compute them using contrast()
diffs[i] <- contrast(treat,W1[,i])$estimate

;;}

Cmd> diffs # pairwise differences of alphahats
(1)           6       6.025           9          10       0.025
(6)           3           4       2.975       3.975           1 *3"!s%�6#pP!*���4��6H!�p�p<�+�w� !��'!�6w��!���	��'!7��l!*	h�F!��

��3�	�6u5������ª�1G���� = M1G
N�	w���l�

pairwise()
��%¦,�,.	#�#�:� !*�¬�&3"!

�C��,.��	������H�*6���%�����6�7�yH!*�P� ����	��O�4��6"!*���w	���3"!*�
��3�	�6�3H�*�#�:�#��6���	��§�4��6"!��¦G

Cmd> pairwise("treat",.05,bsd:T)
  |      5    -3.79
  | |    4    -2.79
    |    3     0.18
    |    2    0.205
         1     6.21

BSD:T
pJ���l!#�<�&�¡��3�	�����3"!)5���� ���¡�+�)-"!%��"!�p�G

 *3��L�s�����&3H!��	�,T!��	��w�F!��;6�	��s���*%�6#p¬-"!W���*�'!�G
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