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Cmd> readdata("",treat,breakage)
Read from file "TP1:Stat5303:Data:Ch06:ex6-4.dat"
Column 1 saved as REAL vector treat 
Column 2 saved as REAL vector y 

Cmd> treat[run(5)] # check I got columns correctly
(1)           1           1           1           1           1

Cmd> treat <- factor(treat) # turn into factor

Cmd> list(treat,breakage) # see what we have
breakage        REAL   20   
treat           REAL   20    FACTOR with 4 levels

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

Cmd> vboxplot(split(breakage,treat),ylab:"Breakage",\
xlab:"Delivery service",xticklab:vector("A","B","C","D"),\
title:"Box plots of breakage rate vs treatment")

Cmd> plot(stats$mean,stats$stddev,\
symbols:vector("A","B","C","D"),\
xlab:"Sample means",ylab:"Sample SD",\
title:"Std dev vs mean") # plot SD vs mean
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Cmd> anova("breakage=treat") # must precede resvsxxxx()
Model used is breakage=treat
                DF          SS          MS
CONSTANT         1      2464.2      2464.2
treat            3       632.6      210.87
ERROR1          16       179.2        11.2

Cmd> resvsyhat(title:"Breakage Residuals vs Means",\
xlab:"Group means")

Cmd> resvsrankits(title:"Breakage residuals vs normal scores")
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Cmd> M <- 5000;R <- rep(0,M) # simulate M samples

Cmd> normal_scrs <- rankits(n:20) # normal scores

Cmd> for(i,1,M){
anova("{rnorm(20)} = treat",silent:T)
mse <- SS[3]/DF[3]
R[i] <- cor(normal_scrs,

sort(RESIDUALS/(sqrt(1 - HII)*mse)))[1,2];;}

RESIDUALS/(sqrt(1 - HII)*mse)
�����Y2u!

k"!��#�3���j�i�£��5d�D!��u5�	��3��
g����	�5@lA	��wl#�:¤�!}l��%!-���blH=
$�	����UE��d�*�_���*7���$d�D!C��2F!g�-,��"!��;kF!}l���E

Cmd> anova("breakage=treat",silent:T)

Cmd> mse <- SS[3]/DF[3]

Cmd> r_observed <-\
cor(normal_scrs,sort(RESIDUALS/(sqrt(1 - HII)*mse)))[1,2]

Cmd> r_observed # Could this be significantly low?
(1,1)     0.97966
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Cmd> hist(R,100,title:"Histogram of null distribution of r",\
xlab:"r = corr(normal scores, residuals)")
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0.97966

�����n�y!-	�����

5F�H��$�5�$���$�	��]E�§A!-�%!s���g	£!������̄ 7�	��+!}lC���*�R!-�@=
��	��3�>G>=Fk�	��J$"!

Cmd> sum(R <= r_observed)/M # p-value
(1,1)      0.4496	�5@l����@��������	���k�	���$"!��
Cmd> J <- round(vector(.10,.05,.01,.001)*M); J
(1)         500         250          50           5

Cmd> sort(R)[J] # approx 10%, 5%, 1%, and 0.1% critical values 
(1)     0.96147     0.95295     0.93035     0.89905
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boxcoxvec()
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h�3�
�"!n�y!@�*� 	����;	�5��-���-��7�	������-5UE c 2����g�;$�5��
anova()

$�����5@6g
 3 �>9 	�5(lg�%!H��$��;5���	�k"!@�#�+���
�A�-5���	���5���5@6g���"G�B+�AI������f�"!-kF!-�u	����N�*�R!-�u�g�UE
Cmd> stuff <- boxcoxvec("treat",breakage,power:run(-1,1,.05))

WARNING: searching for unrecognized macro boxcoxvec near 
stuff <- boxcoxvec(

Cmd> compnames(stuff)
(1) "power"
(2) "SS"

Cmd> lineplot(Power:stuff$power,SSE:stuff$SS,\
title:"Box-Cox SSE vs power",ymin:0)
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Cmd> jmin <- grade(stuff$SS)[run(3)]; jmin
(1)          27          26          28c 2"!��"!r	��%!���2"!���5(l#����!-���i�m��2"!C��2��v!�!

�}7j	��3��!-��� k@	���$"!����i�
stuff$SS

E
Cmd> hconcat(stuff$power,stuff$SS)[vector(26,27,28),]
(1,1)        0.25      132.09
(2,1)         0.3      132.06
(3,1)        0.35      132.42c 2"!�7���5��̄ 7�$}7 �0�m��2F!����*7���$��+!rk�	���$F!-���i�

��� G B+��Im��	�������f�r¦eE��0E c 2����Q7���6�2d����$@6�6F!-�d�
	£��$�,F!�����H��B3�-¦�&���'¦eE��������#IxE ) ��/�����5u��!¡E��
���g5F����kF!-�u
�%	����%���*7��������%���*7 E��0/����
7���6�2d����$@6�6F!-�d��	r���}6 ���f����$�	��v!r�������
���u	�5������-��7�	d�����-5UE
P�2�	d� k�	���$F!-���0�p��	��v!��A��5������d�D!�5���������2���2"!
lA	d��	��
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Cmd> const <- 1 + invF(1 - .05, 1, DF[3])/DF[3]; const
(1)      1.2809

Cmd> const*min(stuff$SS)
(1)      169.15°���$£��	�5 H �9!-�"�n��$(l�!	�5�
��r�����e��2�����2
���"G�B+��I «s&dE�.��H����EH&(��.0E�� < ¦�& < �0E]&(�0E

Cmd> addlines(vector(-1,1),rep(const*min(stuff$SS),2))

0

50

100

150

200

250

-1 -0.5 0 0.5 1

Box-Cox RSS vs power

Power

R
S
S

95% Confidence Interval

169.15×min(SS  (p))E

o~�;���*���g	�5(l�	�5�5F����	������-5���	@l�l�!}lh,�
�2�	�5(l-E¡�
¦£�0/R&���i/~&�@.C	��%!s��5���5��+!-�uk�	���,�$d� 5N����&dE

10

Statistics 5303                                                        Lecture 13                                                    October 2, 2002 F����tg	����%!-���bl�$�	��J���i�m���u	�5������-��7�!�l�l�	���	d�
Cmd> anova("{log10(breakage)} = treat",fstat:T) # for log(y)
Model used is {log10(breakage)} = treat
              DF          SS          MS           F     P-value
CONSTANT       1      18.999      18.999  1039.54802           0
treat          3     0.97545     0.32515    17.79136  2.3827e-05
ERROR1        16     0.29241    0.018276

Cmd> resvsyhat(title:"Residuals vs yhat for log10(Breakage)")

Cmd> resvsrankits(title:"Residuals vs normal scores for
log10(Breakage)")
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Cmd> anova("{breakage^(1/3)}=treat",fstat:T) # cube root
Model used is cuberoot=treat
              DF          SS          MS           F     P-value
CONSTANT       1      92.664      92.664  2010.90670           0
treat          3      2.6894     0.89648    19.45466  1.3787e-05
ERROR1        16     0.73729    0.046081

Cmd> resvsyhat(title:"Residuals vs yhat for Breakage^(1/3)")

Cmd> resvsrankits(title:"Residuals vs normal scores for
Breakage^(1/3)")
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Cmd> regress("{log(stats$stddev)} = {log(stats$mean)}")
Model used is {log(stats$stddev)} = {log(stats$mean)}
                         Coef      StdErr           t
CONSTANT             -0.74709     0.30833      -2.423
{log(stats$mean)}     0.79133     0.13199      5.9954

N: 4, MSE: 0.017408, DF: 2, R^2: 0.94729
Regression F(1,2): 35.945, Durbin-Watson: 2.9443
To see the ANOVA table type 'anova()'

Cmd> COEF # automatically created by regress()
    CONSTANT {log(stats$mean)}
    -0.74709     0.79133 Intercept and slope

Cmd> slope <- COEF[2] # slope is second coefficient

Cmd> 1 - slope # guess of power
(1)     0.20867

�r¦f�0E�.���� ���r��5���2"!��	}7R!,�	��3����	��ut�	��Q��	��
���}$�5(l�$��-��5(6

boxcoxvec()
E

5 555 � ���(6 666 V VVV �¢°*�-$g�"!���l��*7�/��+��!-kF!-��/i$��F!C��2F!g!-��	u�#�
k�	���$"!¢����$@5(lh,@


boxcoxvec()
���£��2-�����%!}6�=

�%!-��������5q7R!H��2F�Ul-E¡°*��$g$���$�	��3�J
����y��t�	
©+5F!-	d��©Mk�	��J$"!r��$u��2g	��h�r¦h=�&d/i�0/~&�������
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z��2 � �¦�B�� H�B%�nI3I � z 2 ���2"!��v!s� H�Bv�>I ������2F!Ql�!-����k�	�����kF!g�i�f��Bv�>IxE
�d�*� ��$����N���"!�z 2 � l�!-�"!�5(lA����5�� ¦ � 2 /i��	�
z 2 � ¦ªz�B%�nI � ¦f6�Bv�nIc 2"!�5

z��2 � �¦�B�� H�Bv�>I3I � 6ABv�>I8��p
F�-$Q��	�5d�f��2������3�,"!�����5��d��	�5��F/�� � /n��2F!-5
$��F!¢��B+
�I���$u��2���2�	��

� H�B3
�I�¦	� �
�6�B+
�I
c 2��J�r���g	ªlH�3�;��!-�%!-5d����	��#!���$�	d�����-5���2�	d� ��	�5
,"!r�F����k"!}l���������B+
�I ��5g�F��7�!���	��"!-�}E
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P�2"!�5�
�����Gd�0�J���F�-5U/�z�Bv�nI � ¦ �
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,�$d������5�����M����$�5d���q������2�G#B+
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•
z�Bv�>I � ¦f6ABv�>I�¦ 10� �
��Bv�nI ¦£t$E����}6��[/
c 2����g	������3�y!��Q��2"!�5�
����;%i	}7f7�	��-��� �

•
z�Bv�>I � ¦f6AB%�nI�¦ 10�nB"&q=��>I
��Bv�nI ¦£���J5 < ' B�
ª�nI
c 2����g	������3�y!��Q��2"!�5�
r¦ 2�r¦��F�5U/���2"!-�%!��
���g,���5F��7���	��]E� kF!-5q������2g5F��5�=",��J5F�*7���	��nlA	���	}/�����5 < ' B�
�
�I
�����i�Y�D!�5������y!}lr�j2F!-5g
r���g	����%�-�F���N������5����
�"!��3�A!-5�� B+����5 < ' B�
 @3�"!��3�A!-5���H&(��� A3I

5 555 � ���(6666 V VVV �>����5 < ' B+��IM��	��������"�y!-�h���J5�B+����5 < ' B+�AI3I ¦��UE
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asin(x)

�A�*7j��$��+!-�
���J5 < ' B+��IYE

Cmd> sin(asin(.123)) # sin(asin(x)) is x for -1 ≤ x ≤ 1
(1)       0.123

Cmd> y1 <- asin(sqrt(breakage/100))

Cmd> anova("y1=treat",fstat:T)
Model used is y1=treat
              DF          SS          MS           F     P-value
CONSTANT       1      2.1469      2.1469   829.11074           0
treat          3     0.15317    0.051057    19.71791  1.2686e-05
ERROR1        16     0.04143   0.0025894

Cmd> stats <- tabs(y1,treat,mean:T,stddev:T)

Cmd> resvsyhat(title:"Residuals vs yhat for
asin(sqrt(breakage))")

Cmd> plot(Mean:stats$mean,SD:stats$stddev,ymin:0,\
title:"SD vs mean for asin(sqrt(breakage)")
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��tF!}lA	��������n����
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•
��2"!h������6���5�	����"��	��y!r2�	����F��7R!���F!@�n�J	��
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���
•

F�-$f��	�54H ���u��5@lh	�6N���}l����u	�5���������7j	d������5

c 2"!��v!r	��%!r	������%�-���¯7�	��+!�o � )�� o'������=��+!-�d�
7R!H��2F�}lA�g	�k�	��3��	�,���!*/��j2�����2�l���5 H ���~���utq������2
���J5@6��y!r�F���0�y!}l !-�d���¯7�	d�D!h�i�pk�	��@�J	�5u�A!
c 2"!rk�	�����	�5"��!g�i�p	f����5����u	������p���p� � 
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•  ¦"
 @#� � � � � � � � �5 � A

c 2F!�©���=F����	d���J��������©��3���+!���� § ¨%$ �p���p� ��0¦£�
�'&ª¦!� � � � � 
 �

•
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 @#� � � � � � � � �5 � A
l���!-�g5F����2�	�k"!����$@lN!-5d� H�����=ulH����������,�$d������5U/
,�$d�f�)( ���g	�6N���Ul�	������%�-���¯7�	������-5Q��2"!�5
* ¦ @#� � � � � � � � �5 � A � $@#� � � � + � � + �B3B+5 � =�&�I+5 � � I A
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Cmd> stats <- tabs(breakage,treat)

Cmd> vars <- stats$var; vars # sample variances s_i^2
(1)        24.7         8.3         9.3         2.5

Cmd> n <- stats$count; n # sample sizes
(1)           5           5           5           5

Cmd> ybars <- stats$mean; ybars # sample means
(1)        20.2        10.6         8.6           5

Cmd> w <- vector(1,1,-1,-1) # contrast weights

Cmd> estimate <- sum(w*ybars); estimate # of contrast
(1)        17.2

Cmd> se <- sqrt(sum(w^2*vars/n)); se # std error of contrast
(1)      2.9933

Cmd> tstat <- estimate/se; tstat # test statistic
(1)      5.7461

Cmd> df <- sum(w^2*vars/n)^2/sum(w^4*vars^2/((n-1)*n^2)); df
(1)      10.403 Approximate d.f.

Cmd> twotailt(tstat,df) # Approximate P-value
(1)  0.00016003 Reject H_0.
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c 2"!�5���2"!r����	������������'���
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c 2��J����$d���g	����%!�7���$}7 ��5g2�	�k���5@6�! ��$�	��
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�}7�	��3�y!-� lN!�5F�*7���5�	��3��� lN!-6��%!�!-���i�f�%�%!�!}l��*7�E

18

Statistics 5303                                                        Lecture 13                                                    October 2, 2002§A!-�%! 8O���-$�5@lg���
�

�
�

/n��2"!r5�$}7R!��;	d�+�-�j�i�M4 ¥ /i,�

	�©Y��2����+!�,F�-��© 7R!#��2N�}l}�

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

Cmd> top <- sum(n*(ybars-grandmean)^2); top
(1)       632.6

Cmd> bottom <- sum(vars*(1-n/sum(n))); bottom

Cmd> bf <- top/bottom; bf
(1)      18.827

Cmd> d <- vars*(1 - n/sum(n))

Cmd> df <- sum(d)^2/sum(d^2/(n-1)); df
(1)      10.403

Cmd> 1 - cumF(bf,3,df)
(1)  0.00016065§A!-�%!�������2"!h���wlH��5�	��u
�o � ) � opE
Cmd> anova("breakage=treat",fstat:T)
Model used is breakage=treat
              DF          SS          MS           F     P-value
CONSTANT       1      2464.2      2464.2   220.01786     < 1e-08
treat          3       632.6      210.87    18.82738  1.6873e-05
ERROR1        16       179.2        11.2¥ ������2"!r��	}7R!r	���4 ¥ /i,�$���2�	���& < l�!-5F��7�=

��5�	��3��� l�E���E���5��d�+!-	(l��i��&(�0E�K0E c 2"!G>="k�	���$"!
���g�}7�	��3�y!��f,�$��f��2"!��A��5"�n��$�������5�������2F!
��	�7R!*E
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