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Cmd> stderror <- sqrt(mse)*sqrt(2/n) # standard error

Cmd> lsd <- invstu(1-alpha/2,dferror)*stderror # LSD

Cmd> K <- g*(g-1)/2 # number of pairwise comparisons

Cmd> bsd <- invstu(1-(alpha/K)/2,dferror)*stderror # BSD

Cmd> hsd <- (invstudrng(1-alpha,g,dferror)*stderror/sqrt(2)#HSD

Cmd> ssd <- sqrt((g-1)*invF(1 - alpha, g-1, dferror)) # SSD
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Cmd> data33 <- read("","pr3.3",quiet:T) # Problem 3.3 data
Read from file "TP1:Stat5303:Data:OeCh03.dat"

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

Cmd> height <- vector(data33[,2])

Cmd> anova("height = treat",fstat: T)
Model used is height = treat
              DF          SS          MS           F     P-value
CONSTANT       1      2782.4      2782.4  1349.49826           0
treat          4      243.16       60.79    29.48371  5.9878e-07
ERROR1        15      30.928      2.0618

Cmd> g <- 5; n <- 4; dferror <- 15 # or dferror <- DF[3]

Cmd> mse <- SS[3]/DF[3]; mse
      ERROR1
      2.0618

Cmd> stderror <- sqrt(2*mse/n); stderror
(1)      1.0153 Estimated SE[alphahat_i - alphahat_j]

Cmd> alpha <- .05 # signficance level

Cmd> lsd <- invstu(1-alpha/2, dferror)*stderror

Cmd> K <- g*(g-1)/2; K
(1)          10

Cmd> bsd <- invstu(1 - (alpha/K)/2, dferror)
 

Cmd> hsd <- invstudrng(1 - alpha, g, dferror)*stderror/sqrt(2)

Cmd> ssd <- sqrt((g-1)*invF(1 - alpha, g-1, dferror))*stderror

Cmd> vector(lsd, bsd, hsd, ssd) # 4 XSD's
(1)      2.1641       3.286      3.1354      3.5497
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Cmd> pairwise("treat",.05,lsd:T)
  |      5    -3.79
  |      4    -2.79
    |    3     0.18
    |    2    0.205
         1     6.21

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

Cmd> pairwise("treat",.05,hsd:T)
  |      5    -3.79
  | |    4    -2.79
    |    3     0.18
    |    2    0.205
         1     6.21t 3"!���!ê���{6E�R�@��3"!O�g�~!{�(�����§��6̄ �~�(�

pairwise()
0��E� 8#wG�Üw��~��
)+�
�3�	�6Jw�
��

Cmd> sort(ybars)[-5] + ssd
(1)       11.55       12.55      15.525       15.55

Cmd> sort(ybars)
(1)           8           9      11.975          12          18�@!(�%!¯	��%!���$��[����3E!��@�(6�����	�6[���©2G���
Cmd> c <- vector(invstu(1-alpha/2, dferror), \

invstu(1 - (alpha/K)/2, dferror), \
invstudrng(1 - alpha, g, dferror)/sqrt(2), \
sqrt((g-1)*invF(1 - alpha, g-1, dferror)))

Cmd> vector(c,labels:vector("LSD","BSD","HSD","Scheffe"))
         LSD         BSD         HSD     Scheffe
      2.1314       3.286       3.088       3.496
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Cmd> G <- run(4,100); n <- 4

Cmd> Edf <- n*G - G # vector of error df for all g's

Cmd> K <- G*(G-1)/2 # vector of Bonferronizing constants

Cmd> c_l <- invstu(1 - alpha/2,Edf ) # for LSD

Cmd> c_b <- invstu(1 - (alpha/K)/2,Edf) # for BSD

Cmd> c_h <- invstudrng(1 - alpha, G, Edf)/sqrt(2) # for HSD

Cmd> c_s <- sqrt((G-1)*invF(1-alpha,G-1,Edf)) # for Scheffe

Cmd> lineplot(G,hconcat(c_l,c_b,c_h,c_s),ymin:0,xmin:0,\
title:"Constants for LSD, BSD, HSD and SSD",\
xlab:"g = Number of groups", ylab:"Constant")
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• � �É¢z£4��¡

À Ag&?¤�6 �V¥ &?¤�6 � H ¦
��6{����	g�@!{�O� ¢©£4��¡ À ��-G¤�6 ¦ ��6����1*,��$[����6�7{	�6����6E!(������
����|7�6��)�g����	�6[�}���4�;�~!(�%!(6"��!
�������Ç���¨A4±N¾%AC7�0�w���î|ïðïòñóïsH)¤j¢�-#Hë¢z£�� ¡ À Ag&?¤�6?� ¥ &?¤�6J�§H ¦
t 3"!¯$��E!{�V���������Ç�y��� ��6E���,6�	��µ��3"! t $ �"!(
�=2��g	j*S!(�É*S!G��3E�jw�D
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�����º��6µ��3E!�!�±�$�	�����	�*�����!
���:°�!��	��"!�0 t $ �E!(
�=�2��g	�*S!(�{�I�{6N����	�6 
�!�Î�	"�#� 
*S!G��3E�jw�0V����6g�@!���3"!
�G$JwÖ!(6����:°�!�w´�g	�6�7E!´�V�*S!(	�6���+�	��E!jwz�(6�$�6"!(±�$�	��y��	j*,���§!
���:°J!(�wÖ��!(��6�öÄ�Y3�	�³"!B��3E!
$���$�	��>����$JwN!�6����:°�!�w´�g	�6?7N!wG�I�����?��+�$����§��6jD
5G$��É�~�Nös���/�s���"!�D981w#�Üw´	{����*,$���	����§��6l���~��3&J�O0s�����B��!����4����	����§��6��l���~��3�7 ��K�	�6Jw´6¯�¨AC�O0&J�O0ª&J�O01-��#HëD � �(��!(	g��3��%!(���4����	[���§�(6®8���1*,��$[�)!jwê8(�@��*���$��)!�wR��3E!�
%� 
d�[��	������[�����A � 
Jå ÌÄèV=�� 
?åðàsè H)¤j¢z£4� ¡ À Ag&?¤�6?å Ì:è ¥ &?¤�6?åðàsè H ¦
�,3"!���! � 
Jåðà:è�	�6Jw � 
Jåðà:è1�S!(�%!���3"!B��3"!¯�j*,	��4��!����	�6?w���	���7N!(�[�¨*S!�	�6��{+�	��E!jw©��6�6?åðàsè(	�6Jw�6Jå ÌÄè��	��"!(�jD�8Ü�9!(Îg�@!�!jwÖ!jw�±

�
/
�
ACKO0sK < H)¤x¢�-º��-OD <�<�<K <�� ����*S!(����$��d�O�¨&J�������O0V6E�G�Y���|7�6��)�"����	�6[���I
wG�4�;�~!(�%!(6[�©�����1*·�����G¤#&J�O0§�����'�«D§���OD�8:67E!�6"!(�g	�� 0P�~�Nös���@�(6��E!(�g³�	�����³"!�0P��D !1D/��3"!{!(�g�%�(��g	��)!����{	¯���~�;����!ê��!(������3�	�6µ��3"!ê��6��)!(6JwÖ!jwµ�PD
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� ���
U UUU c ccc m mmm e eee o ooo X XXX � �������� c cccVeeeegf fff ] ]]]�h hhhji iiit 3"!��"!¯	��%!®*S!G��3E�jw@�µ��3�	��Y$��E!RwG�4�;�~!(�%!(6[�����7�6��)�"����	�6��}wG�4�;�~!(�%!(6"��!(�{	��}w#�)�;�~!(�%!�6������	�7E!(�jD

� �I�;�[� 
N��$��@�1*,��	���!»��OåÇÌ:èV=���Oåðà:è�0y��3E!(�%!·��²åðàsèO�*���6�A)£j��O� ¦ Hd	�6Jw ��Oå ÌÄèV��*�	�Î�A)£x��²� ¦ Hë0y�¨����3µ��3E!����7�6��)�"����	�6��}wG�4�;�~!(�%!(6"��!��~�(��7�7�����$����jD
8~�}��3"!(
{	��%!¯6E���Y����7�6��)�"����	�6�����
�wG�)�g�q!��%!(6��E0
E�($��[�)�(��	�6Jw´��	�
µ��3E!(�%!
	���!¯6E�
���|7�6��)�"����	�6[�wG�4�;�~!(�%!(6"��!(�{	�6?w�w@�g	��»	¯�4��6E!
$�6?wN!(��	��4�����wÖ!(�%!jw�!²�;�~!?�1���¨���É*S!(	�6��xD
8~�l�� å Ì:è =��� åðàsè Ú�Ð ���|7@6��)�"����	�6�����
«w#�)�;�~!���!�6���%���1*·�O0�
N��$��@�1*,��	��%!·�� å ÌsËIà:è =¸�� åðàsè 	�6Jw �� å ÌÄè =�� å À�è ���~��3µ��3E!
����7�6��)�"����	�6��}wG�4�;�~!(�%!(6"��!��~�(�7 =�&«7@�%�($����jD 8��M6E!²�~��3"!����I�¯���{���|7�6��)�"����	�6[�
E�($��[�)�(�R���~��3�	{��	[�;�)!(�g6��V���4��6"!��¯�4���E!& - � D>D�D�D>D�D 7�=[& 7
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«w#�)�g�q!���!�6���%���1*·�O0�
N��${��!��"!(	[����3��������%�?��!(�������1*¨=��	�����6?7 ��²å Ì:ËsÀIèV=¸��²åðà:è�	�6Jw ��²å ÌsËIàsèO=¸��²å À�è1���~��3���3"!����7�6��)�"����	�6��}wG�4�;�~!(�%!(6"��!��~�(��7�=g- 7@�%�($����jD
����$�wÖ�l�N�1*S!G��3���6�7{����*��4��	��u�� å Ì:è =��� åÇÀ�è �������7�6��)�"����	�6�����
�wG�)�g�q!��%!(6��©�%���1*·�OD
����$ �"!�!������)!(������6�7�wÖ���,6x01wÖ�O��6�7µ��3"!¯��	�*v!��3���6�7{	��9!�	g��3{����	?7N!10V+�$��Y$�����6?7 ��3"!����7�6��)�"����	�6��}wG�4�;�~!(�%!(6"��!¯	������%�(������	��)!��4����3E!6�$�*,+"!(���O�d7@�%�($�������3�	���*��|7@3��Y+"!¯3E�1*ª�O=7E!�6"!��($��xD
t 3"!
�(�Gé�AC����$JwN!�6���= ��!�$j*,	�6(=Eé@!($��I�R*S!G��3E�jw�H�����V�}��3����¯�~�(��*�D¯õd�Ï!�	g��3{����	?7N!10y�,3"!(6{
E��$	��%!���3"!������I6?7l�,3E!G��3"!(�u��²åÇ�ÇèV=¸��²åÇ�ðèO���{���|7�6��)=�"����	�6��E0P�~�É�����@��*���	��%!jw¯���~��3A)± ¾ A��)= � ¥ &[0 �>=g7�H)¤x¢�-#Hë¢©£4��¡ À Ag&?¤�6 åÇ�Çè:¥ &?¤�6 åÇ�ðè H ¦ 0��3"!¯�����'�~�(��7�ö �{�9= � ¥ &«7@�%�($����jD
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��	j*S!w@	[��	�	��{���%!(³��s��$�����
xD
Cmd> ybars <- tabs(height,treat,means:T)

Cmd> ybar_sorted <- sort(ybars);ybar_sorted
(1)           8           9      11.975          12          18

Cmd> id <- grade(ybars);id # treatment numbers
(1)           5           4           3           2           1

Cmd> mse <- SS[3]/DF[3] # mean square error s^2

Cmd> hsd5 <- sqrt(mse/n)*invstudrng(1 - alpha,5,15); hsd5
(1)      3.1354

hsd5
������3"!
�����'�����̀ 7̄ ��KO0#w�� î|ï�ïòñÜï ��&J�OD

Cmd> ybar_sorted[5] - ybar_sorted[1] # largest difference
(1)          10����6"��!'&J�­¹
�OD &J����KO0ª&	�B	�6Jw
�B	��%!����7�6��)�"����	�6�����
�wG�)�g�q!��%!(6��Y	�6?ẃ 
N��$�7Ö���(6��4���3E!?���µ��3"!̄ �;	�6?7E!́ �V�}��3"!B�E�ª�
�"!G�����V�MK�@�(6��"!���$�����³E!®*S!(	�6��
Cmd> hsd4 <- sqrt(mse/n)*invstudrng(1 - alpha,4,15); hsd4
(1)      2.9265

hsd4
������3"!
�����'�����̀ 7̄ ��KO0#w�� î|ï�ïòñÜï ��&J�OD

Cmd> J1 <- run(2);J2 <- run(4,5)

Cmd> ybar_sorted[J2] - ybar_sorted[J1]
(1)           4           9t 3"!��"!̄ 	��%!'&J-'=��B	�6?w­&	�º= � D­5[�G��3̈ !(Î"��!�!�w-OD � ���E�ê&J-B	�6Jw
�B	��%!
���|7�6��)�g����	�6[����
wG�4�;�~!(�%!(6[�Y	���	��%!'&	�B	�6?w � D
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Cmd> hsd3 <- sqrt(mse/n)*invstudrng(1 - alpha,3,15); hsd3
(1)      2.6374

hsd3
������3"!
�����'�����̀ 7̄ ���O0#w���î|ï�ïòñÜï���&J�OD

Cmd> J1 <- run(3);J2 <- run(3,5)

Cmd> ybar_sorted[J2] - ybar_sorted[J1]
(1)       3.975           3       6.025t 3"!��"!̄ 	��%!'&�&[D � .@�'= �²0ª&J-'= � 	�6Jw®&	��=&�&[D � .@�OD̄ õ �4�#!(Î"��!�!jw{-OD < �/.@K��E�
6E�l7�����$����V���*S!(	�6��{	����E!(	��g�µ�)�
+"!̄ 3E�1*ª�j7N!(6E!���$��xD
Cmd> hsd2 <- sqrt(mse/n)*invstudrng(1 - alpha,2,15); hsd2
(1)      2.1643

hsd2
������3"!
�����'�����̀ 7̄ ��-O0#w���î|ï�ïòñÜï���&J�OD

Cmd> J1 <- run(4);J2 <- run(2,5)

Cmd> ybar_sorted[J2] - ybar_sorted[J1]
(1)           1       2.975       0.025           6&l�M� 
JåÇÀ�è

•

=M� 
Jåðà:è
•

á -VD�& < K���	�6?ẃ 3"!(6"��!���3"!��N�S��j*,	��4��!(�[�̈ *S!�	�6��{	��%!
6N���Y���|7@6��)�"����	�6�����
wG�)�g�~!(��!�6��ED­����*��4��	�����
xDµ� 
 å
�

è
•

=M� 
 å âIè
•

�ÉD§��-��uá-OD�& < K��OD t 3E!{����3"!��̀ wG�)�g�~!(�%!(6g�@!(��¹l-OD & < K��OD
����$���	�6{��$j*�*,	����:°J!���3����{+�


Cmd> ybar_sorted
(1)           8           9      11.975          12          18
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+���	"���{+E��Îl�,	�
��4�l7E!G���4� ��3E!��	�*S!
�E�²��6��ED
Cmd> pairwise("treat",.05,snk:T)
  |      5    -3.79
  |      4    -2.79
    |    3     0.18
    |    2    0.205
         1     6.21�[���)!B��3�	�����3"!l�(�Gé�*v!#��3N�xẃ 7���³"!�����3"!̄ ��	�*v!��	[�g�C!��;6��V�����|7@6��)�"����	�6��}wG�)�g�~!(�%!(6"��!(�{	��µ��3E! ?���ê*v!#��3N�xwµA)6E���Y$���$�	��4��
���3"!���	��"!�HëD

ÍO6������"!���3E!
 ?����*S!#��3N�xw�0v�~�Y3�	���	 �§�1���������6�7̈ !(Î��"!(����*S!(6[�N�̈ ���E!�!��;�������g	��)!̄ 	�6JwB�§�1�� �(	º���%	����E!RwG���"�@�(³"!(�g
��g	[�C!�D
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