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Cmd> n <- vector(7, 7, 7, 10) # sample sizes

Cmd> N <- sum(n); N # total number of EU's
(1)          31

Cmd> treatments <- rep(0,N) # empty vector to be filled

Cmd> u <- runi(N) # random sample of uniform random variables

Cmd> J <- rank(u); J # their ranks are a random permutation
 (1)          21          17          16          14          11
 (6)           3          29           6           1          26
(11)          27          25          13          28           2
(16)           4          18          23           9          31
(21)          10          30           7           5          24
(26)           8          19          20          22          12
(31)          15 underlining gives treatment groups

Cmd> treatments[J[run(n[1])]] <- 1 # Assign trt 1 to first 7

Cmd> treatments[J[n[1] + run(n[2])]] <- 2 # trt 2 to next 7

Cmd> treatments[J[n[1] + n[2] + run(n[3])]] <- 3 # 3 to next 7

Cmd> treatments[J[n[1] + n[2] + n[3] + run(n[4])]] <- 4

Cmd> print(paste(treatments)) # final assignment
2 3 1 3 4 2 4 4 3 3 1 4 2 1 4 1 1 3 4 4 1 4 3 4 2 2 2 2 1 4 3G��y��4j!����"!��#�º!�7��D!$0�
d��%j��	�7o%��L!���4"!̧ ����������7#8

�u	��B�5�5�y���º!(���,��¹�	"��¥¦7L��e�	s�5�£�����y��+¦���u!
�D��+.��	��$����
[�

Cmd> treatments <- rep(0,sum(n)); Ni <- 0

Cmd> for(i,1,nrows(n)){
treatments[J[Ni + run(n[i])]] <- i
Ni <- Ni + n[i];;

}

Cmd> print(paste(treatments))
2 3 1 3 4 2 4 4 3 3 1 4 2 1 4 1 1 3 4 4 1 4 3 4 2 2 2 2 1 4 3� 4����Hp¦�������V�y�(�q	�7�
o�"!=�:�1�|7 n �[�
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�5���(�j!(	"��4��,�����Ãp¦�����"!(�����r���%�7��)���y�*��4�	
���1�5��	��.��7�	g+.	�7 n ����4����d�"01%�����7�8�	oÄÄÄÄ Z ZZZ O OOO)_ ___D` ``` O OOO \ \\\ ` ```p¦�(�<������	"��!¢	�7~��	�7 T TTT$\\\\LÅ ÅÅÅ U UUU _ ___ U UUU P PPPÆaaaa ½ ½½½ p¦����������	"�D!$0
��4L!t�5��p Ç����u!(	)�d+I!�7����DÇÈ�
� 4"!g�D	)�&	o	��u!��	����u![�(0�-L!#��	�%��"!o!(	"��4Hp¦�(�<�L!(�
�����y�*��4L![�É��7��D!	��:!�	���4gp¦����������	���!��· !(�u!¸����4d�$p�
L�(%H+��c8�4)�R�<	�7~����+��;Ê�!���4L!
������!(��Ë

Cmd> N <- 30 # numbers of pairs

Cmd> first <- rbin(N, 1, .5) + 1 #first treatment

Cmd> print(paste(first))
1 1 2 1 2 2 2 2 1 1 2 2 1 2 1 1 2 2 1 1 2 1 2 1 1 2 2 2 2 1· !(�'!

rbin(N, 1, .5)
8L!�7"!��<	��Â!(�Æ���

��7#�d!(�L!(7~��!(7���6�!��<7d��%��5�'�w�r-���7d�$+���	��Ìpx���&4o7h
? �:��	�7#���$+�e�	�����	�-��º!(�gpx���&4o�hÆ���
�c���$+.��%��r!(��8d!(7"!��<	)�r![�x���1��7V���'�������È�V¥¤���=��7#8
? ��%���7�����4"!g� n ��	�7~� ?vn �V��7��5� ?vn ��	�7#�o2 n �v�
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� 4L!V�)��	�7~��	����£Çr7L�(��+.	��¤��4L!��(�<
DÇ��r!����Æ���£��4"!
��	����u![�£��A��*!����L0[!����"!�7�����	��5��
o	x�(7"!V��	[+.���º!���A
�r!(�)�:�(7s��4"!g�K�r���y!(�u!(7��D!(�o� z Aj� { 0�p.4L!(�u!� z
	�7#��� { 	��'! ���*+¤!���%�����7#8£��4"!�)��	�7~��	�����	�7#�
!(�<8���7L��+x����p¦����������	���!��v0,�'!����L!#�=����e"!ª��
v�
�$��%q��	�7�%��"!

tval()
��7l¹�	���¥I7L��e�	��5�£�����y�"�

Cmd> readdata("",standard,ergonomic)
Read from file "TP1:Stat5303:Data:Ch02:emp2-1.dat"
Column 1 saved as REAL vector standard 
Column 2 saved as REAL vector ergonomic 

Cmd> list(standard,ergonomic)
ergonomic       REAL   30   
standard        REAL   30   

Cmd> d <- standard - ergonomic # differences

Cmd> d
 (1)        1.03       -0.04        0.26         0.3       -0.97
 (6)        0.04       -0.57        1.75        0.01        0.42
(11)        0.45        -0.8        0.39        0.25        0.18
(16)        0.95       -0.18        0.71        0.42        0.43
(21)       -0.48       -1.08       -0.57         1.1        0.27
(26)       -0.45        0.62        0.21       -0.21        0.82

Cmd> n <- nrows(d); n # number of pairs
(1)          30

Cmd> tstat <- tval(d); df <- n - 1

Cmd> vector(tstat,df,twotailt(tstat,df))
(1)        1.49          29     0.14701

 t-stat DF P-value
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� 4�������	����u![�£�q�r!(�)�R	�����%[+I!(���&4L!H� n ��	��u!	
��	�7#���$+���	[+.���º!Ã�'���$+§f=������0������È� 9��q�r!(�����
��4"!V7�%��5�w4�
��d����4"!������ · � Ë����Ìhq� �r7d�
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��"!����È0,e��
��4"!V	��y�r!(��7�	)����eL! · 	 Ë
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o	�����%[+.�)�����(7V������4�	��
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��L����4"!��������*!����r![� �����)�&	)�*!��
�L��+I!�p.4�	��Á�=�r��� !��'!�7�����
v0,-�%)��4�	����&4L!��	[+I!
��7)�*!��<���'!=�&	)������7o	����)�&	)����7#8���4L!(�u!tp.	��o7L�
���u!(	��d+I!(7��:!��<�y!#�$�"�·

� ËB��4"! �&
��"!��,�¾p¦����������	"��!¸���V�����u!��º!�e�	�7)�
�L�tp.4�����4o7�%�+.-"!(����7x!(	���4���	��������
��	�-L!��º!�������	�7~�D	����s	�7#�p.4�����4j!(�<8���7L��+x�º�
���o	���-��y����	���
v�

� 4"!V7�%�+�-L!(���x�(-��"!��<eL![�s	��u!l����7������d!(�u!���	��
�r�Á��4"!(
gpI!(�u!��"���L![��� 9;7�� !��'!�7���!��q����7������d!(���
	��'���L�(������-��º!�u!(��%��y���s��4�	)��+x��8�4��R4�	�e"!
�~����%����u![���������&4L!�d��������-��º!���%��*�D��+I!(���,�Á�&4L!
��	�7#���$+��;Êv	)������7v�
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��&4L!
�"�������R7hj����	����<�[�
� 4"!�7s��4"!��'!V	��u!g��2¢�K�r��� !��u!(7��R�L�(������-��º!
	������c8D7[+I!(7������,�Á���'!�	��d+I!(7������r���&4L!��"�������
	�7#���L!#�D�(7~��!��º!�+I!(7)���x�,�Á��4"!V��	����<�[�
k 	"��4o�L��������-���!	������c8D7[+I!(7��^���x!(���"!(7)����	��5��
o	
���L!#�ª�5������	�������7��,�Á��4"!V���c8�7�������q	��5�F��4"!
�K�5�<�y!(�u!(7"��!(�[�

Cmd> d1 <- d[run(5)] # d1 is first 5 differences

Cmd> tvalobs <- tval(d1); tvalobs # paired t
(1)     0.35852

Cmd> twotailt(tvalobs,4) # two tail P-value
(1)     0.73808

@̈+��y�<����7�8o�L��+I!���r!(���v0¡9[���u!(	)�r![��	���2�-�

+.	��&�����

Signs
0[!(	���4����$p �,�¾p�4�����4q�D�(7��&	���7��

	l�K�r��� !��u!(7��¡������!(�u![���L!K�¡�,�qA ?vn �o	�7~��� ?vn �v�
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  Wkr1  Wkr2  Wkr3  Wkr4  Wkr5
    -1    -1    -1    -1    -1 All workers ergon 2nd
    -1    -1    -1    -1     1 All but 5th workers ergon 2nd
    -1    -1    -1     1    -1 All but 4th workers ergon 2nd
    -1    -1    -1     1     1
    -1    -1     1    -1    -1
    -1    -1     1    -1     1
    -1    -1     1     1    -1
    -1    -1     1     1     1
    -1     1    -1    -1    -1
    -1     1    -1    -1     1
    -1     1    -1     1    -1
    -1     1    -1     1     1
    -1     1     1    -1    -1
    -1     1     1    -1     1
    -1     1     1     1    -1
    -1     1     1     1     1
     1    -1    -1    -1    -1
     1    -1    -1    -1     1
     1    -1    -1     1    -1
     1    -1    -1     1     1
     1    -1     1    -1    -1
     1    -1     1    -1     1
     1    -1     1     1    -1
     1    -1     1     1     1
     1     1    -1    -1    -1
     1     1    -1    -1     1
     1     1    -1     1    -1
     1     1    -1     1     1
     1     1     1    -1    -1
     1     1     1    -1     1
     1     1     1     1    -1
     1     1     1     1     1

Cmd> tstats <- rep(0,32) # place to put t-statistics

Cmd> for(i,1,32){tstats[i] <- tval(d1*vector(Signs[i,]));;}

Signs[i,]
���l�u�$p �=���

Signs
	�7��x����7D�&	���7#�

��7L!�d��������-��º!���%��*�D��+I!o�1�.��4"!
�<	#7����=+x��Ê)	����º��7)�

d1*vector(Signs[i,])	������5�º!��s��4"!V���c8D7��s�5���&4L!H�=�r�<�y!(�u!�7���!��v�
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�����|!(	"��4��,�Á��4"!�d��������-��º!V�"!K�����,�¡�D	)�&	���4�	��
+��c8�4)�R4�	�eL!-"!�!(7���-��L!(��e"![����������4"!g��2
��%)�*�D�$+I!(���,�Á��4"!V�<	�7~����+��;Êv	������(7v�i¨,7L!o�,�
��4"!Ve�	���%L!(�g+�%����R-"! ��4"!	"�=��%�	��F��A"����	������)�����
pI!o�(-��"!��<eL![���

Cmd> stemleaf(tstats) # glimpse of the distribution
    1   -2.|5
    2   -2*|3
    5   -1.|655
    7   -1*|40
    8   -0.|9
   16   -0*|43320000
   16   +0*|00002334
    8   +0.|9
    7    1*|04
    5    1.|556
    2    2*|3
    1    2.|5

         1*|1 represents 1.1  Leaf digit unit = 0.1

Cmd> tvalobs <- tval(d1); tvalobs # observed value
(1)     0.35852

Cmd> tstats >= tvalobs # comparison with observed
 (1) F       F       F       F       F       F       F      
 (8) F       F       F       F       F       F       F      
(15) F       F       T       F       T       F       T      
(22) F       T       T       T       F       T       F      
(29) T       F       T       T 

T
+¤!(	�7��

tstat � ��-��"!(��e"![����� F +¤!(	�7��
tstat

� ��-#�"!(��e�![�£�"�
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Cmd> twotailt(tvalobs,4) # normal theory P-value
(1)     0.73808

Cmd> sum(tstats >= tvalobs) # counts number ≥ observed
(1)          10

Cmd> 2*sum(tstats >= tvalobs)/32 # randomization P-value
(1)       0.6259�� n �o7L�K����4L!��	�+I!	�����4"!7d����+.	��F��4"!D����


-�%)��8���e"!��s��4"!V��	�+¤!��D�(7��ª��%������(7v���L������	���8d!(�
��	�+.���º!(�¢�y�̂ ���o%���%�	��5��
o��%��y�r!��ª�����L!$�
9;7V�'	"�=�L0�p��y��4g+�	�7�
o�<	�7~����+��;Êv	������(7s�r!(�)�&�[0

L�(%Æ����7 n �R7"!�!��£�5�Æ���$+.��%)�*! ��4"!���A
����	)�����)���º���v0,����7"��! �&4L!(�u!Ã���o	����Â+.���º!(�
����	)�����)���º� ��4�	��̂ ���g+¦��7L�K�5��7�����	��5��
o�'!ª��	��r![�(�
JK	����'!��£�R����	������)�����i���s�Éh���7	� ��
�� �y0
� �¢h�|��
�7[0�� �¦h������Á�Â�KA�� ��� { 
��r7�A ? � �

¥¶�5�y������!	���8L!(-��<	o��4d�$p.�s��4�	)�
�Éh��É�57(A ?#��� 
��É� ? A � { �
� h��É7�� ��
������|� { � h����
��É�57��|� { �

7��|� { ���¢���s��4"!V��	�+¤!Ã�����q	��5�w�"!K�����,�|���c8D7��v0
�L���Á�d!��"!(7#�D�x�(7���
���7����
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Cmd> sums <- rep(0,32) # place to put sums

Cmd> for(i,1,32){sums[i] <- sum(d1*vector(Signs[i,]));;}

Cmd> stemleaf(sums) #distribution of sums
    2   -2.|65
    5   -2*|000
    6   -1.|9
    8   -1*|44
   11   -0.|655
   16   -0*|41000
   16   +0*|00014
   11   +0.|556
    8    1*|44
    6    1.|9
    5    2*|000
    2    2.|56

         1*|1 represents 1.1  Leaf digit unit = 0.1

Cmd> sumobs <- sum(d1); sumobs # observed value of sum
(1)        0.58

Cmd> sums >= sumobs # compare with observed
 (1) F       F       F       F       F       F       F      
 (8) F       F       F       F       F       F       F      
(15) F       F       T       F       T       F       T      
(22) F       T       T       T       F       T       F      
(29) T       F       T       T      � 4����¢���s�&4L!��	�+¤!V��	����*!��<7��,�

T
n ��	�7~�

F
n ��	��

��������4"!���AL����	��������������[�
Cmd> 2*sum(sums >= sumobs)/32 # same P-value, too
(1)       0.625
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randsign() 

�&4�	D�.���~!(�
��4����V�����q
L��%o	�%)�r��+.	�������	��'��
v�

Cmd> stuff <- randsign(d1)
WARNING: searching for unrecognized macro randsign near 
stuff <- randsign(

Cmd> list(stuff)
stuff           REAL   32 

Cmd> stemleaf(stuff) # exactly the same as before
    2   -2.|65
    5   -2*|000
    6   -1.|9
    8   -1*|44
   11   -0.|655
   16   -0*|41000
   16   +0*|00014
   11   +0.|556
    8    1*|44
    6    1.|9
    5    2*|000
    2    2.|56

         1*|1 represents 1.1  Leaf digit unit = 0.1

Cmd> 2*sum(stuff >= abs(sum(d1)))/32
(1)       0.625m 7(�����d��%�7�	��r!���
[0�
L�(%q��	�7 n �Á�����&4������������4"!

�D��+.���º!K�r!g�D	���	o�"!K�L0,����7��D!tp��y��4�7Vhq���
��4"!��'!V	��u!g2 } � h ? �ªCD�ªCDE ?�� 2�E h ? ���ªC�� ? ���
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Cmd> stuff <- randsign(d,trials:5000); list(stuff)
stuff           REAL   5000 

Cmd> 2*sum(stuff >= abs(sum(d)))/5000 # approximate P-value
(1)      0.1508

Cmd> twotailt(tval(d),n-1) # normal theory P-value
(1)      0.1868

randsign()
8L!(7"!���	D�*![���������V��%[+��j�,�

����8�7"!����K�r���y!(�u!(7"��!(�[�· !(�u!V	��u!4������5�[8���	[+.���,�Á��4"!������	��	��HpI!��5�
	�����4"!o!(��%���e�	��º!�7��q�R����	������)�������q���$+.��%��r![�
	����Éh��̂ �r7(A ? � � 
��É� ? A � { �È�

Cmd> tau <- stuff/sqrt(30*sum(d^2))

Cmd> hist(stuff,50,xlab:"sum(signs*d)", \
title:"5000 values of sum(signs*d)")

Cmd> hist(sqrt(n-1)*tau/sqrt(1 - tau^2),50, \
title:"5000 of t-statistics", \
xlab:"t-statistics")
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