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logy=(assaytemp +

growthtemp + variety)^3
���{!����A�5!����]��4"!�B��,.���z!I��!D� 4���!�!vn.	�
',��}fP!a�y���]7+���w��4"!un.	�
�5�T8�¬�5�T8P!I� 	��Ð���y�e�.q/
��+!°959����QF

Cmd> anova("logy=(assaytemp + growthtemp + variety)^3")
Model used is logy=(assaytemp + growthtemp + variety)^3
WARNING: cases with missing values deleted
WARNING: summaries are sequential
                               DF          SS          MS
CONSTANT                        1      3200.5      3200.5
assaytemp                       7      3.0628     0.43755
growthtemp                      1    0.001396    0.001396
variety                         1     0.55282     0.55282
assaytemp.growthtemp            7     0.06407   0.0091529
assaytemp.variety               7    0.025892   0.0036989
growthtemp.variety              1    0.078632    0.078632
assaytemp.growthtemp.variety    7    0.053554   0.0076506
ERROR1                         63     0.33538   0.00532356�!L��	�$��"!

marginal:T
n§	��ª7+����	�7ª	��¤8�$g,«!/7��"2	����?���p	��5�«� 
��"!r9�F

q/4"!�$�7AfP!/���5��7+!gf���!/��,.�]	��%!	��K�+�¬��
��+!°959e���-�$)� 7+�v,§	���7j!s�<�t!A�H�����p	��%!p��
��+!°959e���eF
��4"�g�"�U�/$B�

logy=assaytemp*growthtemp*
variety

��� ,U���%!���%�}fB$k�#����*"!]�e�.��
��"!°959H���eF9o� ���¦�}f�$k�B!/���/7"!pq/
��"!r959�,.	���7�!Q�k�t!A�#�����Q2��7+!p��
��+!°959?�+n��e>An.	�
��K7���!/�k	k�#���l�/7ª���p	�7Lf��7+!p��
��+!°959?� 4���!�!Q>Ln.	�
���7)�E!��<	"�#���l��7����QF
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+�/$�	���!¥�"�t�<����7�8]	�7]	Lf�fI�t����*"!¬C�,.	���7!Q�k�t!A�H��,��gfP!s�KJ�2�
P��$w��	�7�8+!I� 	����?��� �%�%��,��7"!]|«(�����|�$�����7A8
marginal:T

F 9Ð7m� 4����,��}f!s�R��4"!u,.	���7�!Q�k�Î!��#�w��
��"!r95959����p	���!	��K�+�¬��
��+!°959e���p-"!A��	�$��+!p��4"!���!�	��%!�7+���7)�E!��<	"�#���l��7��}F
marginal:T

n½�Î� 4�,.	/��7w!Q�<�Î!A�#�j,��)fP!s�
Cmd> anova("logy=assaytemp + growthtemp + variety",marginal:T)
Model used is logy=assaytemp + growthtemp + variety
WARNING: cases with missing values deleted
WARNING: SS are Type III sums of squares
                DF          SS          MS
CONSTANT         1      3196.6      3196.6
assaytemp        7       3.044     0.43486
growthtemp       1   0.0021074   0.0021074
variety          1     0.55282     0.55282
ERROR1          85     0.55753   0.0065591q/4"!1���¤fP!��§�e�²�E!���,§�ªf��!/��7�É �½,.	��k��!/� ¯
Cmd> anova("logy=variety + growthtemp + assaytemp",marginal:T)
Model used is logy=variety + growthtemp + assaytemp
WARNING: cases with missing values deleted
WARNING: SS are Type III sums of squares
                DF          SS          MS
CONSTANT         1      3196.6      3196.6
variety          1     0.55282     0.55282
growthtemp       1   0.0021074   0.0021074
assaytemp        7       3.044     0.43486
ERROR1          85     0.55753   0.0065591
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marg-

inal:T
2h
+��$Tn���$��Êf14�	�*"!p����f�¬��4���!�!|U(����e|«�Q2/��7+!vn½�t��4j!�	k��4½�e�²��4"!D�E!��Z,.�¬��	��)�"FÌ ���O!/��	g,§����!H2s� 4����j��7"!4�	��

growthtemp
��	��B�	�7Af]�����

�������
	�������
,.	��E��4+!/�m��4+!¬q/
��+!°95959e��� �5$����

�B��,.��$���!gf/F
Cmd> anova("logy=variety+assaytemp+growthtemp")
Model used is logy=growthtemp+variety+assaytemp
WARNING: cases with missing values deleted
WARNING: summaries are sequential
                DF          SS          MS
CONSTANT         1      3200.5      3200.5
variety          1     0.56975     0.56975
assaytemp        7      3.0452     0.43503
growthtemp       1   0.0021074   0.0021074
ERROR1          85     0.55753   0.0065591
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��"!r959����¥n½�t��4]	m�Pn��e>.�/���4��%!�!s>��%	k�#�5���{,��}f!s��
P��$]7"!�!�f���4��%!�!�"! ��$k!/7��Z��	��H|«(�����|���n��t� 4+��$B�
marginal:T��� f+!��

variety, assaytemp, growthtemp ¯
Cmd> anova("logy=variety*assaytemp*growthtemp")
Model used is logy=variety*assaytemp*growthtemp
WARNING: cases with missing values deleted
WARNING: summaries are sequential
                               DF          SS          MS
CONSTANT                        1      3200.5      3200.5
variety                         1     0.56975     0.56975
assaytemp                       7      3.0452     0.43503
variety.assaytemp               7    0.026078   0.0037254
growthtemp                      1   0.0020694   0.0020694
variety.growthtemp              1    0.075399    0.075399
assaytemp.growthtemp            7    0.067156   0.0095937
variety.assaytemp.growthtemp    7    0.053554   0.0076506
ERROR1                         63     0.33538   0.0053235q/4"!� $�7AfP!/���5��7+!gf���!/��,.��	��%!¬q/
��+!°959e���QF

��� f+!��
growthtemp, variety, assaytemp ¯

Cmd> anova("logy=growthtemp*variety*assaytemp")
Model used is logy=growthtemp*variety*assaytemp
WARNING: cases with missing values deleted
WARNING: summaries are sequential
                               DF          SS          MS
CONSTANT                        1      3200.5      3200.5
growthtemp                      1   0.0024441   0.0024441
variety                         1     0.57061     0.57061
growthtemp.variety              1     0.08202     0.08202
assaytemp                       7      3.0375     0.43393
growthtemp.assaytemp            7    0.067028   0.0095754
variety.assaytemp               7    0.026029   0.0037184
growthtemp.variety.assaytemp    7    0.053554   0.0076506
ERROR1                         63     0.33538   0.0053235q/4"!� $�7AfP!/���5��7+!gf���!/��,.��	��%!¬q/
��+!°959e���QF

10

Statistics 5303                                                        Lecture 25                                             November 1, 2002��� f+!��
assaytemp, growthtemp, variety ¯

Cmd> anova("logy=assaytemp*growthtemp*variety")
Model used is logy=assaytemp*growthtemp*variety
WARNING: cases with missing values deleted
WARNING: summaries are sequential
                               DF          SS          MS
CONSTANT                        1      3200.5      3200.5
assaytemp                       7      3.0628     0.43755
growthtemp                      1    0.001396    0.001396
assaytemp.growthtemp            7    0.056997   0.0081425
variety                         1     0.55989     0.55989
assaytemp.variety               7    0.025892   0.0036989
growthtemp.variety              1    0.078632    0.078632
assaytemp.growthtemp.variety    7    0.053554   0.0076506
ERROR1                         63     0.33538   0.0053235����$j��	�7]	����P�T8+!#�w� 4+!¬q/
��+!°959?�+n��Q>Ln.	�
��7)�E!��<	"�#���l��7���� �%�%��,¢��7"!m|«(����e| n½�t��4

marginal:T
n��t� 4"��$��²	�7�|«6�3u�E!/�Z, F

Cmd> anova("logy=(variety+assaytemp+growthtemp)^2",marginal:T)
Model used is logy=(variety+assaytemp+growthtemp)^2
WARNING: cases with missing values deleted
WARNING: SS are Type III sums of squares
                       DF          SS          MS
CONSTANT                1      3189.9      3189.9
variety                 1     0.56505     0.56505
assaytemp               7      3.0241     0.43202
growthtemp              1   0.0030172   0.0030172
variety.assaytemp       7    0.026029   0.0037184
variety.growthtemp      1    0.078632    0.078632
assaytemp.growthtemp    7    0.067156   0.0095937
ERROR1                 70     0.38893   0.0055562-�$)� 
+��$j��	�7gÉ ��8P!I�w��4"!¬q/
��"!r959�,.	���7�!Q�k�Î!��#���$�����7A8

marginal:T
n§4"!/7ª	��5�£� 4"!Í��7��E!/�L>	k�H���l��7��]	��%!¥��7±��4"!u,U�gfP!s�
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 "y=a*b*c*d"
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�
2H���	�

�
2���� Ø �

�
2���� ×EØ �

�
"y=d*a*b*c"

���	��2H��� Ø �52���� ×EØ ��2eC���� ×�Ø �
�
J

"y=c*d*a*b"
��� Ø 2H��� ×EØ 2H��� ×�Ø

�
2eCE��� ×�Ø �

�
J

"y=b*c*d*a"
���}× 2����}×

�
2H���}× �

�
2QCE���}×EØ �

�
J

"y=a*c*d*b"
CE���/Ø�J³2H���/Ø

�
2QCE���/Ø �

�
J³2QCE���}×EØ �

�
J

"y=b*d*c*a"
CE���}×¦J³2H���}× � 2eC����}× �

�
J³2eC����)×�Ø �

�
Jq�!/��,.���K7���	���!�7���4"!��"!/�]	��%!Í����$�7Lf�,U�/�%!p��4�	�7��7"��!HF

Cmd> anova("logy=variety*assaytemp*growthtemp",marginal:T)
Model used is logy=variety*assaytemp*growthtemp
WARNING: cases with missing values deleted
WARNING: SS are Type III sums of squares
                               DF          SS          MS
CONSTANT                        1      3184.6      3184.6
variety                         1     0.55812     0.55812
assaytemp                       7      3.0304     0.43292
variety.assaytemp               7    0.025891   0.0036987
growthtemp                      1   0.0025845   0.0025845
variety.growthtemp              1     0.07626     0.07626
assaytemp.growthtemp            7    0.063516   0.0090737
variety.assaytemp.growthtemp    7    0.053554   0.0076506
ERROR1                         63     0.33538   0.0053235q/4"!��"!�	��%!p��4"!¥��$��5�£q/
��+!°959�9����QF �Q7��K
ª��� ×EØ �

,.	��E��4+!/�±� 4+!]������8I��7�	��Rq/
��"!r9����1���H,.��$���!�fn��Î� 4"�g$��
marginal:T

F
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� ���
\ \\\
� ���
[ [[[ Y YYY d ddd � ��� Y YYY#[ [[[ � ��� c ccc ¶ ¶¶¶ � ��� \ \\\ d ddd � ��� c cccH��������� Y YYY#[ [[[ � ��� µ µµµ � ��� [ [[[

� ���
\ \\\ � ��� c ccc � ����� ��� \ \\\ � ��� ¯ |�f!/����8�7n���� 41i �Ç�%	k�H�5���k�'n½�t��41	
�z!�*"!s���g2�i��U�%	k�H�5���k�Tn½�t��4�-¬�z!/*+!s���}2�F�F�F�2ei	�
�%	k�H���/�<�'n½�t��4�
v�l!/*"!a���}2«���]	]	 Ã � - Ã  F�F�F�
 Ã �fP!�����8B7}F Ì ���È!���	g,.���z!H2e	ÂfP!�����8B7Tn½�t��4ª��%	k�H���/�<�'n½�t� 4¬�z!/*+!s����&Q2H&p	�7Lf1������	�& � � �fP!�����8B7}F
& Ã fP!�����8�7��Tn½�t��4�i��%	k�#�5���k�}2�!/	"��4'n���� 4½��7��K
�Pn��Í�z!�*"!s���g2�	���!���	��+������$���	�����
¬� ,.�+���P��	�7��
 "!�*"!s�K�p0ª	�7Lf]&±�Q�R!/	k��4�%	k�H���/�w	��%!p���k	LfI��>���l�/7�	��5�K
½��	��5�l!gf���4"!D�<�l��n²�È	�7AfT��4���8B4���z!�*"!s���gF
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]$��"!�f�5��f!/����8B7�	)�E!D� 4+!4���8�4¬�z!/*"!a�H�e�w�%	k�H���/�<�¡|O26Q2I3?2?F�F�F�2�F
� ���
\ \\\ � ��� c ccc � ����� ��� \ \\\ � ���q/4"!D����!�	��P,U!/7��Ç���H,.-���7�	����l��7½�e�j�l�Hn �z!�*"!s����e�È	��5�:�%	k�#�5�/�<�¬����7P����	���!gf±Ck0�J³F
|��5�H����4"!��½� �%!/	)�P,«!�7��Ç�B��,§-���7�	)�Z�l�/7��]	��%!7+�I��	���!gfn½�t��4]	w�B��,.-���7�	)�Z�Ð��7��Q�²� 4+!¥�z!#�<��!/�k�	}2e-}2g��2�F�F�F�2�n½�t��4m��4"!Ë�z!I�k��!/�w���%!/�+!/7��{���²��4"!�B�/�k��!����+�/7LfI��7�8��%	k�H���/������	)����4+!4���8B4��z!�*"!s� F

A B C
(1) 1 1 1
a 2 1 1
b 1 2 1
ab 2 2 1
c 1 1 2
ac 2 1 2
b c 1 2 2
abc 2 2 2
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Statistics 5303                                                        Lecture 25                                             November 1, 2002q/4����p�K�1	�7¡!/��	g,.���z!m�Q� [ [[[/� ��� c ccc � ��� · ··· c ccc}d ddd · ··· \ \\\ d ddd · ··· Y YYY d ddd Fi�¸m0 Ck0�J³2�	i�¸w& Ck0�J³2�	g2�-g2�	�-i�¸w� Ck0�J³2e	}2e-}2e	�-}2g��2e	k��2e-k�e2�	�-k�i�¸wM Ck0�J³2e	}2 -}2 	�-g2��e2u	k��2 -k�e2u	�-k�f�2u	Lf/2�-Af�2e	�-Lf/2}�/f�2e	k��f/2�-"��f�2e	�-"��f
q/4"!¥�"���<�)��& Ã�� � ���H,.-���7�	����l��7��T,.	��E��4±��4"!'& Ã�� �fP!�����8B7}F �H�/$ª8+!#�w� 4+!�%!/�)� -�
w���H,.-���7���7A8��4"!& Ã�� � �B�H,.-��K7�	����l��7��Tn½�t��4m��4"!�7"!en �z!I�k��!/�ZF

Cmd> list(A,B,C,D)
A               REAL   64    FACTOR with 2 levels
B               REAL   64    FACTOR with 2 levels
C               REAL   64    FACTOR with 2 levels
D               REAL   64    FACTOR with 2 levels

Cmd> hconcat(A,B,C,D)[run(16),]
             (1)         (2)         (3)         (4)
(1)            1           1           1           1
a              2           1           1           1
b              1           2           1           1
ab             2           2           1           1
c              1           1           2           1
ac             2           1           2           1
bc             1           2           2           1
abc            2           2           2           1
d              1           1           1           2
ad             2           1           1           2
bd             1           2           1           2
abd            2           2           1           2
cd             1           1           2           2
acd            2           1           2           2
bcd            1           2           2           2
abcd           2           2           2           2
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���%!/	�����7A8���4"!Í�%	"�#�5�����z!/*+!s���]	����5�.��4"!�
TnU!/�%!7�$�,U!/������	���*�	��K$"!/�gF 9o�Ç�����k�%!/���P��7Lf��m�5�'	,��}f!s�H�e�²��4"!¥������,¹ ¾ÆÀÄÃ�� ¸½¹¢º½¼ ¾ º�¿ À º½¼U¿ ¾ÆÀ ºÂÁ Ã F

Cmd> mu_ijkl <- 100 + A + 2*B + A*B + C

Cmd> Y <- mu + rnorm(64) # artificial data with signma = 1

Cmd> array(tabs(Y,A,B,C,D,count:T),\
labels:structure("A","B","C","D")) #sample sizes n_ijkl

                  D1          D2
A1 B1 C1           4           4
      C2           4           4
   B2 C1           4           4
      C2           4           4
A2 B1 C1           4           4
      C2           4           4
   B2 C1           4           4
      C2           4           4q�
��"!

help(labels)
�t�g�ª��7/�t���Z,§	��Z�z��7j��7	Lf�fI��7�8¬��	�-"!s���±�5��fB	)� 	gF

|��5����	�,.���z!�����
�!���	��%!D� 4+!��	g,U!�P�¬��4"!f�	���	1	��%!����� c cccH� ��� c ccc � ��� ¶ ¶¶¶ Y YYY · ··· F

16
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Cmd> anova("Y=A*B*C*D")
Model used is Y=A*B*C*D
                DF          SS          MS
CONSTANT         1  7.4798e+05  7.4798e+05
A                1      82.573      82.573
B                1      218.43      218.43
A.B              1      6.8349      6.8349
C                1      10.379      10.379
A.C              1      1.6816      1.6816
B.C              1     0.77669     0.77669
A.B.C            1      1.8476      1.8476
D                1     0.25727     0.25727
A.D              1    0.031776    0.031776
B.D              1      7.0878      7.0878
A.B.D            1     0.14331     0.14331
C.D              1    0.080634    0.080634
A.C.D            1     0.02015     0.02015
B.C.D            1      1.7681      1.7681
A.B.C.D          1     0.72778     0.72778
ERROR1          48      56.585      1.1789()�I�E!h��4"!h��!/��,.�1	��%! ��7m������	�7AfB	��¤f��£�/�¤fP!��n��t� 4

CONSTANT
��7ª����	<��!]�e�ÈC<0�J¦F

Cmd> ybar_ijkldot <- array(tabs(Y,A,B,C,D,mean:T),\
labels:structure("A","B","C","D")); ybar_ijkldot

                  D1          D2
A1 B1 C1      105.03      105.95 Sample cell means
      C2      105.03      105.79
   B2 C1      108.39      107.55
      C2      109.27      108.75
A2 B1 C1      105.85      107.03
      C2      107.54      107.84
   B2 C1      111.44      110.39
      C2       111.8      112.05

Cmd> ybarvec <- vector(ybar_ijkldot); ybarvec
 (1)      105.03      105.85      108.39      111.44      105.03
 (6)      107.54      109.27       111.8      105.95      107.03
(11)      107.55      110.39      105.79      107.84      108.75
(16)      112.05

ybarvec
���m��4"!'*"!A�#�5���È�e��� 
 ¾ÆÀÒÃ��

•

��7ª����	�7Lf�	��¤f
���¤f!/�ZF
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���� ,.���z!��B��7�>���k	������Tn½�t��4j�B�A!s�<�"���?�z!/7���� � 0)F3��%!/	���!¥��	"�#�5������	��I����7����k	��)� �
Cmd> c_a <- vector(-1,1,-1,1,-1,1,-1,1,-1,1,-1,1,-1,1,-1,1)

Cmd> c_b <- vector(-1,-1,1,1,-1,-1,1,1,-1,-1,1,1,-1,-1,1,1)

Cmd> c_c <- vector(-1,-1,-1,-1,1,1,1,1,-1,-1,-1,-1,1,1,1,1)

Cmd> c_d <- vector(-1,-1,-1,-1,-1,-1,-1,-1,1,1,1,1,1,1,1,1)

Cmd> print(hconcat(c_a,c_b,c_c,c_d),format:"3.0f")
MATRIX:
 (1,1)  -1  -1  -1  -1
 (2,1)   1  -1  -1  -1
 (3,1)  -1   1  -1  -1
 (4,1)   1   1  -1  -1
 (5,1)  -1  -1   1  -1
 (6,1)   1  -1   1  -1
 (7,1)  -1   1   1  -1
 (8,1)   1   1   1  -1
 (9,1)  -1  -1  -1   1
(10,1)   1  -1  -1   1
(11,1)  -1   1  -1   1
(12,1)   1   1  -1   1
(13,1)  -1  -1   1   1
(14,1)   1  -1   1   1
(15,1)  -1   1   1   1
(16,1)   1   1   1   1����$j��	�7j��	�����$���	)�E!D��4"!ª����7����k	��)�¡���/�Â�%	k�H�5���

�����yiÂ-�

rep(rep(run(2),
rep(2^(j-1),2)),2^(k-j))

Cmd> k <- 4;j <- 3

Cmd> print(rep(rep(run(2),rep(2^(j-1),2)),\
2^(k-j)),format:"2.0f")

VECTOR:
(1)  1  1  1  1  2  2  2  2  1  1  1  1  2  2  2  2
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� !I� �����k$k�#��$��%!un½�t� 4]	��5�y��	"�#�5������	��#!s�k�Î!��#���
Cmd> effects <- coefs()

Cmd> compnames(effects) # names of components
 (1) "CONSTANT"
 (2) "A"
 (3) "B"
 (4) "A.B"
 (5) "C"
 (6) "A.C"
 (7) "B.C"
 (8) "A.B.C"
 (9) "D"
(10) "A.D"
(11) "B.D"
(12) "A.B.D"
(13) "C.D"
(14) "A.C.D"
(15) "B.C.D"
(16) "A.B.C.D"

Cmd> effects$A # alpha_hat
(1)     -1.1359      1.1359

Cmd> sum(c_a*ybarvec)/16 # same as alpha_hat[2]
(1)      1.1359�¼��O̧�> �¼��U̧ � ¾ � À � Ã � ¾ÆÀÄÃ × � 
 ¾ ÀÒÃ

•

�I0 =
Cmd> vector(sum(c_b*ybarvec)/16,effects$B[2])
(1)      1.8474      1.8474 beta_hat[2]�¿ � ¸�> �¿ � ¸ �È¾ �OÀ �OÃÄ��¾ÆÀÄÃ Ø � 
L¾ ÀÒÃ

•

�I0 =
Cmd> vector(sum(c_c*ybarvec)/16,effects$C[2])
(1)     0.40271     0.40271 gamma_hat[2]

Cmd> vector(sum(c_d*ybarvec)/16,effects$D[2])
(1)    0.063402    0.063402 delta_hat[2]q/4�$��m��4"!�4���8B4��z!�*"!s�#�B�A!s�<�"���a�l!/7�����	��%!p��4"!�B�/7����k	������ªfI��*��of!gfm-�
p0 = ¸w& Ã F
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Cmd> c_ab <- c_a*c_b; c_ac <- c_a*c_c; c_ad <- c_a*c_d

Cmd> c_bc <- c_b*c_c; c_bd <- c_b*c_d; c_cd <- c_c*c_d

Cmd> c_abc <- c_a*c_b*c_c; c_abd <- c_a*c_b*c_d

Cmd> c_acd <- c_a*c_c*c_d; c_bcd <- c_b*c_c*c_d

Cmd> c_abcd <- c_a*c_b*c_c*c_d

Cmd> vector(sum(c_ab*ybarvec)/16,effects[4][2,2])
(1)      0.3268      0.3268 alphabetahat[2,2]�¼U¿ � �È¸�> �¼U¿�� �È¸�> �¼U¿�� �È¸ �¼�¿�� �U¸

� ¾ � À � Ã � ¾ÆÀÄÃ × � 
 ¾ÆÀÄÃ
•

�I0 =
�Q�"!D��4"!p��!��Z,Ô7�	g,U!/�±����"!a�z!A�#�:!s�<�t!A�H� �

Cmd> names <- TERMNAMES[-17];print(paste(names))
CONSTANT A B A.B C A.C B.C A.B.C D A.D B.D A.B.D C.D A.C.D B.C.D
A.B.C.D
Cmd> vector(sum(c_ac*ybarvec)/16,effects[names=="A.C"][2,2])
(1)      0.1621      0.1621 alphagammahat[2,2]

Cmd> vector(sum(c_ad*ybarvec)/16,effects[names=="A.D"][2,2])
(1)    0.022282    0.022282 alphadeltahat[2,2]

Cmd> vector(sum(c_abcd*ybarvec)/16,\
effects[names=="A.B.C.D"][2,2,2,2])

(1)     0.10664     0.10664 alphabetagammadelta[2,2]9;7�!/	k��4w��	��"!D� 4+!Í�%	k�H���/����	��I���A!Q�k�"���a�z!�7��	����+�L�?��	���!gf�n½�t��4m��4"!�4���8�4¬�z!/*+!s���½�e�È	��5��%	k�H���/�<�¬��7m��4"!D��!/��, ���m��4"!��B�/7����<	���� *�	���$"!fI�K*��ofP!�f1-�
p0 = ¸j& Ã F
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Cmd> concoefs <- hconcat(c_a,c_b,c_ab,c_c,c_ac,c_bc,c_abc,\
c_d,c_ad,c_bd,c_abd,c_cd,c_acd,c_bcd,c_abcd)

Cmd> print(concoefs,format:"2.0f") # all contrast vectors
concoefs:
 (1,1) -1 -1  1 -1  1  1 -1 -1  1  1 -1  1 -1 -1  1
 (2,1)  1 -1 -1 -1 -1  1  1 -1 -1  1  1  1  1 -1 -1
 (3,1) -1  1 -1 -1  1 -1  1 -1  1 -1  1  1 -1  1 -1
 (4,1)  1  1  1 -1 -1 -1 -1 -1 -1 -1 -1  1  1  1  1
 (5,1) -1 -1  1  1 -1 -1  1 -1  1  1 -1 -1  1  1 -1
 (6,1)  1 -1 -1  1  1 -1 -1 -1 -1  1  1 -1 -1  1  1
 (7,1) -1  1 -1  1 -1  1 -1 -1  1 -1  1 -1  1 -1  1
 (8,1)  1  1  1  1  1  1  1 -1 -1 -1 -1 -1 -1 -1 -1
 (9,1) -1 -1  1 -1  1  1 -1  1 -1 -1  1 -1  1  1 -1
(10,1)  1 -1 -1 -1 -1  1  1  1  1 -1 -1 -1 -1  1  1
(11,1) -1  1 -1 -1  1 -1  1  1 -1  1 -1 -1  1 -1  1
(12,1)  1  1  1 -1 -1 -1 -1  1  1  1  1 -1 -1 -1 -1
(13,1) -1 -1  1  1 -1 -1  1  1 -1 -1  1  1 -1 -1  1
(14,1)  1 -1 -1  1  1 -1 -1  1  1 -1 -1  1  1 -1 -1
(15,1) -1  1 -1  1 -1  1 -1  1 -1  1 -1  1 -1  1 -1
(16,1)  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1

Cmd> all <- vector(sum(concoefs *ybarvec))

Cmd> all/8 # values of all 15 contrasts divided by 2^(k-1)
 (1)      2.2717      3.6949     0.65359     0.80543     0.32419
 (6)     0.22033    -0.33982      0.1268    0.044565    -0.66558
(11)    0.094642     0.07099    0.035488     0.33242     0.21328N�	k��|�7+��*�	'�%$�7k�#�Z�l��7

yates()
����	���$�����iTn§	�
�5�Â���H,.��$)�E!D� 4+!/�+!Í�%�%��,Ô	�*+!A�#�5���§�Q�.���%!/	)�>,U!/7)��,U!�	�7��¬��7��)��	�7Lf�	��¤f¡���¤f!/�ZF

Cmd> usage(yates)
yates(x), x a REAL vector

Cmd> yates(ybarvec)
 (1)      2.2717      3.6949     0.65359     0.80543     0.32419
 (6)     0.22033    -0.33982      0.1268    0.044565    -0.66558
(11)    0.094642     0.07099    0.035488     0.33242     0.21328
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