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•Q��R�	����� ��	�u���pBEnC<�	 			e���� ��� ��T�	� ������R�	����	�����X̀
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kronecker()`
Cmd> a <- matrix(run(4),2); a # arbitrary 2 by 2 matrix
(1,1)           1           3 M = 2, N = 2
(2,1)           2           4

Cmd> b <- matrix(vector(1,1,1, 1,-1,0), 3); b # 3 by 2 matrix
(1,1)           1           1 m = 3, n = 2
(2,1)           1          -1
(3,1)           1           0

Cmd> kronecker(a,b) # macro distributed with MacAnova
WARNING: searching for unrecognized macro kronecker near 
kronecker(

Cmd> dim(kronecker(a,b)) # 2*3 by 2*2 matrix
(1)           6           4
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c����������O(����S��Q

c
�ST����T��#�V�XX%w���w�J(����S��Q
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Cmd> irisdata <- read("","t11_05",quiet:T)
Read from file "TP1:Stat5401:Data:JWData5.txt"

Cmd> varieties <- factor(irisdata[,1])�����
factor()
������������� �	�

varieties
���������	����R�	�����	����	�����a���������R�R�	�����O

Cmd> y <- irisdata[,-1] # strip off variety numbers

Cmd> list(varieties,y)
varieties       REAL   150   1     FACTOR with 3 levels
y               REAL   150   4 N = 150, p = 4  

Cmd> manova("y=varieties") # like anova()
Model used is y=varieties
WARNING: summaries are sequential
                     SS and SP Matrices
                DF
CONSTANT         1
            SepLen      SepWid      PetLen      PetWid
SepLen      5121.7      2679.8      3293.9      1051.2
SepWid      2679.8      1402.1      1723.4      550.01
PetLen      3293.9      1723.4      2118.4      676.06
PetWid      1051.2      550.01      676.06      215.76
varieties        2
            SepLen      SepWid      PetLen      PetWid
SepLen      63.212     -19.953      165.25      71.279
SepWid     -19.953      11.345      -57.24     -22.933 = H = B
PetLen      165.25      -57.24       437.1      186.77
PetWid      71.279     -22.933      186.77      80.413
ERROR1         147
            SepLen      SepWid      PetLen      PetWid
SepLen      38.956       13.63      24.625       5.645
SepWid       13.63      16.962      8.1208      4.8084 = E = W
PetLen      24.625      8.1208      27.223      6.2718
PetWid       5.645      4.8084      6.2718      6.1566

Q�����&������manova()������g����sO
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� ��� 0 000 � ��� 5 555 } }}} � ��� , ,,, � ��� ~ ~ ~~ � ��� � ��� / /// } }}} � ��� ~ ~ ~~ � ���
� ��� S� ��� S�JKHKP�HT� 0 000 �H#

� 0 000
��
XT� 0 000
�H#
� 0 000
��
Xk

Q�������	���N��������R�	������	 ���


�S

�S�JKHKP�HT���H#

��
��
Xc

� ��� � ��� � ��� 5 555 � ��� � ��� / /// } }}} � ��� ~ ~ ~~ � ��� �� ��������������&R�	����� ��	�u���� ���
� ��� S� ��� S�JKHKPT�H#�X���� H���� S���� w�����STv#�XJ�JKHKPT�H#�X���� H

Q�������	���N��������R�	������	 ����w�����
cSTv#�XJ�JKHKPT�H#�X�H

c

y��z��R��� �����R�	������
DF�

RESIDUALS
��&

SS
Z�����

anova()
��&

regress()
&�O

Cmd> list(DF, RESIDUALS, SS)
DF              REAL   3     (labels)
RESIDUALS       REAL   150   4     (labels)
SS              REAL   3     4     4     (labels)

Cmd> DF # computed by manova(); same as anova() DF
    CONSTANT   varieties      ERROR1
           1           2         147
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Cmd> SS # 3 by 4 by 4 array; also computed by manova()
                      SepLen      SepWid      PetLen      PetWid
CONSTANT  SepLen      5121.7      2679.8      3293.9      1051.2
          SepWid      2679.8      1402.1      1723.4      550.01
          PetLen      3293.9      1723.4      2118.4      676.06
          PetWid      1051.2      550.01      676.06      215.76
varieties SepLen      63.212     -19.953      165.25      71.279
          SepWid     -19.953      11.345      -57.24     -22.933
          PetLen      165.25      -57.24       437.1      186.77
          PetWid      71.279     -22.933      186.77      80.413
ERROR1    SepLen      38.956       13.63      24.625       5.645
          SepWid       13.63      16.962      8.1208      4.8084
          PetLen      24.625      8.1208      27.223      6.2718
          PetWid       5.645      4.8084      6.2718      6.1566

SS
���$&� ���������		���g��������	�������	�����&�u��� ��	����O

Cmd> list(SS) # SS is a three dimension array
SS              REAL   3     4     4     (labels)

Cmd> e <- SS[3,,]; e # third matrix E; SS[2,,] is H
                   SepLen      SepWid      PetLen      PetWid
ERROR1 SepLen      38.956       13.63      24.625       5.645
       SepWid       13.63      16.962      8.1208      4.8084
       PetLen      24.625      8.1208      27.223      6.2718
       PetWid       5.645      4.8084      6.2718      6.1566
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Q��&���������� ������SS[j,,]�	�������R�	����

̀
Cmd> ss <- SS # save it

Cmd> anova("{y[,3]} = varieties") # univariate ANOVA
Model used is {y[,3]} = varieties
                DF          SS          MS
CONSTANT         1      2118.4      2118.4
varieties        2       437.1      218.55
ERROR1         147      27.223     0.18519

Cmd> ss[,3,3] # 3rd diagonal element of matrices
                      PetLen
CONSTANT  PetLen      2118.4
varieties PetLen       437.1
ERROR1    PetLen      27.223y��z��R��� �����yzv�jz�� ����#R�	����	��	������g���&�  �R�	������g���R����������&#�Ox��������g��������	��������	����

modelinfo()O'�	������u� ���g��������&�����S$��S$�vS��O
Cmd> a <- factor(1,1,1,2,2,2,3,3,3,3) # n_1=3, n_2=3, n_3=4

Cmd> Y <- matrix(rnorm(30),10) # N = 10, p = 3

Cmd> manova("Y = a", silent:T)

Cmd> xvariables() # gets the actual Z matrix used
 (1,1)           1           1           0
 (2,1)           1           1           0
 (3,1)           1           1           0
 (4,1)           1           0           1
 (5,1)           1           0           1
 (6,1)           1           0           1
 (7,1)           1          -1          -1
 (8,1)           1          -1          -1
 (9,1)           1          -1          -1
(10,1)           1          -1          -1
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z ����R�	���������	 �&�������g���
������������	 
� ��� S� ��� � ��� VYYYY �\]YYYY Ŝ____ �j]YYYY Ŝbbbb� ��� ��&YYYY ������ ���v���V��

� ��� S]	 			J�OOO�	 			 ŵS]���� ������ J�OOO����� �̂k�V�������{{{{ S]�GĤST� ��� k� ���XJOQ���j]�	 			êSdee{{{{ �qS��OOO��!���	������	
j]��HêS�HHdee�ZS��OOO���qS��OOO��
Q������ ���&����&�	&�		�	����He��
�\]��HêS�F�HH�deeI
g��	��dee������y
\��	�e���&���&���������� ������b bbb S���� ST����X� ��� O1111 / /// � ��� 2 222 + +++ 5 555 � ��� / /// x��������

secoefs()
��

	��	��R������Hek���&���
�\]��HêO
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Q��	��	���R�	��&����	������T�#�X������&��������	R�����	�������������He�������	&���	��T���#�� ���������X��&�� ���������O
�EE��R������	 
�eHS��eH����F�HH��eeI�g�������������g����&����&����������������	R��

•�
;<�E>���#�� �����������	���� ��������&��������	R�������SNT���X

•�
;<�E>���#�� ��������������&��������	R��g�����	 ���	���	��	 ��
�		�	������S���T���XO

•�
;CnE:9<>BnD����	R�����	9EE
yST�V�X��������������������	#	���N���
��&���k����ỳ
�
�SNTT��yX��X�	��S���TT��yX��XO
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� ��� � ��� / /// � ��� � ��� 7 7 77 , ,,,
Cmd> manova("y=varieties",silent:T)

Cmd> coefs()#describes most recent regress(), anova(), manova()
component: CONSTANT Least squares estimates of µ

µ̂µµµ’
         SepLen      SepWid      PetLen      PetWid
(1)      5.8433      3.0573       3.758      1.1993
component: varieties Least squares of variety effects
         SepLen      SepWid      PetLen      PetWid
(1)    -0.83733     0.37067      -2.296    -0.95333
(2)    0.092667    -0.28733       0.502     0.12667
(3)     0.74467   -0.083333       1.794     0.82667

1
α̂ααα’

2
α̂ααα’

3
α̂ααα’

Cmd> stats <- secoefs(); stats
component: CONSTANT Estimates and their standard errors
  component: coefs
         SepLen      SepWid      PetLen      PetWid
(1)      5.8433      3.0573       3.758      1.1993
  component: se
         SepLen      SepWid      PetLen      PetWid
(1)    0.042032    0.027735    0.035137     0.01671
component: varieties
  component: coefs Alphahats
         SepLen      SepWid      PetLen      PetWid
(1)    -0.83733     0.37067      -2.296    -0.95333
(2)    0.092667    -0.28733       0.502     0.12667
(3)     0.74467   -0.083333       1.794     0.82667
  component: se Standard errors of alphahats
         SepLen      SepWid      PetLen      PetWid
(1)    0.059443    0.039224    0.049691    0.023631
(2)    0.059443    0.039224    0.049691    0.023631
(3)    0.059443    0.039224    0.049691    0.023631T������������&X
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