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Cmd> anova("y=(temp+time+degas)^3",pvals:T)
Model used is y=(temp+time+degas)^3
                  DF          SS          MS     P-value
CONSTANT           1       36154       36154     < 1e-08
temp               2      410.69      205.35     < 1e-08
time               2      80.541       40.27     < 1e-08
degas              1     0.46722     0.46722     0.21249
temp.time          4      14.814      3.7035  2.5659e-07
temp.degas         2     0.31361     0.15681     0.58919
time.degas         2     0.70194     0.35097     0.31036
temp.time.degas    4     0.87472     0.21868     0.56559
ERROR1            54       15.85     0.29352

Cmd> c_lin <- vector(-1,0,1); c_quad <- vector(-1,2,-1)

Cmd> contrast(temp,c_lin) #temp main effect line  
component: estimate
(1)        5.85 t = 5.85/.1564 = 37.4
component: ss
(1)      410.67
component: se
(1)      0.1564

Cmd> contrast(temp,c_quad) #temp main effect quadratic  
component: estimate
(1)       0.075 t = 0.075/0.27089 = -0.277
component: ss
(1)      0.0225
component: se
(1)     0.27089o 3"!��p!q���r	������s��5�6t�+��5-!.	��u!Z�;�̂ !@�1�v�w�x�D!w7y�.=

!.�g	X�z$��p!tB%�|{}�̀ ?.E~K#H9,�$X��5N�'��$�	J���;	X�����r!0�g�̂ !@�1�
B%�|{}�0E~&̀ ?�?XH�E
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Cmd> contrast(time,c_lin) #time main effect linear
component: estimate
(1)      2.4417 t = 2.4417/.1564 = 15.61
component: ss
(1)      71.541
component: se
(1)      0.1564

Cmd> contrast(time,c_quad) #time main effect quadratic
component: estimate
(1)         1.5 t = 1.5/.27089 = 5.537
component: ss
(1)           9
component: se
(1)     0.270894X����3t�+��5"!�	��}	�5J����$�	J�A�g	�������7y	���5�!0�g� !��#�

�A�.5����g	������t��5����¡7R!	��p!¢���£6A5����"����	�5��-/�,�$��}��3"!
��$�	J�A�g	X�¤���¥!0�g�̂ !@�#�¦���'7y$g��3r�b7y	��p�§!.�¤E�R6�	���5
��� �̈ � � �}��� �:�:��� {�?�(XE���K)('� � {�©G�0E~��K)('{}��� ��� �%�
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«��!�7y�"!.�g	X�z$��p!q��5���!.�g	g�1�¤�~��5
!0�g�^!@�1�z�bE

Cmd> interactplot(y,temp,time)

Cmd> interactplot(y,time,temp)

o 3"!q�+��5"!���	��p!¢5-�G��¬-!.�g
���	��g	��+�§!`�/���$@6�=
6-!.���¤��5@6t�£5���!.�;	g�#�¤����5��w�

time
	�5J�

temp
E

o 3"!®7y	���5�!0�g� !��#�¦�+��5-!.	��M����5����g	������r	��%!
���N�0��	X����5@6Q��3"! ] ]]]X̄ ¯¯¯ i iii c ccc

] ]]]�° °°° i iii �w���+�I5"!.	��u�A�.5����g	��X�z�
�����u!.	"��3t�§!.¬"!̀ �1�w�x��3"!¥����3"!��\�%	g�1�+����B�	����.5@6
!.	"��3t�+��5"!�H9�"!.��	��g	���!Z��
bE o 3�	�����	�5�,-!5"!�	��
± !��s�³²y3"!�5������.�"!���	��%!¥�w�������N�����̂ �D!¢���£6A5����.�
��$��g¬�	���$��%!.�t��5��.���N�����̂ ��!'�G���%!@�#�����.5��́ E
8µ�¶��3N��$��£�¥,"!·�%	�������
}�>�§!.	��|²y3�
Q²R!�����$�5J�
����6�5����"����	�5��¦�+��5-!.	��¦7y	��I5�!0�g�̂ !@�1�̧ ����5����g	��X�z�b/
	�5@�²y3�
«��3"!.�%!®²¹	����N�17R!��$�	J���;	X�¤�§�'�N!��"!.5�=
�N!�5g��!¥��5«���¡7�!¢	�5@�¥5N��5"!¥��5«�D!w7¹�-!.�g	���$��%!1E
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-�.$��+�
! � ���;	"�#�¶¬�	������.$��¢� !�	���$��%!.� �w�x��3"!·��5X��!.�@=
	g�1�¤���.5´E������g���¥8b��	�����$���	���! ��3"!�� 
@���

•

E
Cmd> ybar_ijdot <- tabs(y,temp,time,means:T); ybar_ijdot
(1,1)      18.538      19.675        20.2
(2,1)      21.275      22.575       23.45
(3,1)          23      26.475      26.488

� �1² 8��A�17y��$���!·�+��5-!.	��M����5����g	��������A�17�=
��	�����5@6

temp
�§!.¬-!Z���¢��5�!.	g��3}�A�Z�£$�7¹5rB �§!.¬-!Z�

�w�
time

H9	�5J���A�17y��	@����5J6
time

�§!.¬"!0���¢�£5
!.	g��3��%��² B ��!.¬-!Z�#�w�

temp
H

Cmd> lins_temp <- vector(sum(c_lin*ybar_ijdot));lins_temp
(1)      4.4625         6.8      6.2875

Cmd> lins_time <- vector(sum(c_lin*ybar_ijdot'));lins_time
(1)      1.6625       2.175      3.4875

� ����! ��3"!¢$��"!¥�w�x�z3-! ���;	�5����N���"!¥���"!��;	X���.�
'�+�Q�b²y	����%�1²y��	�5J���A�0��$b7¹5�� �N�

sum()²̧ ��$��µ�¥��$b7 	g�����s�����r	��s�1² �g	���3-!.� �z3�	�5r	
�A�Z��$b7y5́ E
o 3"!¢	�¬-!.�g	@6-!����0�y��3"!��"!¢	��%! ��3"!¢��	�7�!¢	��
��3"!®7¹	���5�!Z�g� !��#�¦�+��5"!�	��M�A�.5����;	������
�A��7y��$���!b�����%!.¬�����$�����
́ E

Cmd> vector(sum(lins_temp)/3, sum(lins_time)/3)
(1)        5.85      2.4417
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�"!.��	��;	��D!\�A��5��z�g	@���z�¢��� $����£5@6

contrast()² �̂ ��3�	«�z3���� �¥	��;6�$�7R!.5��-E
Cmd> contrast(temp,c_lin,time)
component: estimate
(1)      4.4625         6.8      6.2875
component: ss
(1)      79.656      184.96      158.13
component: se
(1)     0.27089     0.27089     0.27089o 3"!

estimate
�A�17¹�-��5"!.5��̧ �A��5��z	���5@���z3"!

�"!.��	��;	���! �A��5X�z�g	�������̂ ���u!.	g��3t��!�¬"!Z�1�w�
time

E
Cmd> contrast(time,c_lin,temp)
component: estimate
(1)      1.6625       2.175      3.4875
component: ss
(1)      11.056      18.923      48.651
component: se
(1)     0.27089     0.27089     0.27089

� �1² �z3"!
estimate

�A�17y�-��5"!�5��̧ �A��5���	��£5����z3"!
�"!.��	��;	���! �A��5X�z�g	�������̂ ���u!.	g��3t��!�¬"!Z�1�w�

temp
E

o 3��I��	����N�'���%�.¬��µ� !.���X�z	�5J�A	�� � !.�g�s���g��	�5J�
���0E

6

Statistics 5303                                                        Lecture 21                                                  October 23, 2002 "!#��
����-!�!¢3-�1² ��3"!��"!��A��5X�z�g	��X����¬�	��;
 ��¬-!.�
�§!�¬"!Z��� �w�x��3"!¥����3"!.� �%	g�1���.� E

Cmd> actualtemp <- run(2200,2500,150)

Cmd> actualtime <- run(4,12,4)

Cmd> plot(actualtime,lins_temp,xlab:"Diffusion time",\
title:"Linear contrast in temp vs time")

Cmd> plot(actualtemp,lins_time,xlab:"Temperature",\
title:"Linear contrast in time vs temp")
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o 3"!¢��	X�;��!.�g5 �w���+��5"!�	��M�A�.5����;	��������.5���3"!
�§!Z���¦������ª��t�+��ª"!¢	}��$��g¬"!b�r�N!��"!.5@�N!.5"��!¥��5
���¡7R!1/ ²y3��+�§!C�z3-!��	��g�D!��;5 ��5«�z3-!���£6�3X�¦���
�%	�������
��`�����-! �+���p��5"!.	��¹��5���!w7¹�-!.�g	���$��%!1/
² �^��3��.5���
r	�3���5X�v�w�)��$��;¬�	���$��%!1E
����5"��!	t�+��5"!�	��M�A�.5����;	����¦���r���s���-�.�-�����.5�	������
	t�§!.	��X�¶����$�	��%!.�r�������-!1/��^�¶	����-!.	��g�«�z3-!
�������"!¥��5

temp
7y	�
\�N!.�"!.5J����$�	J�A�g	��¤����	�����


��5
time

/�²y3����§! �z3"!�������"!���5
time

�N!.�"!.5J�A�
�+��5-!.	�����
 ��5���!�7y�-!.�g	���$��%!1E
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! � ���;	"�#����5@6 ��5.������7y	�������5r	�,-�.$��¶	¢�p��5"!.	��
���%!.5J�./��N�³²R! ��	�5r	�������
���3"!w7 ��� ��3"!
�"!���	��g	X�D!q�+��5"!�	��M�A�.5����;	����¶¬�	���$"!.�«�+� ! � ���;	"�#���5��^�.�¤7y	X�¤���.5�	�,-��$X����3-!Z�����+��5"!�	�� �N!��"!.5@�N!.5"��!
��5«��3"!r�G�z3��%!��%	g�#�+���¤E

Cmd> sum(c_lin*lins_temp)
(1)       1.825����$���	�5 � � �z3����¢��5 ��5"!¢����!.�r$�����5@6¥	�5

��5X�D!��;	"�#������5��A��5X�z�g	��������%!.	X�D!��t�%�s�17 ��3"!
�"!.��	��;	��D! �A��5��z�g	����z��$@����5@6

outer()
E

 
[ [[[�W WWW i iii ] ]

]]
c ccc h hhh V VVV   [ [[[�W W

WW
i iii ] ]
]]
c ccc

Cmd> outer(c_lin,c_lin) # same thing
(1,1)           1           0          -1
(2,1)           0           0           0
(3,1)          -1           0           1

Cmd> contrast("temp.time",outer(c_lin,c_lin))  
component: estimate
(1)       1.825
component: ss
(1)      6.6612
component: se
(1)     0.38309o 3��I�¢���«�z3-!·�+��5-!.	��},�
¢�+��5-!.	�����5X�D!��g	g�#������5

�A�.5����g	��������17y��$���!b��	�,N��¬"!�E 8£�|�I��3���6�3���

����6�5����"����	�5�� B%�|{«(XE§©G&���K��́ E~��©G��� � {}K0E ? < H�E
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��¬-!.�g	��+�M��5���!.�g	g�1�¤���.5 ��� ��� �%�

�
�����z� {«(JKwE�©O(JK0/��N�

��3"!��p!q����	t����� 7¸���%!q��5���!.�g	g�#�����.5��+�
�I! � �G�I	��I5 �jE
 
[ [[[�W WWW i iii ] ]

]]
c ccc [ [[[�W WWW

temp
h hhh V VVV � ���

m mmm ] ]]] k kkk c ccc
] ]]]ba aaa [ [[[ _ ___ [ [[[�W WWW

time
Cmd> outer(c_lin,c_quad) # linear by quadratic
(1,1)           1          -2           1
(2,1)           0           0           0
(3,1)          -1           2          -1

Cmd> contrast("temp.time",outer(c_lin,c_quad))
component: estimate
(1)        2.85
component: ss
(1)       5.415
component: se
(1)     0.66353�|{}&0E�©G���@�0E <�< ����� {}K0E~�����������£6�5����g����	�5��

� ���
m mmm ] ]]] k kkk c ccc

] ]]]�a aaa [ [[[ _ ___ [ [[[̂ W WWW
temp

h hhh V VVV U UUUs[ [[[�W WWW i iii ] ]
]]
c ccc [ [[[^W WWW

time
Cmd> contrast("temp.time",outer(c_quad,c_lin))
component: estimate
(1)         -0.8
component: ss
(1)      0.42667
component: se
(1)      0.66353�|{}�0E�© �@�0E <�< ����� {�(XE~&)(����5N���¶���£6A5����"����	�5��
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� ���
m mmm ] ]]] k kkk c ccc

] ]]].a aaa [ [[[ _ ___ h hhh V VVV � ���
m mmm ] ]]] k kkk c ccc

] ]]]�a aaa [ [[[ _ ___

Cmd> contrast("temp.time",outer(c_quad,c_quad))
component: estimate
(1)      -3.225
component: ss
(1)      2.3112
component: se
(1)      1.1493�|{�="�0E�&�&����#(XE(JK � � {r=g&0E§©O(X/w���£6A5����"����	�5��¶	��

��3"!�(�� �§!�¬"!Z�E
2���5"�̀ ��$�������5��
�-���u!.	g��3¢�§!�¬"!Z�1�w�

time
/̀ �z3"!�%!.���-��5��"!r��5

temp
���}��$��;¬"!b�./�,�$��}�z3"! ��$��;¬�	X�z$��%!¬�	����§!.�

�%�s�17 �§!.¬-!Z�O�+���§!�¬"!Z�¡E
�-���u!.	g��3¢�§!�¬"!Z�1�w�

temp
/̀ �z3"!�%!.���-��5��"!r��5

time
���}��$��;¬"!b�./�,�$��}�z3"! ��$��;¬�	X�z$��%!¬�	����§!.�

�%�s�17 �§!.¬-!Z�O�+���§!�¬"!Z�¡E
o 3"!K���5���!��;	"�#������5��A��5X�z�g	��X��� ��� 	J���¥$����+�
��3"!¥��¬"!��;	��+�>K¢� !�6��%!�!¥�w�}�%�%!�!b�¤�17 ���b�����z�

�
��� �%�

< E <�< (J&��}�0E~K)(����}�0E~K�& <�< ?C�}&0E~�)(�(J&�{
(JK0E§©O(JK0E
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��3"!��"! ����5����g	��������
�G$����-���-!
N��$�3�	�¬-!	��N²¸���p	"�#�+���¦7¸�´�N!`�
²y3"!��p!C��3"! �N²¸�®�%	"�#�+���g��	��p!'�N!0�"��5-!b�¥,�

¬�	���$"!�� �	� � /O�9{«(X/£E�E£E�/�	r	�5@� ��
 � /��{«(�/�E£E�E£/:,��0�
��$�	�5����^��	�����¬-!¬�	��@�I	�,��§!�� ��� 	�5@� ��
 �-� ��3�	���� ���
{r�%B ��� � / ��
 � H¶���.���N�17R!��%$�5"�#������5¢�sB �	� / ��
 H�E
�G$����-���-!������u!�	g��3¢�"� � !b��¬�	��I$"! ��
 /`��3"!
�N!��"!.5@�N!.5"��!¥�w�}�sB �	� / ��
 H ��5 �	� ���r��$�	J�A�g	�������E

�sB �	� / ��
 H¶{����^B ��
 H ������B ��
 H �	� �����^B ��
 H ��� � /
²y3"!��p!����£B ��
 H9	��p!C�z3-! ���@!0�g�"���`�§!�5��������� ��3�	X�
�§!�¬"!Z�1�0� ��
 E
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������ ! #"$�%"&�('�) ���£B ��
 H ��5 ��
 ����	����-�'��$�	@�A�g	������

���^B ��
 H¶{+*��,�u�-*.�/� ��
 �-*.�,� ��
 �
����B ��
 H¶{+*0�1�u�-*��,� ��
 �-*��1� ��
 �
���^B ��
 H¶{+*��,�u�-*.�/� ��
 �-*.�,� ��
 �

o 3"!�5�sB �	� / ��
 H¶{ *��2�M�+*0�1� �	� �-*��3� ��

�+*��,� �	� � �+*0�,� �	� ��
 �+*��2� ��
 �
�+*��/� �	� � ��
 �-*��1� �	� ��
 � �-*��2� ��� � ��
 �

8:5«�z3-! ����5���! � �v�w�x��3����Q7¸�b�N!Z�/ ²y3"!�5�*0�2�R{
*0�4�u{-*��3��{+*��2�M{��0/�	��+�657� ��� {}�C	�5J�
•

��3"!�� �:�~�~� ,�
�4 �~�:�~� � ��� �}��!.�����98(�:�;*.�,�u{}�0E
•
FG�s��¬��µ� !b�<*��,�u{}�0/`��3"!�� �¨� � ,�
�4 �~�:�~� � ��� �
��!.�����=8(�3�>*0�1�u{}�

•
FG�s��¬��µ� !b�<*��,�u{}�0/q��3"!�� �:�:��� ,�
�4 �¨� � ����� �
��!.�����=8 � �>* �/� {}�

•
FG�s��¬��µ� !b�<* �1� {-* �/� {-* �,� {}�0/q��3"!¥���¨� �`,�

4��¨� �����.���}��!.�X�z�=8 � �>* �2� {��
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° °°°
c cccji iii i iii T TTT
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o $�ª-!.
'²¹	��¢������ª��I5@6¢����� ��3"!¢���¡7y���§!.���¶�N���N�
�w� 7¸�´� !Z��,-!.
-�.5J��	�5r	J���#�^�¤��¬-! 7¸�b�N!Z�E 8A!
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�
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7R!.	�5�����3�	��}�z3-! 7R!�	�5	��0���´�w���
J� �>���.� �§!�¬"!Z�I�¢�
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������7y	�������5«������E �N���u! � 	b7y���§!�/�²y3"!�5	�
@����{
����6 �1� 
J����/w
@����{�6�B��
J����H {«(J������ � 	�5J�t²y3"!.5��
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 �¶,-!�! � 	g�#�-/���5Q7y	�5�
}��	��-!.�
��3"!®7R!.	�5��Q² �+�+��,-!���¡7��p��	�����
��%!Z�I	���!b��E
o 3�	X�¦���<�0����{���B+
J����H¶{}6�B���0���§H
8A!.�%!q����	�� ,�
�� 	J���#�^����¬"!C�z	�,��§!¥�w���� ���

Cmd> muij_tilde
(1,1)        1.58        2.08        1.98
(2,1)        1.33        1.83        1.73
(3,1)        1.23        1.73        1.63

Cmd> colplot(muij_tilde,title:"Column plot of muij_tilde")

Cmd> rowplot(muij_tilde,title:"Row plot of muij_tilde")

8:5«�z3������"��	���! ��3"!·�p	"�#�+���g��	"�#�¶	J���G�^����¬"!`��
´/
² �^��3�5N����5���!.�g	"�#������5´E
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��5X�D!��;	"�#������5r���������´E

Cmd> muij <- 10^muij_tilde  # muji <- g(muij_tilde)

Cmd> colplot(muij,title:"Column plot of muij")

Cmd> rowplot(muij,title:"Row plot of muij")

o 3"!q�+��5"!���	��p!¢5-�·����5�6-!.�}��	��g	��+�§!Z�¡E o 3-!
7¸�´� !Z�v���r5-�·����5@6N!.�}	J���G�^����¬"!�E
Py3"!�5<�0����{}6AB��� ��50�w��� ��H�/w	�5@� ��3"!
B��5Z�w�������H ����q	��%!¢5-���}�+���,��£6�/�	������s� � �¡7y	���!Z��
´/

�0��� �{}6�B���w����H¶{�6AB��� ���5Z�w��� ��H
�{}6�B���`H¶�¹��B��5Z�w�������H¶�}��B��5Z�w�������H �

²y3"!��p!��q{�6 
~B���`Hv	�5@�r� {�6 �+B���>H �@&³B¡� !.����¬�	�=
����¬"!����w�M6�B���`H+H
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��q
 ������ �� E

17

Statistics 5303                                                        Lecture 21                                                  October 23, 2002o 3"!®7¸�´�N!`�

 ��� { � � 5 � �9� � ���;5 � � � ��� ���
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T TTT
� ���
W WWW ] ]]]�aaaa
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8��1² ��	�5r
-��$¢�g������3-! (�=;�¤�w�%5�	'7R�b�N!Z�2�
����$���	�5 � �·�^�¦��5��N²¸�'����	�6-!.���
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 ��� { � � 5 � ��� � �	� ± ��� ��� ���
o 3"! �.=x��� �¤="����	������X�¤���q����� ± ���r	���!.�X�v�w�
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8A!.�%!q����	�5�! � 	b7y���§!·�%�%��7 �G5"!b� !@�A�.�}	�5J�
2��J��3��g	�5 o 	�,��§!�(J�0E � E¡(XE o 3"!�%!.���-�.5��"!q���
��3"!¢5�$b7y,-!.�¹�w����5��-!@�#������	�$�6�3��¦��5r	����g	��
��¬-!.�}5��£6A3��-E o 3"!.�%!®²�!��p!� 5��£6A3�����	�5J�
��3��%!�!C�z�g	����´E

Cmd> sned15_9 <- vector(19.1,23.4,29.5,23.4,16.6,\ 
50.1,166.1,223.9,58.9,64.6, 123,407.4,398.1,229.1,251.2)

Cmd> print(matrix(sned15_9,5, \
labels:structure("Trap ","Night ")),format:"11.1f")

MATRIX:
           Night 1     Night 2     Night 3
Trap 1        19.1        50.1       123.0
Trap 2        23.4       166.1       407.4
Trap 3        29.5       223.9       398.1
Trap 4        23.4        58.9       229.1
Trap 5        16.6        64.6       251.2

Cmd> period <- factor(rep(run(5),3))

Cmd> trap <- factor(rep(run(3),rep(5,3)))

Cmd> anova("sned15_9=period + trap", fstat:T)
Model used is sned15_9=period + trap
              DF          SS          MS           F     P-value
CONSTANT       1  2.8965e+05  2.8965e+05    75.70780  2.3739e-05
period         4       52066       13016     3.40223     0.06611
trap           2  1.7333e+05       86667    22.65276  0.00050731
ERROR1         8       30607      3825.9

Cmd> fitted <- sned15_9 - RESIDUALS  # muij_hat

fitted
�A��5��z	���5�����3"!'	@���G�̂ �¤��¬"!��g�̂ ��,"!@��	�$��"!

RESIDUALS
{

sned15_9 - fitted
E
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Cmd> resvsyhat(title:"Residuals from sned15_9=period+trap vs
yhat")
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o 3"!��p!¢�"!�!�7y���+�,"!�N�17R!�N���N�v�w�u��$�	J�A�g	������
�N!��"!.5@�N!�5g��!¥�w�u�%!.���µ��$�	�������5¢�"�^�g�D!��¥¬�	���$"!��´E

Cmd> grandmean <- describe(sned15_9,mean:T)

Cmd> z <-  (fitted - grandmean)^2/2

Cmd> anova("sned15_9=period + trap + z", fstat:T)
Model used is sned15_9=period + trap + z
WARNING: summaries are sequential
              DF          SS          MS           F     P-value
CONSTANT       1  2.8965e+05  2.8965e+05   322.45184  4.1032e-07
period         4       52066       13016    14.49064   0.0016932
trap           2  1.7333e+05       86667    96.48180  8.0263e-06
z              1       24319       24319    27.07330   0.0012486
ERROR1         7      6287.9      898.27
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