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\ \\\�] ]]]A^ ^^^

[ [[[�_ ___
` ```�] ]]]
[ [[[
a aaa!b bbb a aaa7c cccedddd

[ [[[gf fff
] ]]]ih hhh ^ ^^^�j jjj h hhh%k kkkml lll j jjj n nnn ^ ^^^ l lll

f fff
h hhh \ \\\

n=23, Min=19, Q1=27.5, M=38, Q3=52.5, Max=69, ybar=40.3, s=15.7
    1     1|9
    8     2|0266789
  ( 4)    3|1148
   11     4|1247
    7     5|235
    4     6|0579o �p	�q;#.�*rs#.�t#u�v�Jrs#.�w��4�	�8x>y4�	�qz4;���$#�q=K

>{�|r}	�����	��$���N
~q�&$#H�,���g��-$#y��8�:w���,��:;4����N
��,���
�v��8�:51U-�&��|<�	���8���
~q�&$#H�,�*�;��<X#����'&�q;#.8��'�
4�	����98�:|	�����	��t#.8��|:;	�������8��'4$#y����&�8�q;#.�p����	�8.D
q���8=:�K
����&Yq���qz-$#.������8����(��-���#J< QHGI	��$#.�p	�:S#
� K�/O��/5 !M�	�8�q*r����p������8��HGI	��$#.�p	�:S#�F�K�Q���)! !M�K
+ 8����(��-���#J<���/�	�8�qz)��'4$#�	��$#.�p	�:S#.�*rs#.�(#
/O yK��!��)���	�8�qx/5QUKv����)��yK
� 4$#.�$#�	��$#.�p	�:S#.����8B�y��&�q;#� �����g���w��4$���$#�r}4;�
q��9q�8;����q��*�;��<X#z����	��,�U�U�	����(��-���#J<�K
���g�'4;��&�:;4�>U�(#.����#2rX#=q*<��������U��'4$#�#.��	=< ��8
�E��	�����>y	=< 8;���e��8B�E��&�q���8�:��'4�	���4B#.�(#JK
��#�#H�'4$#��;�����I#�qz�;�U��&����v��8����,���'4$#�#.��	=<
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f fff
j jjj ` ```%¡ ¡¡¡ ] ]]]

[ [[[
¢ ¢¢¢%¡ ¡¡¡£h hhhW¤¤¤¤ a aaa j jjj ¢ ¢¢¢ l lll ^ ^^^

[ [[[
\ \\\ a aaa!b bbb \ \\\c ccc a aaa ^ ^^^ c ccc l lll ¤ ¤¤¤ ] ]]] a aaa ^ ^^^

[ [[[
l lll ¡ ¡¡¡

f fff
l lll ] ]]] l lll

Vw�g�'4�¥	B�%�¥���5��	��J#.���$#.���¦<�#.8����z
$��&Y4�	��$#
�5����4$#.���E��	����$#.�w�U§���=8����p	����'���¥������8����9q;#.��K
RJ	���8¨#yA©#��%�?����8��'�A	����'��	��t#Y����8��'�A	������
	=<���8�:��'4$#x<�	���8w#UA©#��%�?����#yAp���E��#�8����zªI«E¬v�����1
ª'®!¬������1UªS¯%¬�����¦1°K9K�K
± ���e<�	���8w#yp©#��%���=1E�'4$#�	�8�	���
������|�U0����8.D
�'�A	�������	�8�qw#yA©#��%�'������	��¦<?�������'4$#���	=<X#�	��
��8���4$#��.��8�:���#u¥	B�%�,���²��	��B#JK
� j jjj³llll

[ [[[
b bbb h hhh c ccc c ccc h hhhm¤ ¤¤¤ ] ]]] ¤ ¤¤¤ a aaa!b bbb ] ]]]A^ ^^^ l lll \ \\\�] ]]] g���´1E��	�
P1st	B�%�¥���

� �9�Wµ²¬�r�¬¶«E¬�1·r}4$#.�t#�ªSr�¸�19K�K�K�1�r�¹¦·	��(#xrX#y��:;4����
rº�©�S4»µ�r�¬J¼º 

.
�=��&~&��B#

contrast()
�,�~#������¦<�	���#*	�8�q���#.���

µ²¬�r²¬¶«E¬�	���g���|�'4$#����98�:���#u¥	B�%�¥������	��$#JK
��85q�
B�=&º�.	�8~&��B#�1J��	�


pairwise(a,.05,

hsd:T) 
�,�W	�������
~	½<�&.�g���9����#~���%<���	��5���$��8

<X#!�'4;�=q»�,�~����<���	��(#�t	B�%�,���~��#.�$#y���w�U
¥	B�%�,���̈ �¾K
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���8��I#.�A	B�!�´�v��8º����8����p	����$1U
$��&
8$#�#�q�	W<�	����5���zGI)�q���<X#.8����v��8�	��T	��p�A	�
�M�ªSr�¬À¿�
�'4�	�����&=<����¥�W H	B���(�������(�Jr}��	�8�q�q��Jr}8
���U�9&=<Á8���G�µ²¬�r�¬Â¿°¼w U1°µ²¿{r�¬À¿7¼w !M�K � 4B#���	���&$#
�U�	�8z�XÃ$6Ä��8��I#.�A	A�%�´�v��8=12��	�
*���Wµ ¬ µ ¿ r ¬Â¿ «X® ¬Â¿ K
± ����	�8zÅ�D�r}	�
��98��,#.�p	B�%���v��8¨����8��'�p	����;1U
$��&
8$#�#�q�	zÅ~q���<X#.8����v��8�	.�T	��p�A	�
�ª�r²¬Â¿�Æ Æ ÆÈÇ¥§��4�	��
��&=<����,�* ur}4$#.8z
$��&���&=< 	�����8�:�#.	B��4
��&�-��B�.�������

G�µ²¬�r�¬À¿�Æ Æ ÆÈÇ�¼~µ²¿{r�¬Â¿�Æ Æ ÆÉÇ�¼~K�K�KT¼~µ�ÇIr�¬Â¿�Æ Æ ÆÈÇ�¼¨ %M�K
� 4$#���	���&$#����Wµ²¬�µ²¿ÊK9K�K�µ�ÇIr�¬Â¿�Æ Æ ÆÉÇN«X®�K�K9K�Ë5¬Â¿�Æ Æ ÆÈÇ�r}4$#.�t#
ª,«X®�K�K�K�Ë ¬À¿�Æ Æ ÆÈÇ T	��t#H��4$#�Å�D�r}	�
���8��I#.�A	B�%���v��8
#yp©#��%���=K
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[ [[[
l lll ¡ ¡¡¡ ¤ ¤¤¤ a aaa!b bbb ] ]]]B^ ^^^ l lll \ \\\�] ]]] \ \\\�����

[ [[[
] ]]]�����Y¤¤¤¤�l lll ^ ^^^

_ ___
a aaa!b bbb � ���

[ [[[
^ ^^^ h hhhf fff

l lll ] ]]] l lll
Cmd> data <- read("")
carbonwire      72     4
) These are the carbon wire data from Anderson and Bancroft
) Col. 1: degassing treatment (2 levels)
) Col. 2: temperature treatment (2 levels, 2200F, 2350F, 2500F)
) Col. 3: Diffusion time treatment (3 levels, 4h, 8h and 12h)
) Col. 4: Response
) There were four replications per factor level combination.
) The response is the average resistivity of carbon wire in 
) micro-ohms per cubic centimeter.
Read from file "TP1:Stat5303:Data:carbonwire.dat"

Cmd> makecols(data,degas,temp,time,y)

Cmd> degas <- factor(degas);time <- factor(time)

Cmd> temp <- factor(temp)

Cmd> anova("y=temp*time*degas",pvals:T)
Model used is y=temp*time*degas
                  DF          SS          MS     P-value
CONSTANT           1       36154       36154           0
temp               2      410.69      205.35           0
time               2      80.541       40.27           0
temp.time          4      14.814      3.7035  2.5659e-07
degas              1     0.46722     0.46722     0.21249
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� 4B#�����4$�=�$����&��	�

"y=temp*time*degas"��#.����	�8�q��
�}�,�H�'4$# �,#.��<�����8»��4$#z���pq;#.�Y��8»�'4$#
�'	�-���#J1°<w������8�:~<Á	��98w#yA©#��%�'��	�8�q���8��,#.�OD
	B�%���v��8��=K�L��i��-�	�-��N
Y-$#!�p�,#.�~������4$#���4;���;����&��
"y=(temp+time+degas)^3"

K � 4��9�~
���#U�{q����'4A#
��	=<X#H�I#.��<Á�Wrw�©��4;��&�����&B��4½<|���.��8�:�K
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� &�	�8����g�'	������$#�	�8�q|# � &�	��I�N
Y����	B��#�q�12�;���g�����
8�	��'&��p	��¾�,�Y#.��	=<w��8$#H�'4$#u�,��8$#�	��º	�8�q
� &�	�q��p	������z#yp©#��%���=K
����&¨��	�8Y&��$#H�'4$#Y����8��'�A	����'����8Y�yK C -B#���	�&��$#
•

� 4$#u��#.�$#y����GIQ!4=1 � 4=1X/5)�4�M0�U�����<X#�	��(#
# � &�	��I�N
Y����	B��#�qz	���	��(#���4$#u��#.�$#y���
GI)�)! � ± 12)��!�� ± 12)��! � ± MT�UÁ�I#J<��$#.�p	���&��t#

•
� 4$#*q;#.����:;8�����-�	���	�8B��#�q��;���'4�	���	��I�¾�'4$#
<X#.	�8����98�	W<�	��O:��98�	��¾�'	�-���#�	��t#Y��	�����&.D
��	��I#�q�¥�(��< ��4$#���	=<�#*8�&=<Á-B#.���U0��	��$#.�=K

���=&Y8$#�#�q��,�W�p&�8
anova()

-$#Ug���t#�
B��&º�.	�8
&5�B#

contrast()
K

� 	�-���#��UK C :����$#.�*DP/m12 U1�/�	�8�qx/�1TD$)y1X/�	��
�'4$#u�,��8$#�	��º	�8�q � &�	�q��p	��́ ���Y����8����p	����'�*r}4$#.8
�'4$#.�t#�	��t#H��4��t#�#u��#.�$#y���=K
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Cmd> contrast(temp,vector(-1,0,1)) #temp main effect linear
component: estimate
(1)        5.85
component: ss
(1)      410.67
component: se
(1)      0.1564� 4�����������4$#u�I��8$#.	��²#yA©#��%���U��,#J<��$#.�p	��'&��(#

	��$#.�p	�:S#�qz	B���(����� C ����<�-���8�	����v��8��|�U���#.�B#y���
�U��'4$#z���'4$#.�|�;rX��¥	B�%�¥�=�A�=K � 4$#H��D$����	������������
� ¼w�UK � �!�=K¦/O� C QÄ¼w�EF�K�QÄ���w#.���'�t#J<�#y��

����:$8��,A����	�8��;K � 4$#����H	B������&�8�����g����8$#.	��5�N

	��,�§��4$#��,#J<��$#.�p	��'&��(#x<�	���8̈ #yA©#��%����&=< �U
� � &�	��t#.����8���4$#��� +�� � �'	�-���#�GIQT/5 UK C�� MiK

Cmd> contrast(temp,vector(1,-2,1)) #temp main effect quadratic 
component: estimate
(1)      -0.075
component: ss
(1)      0.0225
component: se
(1)     0.27089� 4$#.�(#����w#.���$#.8�����	��,��
Y8;� � &�	�q��p	��́ ���z#ypg#��%��U��I#J<��$#.�A	��'&��t#JK � 4$#H��D$���'	��́ �9���́ ���

� ¼�D$ UKv EF����� yK�)EF� ��� ¼�D$ UKv)EF!FH���̈ ��#.�$�'	���8��N

8;��������:;8.�,A����	�8��;K
�����,#*�!��� ¬���� ������� ¹�� ¼wQ0/O yK C F �  UK� !)�)!� ¼
QT/5 UK C�� ¼w�!��� �"!$#©10��8���4$#��%� +�� � �'	�-���#JK
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time &

Cmd> contrast(time,vector(-1,0,1)) # linear in time
component: estimate
(1)      2.4417
component: ss
(1)      71.541 Most of SS_time = 80.541
component: se
(1)      0.1564

Cmd> contrast(time,vector(1,-2,1)) # quadratic in time
component: estimate
(1)        -1.5
component: ss
(1)           9
component: se
(1)     0.27089�s:;	���8Y�!� � ¬�� � ��� ��� ¹��¾¼�FU/�K��!QT/ � � K� ! ¼

�  yK��!QT/½¼w�!����¬'!(����8z�%� +�� � ��	�-.��#JK
6�����4���4$#u�I��8$#.	���	�8�q � &�	�q��p	������z#ypg#��%�'��	��t#����:;8.�,A���.	�8��³G�)yK�Q!QT/=F��� yK¦/5� C Q ¼½/O�yK C /O)y1
DP/�Kv���� UKv)EF� ��� ¼�D$�UKv����F��%Mi1U�;�*
$��&�4�	��$#
���'�i�=8�:�#.���9q;#.8B��#���4�	����'4$#�#ypg#��%���U
q��,p¥&����v��8�����<X#u����8;��8.�,��8$#.	���K
) ))) h hhh�j jjj

[ [[[
b bbb
f fff
h hhh ^ ^^^ & � 4$#.�$#�<�	���8 #ypg#��%������8��'�A	������

	��t#�	��$#.�p	�:���8�:����B#.�º	��I�¾�'4$#Y����<�-���8�	����v��8��
�U���#.�$#y�9�|�U���4$#z����4$#.�~¥	B�%�¥���p�=K � 4����
<�	�ÅB#.���$#.8��$#z��8��N
��,��'4$#���	���&$#��UÁ�'4$#
����8��'�p	�����q;��#.��8.�v��q;#.�$#.85q ��8��'4$#u��#.�$#y���w�U
���'4$#.�~t	A�%�¥���p�=K
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��I#J<��$#.�p	���&��t#u��8��I#.�p	B�%�´����8
#yp©#��%���=K

Cmd> interactplot(y,temp,time)

Cmd> interactplot(y,time,temp)

� 4$#.�$#�	��t#����v���'�|�U�<X#.	�8���g���}#�	B��4¨����<¨D
-.��8�	�������8w�2���#.�B#y�9�w�U

temp
	�8�q

time
K >{�

��4;��&���qz-$#u¥	����5�N
º�E��#.	���r}4�
Wrs#ug��&�8�q
����:$8��,A����	�8����I��8$#.	��e<�	���8w#ypg#��%�?����8��'�p	������=1
	�8�q*r�4�
z��4$#.�t#�r}	���	�8�	�����	��(#.8�� � &�	�q��p	������q;#.�$#.8�q$#.8B��#z��8�����<X#JK � 4$#��,��8$#.��	��t#�8;���
�$#.�A
Y��	��p	��,��#y�¦1U��&=:�:S#.���́ �98�:���8��I#.�A	B�%���v��8|�2
time

	�85q
temp

K
>{�������;��<X#2r}4�	��?�E��#.	��t#.��r}4$#.8�
$��&��v���.ÅY	��
�'4$#�#.������<�	��,#=q���8��I#.�A	B�%���v��8w#UA©#��%��� �«X®!¬À¿

Cmd> coefs("temp.time") # interaction effect
(1,1)      0.5375    -0.29583    -0.24167
(2,1)      0.3125    -0.35833    0.045833
(3,1)       -0.85     0.65417     0.19583
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Cmd> colplot(coefs("temp.time"),xlab:"Levels of Temp",\
title:"Plot of columns of matrix of interaction effects")

Cmd> rowplot(coefs("temp.time"),xlab:"Levels of Time",\
title:"Plot of rows of matrix of interaction effects")
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$��&Y8$#�#�qz	
�������	��
 �U���8��,#.�p	B�%���v��8¨����#ypp���E��#.8��'�=K + 8$#r}	�
��,�x:S#!���'4$#J< �����,����=�´< �'4$#����(�=q�&B�%�'�
�U�	��(�Jr ����8��'�A	�����	�8�qz	º���U��&=<�8¨����8��'�A	����;K
�=��& &��$#

outer()
r}4�����4W:�#.8B#.�p	.�,��O#����,�

�'4��t#�#�	�8�q�g��&��~t	B�%�,���~��8��I#.�A	B�%���v��8
����8��'�p	������=K
� ���
[ [[[
b bbb h hhh l lll ^ ^^^

_ ___
� ��� � ���

[ [[[
b bbb h hhh l lll ^ ^^^

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

Cmd> contrast("temp.time",outer(vector(-1,0,1),vector(-1,0,1)))
component: estimate
(1)       1.825
component: ss
(1)      6.6612
component: se
(1)     0.38309� 4����������'4$#u�I��8$#.	���-�
��,��8$#.	��~��8��I#.�p	B�%�́ ����8

����8��'�p	�����	�8�q��g�e����4���:;4���
Y����:;8��,p����	�8���Gt� ¼
/�K � )!��Q!�=K�� � �� � ¼wQyK�F C K
6�&�����4$#���� ¼ C K C!C /5)Ä���W<�&B��4���#.�����'4�	�8
�'4$#z���$#.����� ��¬'!(��Æ � �"!$#s¼½/OQyK � /5QU12�;����4B#.�(#u�9��	
�v��� <����(# ��8��,#.�p	$�%���v��8½�,� ��#.������	���8
��K
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� ���
[ [[[
b bbb h hhh l lll ^ ^^^

[ [[[
b bbb
temp

_ ___
� �������� ` ``` l lll

f fff
^ ^^^ l lll ] ]]]

[ [[[
¤ ¤¤¤
[ [[[
b bbb
time

Cmd> outer(vector(-1,0,1),vector(1,-2,1)) # linear by quadratic
(1,1)          -1           2          -1
(2,1)           0           0           0
(3,1)           1          -2           1

Cmd> contrast("temp.time",outer(vector(-1,0,1),vector(1,-2,1)))
component: estimate
(1)       -2.85
component: ss
(1)       5.415
component: se
(1)     0.66353� ¼�D$)UK � �!�� UK C!C �!���Ä¼�DBQyK��! Ä��������:$8��,A����	�8��

� ��� ` ``` l lll
f fff
^ ^^^ l lll ] ]]]

[ [[[
¤ ¤¤¤
[ [[[
b bbb
temp

_ ___
� ��� ¡ ¡¡¡

[ [[[
b bbb h hhh l lll ^ ^^^

[ [[[
b bbb
time

Cmd> contrast("temp.time",outer(vector(1,-2,1),vector(-1,0,1)))
component: estimate
(1)          0.8
component: ss
(1)      0.42667
component: se
(1)      0.66353� ¼w UK � �� yK C�C ���!� ¼½/mK�)T/*���Y8;��������:;8��,p����	�8��

� ��� ` ``` l lll
f fff
^ ^^^ l lll ] ]]]

[ [[[
¤ ¤¤¤
_ ___

� ��� � ��� ` ``` l lll
f fff
^ ^^^ l lll ] ]]]

[ [[[
¤ ¤¤¤

Cmd> contrast("temp.time",outer(vector(1,-2,1),vector(1,-2,1)))
component: estimate
(1)      -3.225
component: ss
(1)      2.3112
component: se
(1)      1.1493� ¼�D$�UKv)�)!����/mK¦/OQ � �Ä¼�DB)yK � /�12����:;8��,p����	�8���	��

�'4$# /�� ��#.�$#y��K

12


