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!3�q�t!D�5�-ms!*���u;�:�	���	v��	��Q������$���	��P��	��"!0�w�
�q	�:Dms�5+x!p�?�t!D�5�y�z	"�#�8������	��BmQ!*���u;�:��ZI
9K$��{�t�{���v	����Q�&	v��	��Q������$���	��P��	��"!v�3�|	��Q�wA
��	��8�}!Zmn:"!*�(�r!Zm�ms!*���u;E:(~
��� 	Z+-���}!j��:���7.!��	�+-���}!v! � 	�+

Cmd> data <- read("","stomata")
stomata         70     2
) Data on the number of stomata in 5 rows randomly selected
) on each of 14 randomly selected evergreen needles
) Col. 1: Needle number (1 - 14)
) Col. 2: stomata per cm.
) Source of the data is unknown
Read from file "TP1:Stat5303:Data:stomata.dat"

Cmd> makecols(data,needle,stomata)

Cmd> needle <- factor(needle)�E!*�%!]:"!�!�mK�}!*�&�U!*�%!��"���q�����q	�:Dms�5+���

�"!��}!D�5�H!�m�I��*7"!*:Z2����t�����u��!*	q��7�:.!�!Zm#�}!52��
���5�-�T�U!��z!]�q	�:1m��5+���
��.!p�}!��#�r!Zm�I�<��Q�k�v	��Q���Q�
�w�����%!�!3AE�8��l"!]�����q$q�#��$��%!

Experiment

Needle 1 Needle 2 Needle 3 . . . . . Needle 13 Needle 14

Rows 1-5 Rows 1-5 Rows 1-5 Rows 1-5 Rows 1-5
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Cmd> row <- factor(rep(run(5),14))

Cmd> hconcat(needle,row)[run(10),] # first 10 cases
 (1,1)           1           1
 (2,1)           1           2
 (3,1)           1           3
 (4,1)           1           4
 (5,1)           1           5
 (6,1)           2           1
 (7,1)           2           2
 (8,1)           2           3
 (9,1)           2           4
(10,1)           2           5

Nothing in common 
between different in-
stances of row 2, say, 
or any other row 
number

�*7"!�+��imQ!����U!7�	�)"!]7�	�)"!���%!*)��k�*$�����
v$��.!Zm
��������7����v7�	��v,"!�!�:

1����� �x¡�¢p�w¡o£D�¤�¥2

¦�:�!�§�$���)�	��}!*:(��+��imQ!�������$���mn,"!

 ��� � �x¡�¢ � ¡�¨ �ª©���« ¡n¬£ ���

�-7"!��z!�¨ �ª©���« ���n��7"!]�?	�:1ms��+x!3�q�t!D�#��w�|���5� ®
���t��7���:v:"!�!�mK�}!j��	�:Dm]¨K�ª©���«w¡n¬£������o£D���¯I
�*7"!]:.�K��	(���°��:]®%F±�ML����]��:(�H!�:1mQ!�m²�8�³����:�).!*

��7�	(�y®P7�	���	�mK�r�q�t!*�%!*:(�´+U!�	�:���:�;]�����|!�	q��7µ�¶2
��7�	(�y���]�����|!*	"��7�:.!�!�mK�}!5I
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Cmd> anova("stomata=needle+row.needle")
Model used is stomata=needle+row.needle
                DF          SS          MS
CONSTANT         1  1.1762e+06  1.1762e+06
needle          13      2111.1       162.4
row.needle      56      2667.2      47.629
ERROR1           0           0   undefined����:"��!º��7"!��%!�������:���
G/²+U!*	���$��%!�+U!*:(���"!*�

���5��2���7.!*�%!	��z!]:.��!*�q�%�*�»m�Ih��I
row.needle

ms�1!*��:"���¼���u;�:��r�z
�	�:]�u:��H!*�1A
	q�5���k��:�7.!*�z!],�$���	�:"!*������:D;��3�

row
���t��7���:

needle
I

½ ½½½ I5���5�¾��	�:�
.��$n�H!p�8�¿�z���5+À��7�	��
row.needlems��!*��:��¥�{��:DmK����	(�H!j��:��r!*�q	"�#���k��:DÁ

Â ÂÂÂ IwÃ��%��+À��7"!	�,��"!*:"��!v�w�|	]�8��:"!��t���
row

I
�*7"!TmQ!�;��z!�!*�́ �w���%�z!�!Zms�5+ �t���

needle
���

��ÃsÄ��́ 	A�/&�n/1NÅA�/&�n/1�3I
�*7q!TmQ!�;��%!D!*�́ �w�»�%�z!�!ZmQ�5+ �t���

row.needleF
row

:q!*���H!imº�u:
needle

L��u�
�KÃ�Æ © Ä « �́ 	�Fr,�A�/�L���/1NKFr�BA�/�L���� @ I
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��7"!]��	��Q������$���	��o���5� �����t��7���:v:"!�!ZmK�}!j®�I
S-7"!�:�
.�*$�7�	�)"!]	�:´! � �.!*���¹+U!*:��o��7�	(�¿�E��:�A
���M�����´�w�|�q	�:Dms�5+���
v�"!��}!D�#����:�;
•
	´!*:����t���}!*���w����
��"!n¦ Fr:"!�!�mK�}!�����	�
�L

•
,´!*:����t���}!*���w����
��"!9GFr���5�-�i2w��	�
�L����t��7���:
!*	"��7n��
��"!0¦j!*:(������


•
�0!*:����t���}!*���w����
��"!²6�Fr�q	�:1m��5+·���M	q��!��]��:
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 ��� ��� ��:´!*	"��7��
��"!²6T!*:(���t��


��7"!]:"!*�(�H!�m+��ims!p�����*$���mn,"!
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.�*$
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•
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¦¼�8��+-	��r!*����	�� �r�,"!]	�:�	���
s¸1!Zm´��	Z+U!��z���5+·	
���M:D;��}!��U!p�8��+�� � !Zm���	�:ZI
•
4�Nº��	�+-���}!*�]�%�%��+ ��7.!���	�:T�U!��z!]��	"��l*A
	D;Q!Zmº�t�*���.!*:DmK��:D;²�8����	�,��iI

•
Nº��	�+-���}!*�&�U!*�%!�.!*:��o�8��!�	q��7��w�|	]� @
��	�,��vFh¦¿L��-7��}��7o��	�:v,"!�����:�����mQ!��z!�m0	
�q	�:1m��5+·��	�+-���}!0�w����	�,��iI

•
¦�¿!�	q��7]��	�,Z2Z!�	q��7��w�|,]�o4º	�:�	���
������vFH9#L
��:���7"!�(��	��q���U!��z!;���).!*:o�j� �Q���
��	�+-���}!*�0F�6wL|�8�&	�:�	��M
s¸�!�I

•
� 	"��7v	�:�	���
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Cmd> data <- read("","data")
data            48     4
) Col. 1: Lab (1-6)
) Col. 2: Analyst (2 per lab)
) Col. 3: Sample (2 per experimenter)
) Col. 4: Percent fat as measured by experimenter
Read from file "TP1:Stat5303:Displays:edp.046.dat"

Cmd> makecols(data,lab,analyst,sample,y)

Cmd> lab <- factor(lab); exper <- factor(exper)

Cmd> sample <- factor(sample)
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Cmd> anova("y = lab+ analyst.lab+sample.analyst.lab",\
fstat:T)
Model used is y = lab+ analyst.lab+sample.analyst.lab
              DF          SS          MS           F     P-value
CONSTANT       1      7.2075      7.2075  1001.62131  4.3928e-21
lab            5     0.44302    0.088605    12.31338  5.4864e-06
lab.analyst    6     0.24748    0.041246     5.73191  0.00081653
lab.analyst.
 sample       12      0.1599    0.013325     1.85177    0.096155
ERROR1        24      0.1727   0.0071958� 	"��7���� ���o���5+-��$(�H!�mµ�%���5+ ��7"! +U!�	�:��v	��

��7�	(�y�}!�)"!p�¹I
��� 	Z+-���}!5~

��� Æ © Ä «���:q�7(8 9�� 92:47;8 9u� 92<uF20 
1���
••

A=0 
1�
•••

L��
:q�j��:�$Z+-,"!�� �w�|)�	��M$"!*�v	�)"!��?	�;.!�m²�8�³���5+́ A
��$��H!/0 
 ���

••

IV VVV>>>> a aaa W WWW�????(ffff d ddd ^ ^^Â@ @@@ d dddABBBB W WWW(d dddACCCC
Cmd> y_ij_dotdot <- tabs(y,lab,analyst,mean:T); y_ij_dotdot
(1,1)      0.4375      0.7225 = Means for 12 analysts
(2,1)       0.365       0.315
(3,1)        0.37       0.445
(4,1)       0.375      0.3775
(5,1)        0.36      0.3475
(6,1)        0.36       0.175

Cmd> y_i_dot <- tabs(y,lab,mean:T); y_i_dot
(1)        0.58        0.34      0.4075     0.37625     0.35375
(6)      0.2675 = Means for 6 labs

Cmd> a <- 6; b <- 2; c <- 2; n <- 2

Cmd> c*n*sum(vector((y_ij_dotdot- y_i_dot)^2))
(1)     0.24748 = SS_lab.analyst
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 �
9#Fh¦�L 	EFr,*A�/�L � � ¡":&��� � ¡.:q���� �
6wFh¦ 9#L 	�,�Fu��A�/�L � � ¡":&��� �
� �q����� 	�,"��Fr:*A(/�L � �

<>:���7����o��	��"!
Cmd> vector(a-1,a*(b-1),a*b*(c-1),a*b*c*(n-1))
(1)           5           6          12          24�(��$��z��! �KÃ � O��

¦ � ���%¡q4������%¡qN������z¡��.�.
��
9#Fh¦�L @ ���%¡q4������%¡qN������
6wFh¦ 9#L /14 ���%¡q4������
� �q�%�*� 4�N ���

Ã�����+À��7�����!������¹+-	��r!*�´�3����7.! ���8�k�v	��%!
�� 
 �P��FHOB� Ä AoO�� Æ © Ä « L 3 :�,"��2
�� � �P��FHOB� Æ © Ä «wA�OB���t© ÄHÆ « L 3 :q�w2Z!#�¹�wI
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ems()
��	�:o�E�5+ ��$��r!º��7"!*�"!�������+-$���	��(~

Cmd> ems("y = lab+analyst.lab+sample.analyst.lab",\
vector("lab","analyst","sample"))

EMS(CONSTANT) = V(ERROR1) + 2V(lab.exper.sample) + 4V(lab.exper)
+ 8V(lab) + 48Q(CONSTANT)
EMS(lab) = V(ERROR1) + 2V(lab.exper.sample) + 4V(lab.exper) +
8V(lab)
EMS(lab.exper) = V(ERROR1) + 2V(lab.exper.sample) +
4V(lab.exper)
EMS(lab.exper.sample) = V(ERROR1) + 2V(lab.exper.sample)
EMS(ERROR1) = V(ERROR1)¦���,"!p�t�*�z!�2

V
�(��	�:1mE�]�t�*�́ ��7"!])�	�����	�:"��!v�3�P	

�q	�:1m��5+x!3�q�t!D�#��	�:1m
Q
����	�:DmE������o	��E��:������rA

,�$(���k��:�%���5+ �*:"!v�*�{+U�*�%!��"� � !�m0��	��?	�A
+U!K�r!*�q�iI��3:���
n� �M��"� � !�m07"!��z!]	�:Dm
Q(CONSTANT)

���A�¹I
Cmd> sigmasqA_hat <- (MS[2] - MS[3])/(n*b*c); sigmasqA_hat
(1)   0.0059199

Cmd> sigmasqB_hat <- (MS[3] - MS[4])/(n*b); sigmasqB_hat
(1)   0.0069802

Cmd> sigmasqC_hat <- (MS[4] - MS[5])/n; sigmasqC_hat
(1)   0.0030646

Cmd> sigmasq_hat <- MS[5]; sigmasq_hat
      ERROR1
   0.0071958

Cmd> vcomp <- varcomp("y=exper + lab + lab.exper +
lab.exper.sample",vector("lab","sample"))

Cmd> vcomp
                    Estimate          SE          DF
lab                  0.00941   0.0070378      3.5755
exper.lab          0.0088221   0.0078058      2.5547
exper.lab.sample   0.0030646   0.0029115      2.2158
ERROR1             0.0071958   0.0020773          24
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Cmd> df <- vcomp[1,3]; df
             DF
lab      3.5755

Cmd> estimate <- vcomp[1,1]; estimate
       Estimate
lab     0.00941

Cmd> eps <- .025; chisqpts <- invchi(vector(1-eps/2,eps/2),df)

Cmd> vector(df*estimate/chisqpts) # 95% confidence interval
(1)   0.0028102     0.14089
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4º
.!*	��q�]�M:n��7"!j��	�,�L	�:1mT��7"!v�K��7"!*�����
! � �"!*���}!�:q��!�mnF &4º
.!*	��q��L I
��� �"!*���}!�:q��!j����	]�%	q�#�8������7�	(�{���o���%�*���"!�m
���t��7]��	�,�	�:1m0��	Z+-���}!j����:.!*�(�H!�m���t��7���:
�E��+-,���:�	(���°��:����w����	�,v	�:Dm�! � �"!��D�}!�:q��!�I

Cmd> exper <- analyst # experience factor

Cmd> anova("y=exper + lab + lab.exper + lab.exper.sample", \
fstat:T)

Model used is y=exper + lab + lab.exper + lab.exper.sample
              DF          SS          MS           F     P-value
CONSTANT       1      7.2075      7.2075  1001.62131  4.3928e-21
exper          1   0.0044083   0.0044083     0.61262     0.44146
lab            5     0.44303    0.088605    12.31338  5.4864e-06
exper.lab      5     0.24307    0.048613     6.75576  0.00046361
exper.lab.
 sample       12      0.1599    0.013325     1.85177    0.096155
ERROR1        24      0.1727   0.0071958�*7"!�+��imQ!��

y=exper+lab+lab.exper+lab.exper.sample���"!D���r�q�}!*�n��7�	��
exper

	�:1m
lab

	��z!����%�����"!Zm
	�:1mv:.���¼:"!*���H!Zm0�"�µ��7�	��

lab.exper
����	

�q	�:Dms�5+ ��:(�H!��?	"�#���k��:��H!���+�I
sample

�u��:q!*�E�H!Zm&�́ �h��7��u:
lab.exper

I
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Cmd> ems("y=exper + lab + lab.exper + lab.exper.sample",\

vector("lab","sample")) # exper not a random factor
EMS(CONSTANT) = V(ERROR1) + 2V(exper.lab.sample) + 8V(lab) +
48Q(CONSTANT)
EMS(exper) = V(ERROR1) + 2V(exper.lab.sample) + 4V(exper.lab) +
24Q(exper)
EMS(lab) = V(ERROR1) + 2V(exper.lab.sample) + 8V(lab)
EMS(exper.lab) = V(ERROR1) + 2V(exper.lab.sample) +
4V(exper.lab)
EMS(exper.lab.sample) = V(ERROR1) + 2V(exper.lab.sample)
EMS(ERROR1) = V(ERROR1)'(���H!º��7�	��"2�,"!���	�$��"!
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Cmd> varcomp("y=exper + lab + lab.exper + lab.exper.sample",\
vector("lab","sample"))
                    Estimate          SE          DF
lab                  0.00941   0.0070378      3.5755
exper.lab          0.0088221   0.0078058      2.5547
exper.lab.sample   0.0030646   0.0029115      2.2158
ERROR1             0.0071958   0.0020773          24�*7"!*�z!�����:.���8��:"!��t���
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