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) Journal of the Institute of B
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 95}, 437--442.
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) C
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M
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m
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	�.��r$��5&��(���l/.&$��9/��5&$
=y�Jl�$6�	��n$.�	��$ld��9k5&�Jj=s(e�'5�!�	���
 �����
�n$l�(e��$l/	J9<l�!�
	��������:9e�'�n$�	��$ljw5&$�9/��5&$
��	��7�
	�.��r$���d	�l�l�$l��-���5&$=y�l�$6��	�I�-$��}�m5Y$
�o��5&$��}�n$���=>��:9/�m5Y$=U�l�$6��K
h 5Y$�!��-$��Y���B�$lk.<�

a
n
o
va

()
����i	�-$���=

�:�
��5&$�!�jc5Y$�9���5&$	�����&���A	��-$l��-$���=

���d	�l�l�$l
�-���5&$=U�l�$6�@jc5����'5�:9e�!�:(<l�$p�d	������5&$�-$���=>�
��5�	��x�<��$Y��$l�$�O��K?�����k�n$6�r$���	J9)����9��
���9k	
=y�Jl�$6���5�	��i5�	�9%��-$���=��>$�9)�-$��n$l/	�I�-$��
��5&$�-$���=

(�9<l�$��}�-$p����K
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#%$o�)�q�����	��B�/�B�A�B���:9<;���5&$���7�����A	��@=U�l�$6�
� ���� ��

�
�

� ����
C

m
d
>
 a
n
o
v
a
(
"
y
1
=
1
"
)
 
#
 
y
_
i
j
k
 
=
 
m
u
 
+
 
e
_
i
j
k

M
odel used is y1=

1
W

A
R

N
IN

G
: cases w

ith m
issing values deleted

                D
F

          S
S

          M
S

C
O

N
S

T
A

N
T

         1      5938.8      5938.8
E

R
R

O
R

1          28      3892.2      139.01

C
m

d
>
 r
s
s
1
 
<
-
 
S
S
[
2
]
 
#
 
s
a
v
e
 
S
S
_
e
r
r
o
r

�� �� `` `̀__ __]] ]]�h 5&$$��m�n���v�������!� �� ���� K
�'�Jj

�e�A�x��5&$=y�l�$p�� ���� ��
�

��
� ��

� ����
C

m
d
>
 a
n
o
v
a
(
"
y
1
=
w
a
t
e
r
"
)
 
#
 
y
_
i
j
k
=
m
u
 
+
 
a
l
p
h
a
_
i
 
+
 
e
_
i
j
k

M
odel used is y1=

w
ater

W
A

R
N

IN
G

: cases w
ith m

issing values deleted
W

A
R

N
IN

G
: sum

m
aries are sequential

                D
F

          S
S

          M
S

C
O

N
S

T
A

N
T

         1      5938.8      5938.8
w

a
te

r            1
      

1
2
6
3
.6

      1263.6
E

R
R

O
R

1          27      2628.6      97.357

C
m

d
>
 r
s
s
2
 
<
-
 
S
S
[
3
]
;
 
r
s
s
1
 
-
 
r
s
s
2

      E
R

R
O

R
1

      1263.6
S

S
_

w
a

te
r =

 d
iffe

re
n

ce
 o

f R
ss's

rss1
	�9&l

rss2
	<�n$�n5&$�-$p����l�(�	��!���n��=

��5&$�m�7�:���
	��@=y�l�$6��	J9<l���5&$=y�l%$6��:9e�!�:(<lo�:9<;
w

a
te

r .,(���9����
w

e
e
ks K
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�'�Jj��5&$�B�A�x��5&$��(�����	�l�lo�A�����%$=U�l�$6�@jd�A��5
.Y���n5

w
a
te

r 	�9Yl
w

e
e
ks

� ���� ��
�

��
� ��

�� �
� ����

C
m

d
>
 a
n
o
v
a
(
"
y
1
=
w
a
t
e
r
 
+
 
w
e
e
k
s
"
)
 
#
 
y
_
i
j
k
=
m
u
+
a
l
p
h
a
_
i
+
b
e
t
a
s
_
j
+
e
_
i
j
k

M
odel used is y1=

w
ater +

 w
eeks

W
A

R
N

IN
G

: cases w
ith m

issing values deleted
W

A
R

N
IN

G
: sum

m
aries are sequential

                D
F

          S
S

          M
S

C
O

N
S

T
A

N
T

         1      5938.8      5938.8
w

ater            1      1263.6      1263.6
w

eeks            4      1229.8      307.45
E

R
R

O
R

1          23      1398.9       60.82

C
m

d
>
 r
s
s
3
 
<
-
 
S
S
[
4
]
;
 
r
s
s
2
 
-
 
r
s
s
3

      E
R

R
O

R
1

      1229.8
S

S
_

w
e

e
ks =

 d
iffe

re
n

ce
 o

f R
ss's

rss3
���k�n5&$�n$�����l�(�	��������-�J=��5����v=U�l�$p�

	J9&l�������� 
�
rss2

F
rss3

�:�k�n5&$�-$l�(B�,�)�r��9
�:9���5&$�n$p����l�(�	���!�.����9B�!��(<l���9<;������ �:9/��5&$
=y�Jl�$6��:9k	�l�lo�A�����9��-�

�	J9<l����� K
�!����� 
 �:9/��5�����~�

�+�� ~l���$p��B�:9%$�-�
���J=w�J()�-$���-��-$p���

� ��
� ��

����
�	��"!1

.J()�k�!��� ��	 ���9%�o�+�
 �-��-$p�����������
���"
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h ��-$p���� ��� ���
� ��"!1|�&��(9%$�$l��-��J()�

w
a
te

r
	���-$��

w
e
e
ks 13�e������ ��	 =U$�	J�&(��-$��

5&�Jj
=s(e�'5

w
a

te
r

��$�����
	��:9�����5�	��c�'	�9����i.&$
$�<��
	�:9�$Jlk.<�

w
e
e
ks �

C
m

d
>
 a
n
o
v
a
(
"
y
1
=
w
e
e
k
s
 
+
 
w
a
t
e
r
"
)
 
#
 
w
a
t
e
r
 
a
f
t
e
r
 
w
e
e
k
s

M
odel used is y1=

w
eeks +

 w
ater

W
A

R
N

IN
G

: cases w
ith m

issing values deleted
W

A
R

N
IN

G
: sum

m
aries are sequential

                D
F

          S
S

          M
S

C
O

N
S

T
A

N
T

         1      5938.8      5938.8
w

eeks            4      1333.1      333.27
w

a
te

r            1
      

1
1
6
0
.3

      1160.3
E

R
R

O
R

1          23      1398.9       60.82

�'���5&$�!��-�.&$(��e$l�:9/�-$p�����:9<;/	��n$
������ ��	�D!D'C "6Kr ���n�J=��5�����~�

�+� ~
	J9<l�!������ 
�D *!*��!K�0���n�J=��5&$���n$&��$lo�:9<;�K
8!()�x��5&$p��$9%�����9<;%$��}	�l�l(���-���5&$=y�l�$p�
�!�C

m
d
>
 s
s
_
r
e
g
1

(1)      2493.3
M

o
d

e
l S

S

C
m

d
>
 1
2
2
9
.
8
 
+
 
1
1
6
0
.
3

(1)      2390.1
S

u
m

 o
f S

S
 u

se
d

 in
 F

-te
sts
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�� �� `` ``�__ __ZZ ZZ__ __�aa aa`` ``WW WW
8'$&�'	J(���$��5&$��n$=w	��.&$��$�%$��m	��lo���m��$��n$�9)�
�<(&=>�����}���<(�	��n$p������x	��	7�,�-���i����:9)�-$��m	7��F
�����9�1�&��(9%$�$l��-�5�	J�%$	jw	���-���l�$�9)�������
��5&$J=}Kh 5&$��	��n$lo�������:9<;�(�����5&$l/.����5&$
=y�Jl�$6�	��
�n$�	�l)��B�A�djw5&$�9/��5&$�-$���=

���
$�9)�-$��n$l�Kh 5�	������<1.����5&$=U�l�$6�z����9����������:9<;
�p�U�m5Y$�-$���=>�>$�9)�-$��n$l/.&$p�����n$�m5Y$�-$���=

��9
�<(%$p�����r��9<K
?
9/	��5��n$�$jw	��l%$p���:;�9j��A��5�I	��,�-�����d~�1z8
	J9<lv4|1S��5&$��n$	��n$��&�p�����
.��r$�!�����
�!(&=�p�}���&(�	��n$p�Q�l�$6�	�I�-$��v�:9e�!�:(<lo�:9<;4
�!�JHu4��D N

�
���

H"y=
c" N

�!�JHu4��D 1~RN
�

�
� ����

H"y=
a
+

c" N
�!�JHu4��D 1�8JN

�
�

�� ���
H"y=

b
+

c" N
�!�JHu4��D 1~@1�8JN

�
��

����
�� ���

H"y=
a
+

b
+

c" N
�!�JHu4��D 1~@1�8!1~�8JN

�
��

����
�� ��

���� ���
H"y=

a
+

b
+

a
.b

+
c"

N
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h 5&$��n$����e�J=y$����9)���n���%$������	�k�-�jc5<	��x	��n$
��5&$	������n�����7�
	��-$�<(Y=��>�p�x���<(�	��n$p��:9
(�9�.�	��
	J9e��$l>�'	��$p�&K
QS	7�o~�9%����	��9;�$�9%$��B	����6���r�Jj��k��5&$���7�:9e�!�
����$
��5�	��}�&��((��<(�	����A���5&��(���l�.&$�B�A�m����9<;�

�� �� aa aa]] ]]J�� ����� ��
ZZ ZZ��� ��\\ \\�� �� aa aa\\ \\�ZZ ZZ�[[ [[�� �� `` ``2^^ ^^]] ]][[ [[

 

 K
h 5&$p��$	��n$=U�l�$6���/��5�	��i5�	J�%$��5&$���n���&$��B���
��5�	��v����	��	��B���q�p(��A	��v�:9)�-$��m	7�,���r��9����:9/��5&$
=y�Jl�$6��1��5&$�9k	�����-$���=>�k	J9&l=w	��:9�$p�m��$&�,�)�
�f����9)��	��:9%$l����9�O����5<��(���lv	������.&$��9��m5&$
=y�Jl�$6��K
�� ����� �� ZZ ZZ�� ��

�� �� [[ [[]] ]]�?A9/	P�I	7�,�-���i$���&$��Y�f=U$�9)�)1R���U�&��(
9%$�$l���5&$~@8!��:9)�-$��m	7�,���r��9/��5&$�9/�Y��(�%5&��(���l
{&$�$��~@138!1z�!1~@8!1~@�	J9<l8!��:9/��5&$=U�l�$6�:1
$��%$�9���y��5&$��l���9���i	����&$�	��}�-�.&$
����;�9����B�q�'	J9���K
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?
9��	7�,��1��5&$jw	��QS	7��~@9%����	l���$p��A�)�
���J=w�J()��	������9��<1R�A�$9��������$p�/��5����&K?A���&��(
��9e�!�:(<l�$	9

���9e�!�:(<lo��9<;����9)�-$��m	7�,�7�r��9�.&$6�����n$
	J9

���9e�!�:(<l�$l��n$���=s1E��5&$�:9)�-$��m	Y�,���r��9�!�5�	��
	��A�n$�	�l)�

��YjU$�����w(����5&$��9e�!�:(<l�$l�!�
�r$�	J���:9<;9%���m5��9<;�����}��5&$�A	��-$��}�-$���=}K

C
m

d
>
  
a
n
o
v
a
(
"
y
1
=
w
e
e
k
s
 
+
 
w
e
e
k
s
.
w
a
t
e
r
 
+
 
w
a
t
e
r
"
)

M
odel used is y1=

w
eeks +

 w
eeks.w

ater +
 w

ater
W

A
R

N
IN

G
: cases w

ith m
issing values deleted

W
A

R
N

IN
G

: sum
m

aries are sequential
                D

F
          S

S
          M

S
C

O
N

S
T

A
N

T
         1      5938.8      5938.8

w
eeks            4      1333.1      333.27

w
eeks.w

ater      5      1372.6      274.53
w

ater            0           0   undefined
E

R
R

O
R

1          19      1186.5      62.447

h 5&$�������
w

e
e
ks.w

a
te

r
���d�n5Y$�&(Y=�p���n5Y$

	7�,��(�	���:9)�-$��m	7�,���r��9/�-$���=	J9<l�!��� ��	 Kh 5Y$
��	,=U$���k���)(%$�p�y��5&$�!��R�

�kH��!FD N�H�*!FD N�
D Kh 5&$��n$	��n$9%�=U�l�$6�����d���/�!������/�!��� ��	
��9e��$��5&$��9)�-$��m	7�'�7�r��9�����9/��5&$=U�l�$6��K
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C
m

d
>
 d
a
t
a
 
<
-
 
r
e
a
d
(
"
"
,
"
e
x
m
p
l
8
.
1
0
"
)

exm
pl8.10     96     4

) A
 data set from

 O
ehlert (2000) \em

ph{A
 F

irst C
ourse in D

esign
) and A

nalysis of E
xperim

ents}, N
ew

 Y
ork: W

. H
. F

reem
an.

)) D
ata originally from

 T
able 22 of B

ruce O
rm

an (1986) "M
aize

) G
erm

ination and S
eedling G

row
th at S

uboptim
al T

em
peratures",

) M
S

 T
hesis, U

niversity of M
innesota, S

t. P
aul, M

N
.

)) T
able 8.9, p. 194

) A
m

ylase activity in sprouted m
aize under various conditions.

) C
olum

n 1 is the tem
perature at w

hich the assay takes place
). Levels 1 through 8 represent 40, 35, 30, 25, 20, 15, 13, and
) 10 degrees C

.
) C

olum
n 2 is the grow

th tem
perature of the sprouts. Level 1 is

) 25  degrees, level 2 is 13 degrees.
) C

olum
n 3 is the variety of m

aize. Level 1 is B
73, level 2 is

) O
h43.

) C
olum

n 4 is the am
ylase specific activity in international

units.
R

ead from
 file "T

P
1:S

tat5303:D
ata:O

eC
h08.dat"

C
m

d
>
 m
a
k
e
c
o
l
s
(
d
a
t
a
,
a
s
s
a
y
t
e
m
p
,
g
r
o
w
t
h
t
e
m
p
,
v
a
r
i
e
t
y
,
a
c
t
i
v
i
t
y
)

C
m

d
>
 a
s
s
a
y
t
e
m
p
 
<
-
 
f
a
c
t
o
r
(
a
s
s
a
y
t
e
m
p
)
 
#
 
f
a
c
t
o
r
 
A

C
m

d
>
 g
r
o
w
t
h
t
e
m
p
 
<
-
 
f
a
c
t
o
r
(
g
r
o
w
t
h
t
e
m
p
)
 
#
 
f
a
c
t
o
r
 
B

C
m

d
>
 v
a
r
i
e
t
y
 
<
-
 
f
a
c
t
o
r
(
v
a
r
i
e
t
y
)
 
#
 
f
a
c
t
o
r
 
C

C
m

d
>
 l
i
s
t
(
a
s
s
a
y
t
e
m
p
,
g
r
o
w
t
h
t
e
m
p
,
v
a
r
i
e
t
y
,
a
c
t
i
v
i
t
y
)

activity        R
E

A
L   96   

assaytem
p       R

E
A

L   96    F
A

C
T

O
R

 w
ith 8 levels

grow
thtem

p      R
E

A
L   96    F

A
C

T
O

R
 w

ith 2 levels
variety         R

E
A

L   96    F
A

C
T

O
R

 w
ith 2 levels

QS	�{&$��5&$l)	���	(�9�.�	��
	J9e��$l/.���n$����
	7�!�:9<;v��5&$
�B���)���U�'	J�e$j>�A�n5

M
IS

S
IN

G K
C

m
d
>
 a
c
t
i
v
i
t
y
[
1
]
 
<
-
 
?
 
#
 
o
r
 
a
c
t
i
v
i
t
y
[
1
]
 
<
-
 
N
A

C
m

d
>
 h
c
o
n
c
a
t
(
a
s
s
a
y
t
e
m
p
,
g
r
o
w
t
h
t
e
m
p
,
v
a
r
i
e
t
y
)
[
1
,
]

(1,1)           1           1           1
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h 5�������d.&$p���i	J9�	��
�Y$l�:9/�-$���=��>�p�}�r�;���
C

m
d
>
 l
o
g
y
 
<
-
 
l
o
g
(
a
c
t
i
v
i
t
y
)

C
m

d
>
 a
n
o
v
a
(
"
l
o
g
y
=
(
a
s
s
a
y
t
e
m
p
 
+
 
g
r
o
w
t
h
t
e
m
p
 
+
 
v
a
r
i
e
t
y
)
^
3
"
,
f
s
t
a
t
:
T

)
M

odel used is logy=
(assaytem

p +
 grow

thtem
p +

 variety)^3
W

A
R

N
IN

G
: cases w

ith m
issing values deleted

W
A

R
N

IN
G

: sum
m

aries are sequential
              D

F
          S

S
          M

S
           F

     P
-value

C
O

N
S

T
A

N
T

       1      3200.5      3200.5   6.012e+
05           0

assaytem
p      7      3.0628     0.43755    82.19202           0

grow
thtem

p     1    0.001396    0.001396     0.26223     0.61038
variety        1     0.55282     0.55282   103.84598  5.9679e-15
assaytem

p.
 grow

thtem
p    7     0.06407   0.0091529     1.71935     0.12055

assaytem
p.

 variety       7    0.025892   0.0036989     0.69483     0.67608
grow

thtem
p.

 variety       1    0.078632    0.078632    14.77084  0.00028496
assaytem

p.
 grow

thtem
p.

 variety       7    0.053554   0.0076506     1.43715     0.20654
E

R
R

O
R

1        63     0.33538   0.0053235

h 5&$��n$���9�����n��.��r$J=�-$p������9&;v��5&$~�84
�:9)�-$��m	7�,������9���:9e��$�A�v���k��5&$�
	���}�-$���=}K?�
���9%��������;�9����B���'	J9)��K
� ��(s�'	J9k	�������-$p���/8J4����9B��$�A�����/��5&$�
	���
�%jy�pF<�I	��,�-����:9)�-$��m	7�,���r��9<K?�)��!����
�!�JHI84��D 1~@1�8!14|1~�8!1~�4�N�	J9<l�������;�9����B���'	J9)��K
8!()�i�&��(s�'	J9���}�-$p���~@8���i~�4���n�J=��5&$p��$
�<(&=>�����}���<(�	��n$p����:9e��$��5&$6�
�/�!�l��9%�o�
���6�����Jj

84K
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���:9<l���JH:~�4��D 1~@1�8!1~�8!1�84�N
C

m
d
>
 a
n
o
v
a
(
"
l
o
g
y
=
a
s
s
a
y
t
e
m
p
 
+
 
g
r
o
w
t
h
t
e
m
p
 
+
 
v
a
r
i
e
t
y
 
+
\

g
r
o
w
t
h
t
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M
odel used is logy=

assaytem
p +

 grow
thtem

p +
 variety +

\
grow

thtem
p.variety +

 assaytem
p.grow

thtem
p +

 assaytem
p.variety

W
A
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: cases w
ith m

issing values deleted
W

A
R

N
IN

G
: sum

m
aries are sequential

              D
F

          S
S

          M
S

           F
     P

-value
C

O
N

S
T

A
N

T
       1      3200.5      3200.5  5.7602e+

05 8.6928e-139
assaytem

p      7      3.0628     0.43755    78.74947  1.2012e-30
grow

thtem
p     1    0.001396    0.001396     0.25125     0.61777

variety        1     0.55282     0.55282    99.49646  4.4379e-15
grow

thtem
p.

 variety       1    0.075538    0.075538    13.59537  0.00044398
assaytem

p.
 grow

thtem
p    7    0.067028   0.0095754     1.72337     0.11756

assaytem
p.

 variety       7    0.026029   0.0037184     0.66924     0.69725
E

R
R

O
R

1        70     0.38893   0.0055562
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M
odel used is logy=

assaytem
p +

 grow
thtem

p +
 variety +

\
grow

thtem
p.variety +

 assaytem
p.variety +

 assaytem
p.grow

thtem
p

W
A

R
N

IN
G

: cases w
ith m

issing values deleted
W

A
R

N
IN

G
: sum

m
aries are sequential

              D
F

          S
S

          M
S

           F
     P

-value
C

O
N

S
T

A
N

T
       1      3200.5      3200.5  5.7602e+

05 8.6928e-139
assaytem

p      7      3.0628     0.43755    78.74947  1.2012e-30
grow

thtem
p     1    0.001396    0.001396     0.25125     0.61777

variety        1     0.55282     0.55282    99.49646  4.4379e-15
grow

thtem
p.

 variety       1    0.075538    0.075538    13.59537  0.00044398
assaytem

p.
 variety       7      0.0259   0.0037001     0.66593     0.69998
assaytem

p.
 grow

thtem
p    7    0.067156   0.0095937     1.72668     0.11679

E
R

R
O

R
1        70     0.38893   0.0055562
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