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UU UU-VV VVVV VV)WW WW@XX XXWW WWZYY YYF[[ [[XX XX�\\ \\
]] ]]VV VV^^ ^^

__ __`[[ [[XX XX ]] ]]�aa aacbb bbFdd ddYY YY
ee eeYY YY
ff ff�]] ]]-gg gg

hh hhYY YY�ii iiWW WWkjj jj-[[ [[
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���@�����
����
� ,/	���9��
�
$�9)�q$����1

��5��q��(�;)5
��5&$

YY YYVV VVVV VV YY YYXX XX��� ��
ee eeWW WW�� �� YY YY

[[ [[��� ��¡aa aa��� ��YY YY��� ��
]] ]]VV VV �� ��YY YY bb bbFdd ddWW WWNXX XX^^ ^^ ee eeYY YYii ii
�
	�

���@�����
���o��� �
�
��J


'$��q$
	��q$

��$�r%$��n	��v/	��
�w�
	L���
(���$
p�J

UU UU ii iiee eeWW WW aa aa^^ ^^ ee eeYY YY�ii ii
]] ]]VV VV��� ����

#%$¡�¢
r ���� � ���E���

• �� �q$m���&�
9���$
v �@��5

.����&�'�
,x$�	-9¢��$�,x��r%$
p<J

l 5&$�9
�� ��

r �• �<�
	
H�H����q$�	��%,x$�9)�1

�<(&,§M����
	M
�� �� �� ��YY YY^^ ^^ ee ee aa aaYY YY�[[ [[ee ee

�� ���� ��
���������� �
	 � � �� �¤

!! !! ^^ ^^ �� ��WW WW^^ ^^ [[ [[XX XXYY YY
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YY YY%�� ���� ��%]] ]]�� ��

]] ]]VV VV^^ ^^
XX XX ]] ]][[ [[ee ee�� ��^^ ^^ ii iiee ee
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,9�	��
�
�����=�m��8D>
8!�

�.- 	B,/����$
CBO�J�0

(����:9<;
PR	6� ,9%��r�	�J

l 5&$
	-9�	��
�
�����

���
r��
�A��(�	����@�

�up�$�9)�����'	��?vw�@��5
	

s
4t8
p�$m���u;�9�2R	m�@��5&��(<;)5

��5&$
/�.��

5�	-9<p
/������,=E
(��
	
�¢	<��$

,T���q$
���-,/���{���'	��7$
p�J

C
m

d
>
 tab14_1 <

- read("","exm
pl14.2")

exm
pl14.2          36     3

) 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

 John, P
. W

.~
M

. (1961). ``A
n application x

) and  balanced incom
plete block design

) '' {\em
 T

echnom
etrics\/}~

{\em
 3}, 51--54.

)) T
able 14.1, p. 359

) T
est of 9 different detergents.  T

here are three basins that
) are used sim

ultaneously at the sam
e rate w

ith a different 
) detergent in each basin.  R

esponse is num
ber of plates until

) foam
 disappears in a basin.  

) C
olum

n 1 is session. C
olum

n 2 is treatm
ent (kind of detergent)

) C
olum

n 3 is response (num
ber of dishes)

) T
reatm

ents 1-4 are detergent base 1
) w

ith (3, 2, 1, or 0) parts additive
) T

reatm
ents 5-8 are detergent base

) 2 w
ith (3, 2, 1, or 0) parts additive

) T
reatm

ent 9 is a control.
R

ead from
 file "T

P
1:S

tat5303:D
ata:O

eC
h14.dat"

C
m

d
>
 m

akecols(tab14_1,session,treatm
ent,count)

C
m

d
>
 session <

- factor(session)

C
m

d
>
 treatm

ent <
- factor(treatm

ent)

l 5�$
.������'�
�:9&;

�¬	6�'�7���̈
���

se
ssio

n
J
>� ,c(����

	��<��$�	���
�:9w��5�$

,T�-p�$m�Q.�$m�k���7$
tre

a
tm

e
n
t

J
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C
m

d
>
 anova("count=

session +
 treatm

ent",fstat:T
)

M
odel used is count=

session+
treatm

ent
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       13572       13572 16469.69663  1.5466e-25

session       11      412.75      37.523    45.53320  6.0284e-10
treatm

ent      8      1086.8      135.85   164.85393  6.8089e-14
E

R
R

O
R

1        16      13.185     0.82407
�t��(­�'	-9

p��
��	��
��vw����$

,­(��@�6�
����$
���-,/��	���E

������9��w	
�
�����y	

4ts!�
	-9<p̈

4ts�8�J
C

m
d
>
 pairw

ise("treatm
ent",.05,hsd:T

)
             4    -12.9
             3    -6.22
  |          2    -2.22
  | |        8   -0.222
  | |        1    0.333
    | |      7     1.67
      | |    6     3.56
        |    5     5.89
             9     10.1

�t��(­�'	-9­�'5&$&�'�
��5�	��1

����	-9<p)	���pw$��n�q�����
�����

p¡���n�¬$���$
9)�y��	��
��v ����$
����,§��	��6������9��w	��q$

��5&$
��	B,T$�

�

C
m

d
>
 contrast(treatm

ent,vector(1,-1,rep(0,7)))
com

ponent: estim
ate

(1)      2.5556
com

ponent: ss
(1)      9.7963
com

ponent: se
(1)      0.7412

C
m

d
>
 contrast(treatm

ent,vector(1,0,-1,rep(0,6)))
com

ponent: estim
ate

(1)      6.5556
com

ponent: ss
(1)      64.463
com

ponent: se
(1)      0.7412

5

Statistics 5303                                                        Lecture 36                                               D
ecem

ber 2, 2002

C
m

d
>
 trtm

eans <
- tabs(count,treatm

ent,m
ean:T

)

C
m

d
>
 blkm

eans <
- tabs(count,session,m

ean:T
)

C
m

d
>
 tabs(count,treatm

ent,count:T
) # reps of each treatm

ent
(1)           4           4           4           4           4
(6)           4           4           4           4

C
m

d
>
 tabs(count,session,count:T

) # sizes of each block
 (1)           3           3           3           3           3
 (6)           3           3           3           3           3
(11)           3           3

C
m

d
>
 r <

- 4; k <
- 3; b <

- 12; g <
- 9;

C
m

d
>
 eff <

- g*(k-1)/((g-1)*k); eff
(1)        0.75

C
m

d
>
 effective_r <

- r*eff; effective_r
(1)           3

l 5-(��
��
�����o����
� �

J�G��
	-9<p1

�	�
 �J

s'$-,T��r%$
.����&�'�

,x$�	-9��
���q�-,

�n5�$
p)	���	�J

C
m

d
>
 v <

- count

C
m

d
>
 for(i,1,b){ # loop over blocks

v[session =
=
 i] <

- v[session =
=
 i] - blkm

eans[i];;}

C
m

d
>
 tabs(v,treatm

ent,sum
:T

)/effective_r # alphahats
(1)     0.33333     -2.2222     -6.2222     -12.889      5.8889
(6)      3.5556      1.6667    -0.22222      10.111

C
m

d
>
 coefs(treatm

ent) # sam
e by black box

(1)     0.33333     -2.2222     -6.2222     -12.889      5.8889
(6)      3.5556      1.6667    -0.22222      10.111

C
m

d
>
 c <

- vector(1, -1, rep(0,g-2)); c # pairw
ise contrast

(1)           1          -1           0           0           0
(6)           0           0           0           0

C
m

d
>
 m

se <
- S

S
[4]/D

F
[4] # estim

ated sigm
a^2

C
m

d
>
 sqrt(m

se*sum
(c^2)/effective_r) # standard error

(1)      0.7412

C
m

d
>
 contrast(treatm

ent,c)$se # S
tandard error from

 black box
(1)      0.7412

6
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• �

�
� �� ���� ��

�
� �9 ���� �� �� ��

� �9 ���� ���
� ��

�
� �9 ���� ��
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v§5�$��q$
•

9 ����
C
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•

9 ����
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�:91
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•
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�� ��
� �9 ���� ���
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��5�	��� �9 ���� �

���
��5�	�����

�
� �9 ����

	-9<p
�
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� �9 ���H�

�� �M��� �
l 5����w5�	
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�m�T	
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�q$
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�
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�q$
;)�q$m��������9­����$m�n�A���!��$�9)�)�w	-9<p
���q$
p¡���B�7���1

r�	��6�@	�.
�o$m�w	��q$
�� ����

�� �	-9<p- ����
9 ���

K��q��r��up�$
p�
��5&$

.��o���'�
$m�n��$&�B�)�

� �	��w	��q$
�n	-9<p��-,

	-9&p
�:9<p�$��&$�9&p�$�9)��2� �	��q$

�:9<p�$��&$�9<p�$�9)� v �N��5¨
����9�����	-9)�¢r�	��6�
	-9���$

�£¥¤� �6¤`£��¤� �B£¤uJ
S§5�$�9�

��5����
���¢�n5�$

�'	
��$
vT$

�'	-9
;�$¡�

$m�����`,§	��7$m�=�m��
�� �.��

��$�	
���1
���<(�	��q$m�

�q$
;)�q$m�����o��9
v �@��5

�
• �	
�w�q$m������9���$

r�	��6�
	�.���$
	-9<p- ����

9 ���	
�w���q$
p¡���B�7����
r�	��6�@	�.���$m�&J
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C
m

d
>
 blksum

s <
- tabs(count,session,sum

:T
) # y_dotj

C
m

d
>
 nij <

- tabs(count,session, treatm
ent,count:T

)

C
m

d
>
 print(nij,form

at:"2.0f")
nij:
 (1,1)  1  1  1  0  0  0  0  0  0

T
r
t
 
1
,
 
2
,
 
3
 
i
n
 
b
l
o
c
k
 
1

 (2,1)  0  0  0  1  1  1  0  0  0
T
r
t
 
4
,
 
5
,
 
6
 
i
n
 
b
l
o
c
k
 
2

 (3,1)  0  0  0  0  0  0  1  1  1
T
r
t
 
7
,
 
8
,
 
9
 
i
n
 
b
l
o
c
k
 
3

 (4,1)  1  0  0  1  0  0  1  0  0
T
r
t
 
1
,
 
4
,
 
7
 
i
n
 
b
l
o
c
k
 
4

 (5,1)  0  1  0  0  1  0  0  1  0
 
e
t
c

 (6,1)  0  0  1  0  0  1  0  0  1
 (7,1)  1  0  0  0  1  0  0  0  1
 (8,1)  0  1  0  0  0  1  1  0  0
 (9,1)  0  0  1  1  0  0  0  1  0
(10,1)  1  0  0  0  0  1  0  1  0
(11,1)  0  1  0  1  0  0  0  0  1
(12,1)  0  0  1  0  1  0  1  0  0

C
m

d
>
 m

akecols(nij,x1,x2,x3,x4,x5,x6,x7,x8,x9)
�'�

�q$
;)�q$m��������9
vw�@��5&��()�/����9�����	-9)�y�7$���,

.��
	�p�p��:9<;

-1
�7�

��5�$
,T�
p�$m��

C
m

d
>
 regress("blksum

s=
x1+

x2+
x3+

x4+
x5+

x6+
x7+

x8+
x9-1")

M
odel used is blksum

s=
x1+

x2+
x3+

x4+
x5+

x6+
x7+

x8+
x9-1

                C
oef      S

tdE
rr           t

x1             19.75       1.147      17.219
x2            15.417       1.147      13.441
x3            13.417       1.147      11.697
x4            6.4167       1.147      5.5944
x5            26.083       1.147      22.741
x6            24.083       1.147      20.997
x7             19.75       1.147      17.219
x8            19.417       1.147      16.928
x9            30.417       1.147      26.519

N
: 12, M

S
E

: 4.3056, D
F

: 3, R
^2: 0.99969

R
egression F

(9,3): 1082.4, D
urbin-W

atson: 0.63656
T

o see the A
N

O
V

A
 table type 'anova()'

9
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l �
;�$¡�$m�����u,/	��7$m�=�m�� �v§5
���'5

�<(&,
�7�

"!2
�&��(

9%$�$
p�
�7�

�<(�.����n	6�B�c��5&$
,T$�	-9 �m�T��5&$

;
����$m�n�A���!�o$
9)�)�

���q�-,
$�	6�'5¨

����$m�n�A�����o$�9)��J
C

m
d
>
 C

O
E

F
 - sum

(C
O

E
F

)/g # interblock estim
ates of alpha's

          x1          x2          x3          x4          x5
          x6          x7          x8          x9
     0.33333          -4          -6         -13      6.6667
      4.6667     0.33333 -3.5527e-15          11

P	��'�7�
in

te
rb

lo
ck()

�<�7��r��̀p�$�� 	
/:.
�
	��¡�

.&�- /Tv/	��
�7�

;�$¡�c��5&$m��$
$m�����u,/	��7$m�

C
m

d
>
 interblock(count,session,treatm

ent)# response,block,treat
 intra est intra se   inter est inter secom

bined est com
bined se

   0.33333  0.49414     0.33333  0.91174     0.33333     0.43443
   -2.2222  0.49414          -4  0.91174     -2.6259     0.43443
   -6.2222  0.49414          -6  0.91174     -6.1718     0.43443
   -12.889  0.49414         -13  0.91174     -12.914     0.43443
    5.8889  0.49414      6.6667  0.91174      6.0655     0.43443
    3.5556  0.49414      4.6667  0.91174      3.8078     0.43443
    1.6667  0.49414     0.33333  0.91174      1.3639     0.43443
  -0.22222  0.49414 -1.7764e-15  0.91174    -0.17177     0.43443
    10.111  0.49414          11  0.91174      10.313     0.43443

l 5&$
in

tra
 e

st
���m�:(�,­9w5<	-�­$m���)�̀,/	��$m� 	-�

����,/�B(��7$-pw.<�
co

e
fs()

�k�m������v=�:9&;
a
n
o
va

()
J

l 5&$��
	��q$

�o}t��n|
�
��
����

�¢$m�����̀,§	��7$m�w.&$&�'	�(���$
��5&$��

	��q$
�̀,/���������N���
�̈

���-,/�-()�7$
p
�I�q�-,

v �N��5��:9
.����&�'�

p¡���A��$��q$�9A��$m�&J
l 5&$

in
te

r e
st

���m�:(�,­9 5�	-� ��5�$
�%	',T$

r�	��:(%$m�w	
�
��(�����

����(�9<p�2��5&$
�
}t�����

��
�	���

�

$m�����̀,§	��7$m��J
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