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C
m
d
>
 

ybars <
- vector(3.2892,10.256,8.1157,8.1825,7.5622)

C
m
d
>
 

n <
- rep(4,5) # or vector(4,4,4,4,4), sam

ple sizes

C
m
d
>
 

N
 <

- sum
(n) # total num

ber of cases

C
m
d
>
 

g <
- 5 # num

ber of treatm
ents

C
m
d
>
 

df_trt <
- g-1 # treatm

ent D
F

C
m
d
>
 

df_error <
- N

 - g # error D
F

C
m
d
>
 

grandm
ean <

- sum
(n*ybars)/N

 # from
 form

ula above

C
m
d
>
 

ss_trt <
- sum

(n*(ybars - grandm
ean)^2) #from

 form
ula above

C
m
d
>
 

m
s_trt <

- s_trt/df_trt

C
m
d
>
 

m
s_error <

- 4.012 # given as M
S

E
; =

 ss_error/df_error

C
m
d
>
 

ss_error <
- df_error * m

s_error

C
m
d
>
 

fstat <
- m

s_trt/m
s_error # ratio of m

ean squares

C
m
d
>
 

p_value <
- 1 - cum

F
(fstat,df_trt,df_error)

3

Statistics 5303                                                        Lecture 10                                            Septem
ber 25, 2002

d�
(��t	�99c��X
�<�7�x9��/�
()�

s
s
_
t
r
t 2

s
s
_
e
r
r
o
r 2

d
f
_
t
r
t 2

d
f
_
e
r
r
o
r
,
 
m
s
_
t
r
t 2

m
s
_
e
r
r
o
r 2

f
s
t
a
t 	�9&]

p
_
v
a
l
u
e 	�9&]Z	<����	-9&;%$��5\$�,

�x9_	
��	�.��W$
G�.�L��6$V������5&$9�(�����5����\�t��5&$V�����1��5�	�����5&$
	-g%$��u	�;�$�f$V���&��9��c$�:91����$�	��%,h$�9)�)�*	-9<]0
���1��5&$��	B,S$	
�Z��5&$	�g%$��u	�;�$��$����&��9��c$��9
���f$�	��%,h$�9���� !2qN	-9<]��I
T�_	��pX/	��
�Z�\��(9%$<$
]s�+�$�a����f$V���Z��5����
���B,/.&�6���r�'	����
��I

d��(1	��f$	
��[&$
]��+��+$V���
�����}G��y�� �z L��-0DZG����� ���� �| L��- l "

�!5�������_	s����9)���u	
�����:9���5&$;)�f��(��,S$�	-9��
X_�@��5XS$6�x;)5��)�

�Xk
 l �*!�-0!2*!�-0!2rD-*!�- �2WD-*"�- !2WD�*!�- -L
�6�]����5&$�+$V�����&��(9%$�$
]1	�)D�����	�������������V�
��5&$������,
�l $V�����p,/	��+$#��G����	-9<])	���]_$��u�f���~�V�$V�����p,/	��+$tL
�!5&$$&%('*),+.-/'0$���� y�k��� Xk i�k• Xv�@��5$&%('*)21
+3-('4$65�%7'�-!8659-;:<5=$#:>:@?�:jG�c$�$��IC m
L
A��`9B� y�k��� Xk i�k•C l �ED �� y�k��� Xk z�-9kF 23�ED zl O3��

4



Statistics 5303                                                        Lecture 10                                            Septem
ber 25, 2002

�6�]����5�����:9OQ	7� T9%��g�	�&��(9%$�$
]��+�
���u	-9����
	��+$������,^(��
	
���9��f�O�	7� T9%��g�	s���-,=D
,Y	�9<]��"�

C
m
d
>
 

w
 <

- vector(1/2,1/2,-1/3,-1/3,-1/3) #contrast w
eights

C
m
d
>
 

sum
(w

) # sum
 is zero so it's a contrast

(
1
)
 
 
 
1
.
1
1
0
2
e
-
1
6

C
m
d
>
 

estim
ate <

- sum
(w

*ybars) # estim
ated contrast

C
m
d
>
 

std_error <
- sqrt(m

s_error*sum
(w

^2/n))

C
m
d
>
 

tstat <
- estim

ate/std_error # t-statistic

C
m
d
>
 

pval <
- tw

otailt(tstat,df_error) # p-value
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>
 

anova("y =
 treat", fstat:T

)

C
m
d
>
 

result <
- contrast(treat,w

)

C
m
d
>
 

tstat <
- result$estim

ate/result$se

C
m
d
>
 

pval <
- tw

otailt(tstat,D
F

[3])
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D
F
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T
able D

.8: Percent points for the Studentized range

Table entries are q
.�	� (K

,ν)
0

.0
5

K
ν

2
3

4
5

6
7

8
9

10
15

20
30

50
12345678910

18.0
6.09
4.50
3.93
3.64
3.46
3.34
3.26
3.20
3.15

27.0
8.33
5.91
5.04
4.60
4.34
4.17
4.04
3.95
3.88

32.8
9.80
6.82
5.76
5.22
4.90
4.68
4.53
4.42
4.33

37.1
10.9
7.50
6.29
5.67
5.31
5.06
4.89
4.76
4.65

40.4
11.7
8.04
6.71
6.03
5.63
5.36
5.17
5.02
4.91

43.1
12.4
8.48
7.05
6.33
5.90
5.61
5.40
5.24
5.12

45.4
13.0
8.85
7.35
6.58
6.12
5.82
5.60
5.43
5.30

47.4
13.5
9.18
7.60
6.80
6.32
6.00
5.77
5.59
5.46

49.1
14.0
9.46
7.83
6.99
6.49
6.16
5.92
5.74
5.60

55.4
15.7
10.5
8.66
7.72
7.14
6.76
6.48
6.28
6.11

59.6
16.8
11.2
9.23
8.21
7.59
7.17
6.87
6.64
6.47

65.1
18.3
12.2
10.0
8.87
8.19
7.73
7.40
7.14
6.95

71.7
20.1
13.4
10.9
9.67
8.91
8.40
8.03
7.75
7.53

11121314151617181920

3.11
3.08
3.06
3.03
3.01
3.00
2.98
2.97
2.96
2.95

3.82
3.77
3.73
3.70
3.67
3.65
3.63
3.61
3.59
3.58

4.26
4.20
4.15
4.11
4.08
4.05
4.02
4.00
3.98
3.96

4.57
4.51
4.45
4.41
4.37
4.33
4.30
4.28
4.25
4.23

4.82
4.75
4.69
4.64
4.59
4.56
4.52
4.49
4.47
4.45

5.03
4.95
4.88
4.83
4.78
4.74
4.70
4.67
4.65
4.62

5.20
5.12
5.05
4.99
4.94
4.90
4.86
4.82
4.79
4.77

5.35
5.27
5.19
5.13
5.08
5.03
4.99
4.96
4.92
4.90

5.49
5.39
5.32
5.25
5.20
5.15
5.11
5.07
5.04
5.01

5.98
5.88
5.79
5.71
5.65
5.59
5.54
5.50
5.46
5.43

6.33
6.21
6.11
6.03
5.96
5.90
5.84
5.79
5.75
5.71

6.79
6.66
6.55
6.46
6.38
6.31
6.25
6.20
6.15
6.10

7.35
7.21
7.08
6.98
6.89
6.81
6.74
6.68
6.63
6.58

21222324252627282930

2.94
2.93
2.93
2.92
2.91
2.91
2.90
2.90
2.89
2.89

3.56
3.55
3.54
3.53
3.52
3.51
3.51
3.50
3.49
3.49

3.94
3.93
3.91
3.90
3.89
3.88
3.87
3.86
3.85
3.85

4.21
4.20
4.18
4.17
4.15
4.14
4.13
4.12
4.11
4.10

4.42
4.41
4.39
4.37
4.36
4.35
4.33
4.32
4.31
4.30

4.60
4.58
4.56
4.54
4.53
4.51
4.50
4.49
4.47
4.46

4.74
4.72
4.70
4.68
4.67
4.65
4.64
4.62
4.61
4.60

4.87
4.85
4.83
4.81
4.79
4.77
4.76
4.74
4.73
4.72

4.98
4.96
4.94
4.92
4.90
4.88
4.86
4.85
4.84
4.82

5.40
5.37
5.34
5.32
5.30
5.28
5.26
5.24
5.23
5.21

5.68
5.65
5.62
5.59
5.57
5.55
5.53
5.51
5.49
5.48

6.07
6.03
6.00
5.97
5.94
5.92
5.89
5.87
5.85
5.83

6.53
6.49
6.46
6.42
6.39
6.36
6.34
6.31
6.29
6.27

35404550
100∞

2.87
2.86
2.85
2.84
2.81
2.77

3.46
3.44
3.43
3.42
3.36
3.31

3.81
3.79
3.77
3.76
3.70
3.63

4.07
4.04
4.02
4.00
3.93
3.86

4.26
4.23
4.21
4.19
4.11
4.03

4.42
4.39
4.36
4.34
4.26
4.17

4.56
4.52
4.49
4.47
4.38
4.29

4.67
4.63
4.61
4.58
4.48
4.39

4.77
4.73
4.71
4.68
4.58
4.47

5.15
5.11
5.07
5.04
4.92
4.80

5.41
5.36
5.32
5.29
5.15
5.01

5.76
5.70
5.66
5.62
5.46
5.30

6.18
6.11
6.06
6.02
5.83
5.65
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q_obs <
- 5.123; 1 - cum

studrng(q_obs, 5, 11)
(
1
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C
m
d
>
 

data33 <
- read("","pr3.3",quiet:T

) # P
roblem

 3.3 data
R
e
a
d
 
f
r
o
m
 
f
i
l
e
 
"
T
P
1
:
S
t
a
t
5
3
0
3
:
D
a
t
a
:
O
e
C
h
0
3
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