8.
(analysis of variance; ANOVA)
2
SAS
AB,C 3 A BB CA C
811
glm (general linear model)
glm
1
anova
glm
8.2
(method)
A B
55 60 75
60 73 68 1)
49 68 86 25 A
45 58 65 35 B
53 59 82
T | 62 63 79 >
2 71 58 73 8
38 64 69
2
1
o glm 1
|c|ass
proc gim; ;point
class method,; (method)

run;
quit;

means method/tukey;

model point=method/ss3,; imodel

Imeans

glm

run,

glm

(point)

tukey

24
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© output
glm

Dependent Variable: point

Source

Model

Error
Corrected Total

Sum of
DF Squares Mean Square F Value Pr>F
1693.000000 846.500000 13.39 0.0002
1327.625000 63.220238
23 3020.625000

R-Square Coeff Var Root MSE point Mean
0.560480 12.44793 7.951116 63.87500
Source DF Type Il SS Mean Square F Value Pr>F
method 2 1693.000000  846.500000 13.39  [0.0002
Pr>F
F (FValue)=13.39 (2,21) F
2 3
output
Tukey's Studentized Range (HSD) Test for point point Tukey HSD
Means with the same letter are not significantly different.
Mean N method

A 74.625 8 2 B
B 62.875 8 1 A
B
B 54.125 8 0

A B

2 B

2
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o do
8-1
do method=1 to 3;
input point @@; output;

end;

cards;

5560 75

60 73 68

49 68 86

45 58 65

53 59 82

62 63 79

715873

38 64 69
8.3

B
(time)
3
(first) | (second) (third)
1 30 52 73
2 32 48 75
3 25 50 73
4 28 49 76
5 31 55 80
6 35 58 72
7 30 50 80
8 27 47 78
1
1
do

1 1
do
method
3
input
point
@@; output;
do end;
method=1 point
3 method=3
1
infile
glm
8
3 (second)
(point)
B
point

2 method=2

do

(first)
(third)
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data glm_within;
do sub=1to §;
do time=1 to 3;
input point @@; output
end;
end;
cards;
305273
324875
2550 73
284976
315580
355872
3050 80
27 47 78

run;

o glm

do
card
(sub)

1 1 sub=1, time=1

(point) 2 sub=1, time=2 3

do end; do

proc glm;

class sub time;

model point=sub time/ss3;
means time/tukey;

run;

|c|ass \
;point

(time) (sub)
model \
means \

tukey

O output
Source DF
sub 7
time 2
Mean N
A 75.875 8
B 51.125 8
C 29.750 8
B

Type Il SS Mean Square F Value Pr>F
94.500000 13.500000 1.34 0.3018 ...
8525.250000 4262.625000 423.99 [<.0001

time

sub=1, time=3
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8.4 2
2
2 2
3
1) 2
2) 2
3) > 2
1)
A B 2
(Completely Randomized Factorial
Design)
5 A D 4
2 1 A B
|
- and/or and/or
) I
- < —
(or ?)
SAS
1
sex; 2
method; 4
A B C D A B C D
51 81 55 65 49 52 52 81
= 45 78 65 53 59 73 62 73
g- 52 73 73 58 64 48 49 68
= 64 83 45 63 58 65 62 80
46 77 35 51 60 60 58 67
* 5 4>x<5%2 40
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data crf24;
do sex=1to 2;
do method=1 to 4;
input point @@; output;
end; end;

cards;

5181556549525281

4578 655359 7362 73

5273 7358 64 48 49 68

64 83 45 63 58 65 62 80

46 77 3551 60 60 58 67

proc glm;

class sex method;

model point=sex method sex*method /ss3;
means sex method /tukey;

means sex*method;

Ismeans sex*method /slice=sex;
Ismeans sex*method /slice=method;

run;
quit;

/*
/*
/*
/*
/*

*
*
*
*/
*/

data crf24;
input sub sex method point;

cards;
11151
21281

52149
62252

492358
50 2 4 67

’

do
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© output

Dependent Variable: point

Source

Model

Error
Corrected Total

Coeff Var
14.84459

R-Square
0.570553

Source

sex

method
sex*method

1)
2)
3)

1)

Tukey's Studentized Range (HSD) Test for point point
Means with the same letter are not significantly different.

|

Mean N
A 62.000 20
A
A 60.650 20

Sum of
DF Squares
7 3414.975000
32 2570.400000
39 5985.375000
Root MSE point Mean
8.962422 60.37500
DF Type 1l SS
1 18.225000
3 1551.875000
3 1601.875000

sex
2

1

2)

Mean Square

Mean Square

18.225000 0.27
517.291667 7.55
533.958333 7.79

means sex method /tukey;

Tukey HSD

F Value Pr>F
487.853571 6.07 0.0001
80.325000

F Value Pr>F

0.6096 -
0.0006 -
0.000 -
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> > >

[ssvelus)

Mean
69.000

65.900
55.600

54.800

1)

N method
10 2

10 4

10 3

10 1

D A C

>
A C

Ismeans sex*method /slice=sex;

Least Squares Means
sex*method Effect Sliced by sex for point ...

sex

DF
3
3

SAS

Sum of
Squares
2202.950000
950.800000

proc sort; by sex;

proc glm; by sex;
class method,
model point=method /ss3;
means method/ tukey;

us]

> O O

Mean Square
734.316667
316.933333

GLM

F Value
10.72
4.63

B,D

Pr>F
<.0001
0.0085

by sex

C.A

proc sort
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&ele

Tukey's Studentized Range (HSD) Test for point
Means with the same letter are not significantly different.

Mean N method
A 78.400 5 2
B 58.000 5 4
B
B 54.600 5 3
B
B 51.600 5 1
sex=2
Mean N  method
A 73.800 5 4
B 59.600 5 2
B
B 58.000 5 1
B
B 56.600 5 3
[ |
90 a
S e it
0F """
60 - —— - -
50 |- - - -
40 - - - -
30 |- - - -
20 |
10
0
A C D
HSD

SAS
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