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a al a, a2 a; a3

ad al a2 a3 a4 (groups)

A B CD 12 3 4

bunsanl
y data.frame

A rep(“al”,10) al 10

>a1<-c(63,58,64,58,77,66,52,64,49,66)
>a2<-c(64,64,68,61,56,71,64,65,85,75)
>a3<-c(59,87,79,71,65,65,65,71,74,58)
>a4<-c(83,79,65,67,80,72,80,75,72,84)

factor



>bunsanl<-data.frame(A=factor(c(rep(‘al",10),rep('a2",10),rep("a3",10),rep("a4",10))),y=c(al,a

2,a3,a4))
> bunsanl
Ay
1 al 63
2 al 58
39 a4 72
40 a4 84
bunsanl
1
>boxplot(y~A,data=bunsanl,col="lightblue")
al a2 a3 a4
1 1
aov bunsanl aov
aov(y~A,data=bunsanl)

summary

> summary(aov(y~A,data=bunsanl))

Df Sum Sq Mean Sq F value Pr(>F)
A 3 1003.27 334.42 5.302 0.003941 **
Residuals 36 2270.70 63.08



Signif. codes:

0 ™** 0.001 "*** 0.01 "*" 0.05 "." 0.1 "~ "1

P

Df SumSq | MeanSq | Fvalue | Pr(>F)

n-k | ss, | MS, | MSy

k-1 s, | MS, | MS, | P

3 1
Yii
y V.
. 1 k n
y=— Yi
nk ; =i
= 1
« ) Vo ==Y
N
groups) SS; (sums of squares between)

kK n
S =)D (V.- )?
j=1i=1
1 k-1

MS; (mean squares between)

SS,, (sums of squares within)

_y.j

(variation between

(variation within groups)
(Residuals)



j=1i=1
Sy N k
MS,, (mean squares within)
MS,, = S
S N -k
F
F= _MS,
aov F P [Pr>F)]
Pr(>F) 0.004
0.01 0.01
2.2
10
4 4 1
1 4
4 10
( )
A
a a, a, a,
20°C | 0°C | 20°C | 40°C
No.1 63 64 59 83
No.2 58 64 87 79
No.3 64 68 79 65
No.4 58 61 71 67
No.5 77 56 65 80
No.6 66 71 65 72
No.7 52 64 65 80
No.8 64 65 71 75
No.9 49 85 74 72
No.10 66 75 58 84
61.7 673 | 694 | 757

Pr(>F)



R aov bunsanl
bunsanl

al a2 a3 a4
A No

>hunsan2<-data.frame(A= factor(c(rep("al",10), rep('a2",10), rep("a3",10), rep('a4",10))),No=
factor(rep(1:10, 4)),y=c(al,a2,a3,a4))
> bunsan2
A No vy
1 al 1 63
2 al 2 58

39 a4 9 72
40 a4 10 84

aov

> summary(aov(y ~ A+No, bunsan2))
Df Sum Sq Mean Sq F value Pr(>F)
A 3 1003.27 334.42 4.3695 0.01243 *
No 9 204.22 22.69 0.2965 0.96952
Residuals 27 2066.48 76.54
Signif. codes: 0 ™" 0.001 ~**" 0.01 ~*" 0.05 ~." 0.1~ "1

A Pr(>F)
0.012 Pr(>F) 0.05
A 0.05 No
Pr(>F) 0.97
10 A

5 2 (Two-way) 5

A B A B
(interaction)



@
B
b | b | b
a|3]6]6
314 |7
5|5 8
416 |7
3133
A % 51 41| 4
21513
41 3|2
(b)
A a a,
Blb |b|b|b|b|b
3/6|6[3]3]3
314|7\|5|4]| 4
5| 5|8(2|5]| 3
416 |7|4|3]|2
5 R bunsan3
>al<-c(3,3,54,6,4,5,6,6,7,8,7)
>a2<-¢(3,5,2,4,3,4,5,3,3,4,3,2)

>punsan3<-data.frame(A=factor(c(rep("al",12),rep('a2",12))),B=factor(rep(c(rep("b1",4),

rep("b2",4), rep('b3",4)),2)),y= c(al,a2))
> bunsan3

A B
al bl

1
2 b1

N W W

al
23 al b3
24 al b3

> summary(aov(y~A+B,data=bunsan3))
Df Sum Sq Mean Sq F value Pr(>F)
A 122.042 22.042 13.8482 0.001349 **
B 2 7.750 3.875 2.4346 0.113161
Residuals 20 31.833 1.592
Signif. codes: 0 "** 0.001 ~**" 0.01 *" 0.05 "." 0.1 " "1

A A Pr(>F)

aov

0.0014



0.01

Pr(>F)

> summary(aov(y~A*B,data=bunsan3))
Df Sum Sq Mean Sq F value

A 1 22.0417 22.0417 23.0000 0.0001447 ***
B 2 7.7500 3.8750 4.0435 0.0354521 *
AB 2 14.5833 7.2917 7.6087 0.0040287 **

Residuals 18 17.2500 0.9583
Signif. codes: 0 "** 0.001 ~**" 0.01 *" 0.05 "." 0.1 " "1

B
005 b,b,,b,
Pr(>F)
>attach(bunsan3)
>interaction.plot(A,B.y)

mean of ¥

Pr(>F)

0.004

interaction.plot

a, 0.01

Pr>F) 0113

0.05

0.01

R
interaction.plot

- bi
— b3

al
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http://mat.isc.chubu.ac.jp/
3
R aov
R Im anova
R pairwise.t.test oneway.test
kruskal.test
( ) (Firdman)

friedman.test R

http://aoki2.si.gunma-u.ac.jp/R/



