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## Example 27

y = ¢(101,100,102,104,101,101,99,95,97,94,92,90)
a<-rep(c("A","8","C","D"),each=3)

a

[1] "A" "All "All "B" "B" "8" IIC" "c" llc" IID" "D" "Dll
> aggregate(y~a, FUN=mean)

a y

A 101

B 102

c 97

D 92

aggregate(y~a, FUN=sum)

a y

A 303

B 306

C 291

D 276

> mean(y)

[1] 98

> sum(y)

[1] 1176

> boxplot(y~a)

> plot(rep(1:4,each=3),y) ## point plots
> M<-aov(y~a)

> anova(M)

Analysis of Variance Table

vV VvV VvV VY

VvV dwWNPE

S wN e

Response: y

Df Sum Sq Mean Sq F value Pr(>F)
a 3 186 62 20.667 0.0004002 ***
Residuals 8 24 3

Signif. codes: @ “***' §.091 ‘**’ 9.01 ‘** @.05 ‘.” 0.1 * ' 1



> summary(M)
Df Sum Sq Mean Sq F value Pr(>F)
a 3 186 62 20.67 4de-04 ¥*x
Residuals 8 24 3
Signif. codes: @ “***' .001 ‘**’ 9.01 ‘*’ 6.65 ‘.’ 0.1 * * 1
> TukeyHSD(M)
Tukey multiple comparisons of means
95% family-wise confidence level

Fit: aov(formula = y ~ a)

$a

diff lwr upr p adj
B-A 1 -3.52881 5.5288@96 0.8915309
C-A -4 -8.52881 0.5288@9% 0.0847586
D-A -9 -13.52881 -4.4711994 0.0009833
C-B -5 -9.52881 -0.4711994 9.0313874
D-B -10 -14.52881 -5.4711994 0.0004793
D-C -5 -9.52881 -0.4711994 0.0313874

> model.tables(M)
Tables of effects

a
Q
A B CD
3 4-1-6
>
> ### f Table
> alpha=0.05
> qf(1l-alpha,3,8)
[1] 4.066181
§‘ o §— —_
IE : ¥ = T
9—0 ° =7 o b
2 8 -
o ,m
g g -
(o] @ —_
S o 3
S © S
& o o
T T T T T T T o 7 | |
1.0 1.5 2.0 25 3.0 3.5 4.0 A B c

rep(1:4, each = 3) a
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## Example 28

y = c(101,100,104,101,101,99,95,94,92,90)
a<_rep(c(lIA"’"B"’"C",'lDIl)’c(2,3’2,3))

a

[1] |IA" llAll "8" llB" llB'l "c" "cll "D'l 'IDII IID"
> aggregate(y~a, FUN=-mean)

vV VvV VYV

oOMN®E>0

> boxplot(y~a)
plot(rep(1:4,c(2,3,2,3)),y) ## point plots

M<-aov(y~a)
anova(M)
Analysis of Variance Table

Response: y

Df Sum Sg Mean Sq F value Pr(>F)
a 3 169.6 56.533 15.076 ©.003357 **
Residuals 6 22.5 3.750

Signif. codes: @ “¥**’ §.001 ‘*¥’ 9.01 ‘*’ @.e5 ‘.’ 0.1 * * 1

>
>
> ### f Table
>
>

alpha=0.05
qf(1-alpha,3,6)
[1] 4.757063
> |
] e 3
N : € 7 °©
| =3 =75 o
2 - 1 o
$ -
g)‘ b ’ o
S - o
—
S o
8_ 1
| T T T S - o
T T T T T T T
A B N D 10 15 20 25 30 35 40

a rep(1:4, ¢(2, 3, 2, 3))
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##af#i#example 29

x <- c¢(212, 213, 229,166,124,107,110,81,184,125)
res <- chisq.test(x)

res

vV vV Vv Y

Chi-squared test for given probabilities

data: x
X-squared = 159.36, df = 9, p-value < 2.2e-16

> qchisq(0.95,9)

[1] 16.91898

> ##f###example 30

> x <= ¢(9,11,17,24)

> res <- chisqg.test(x)
> res

Chi-squared test for given probabilities

data: x
X-squared = 8.9672, df = 3, p-value = 0.02973

> qchisq(0.95,3)
[1] 7.814728

>
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##t#iexample 31,31,33
x<-c(0,2,4,6,8,10,12)
y<-c(2.1,5,9,12.6,17.3,21,24.7)

reg<-1m(y~x)
summary(reg)

Vv V.V Vv V™

Call:
Im(formula = y ~ x)

Residuals:
1 2 3 4 5 6 7
0.58214 -0.37857 -0.23929 -0.50000 ©.33929 0.17857 0.01786

Coefficients:

Estimate Std. Error t value Pr(>ltl)
(Intercept) 1.5179 9.2949 5.146 0.00363 **
X 1.9304 0.0409 47.197 8.07e-08 ***

Signif. codes: @ “¥**’ @ @01 ‘**’ 9.01 ‘*’ .05 ‘.’ 0.1 * * 1
Residual standard error: 0.4328 on 5 degrees of freedom

Multiple R-squared: ©.9978, Adjusted R-squared: ©.9973
F-statistic: 2228 on 1 and 5 DF, p-value: 8.066e-08

> confint(reg,level=0.95)

2.5% 97.5%
(Intercept) 0.75970 2.276014
X 1.82522 2.035495

> anova(reg)
Analysis of Variance Table

Response: y
Df Sum Sq Mean Sq F value Pr(>F)
x 1417.34 417.34 2227.5 8.066e-08 ***
Residuals 5 0.94 0.19
Signif. codes: @ ‘***' @.001 ‘**’ 90.01 ‘*' 0.05 *.” 0.1 “ * 1
> qt(0.975,5)
[1] 2.57@582
> qf(0.95,1,5)
[1] 6.607891
> fitted(reg)
1 2 3 4 5 6 7

1.517857 5.378571 9.239286 13.100000 16.960714 20.821429 24.682143
> confint(reg)

2.5% 97.5%
(Intercept) 0.75970 2.276014
x 1.82522 2.035495

> #normality
> resid(reg)
1 2 3 4 5 6
0.58214286 -0.37857143 -0.23928571 -0.50000000 ©0.33928571 ©.17857143
> qgnorm(resid(reg))
> qgline(resid(reg))
> shapiro.test(resid(reg))

Shapiro-Wilk normality test

data: resid(reg)
W = 0.965, p-value = 0.8603

7
0.01785714



Normal Q-Q Plot

0.6
|
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0.0
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| I | | |
-1.0 -0.5 0.0 0.5 1.0

Theoretical Quantiles

> #(interval,var(E(y)hat))
> predict(reg,interval="confidence",se.fit=T)
$fit

fit lwr upr
1.517857 0.759700 2.276014
5.378571 4.783824 5.973319
9.239286 8.769097 9.709475
3.100000 12.679450 13.520550
6.960714 16.499525 17.430903
0.821429 20.226681 21.416176
4.682143 23.923986 25.440300

$se.fit
[1] 0.2949360 0.2313668 0.1829115 0.1636011 0.1829115 0.2313668 0.2949360

$df
[1] 5

$residual.scale
[1] 0.4328477



VVVVVVVVVVY Vv VY

#plot

require(graphics)

plot(x,y)

abline(coef(reg))

pred.frame<-data. frame(x=seq(0,12,by=0.5))
pp<-predict(reg,newdata=pred.frame,int="p")
pred.size<-pred. frame$x
plot(x,y,xlim=c(0,16),ylim=c(0,30))
abline(coef(reg))
matlines(pred.size,pp,col=c(1,2,2),1ty=c(1,2,2))

0 5 10 15



> REBRERRBAURIRR
> # Example 34
> coef(reg)
(Intercept) X
1.517857 1.930357
> a<-coef(reg)[1]
> b<-coef(reg)[2]
> y0=c(2.9,13.5,23)
> x0=(y0-a)/b
> x0
[1] 0.7160037 6.2072155 11.1285846
> SS=anova(reg)
> MSE=SS%"Mean Sq"[2]
> n=length(x)
> Sx@=(sqrt(MSE)/b)*sqrt(1+1/n+((y8-mean(y))A2/(bA2*var(x)*(n-1))))
> Sx0
[1] 0.2645698 0.2397542 0.2631933
> alpha=0.05
> x0+qt(1l-alpha/2,n-2)* Sx0@
[1] 1.396102 6.823523 11.805144
> x0-qt(1l-alpha/2,n-2)* Sx0@
[1] 0.83590545 5.59090769 10.45202483
>
>

> REBRIRABAURIRR
> # Example 37
> cor.test(x,y)

Pearson's product-moment correlation

data: x and y
t = 47.197, df = 5, p-value = 8.066e-08
alternative hypothesis: true correlation is not equal to @
95 percent confidence interval:
0.9920730 0.9998421
sample estimates:
cor

0.9988796



