NTHU STAT 5410, 2022 Solution to Homework 5

Linear Model Assignment 5
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Q : height of son = f; + (3, height of father + €

datl=read.table("http://www.stat.nthu.edu.tw/~swcheng/Teaching/stat5410/data/height.txt",
header =F,skip = 2, col.names = c("h_father","avg_son","n"))

g=1m(avg_son~h_father,weights=n,data=dat1)

summary (g)

## Call:
## 1m(formula = avg_son ~ h_father, data = datl, weights = n)

## Weighted Residuals:
## Min 1Q Median 3Q Max
## -1.39024 -0.77499 0.04766 1.15672 1.67501

## Coefficients:

#t Estimate Std. Error t value Pr(>ltl)

## (Intercept) 32.5820 2.2486  14.49 4.87e-08 *x*x

## h_father 0.5297 0.0332 15.96 1.93e-08 *x**

## ——-—

## Signif. codes: O '*xx' 0.001 'xx' 0.01 'x' 0.05 '.' 0.1 ' ' 1

## Residual standard error: 1.147 on 10 degrees of freedom
## Multiple R-squared: 0.9622, Adjusted R-squared: 0.9584
## F-statistic: 254.6 on 1 and 10 DF, p-value: 1.926e-08
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NTHU STAT 5410, 2022 Solution to Homework 5

g2=1m(avg_son~offset(h_father)-1,weights=n,data=datl)
summary (g2)

##

## Call:

## 1m(formula = avg_son ~ offset(h_father) - 1, data = datl, weights = n)
##

## Weighted Residuals:

## Min 1Q Median 3Q Max
## -4.808 -1.721 3.569 7.963 9.700
##

## No Coefficients

##

## Residual standard error: 5.661 on 12 degrees of freedom

AL ETS Q@5 w:
Hy:wvs. H : Q\w

anova(g2,g)

## Analysis of Variance Table

##

## Model 1: avg_son ~ offset(h_father) - 1
## Model 2: avg_son ~ h_father

##  Res.Df RSS Df Sum of Sq F Pr(>F)

## 1 12 384.54

##t 2 10 13.17 2 371.37 141.03 4.706e-08 **x

## ——-

## Signif. codes: O '**x' 0.001 'xx' 0.01 'x' 0.056 '.' 0.1 ' ' 1

F-statistic=143.01 > p-value= 4.706e-08 » 25 ¥ k# o =0.06 T » 3 2~ #pES H) - ~ )’I.%{%s‘:‘j;l w HEF
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Problem 2.

wd = "http://www.stat.nthu.edu.tw/~swcheng/Teaching/stat5410/data/pipeline.txt"
data2 = read.table(wd, header=T,fileEncoding = "UTF-8-BOM")

attach(data?2)

summary (data?2)

## Field Lab Batch

## Min. : 5.00 Min. : 4.30 Min. :1.000

## 1st Qu.:18.00 1st Qu.:18.35 1st Qu.:2.000

## Median :35.00 Median :38.00 Median :3.000

## Mean :33.58 Mean :39.10 Mean :3.234

## 3rd Qu.:46.50 3rd Qu.:55.55 3rd Qu.:5.000

## Max. :85.00 Max. :81.90 Max. :6.000
2
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FCE w fh summary ¥ o4 $ligd data 23 NA & -

B %A% Lab 4 Field - fit - % simple linear regression model:

Lab = 5y + ; x Field +¢.
12 5 - 7 Lab $t Field ¢ scatter plot {r residual plot -

fit2 <- 1m(Lab ~ Field)

par (mfrow = c(1,2), mar = c(5,4,3,1))

plot(Field, Lab, main = "Scatter plot", xlab = "Field", ylab = PialpD)
plot(fit2, which = 1)

Scatter plot , )
Residuals vs Fitted
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P H oA GERF U —Fﬁ 7] Lab # variance % ¥ Field #icit4% + @ 4% < > residual 4 # 2 §% ¥ fitted values 4%
4o A% 4 9T R 3% % B non-constant variance R AE o

» ¥ 1u*% NCV-test % #i#| non-constant variance s+ >

H, : error terms have constant variance. H, : error terms have non-constant variance.

library(car)

## ' > F R chE ! carData
ncvTest (£fit2)
## Non-constant Variance Score Test

## Variance formula: ~ fitted.values
## Chisquare = 29.58568, Df = 1, p = 5.3499e-08

7 125 3] NCV-test 0 p-value {%-] » f significant level a = 0.05 =™ » £% H, - %#3] 5 & non-
constant variance i Af o
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ii.

i <- order(data2$Field)

npipe <- data2[i,]

ff <- gl1(12,9) [-108]

meanfield <- unlist(lapply(split(npipe$Field,ff) ,mean))
varlab <- unlist(lapply(split(npipe$Lab,ff),var))

Bk var(Lab) % Field s it 5
var(Lab) = a4 X Field"
3 5 log >

log(var(Lab)) = log (ao X Fielda1>
= log(ay) + aq x log(Field).

# £ f - 7 log(var(Lab)) # meanField ¢ scatter plot:

plot(log(meanfield), log(varlab), main = "log(meanField) v.s. log(var(Lab))")

log(meanField) v.s. log(var(Lab))
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fit2_2 <- lm(log(varlab) ~ log(meanfield), subset = -12)
summary (fit2_2)
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##

## Call:

## lm(formula = log(varlab) ~ log(meanfield), subset = -12)
##

## Residuals:

## Min 1Q Median 3Q Max

## -1.00477 -0.42268 0.05989 0.37854 0.93815

##

## Coefficients:

#it Estimate Std. Error t value Pr(>|t])

## (Intercept) -1.9352 1.0929 -1.771 0.110403

## log(meanfield) 1.6707 0.3296 5.070 0.000672 *x*x*
## ——-

## Signif. codes: O '**x' 0.001 'xx' 0.01 'x' 0.056 '.' 0.1 ' ' 1
##

## Residual standard error: 0.657 on 9 degrees of freedom
## Multiple R-squared: 0.7406, Adjusted R-squared: 0.7118
## F-statistic: 25.7 on 1 and 9 DF, p-value: 0.0006723

J_summary ¥ ¥ 2 ¥ > 4y = exp(—1.9352) = 0.1444, a; = 1.6707 » #7112 WLS regression 7 weights =
1 o

doField"!
¥+ Lab v Field - fit -  WLS regression:
w <- 1/(exp(fit2_2$coefficients[1])*Field fit2_2%coefficients[2])

fit2_3 <- 1lm(Lab ~ Field, weights = w)
summary (£fit2_3)

##

## Call:

## 1m(formula = Lab ~ Field, weights = w)

##

## Weighted Residuals:

## Min 1Q Median 3Q Max

## -1.7432 -0.6719 -0.2493 0.5967 2.7275

##

## Coefficients:

#it Estimate Std. Error t value Pr(>|tl)

## (Intercept) -1.05530 0.69765 -1.513 0.133

## Field 1.18963 0.03401 34.984 <2e-16 ***
## ——-

## Signif. codes: O '*x*xx' 0.001 'xx' 0.01 'x' 0.05 '.' 0.1 ' ' 1
##

## Residual standard error: 0.9846 on 105 degrees of freedom
## Multiple R-squared: 0.921, Adjusted R-squared: 0.9202
## F-statistic: 1224 on 1 and 105 DF, p-value: < 2.2e-16

¥ - < F residual plot -

par(mfrow = c(1,2), mar = c(5,4,3,1))

plot(fit2_3, which = 1)

plot(£fit2_3$fitted.values, fit2_3%residuals*sqrt(w), main = "Residuals*sqrt(w) vs Fitted",
xlab = "Fitted values", ylab = "Resuduals * sqrt(w)")

abline(a = 0, b = 0, 1ty = "dashed", col = "#c4c4c4")
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, , Residuals*sqrt(w) vs Fitted
Residuals vs Fitted
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A= Var(y) = o?/w = 02>0<a0Fielda1 kB B L 32 e o F R residuals 4 7 & & F non-constant
variance WA E P20 Z & 7 2 E wx Var(y) = o2 dFR o )t pF > 7 % residuals %+ sqrt(weight) %t
Fitted value i*di4c+ Bl & > 23 M residuals*sqrt(weight) X 3 " % fitted values % < @ % + > non-
constant variance #f K7 3|4 > 518 0 - T NCV-Test

ncvTest (fit2_3)

## Non-constant Variance Score Test
## Variance formula: ~ fitted.values
## Chisquare = 0.9203408, Df = 1, p = 0.33739

detach(data2)

HCNCV-Test chig & ¢ 7 115 7] p—value = 0.33739 > 0.05 > #F11 3 405 Hy o o+ iUt G 850 g dfai o 1o
4] % & non-constant variance #F A% o

Problem 3.
BAEFA Y diameter % #cikdg i

diameter(new) = diameter(original) x 0.00001 4 0.742
dat3=read.table("http://www.stat.nthu.edu.tw/~swcheng/Teaching/stat5410/data/crank.txt",

header=T,fileEncoding = "UTF-8-BOM")
dat3$diameter <- dat3$diameter*le-5+0.742

¥ % W diameter ¥ day 5z B ¢
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plot(dat3$day,dat3$diameter,xlab="day",ylab="diameter") #, azes = F
abline (h=0.74275,c0l=8); abline(h=0.743,co0l=8,1ty=2)
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1. %385 i diameter By 4575 & 754 f B ee 6 (0.7425-0.743) /2=0.74275 11 3
2. "EFPF (day) # 4 » diameter 4337 0.74275 -k T

B W42 7 4t 2 7 under control o i - H fieif #od
w : diameter = 3, + 5;day + €

g3 <- 1m(diameter~day,data = dat3)
summary (g3)

##

## Call:

## 1m(formula = diameter ~ day, data = dat3)

##

## Residuals:

## Min 1Q Median 3Q Max
## -1.369e-04 -3.207e-05 -5.000e-06 3.886e-05 9.857e-05
##

## Coefficients:
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it Estimate Std. Error t value Pr(>ltl)

## (Intercept) 7.429e-01 1.720e-05 43186.390 < 2e-16 ***

## day -5.143e-06 1.284e-06 -4.005 0.000278 **x

## -——-

## Signif. codes: O '**xx' 0.001 'xx' 0.01 'x' 0.05 '.' 0.1 ' ' 1
##

## Residual standard error: 5.582e-05 on 38 degrees of freedom
## Multiple R-squared: 0.2968, Adjusted R-squared: 0.2783
## F-statistic: 16.04 on 1 and 38 DF, p-value: 0.000278

# 42 under control % T T A g

1. Average size of the crankpins produced fall near the middle of the specified range
2. Average size of the crankpins produced does not depend on time

FIp e coicA w o T R T AT G
Hy: By =0.74275 and 8, =0 vs. H; : not H,

B By 2 B, 91 95% confidence region 4=+ :

library(ellipse)

## Warning: ®M¥6 'ellipse' —0¥I R 20¥» 4.1.3 "0«psy2°

plot(ellipse(g3, c(1,2)), lwd=2, type="1",xlab=expression(betal[0]),
ylab=expression(beta[1]),x1lim=c(0.7427,0.743) ,ylim=c(-1le-5,5e-6))

points(g3$coef[1], g3$coef[2],pch=18)

se <- sqrt(diag(summary(g3)$cov * (summary(g3)$sigma~2)))

points(0.74275, 0, pch=20)

text (0.74275+3e-5,1e-6,"(0.74275,0)")
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5e-06

(0.74275,0)

O0e+00
I

B,
-5e-06

I I I I I I I
0.74270 0.74275 0.74280 0.74285 0.74290 0.74295 0.74300

Bo

-1e-05

d 2 (By, By) = (0.74275,0) £ X7 LpFFN o BAFRF AHFRE 0 =005 7 0§ A0RHBIER Hyo ~ 3
F %4223 under control -
V- RIEE G R

wy : diameter = 0.74275 + €

I oA w BT

g3a <- Ilm(diameter~offset(rep(0.74275,dim(dat3) [1]))-1,data = dat3)
summary (g3a)

#i#

## Call:

## 1m(formula = diameter ~ offset(rep(0.74275, dim(dat3)[1])) -
## 1, data = dat3)

##

## Residuals:

## Min 1Q Median 3Q Max

## -0.0000300 0.0001075 0.0001400 0.0001725 0.0002500

##

## No Coefficients

##

## Residual standard error: 0.0001453 on 40 degrees of freedom

WO AT ARG

Hy:wy vs. Hy tw\ wy
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anova(g3a,g3)

## Analysis of Variance Table

##

## Model 1: diameter ~ offset(rep(0.74275, dim(dat3)[1])) - 1
## Model 2: diameter ~ day

##  Res.Df RSS Df Sum of Sq F Pr (>F)

## 1 40 8.4440e-07

## 2 38 1.1841e-07 2 7.2599e-07 116.49 < 2.2e-16 *x*x*

## ---

## Signif. codes: O '***x' 0.001 '**x' 0.01 'x' 0.05 '.' 0.1 ' ' 1

d 3t F-test e p-value<2.2e-16 > 28 ¥ -k# o =005 7 > 3 L2 #HRIES H) > BT average size of the
crankpin ¥ 23 5% & 0.74275 inches * €42 ¥ it § "L F BT KA o

Btk 23 w % F lack of fit ¢
H, : wis correct vs. H; : w is too simple

B A pei saturated model
7
Q : diameter = S, + ZﬁiI(day =3i+1)+e
i=1

g3b <- Ilm(diameter~factor(day),data = dat3)
summary (g3b)

##

## Call:

## lm(formula = diameter ~ factor(day), data = dat3)

##

## Residuals:

## Min 1Q Median 3Q Max

## -9.0e-05 -3.3e-05 -6.0e-06 3.0e-05 1.0e-04

##

## Coefficients:

#it Estimate Std. Error t value Pr(>|tl)
## (Intercept) 7.429e-01 2.308e-05 32195.321 < 2e-16 *x*x*

## factor(day)4 -2.800e-05 3.263e-05 -0.858 0.39728

## factor(day)7 -6.000e-06 3.263e-05 -0.184 0.85529

## factor(day)10 -5.400e-05 3.263e-05 -1.6556 0.10776

## factor(day)13 -5.800e-05 3.263e-05 -1.777 0.08503 .

## factor(day)16 -1.480e-04 3.263e-05 -4.535 7.63e-05 *x*x*

## factor(day)19 -9.200e-05 3.263e-05 -2.819 0.00819 x*x*

## factor(day)22 -7.800e-05 3.263e-05 -2.390 0.02290 *

## ———

## Signif. codes: O '**x' 0.001 'xx' 0.01 'x' 0.056 '.' 0.1 ' ' 1
##

## Residual standard error: 5.16e-05 on 32 degrees of freedom
## Multiple R-squared: 0.4941, Adjusted R-squared: 0.3834
## F-statistic: 4.464 on 7 and 32 DF, p-value: 0.001467
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anova(g3,g3b)

## Analysis of Variance Table

##

## Model 1: diameter ~ day

## Model 2: diameter ~ factor(day)

Solution to Homework 5

##  Res.Df RSS Df Sum of Sq F Pr(>F)

## 1 38 1.1841e-07

## 2 32 8.5200e-08 6 3.3211e-08 2.079 0.08354 .

## ---

## Signif. codes: O '***x' 0.001 '**x' 0.01 'x' 0.056 '.' 0.1 ' ' 1

§ Ftest %% 7 o povalue=0.08354 0 Bl BB F K a =005 T 0 i A wIES Hyo 4 e 03 w

BEFARLE g
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