NTHU STAT 5410, 2022 Solution to Homework 6

Linear Model Assignment 6

SRR B g

Problem 1.

# L PR B2 2 A4 % B per=100*(Y84-Y83)/Y83.

salay.data = read.table("http://www.stat.nthu.edu.tw/~swcheng/Teaching/stat5410/data/salary.txt",
g "UTF-8-BOM") %>% mutate( 100*(Y84-Y83)/Y83)

FEFREHED
per = By + B1SHARES + BoREV + B3INC + B,AGE + ¢

fit.1 <- lm(per~SHARES+REV+INC+AGE, salay.data)
summary (fit.1)

#i#

## Call:

## 1m(formula = per ~ SHARES + REV + INC + AGE, data = salay.data)
##

## Residuals:

## Min 1Q Median 3Q Max

## -53.133 -12.519 -4.066 2.846 109.322

##

## Coefficients:

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

## (Intercept) 5.509e+01 3.571e+01  1.543 0.130

## SHARES -3.857e-06 3.717e-06 -1.038 0.305

## REV -7.237e-04 7.695e-04 -0.940 0.352

## INC 9.744e-03 1.655e-02 0.589 0.559

## AGE -5.713e-01 6.232¢-01 -0.917 0.364

##

## Residual standard error: 26.81 on 45 degrees of freedom

## Multiple R-squared: 0.05754, Adjusted R-squared: -0.02623

## F-statistic: 0.6869 on 4 and 45 DF, p-value: 0.6048
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par( c(1,2))
stu.1l <- rstandard(fit.1)

jack.1l <- rstudent(fit.1)
critical.v <- qt(.05/(50%2), 44, F)
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plot(stu.1, 'studentized residual', 'studentized residual', c(-4.2,4.2))
abline( 0, 2)
text ((1:50) [abs(stu.1) > 2], stu.1l[abs(stu.1) > 2], 1, (1:50) [abs(stu.1) > 2])
plot(jack.1, 'jackknife residual', 'jackknife residual', c(-5.3,5.3))
abline( c(0, -critical.v, critical.v), c(1, 2, 2), 2)
out.idx <- abs(jack.1l) > critical.v
text ((1:50) [out.idx], jack.1l[out.idx], 1, (1:50) [out.idx])
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fit.11 <- lm(per~SHARES+REV+INC+AGE, salay.data, c(-9))

fit.11.data <- data.frame("fitted" = fit.11$fit, "residual" = fit.11$res)

par( c(1,2))

plot(fit.11.data$fitted, fit.11l.data$residual, 'fitted value', 'residual')
abline( 0, 2)

plot(fit.11.data$fitted, abs(fit.1l.data$residual), 'fitted value', '|residuall ')

for (k in 1:3) {
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rfitl <- 1lm(abs(residual) ~ poly(fitted,k), fit.1l.data)

curv.fn<-function(x) predict(rfitil, data.frame("fitted"=x))
curve(curv.fn(x), c(-2,30), 1000, k+1, 2, 4-k/1.5, T)
}
legend('topleft', c('linear', 'quadratic', 'cubic'),
2, c(2,3,4), 4-(1:3)/1.5, D@ )
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plot(fit.11.data$fitted, abs(fit.1ll.data$residual), 'fitted value', '|residuall ")
for (k in 1:2) {

rfitl <- Im(abs(residual) ~ poly(fitted,k), fit.1l.data)

curv.fn<-function(x) 2*predict(rfitl, data.frame("fitted"=x))
curve(curv.fn(x), c(-2,30), 1000, k+1, 2, 4-k/1.5, T)
}
legend('topleft', c('linear', 'quadratic'),
2, c(2,3), 4-(1:2)/1.5, D@3
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fit.12 <- 1m(I(1/(per+2))~SHARES+REV+INC+AGE, salay.data, c(-9))
par( c(1,2))
plot(fit.12$fitted, fit.12%res, 'fitted value', 'residual')
abline( 0, 2)
plot(fit.12$8fitted, rstudent(fit.12), 'fitted value', 'jackknife residual')
abline( 0, 2)
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summary (fit.12)
##
## Call:
## 1m(formula = I(1/(per + 2)) ~ SHARES + REV + INC + AGE, data = salay.data,
#i# subset = c(-9))
##
## Residuals:
## Min 1Q Median 3Q Max
## -0.33059 -0.04765 -0.01736 0.00788 0.38961
##
## Coefficients:
#it Estimate Std. Error t value Pr(>lt])
## (Intercept) -1.647e-01 1.619e-01 -1.018 0.314
## SHARES -3.305e-09 1.686e-08 -0.196 0.845
## REV -1.287e-06 3.498e-06 -0.368 0.715
## INC 5.209e-05 7.567e-05 0.688 0.495
## AGE 4.232e-03 2.824e-03 1.499 0.141
##
## Residual standard error: 0.1215 on 44 degrees of freedom
## Multiple R-squared: 0.07157, Adjusted R-squared: -0.01284
## F-statistic: 0.8479 on 4 and 44 DF, p-value: 0.5026
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par( c(1,2))

plot(fit.11$fit, fit.11$res,
'fitted value',

ifelse(fit.11$fit < 8, 8, 1),
'residual')

abline( 0, 2)
plot(fit.11$res[order(fit.11$fit)], 'fitted value order', 'residual')
abline( 0, 2)
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Problem 2.

BAHTAE W scatter plot BLE BT b %
octane=read.table("http://www.stat.nthu.edu.tw/~swcheng/Teaching/stat5410/data/octane.txt")

pairs(octane)
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Q:rating = By + B1A; + ByAs + B3Az + By A, + €

g=lm(rating-~., octane)

summary (g)

##

## Call:

## lm(formula = rating ~ ., data = octane)

##

## Residuals:

## Min 1Q Median 3Q Max

## -1.00612 -0.28588 -0.04679 0.32159 0.98069

##

## Coefficients:

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

## (Intercept) 95.853150 1.224877 78.255 < 2e-16 *xx*
## Al -0.092821 0.005235 -17.729 < 2e-16 **x*
## A2 -0.126798  0.032157 -3.943 0.000176 #*x*x*
## A3 -0.0256381 0.013971 -1.817 0.073160 .
## A4 1.967603 0.324573 6.062 4.65e-08 *xxx
## ——-

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

## Residual standard error: 0.4415 on 77 degrees of freedom
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## Multiple R-squared: 0.9056, Adjusted R-squared: 0.9007
## F-statistic: 184.7 on 4 and 77 DF, p-value: < 2.2e-16

#_summary report ¥ ¥ 33 R? 3 & 0.9056 - &7 37 HA % rating § B chfa a4 o ez $dc A3 chikdk
1. ¥ &% BB

rstud <- rstandard(g)
qgnorm(rstud, "studentized residuals")
qqline(rstud)

Normal Q—-Q Plot

studentized residuals
0
|

Theoretical Quantiles

d 974 studentized residuals 2% &4 2 21T > i~ # i Shapiro-Wilk normality test

H, : the studentized residuals are normally distributed vs. H; : not H,,

shapiro.test(rstud)

#i#

## Shapiro-Wilk normality test
##

## data: rstud

## W = 0.98887, p-value = 0.7073

d 2% p-value=0.7073>0.05 » &3 F k¥ o =0.00 T > 1} EHBEHRIES Hy> T ¥ EBERF = -
2. % & 2% 3 large leverage point (“rule of thumb”: h; > 2p/n) :

4 % leverage vs. index plot # half-normal plot i& 7 L% :
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lev <- lm.influence(g)$hat
n <- dim(octane) [1]; p <- sum(lev)
par( c(1,2), c(5,4,1,1))
plot(lev, "Leverages", "n"); abline(h=2*p/n, 8)
text (10,2*p/n+0.01,round (2*%p/n,3), 8)
points(seq(n) [lev<2*p/n], lev[lev<2*p/n])
text (seq(n) [lev>2#p/n], lev[lev>2*p/n], seq(n) [lev>2*p/nl)
"halfnorm" <-
function (x, 2, as.character(1l:length(x)), "Sorted Data",...)
{
x <- abs(x); labord <- order(x); x <- sort(x)
i <- order(x); n <- length(x); ui <- gnorm((n + 1:n)/(2 * n + 1))
plot(ui, x[i], "Half-normal quantiles", ylab, c(0,max(x))
R DRD 0 50 0))
if (nlab < n)
points(uill:(n - nlab)], x[i][1:(n - nlab)])
text(uil(n - nlab + 1):n], x[i]l[(n - nlab + 1):n], labs[labord] [(n - nlab + 1):n])
}

halfnorm(lev, 7, seq(n), "Leverages")
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KR v A% 44, 66, 71, 72, 75, 76, 77 = £ F# h, > 2p/n = 0.122 (n = 82,p = 5) > i 5 large leverage
- &

points o ¥ k7|0 h, i =44,66,71,72,75,76,77 ** 7 % :
library(knitr)
matrix(round(lev[lev>2*p/n],3), sum(lev>2*p/n)) %>%
) “(c(which(lev>2*p/n))) %>% ° T('$h_i$') %>% kable()
9
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3. % &4 %G outlier:

B Ag 82 1 pipl e b raw residual, studentized residual 2 jacknife residuals Bl4eT :

par ( c(1,3))

rstud <- rstandard(g); rjack <- rstudent(g)

"raw residuals"); plot(rstud,

plot(g$res,
plot(rjack, "jacknife residuals")
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par( c(1,3))

halfnorm(g$res, seq(n),
halfnorm(rstud, seq(n),
halfnorm(rjack, seq(n),
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Solution to Homework 6

2.0

15

1.0

0.5

- 18

00 05 1.0 15 20 25

Half-normal quantiles

¥ % I raw residual, studentized residual % jacknife residuals # + ¢ 83555 4 % 21 2 61 & L @p|E -

EFAPR* jacknife residuals (¢;) % & £ F % & outlier »

rjack[abs(rjack)==max(abs(rjack))]

#i# 61
## -2.387102

qt(1-0.05/(2*n),

## [1] 3.576536

n-p-1)

# ¢ % 61 £ F# e jacknife residual @& + > i&- # % Bonferroni test » 23 ¥ -k # o = 0.05 7 >

2.387 <t

n—p—1

4. % 2 4 % 3 influential point :

(a/(2n)) = t14(3.04 x 1074) = 3577 » Tt #2372 e F iz

2+

F

outlier % &

g8 82 & F e Cooks distance (D;) vs. index plot 2 half-normal plot 4= B :

cook <- cooks.distance(g)

par ( c(1,2),

plot(cook,

c(5,4,1,1))
"Cooks distance", e 0%

t61| =

points(seq(n) [! (cook %in% tail(sort(cook),5))], cook[!(cook %in’ tail(sort(cook),5))])
text (seq(n) [cook %in% tail(sort(cook),5)], cook[cook %in% tail(sort(cook),5)],
seq(n) [cook %in% tail(sort(cook),5)])

halfnorm(cook,

5, seq(n),

11

"Cook statistics")
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B¢ D, I EFHE % 44,73, 75, 77,82 BEPIE - LR Aoy mBIES D, ¥t 1o A E
# P & influential point - 7|3 D, 4 =44,73,75,77,82 7% % @

matrix(round(cook[cook %in% tail(sort(cook),5)]1,3), 5) %>%

- “(c(which(cook %in% tail(sort(cook),5)))) %>% ° S('$D_i$") %>%
kable()

4 73 (6] 7 82
0.08 0.1 0.075 0.078 0.083

D.

7

4 % change in the estimated coefficients vs. index plot % # “$ HEFHE IR REL BT R

ginf <- 1lm.influence(g)

par( c(2,3))

for(i in 1:5){

plot(ginf$coef[,i], c("change in intercept","change in Al coef",
"change in A2 coef",'"change in A3 coef",
"change in A4 coef","change in sigma")[i])

abline(h=0); cl <- ¢(0.4,0.002,0.019,0.006,0.1)
text (seq(n) [abs(ginf$coef [,i])>c1[i]]1-5, ginf$coef[,i] [abs(ginf$coef[,i])>c1[i]],
seq(n) [abs(ginf$coef[,i])>cl[il], 0.8)
}
plot(ginf$sig, "change in sigma")
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M <- matrix(rep("",11%8), 11)
M[1,c(1,3,5,6,8,9,10)] <- "v"; M[3,c(1,7,8,10,11)] <- "v"; M[4,c(4,10,11)] <- "v"
M[5,c(1,10)] <- "v"; M[6,1] <= "v"; M[7,11] <- "v"; M[8,c(2,4,11)] <= "v"
M %>%
: “(c(44,52,66,67,71,72,73,75,76,77,82)) %>%
) “(c('Large leverage','Outlier', 'Cook stat.','Change in intercept',
'Change in Al coef','Change in A2 coef', 'Change in A3 coef',
'Change in A4 coef')) %>% kable()
44 52 66 67 T1 72 73 75 76 T7 82
Large leverage v v v v v vV Vv
Outlier
Cook stat. v VoV VoV
Change in intercept v v oV
Change in Al coef v v
Change in A2 coef v
Change in A3 coef v
Change in A4 coef v v v
. ¥ 44, 66, 71, 72, 75, 76, 77 i ?“} everage’ [ ‘Kﬂm,; TR EY 44 LA

SRS

2 eihliciz it ’%‘ﬁ“% 44 T TR A R

. &“é’r intercept, Al, A3, A4 2 ¢ rm—' g
B Tt gL R €%

Bois v dcF MRS TR 2R R B e rating BB (50 22 B A S| TR A FP il

r+““‘
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par( c(2,2), c(4,4,1,1));id1 <- c(44,52,66,67,71,72,73,75,76,77,82)

for(i in 1:4){
plot(octane[,i] ,octane$rating, names (octane) [i], names (octane) [5], 16, 8)
points(octane[idl,i], octane$rating[idi], 2, 16)

text (octane[id1,i]+c(1,0.2,0.3,0.03) [i], octane$rating[id1]-0.3, idl, 0.6)
}
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5. ¥ % ¥_% ¥ & non-constant variance :
B £ % % residuals vs. fitted value plot :
par( c(1,2))
plot(g$fit, gdres, "Fitted", "Residuals", "n"); abline(h=0);

points(g$fit [ghfit<94], ghres[gPfit<94])
text (gffit [ghfit>94], ghres[ghfit>94], seq(n) [which(g$fit>94)])

plot(g$fit,abs(gres), "Fitted", "|Residuals|", "n')
points(g$fit [ghfit<94], abs(g¥res) [ghfit<94])

text (g$fit [ghfit>94], abs(g$res) [ghfit>94], seq(n) [which(g$fit>94)])
abline(summary (1m(abs(g$res) ~ g$fit)))

14
madeby U U OO OOOOO OO



NTHU STAT 5410, 2022 Solution to Homework 6

1.0

_] o
ooo S oo
o) @] o(())O X OOO 73
S 7 Ooo§§ 74 ° 0
%) oO 20 73 o o | &®
_g o o8P0 _‘é o 00
2 0 §ce 76 2 <« 5% §s 74
* . |8 £ T2
g 405 @ 71277 ?@EDJ;N
! @0 S -° odJcp
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o ©° 73 o %8@@@
3‘ - o o _| 95 9@
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Fitted Fitted

FE & oA B residual & residual P~ & 0% L f 025 F fitted value #4evg SR o # ¢ fitted value
#~ (rating >94) en 7 BEF ¢ > 5 T BB T1, 72,75, 76, 77 E_large leverage °

i2— # # score Test for non-constant error variance :

H,, : constant error variance vs. H; : the error variance changes

library(car); ncvTest(g)

## Non-constant Variance Score Test

## Variance formula: ~ fitted.values

## Chisquare = 0.5271729, Df = 1, p = 0.4678

d 3t p-value= 0.4678>0.05 > 23 F-k# a=0.05 7 » 23 EREHRIES Hy o Flet #2537 &~ constant
variance B3 > Pt HEH R T EZ P -

v b2 4 residuals vs. A1-A4 plot & 7% ¢

par( c(2,2), c(4,4,1,1))
for(j in 1:4){
if (j==1){
plot(octanel,j]l, g$res, names (octane) [j], "Residuals", "n");

points(octane[octane[,j]1>40,j], g$resloctanel,j]1>40])
text (octane [octane [, j]1<40,j], g$res[octane[,j1<40], seq(n) [which(octanel[,jI1<40)]1)
Yelse if (j==2){
plot(octanel[,j], g$res, names (octane) [j], "Residuals", "n");
points(octane[octane[, j1<6,j], g$resl[octanel,j1<6])
text (octane[octane[,j]1>6,j], g$resl[octanel,jl1>6], seq(n) [which(octanel,j1>6)])
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Yelse{
plot(octanel[,j]l, g$res, names (octane) [j], "Residuals")
}
abline (h=0)
}
e S o) e S o)
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®° o, °
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(1) Residual 5% Al #+4c 3 %% g% > i %”#ﬁ“ﬁ 75,76, 77 = g H R :iiii*wl’ﬁ 4 5] e pattern
(2) Residual 5% A2 H+cm /] > LF$ “,% 44, 75,76 = 8 H FoRER é&ﬁiir%ii‘ﬁ 4w i pattern
(3) Residual vs. A3 2 Residual vs. A4 # #& % JL non-constant variance pattern

oY —

& (1)(2) e % > 3 & non-constant variance G FL g% 5 large leverage points > @ large leverage 9
residual variance #iz-]- » %]t d izt g8hid = non-constant variance #f§R ¥ & j# 3 T_non-constant variance 3
EomE e Al<40 v A2>6 { § TR hiz@t - BK -

6. # 4 4% 7 mean curvature pattern :

11 38 8 partial residuals plot i 7 g% :
prplot <- function(g,i)

{

# Partial residuals plot for predictor %
x1l<-attributes(g$terms)$term.labels[i]; yl<-paste("betax",xl,"+res", Mm%
x<-model.matrix(g) [,i+1]
plot(x,g$coeff [i+1]*x+gPres, x1, y1); abline(0,g$coeff[i+1])
invisible()

}

par ( c(2,2), c(4,4,1,1))
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for(i in 1:4){

prplot(g,i)
lines(lowess( octanel[,i], gdresiduals+gPcoeff [i+1]*octanel[,i], 0.8),
"red")
}
o
[ N [
o ! o
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< Y <
g g
s o 3
I I I I I I I
10 20 30 40 50 60 70
Al
%) %)
o o
+ +
) <
< <
X X
© ©
1] 1]
o o
I I I I I
40 45 50 55 60
A3 A4

partial residuals plot &+ A3 %#cit residual § quadratic B 5% &> FI8 ¥ g4 » = 30 298 R8P H7)
¥ ® (A2 fA= %k § & quadratic pattern fe feif = =3 Chdiex 2 BEF) 0 T fieif 03

Qy s rating = By + B Ay + ByAg + By Ay + ByAy + Bs A3 + €

g2 <- 1m(rating~.+I(A372), octane)

summary (g2)

##

## Call:

## 1m(formula = rating ~ . + I(A372), data = octane)

##

## Residuals:

## Min 1Q Median 3Q Max

## -1.01167 -0.31776 -0.04766 0.28219 1.09923

##

## Coefficients:

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

## (Intercept) 86.546383 4.734309 18.281 < 2e-16 *x*x
## Al -0.099002 0.005966 -16.595 < 2e-16 **x*
## A2 -0.119257 0.031741 -3.757 0.000335 *xx
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## A3 0.323742  0.172336
## A4 2.144055  0.329804
## I(A372) -0.003216  0.001582
# ——-

## Signif. codes: 0 'xkk' 0.001 'sk!

0.01

I*I

0.05 '.

' 0.1

1

Solution to Homework 6

##

## Residual standard error: 0.4328 on 76 degrees of freedom
## Multiple R-squared: 0.9105, Adjusted R-squared: 0.9046
## F-statistic: 154.6 on 5 and 76 DF, p-value: < 2.2e-16

j¢_summary report ¥ ¥ # R R2 %= 3 0.9105 5 sk 2 S8 A3 chiddciv A BE > e
T i % % partial residuals plot :

par ( c(2,3), c(4,4,1,1))
for(i in 1:5) prplot(g2,i)
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2 o
n (o] (o]
o UIJ | lo)
o _| o
< o o " o
0% o o
8 34  °ge® o | X T4 °
3 o <
< 0 o O ™
LRI (- : 2]
g Q 1] o o
@ 10°/0 0 )
o 09 <y
o | OQ) o) | O
N o
oo
o [
T T T T T T T T T T T
1.2 14 16 18 20 22 2000 3000 4000
A4 I(A372)

R ¢ T & { PR a0 mean structure > Fpt Bk @ A Q, RERZETHE -

7. (FYI) B3k & - £ fcdp & data set ¥ chd 598 B 1 4 F B¢ time order » # & .3 7 correlated error ik
Moo 11T 4 €, against €, plot :

par ( c(4,5,1,1))
plot(g$res[-n],g$res[-1], expression(hat (epsilon) [t]),
expression(hat(epsilon) [t+1]))
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B2, 88 % 2" 33 & correlated error #ukiw o i2— # i Durbin-Watson test :

library(lmtest)
dwtest (g, octane)

#i#

## Durbin-Watson test

#i#

## data: g

## DW = 1.3423, p-value = 0.0003063

## alternative hypothesis: true autocorrelation is greater than O

ﬁ%pwﬂszO%XlUA’E@%*ﬁcwz&%’f’ﬁiﬁﬁﬁﬁﬁlﬁ’ﬁﬁﬁCmmbmdamrﬁ%ﬂ°
4 gt GLS 27447 0 2 AiBk correlated errors FRE_AR(1) structure :

library(nlme)

g3 <- gls(rating~., octane, corAR1( ~1))

#form=~1: using the order of the observations in the data as a covariate, and no groups
summary (g3)

## Generalized least squares fit by REML
##  Model: rating ~
## Data: octane

## AIC BIC logLik
## 122.0083 138.415 -54.00417
#i#

## Correlation Structure: AR(1)
## Formula: ~1
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## Parameter estimate(s):

## Phi

## 0.420975

##

## Coefficients:

## Value Std.Error t-value p-value
## (Intercept) 95.45862 1.4312417 66.69637 0.0000
## Al -0.08461 0.0069060 -12.25177 0.0000
## A2 -0.10619 0.0377895 -2.81007 0.0063
## A3 -0.02844 0.0179745 -1.58206 0.1177
## A4 1.99287 0.3932281 5.06797 0.0000
#i#

## Correlation:

## (Intr) A1 A2 A3

## A1 -0.065

## A2 -0.192 0.524
## A3 -0.847 -0.360 -0.031
## A4 -0.851 0.004 0.039 0.576

##

## Standardized residuals:

## Min Q1 Med Q3 Max
## -2.38917392 -0.66797405 -0.06196949 0.62459688 2.17263985
##

## Residual standard error: 0.4604631
## Degrees of freedom: 82 total; 77 residual

intervals(g3)

## Approximate 95, confidence intervals

##

## Coefficients:

## lower est. upper
## (Intercept) 92.60865067 95.45861693 98.308583189
## Al -0.09836225 -0.08461066 -0.070859067
## A2 -0.18143986 -0.10619134 -0.030942820
## A3 -0.06422843 -0.02843670 0.007355035
## A4 1.20985207 1.99286915 2.775886233
##

## Correlation structure:

## lower est. upper

## Phi 0.1548294 0.420975 0.6301519

##

## Residual standard error:

## lower est. upper

## 0.3740666 0.4604631 0.5668143

Problem 3.

o FAL

data3 = read.table("http://www.stat.nthu.edu.tw/~swcheng/Teaching/stat5410/data/vehicle.txt",
iy
colnames(data3) = c("ACC","WHP","SP","G")
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(a)
E 1‘# linear model :

fit3.1 = 1m(ACC ~ ., data3)
summary (£it3.1)

##

## Call:

## 1m(formula = ACC ~ ., data = data3)

##

## Residuals:

## Min 1Q Median 3Q Max

## -3.3124 -0.9003 0.2486 0.9489 2.3477

#i#

## Coefficients:

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

## (Intercept) 7.19949 0.60087 11.982 9.57e-16 *xx*
## WHP -0.01838 0.00269 -6.833 1.62e-08 *xx*
## SP -0.09347 0.01307 -7.149 5.45e-09 ***
## G -0.15548 0.09040 -1.720 0.0922 .
## ——-

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

## Residual standard error: 1.47 on 46 degrees of freedom
## Multiple R-squared: 0.624, Adjusted R-squared: 0.5995
## F-statistic: 25.45 on 3 and 46 DF, p-value: 7.451e-10

o R GERIEF
e RZr 3 624%

FEELz B % #ceh partial residual plots

par( c(2,2))
prplot(£fit3.1,1) ; prplot(fit3.1,2) ; prplot(fit3.1,3)
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(b)

EHCA Y e~ Rdic WHP 0= 3% ¢

fit3.2 = update(fit3.1,

summary (£it3.2)

##
##
##
##
##
##
##
##
##
##
##
##
##
##
##

.~.+I(WHP"2))

[%)]
3}
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Solution to Homework 6

Call:
Im(formula = ACC ~ WHP + SP + G + I(WHP"2), data =
Residuals:

Min 1Q Median 3Q Max
-1.70446 -0.64576 -0.05457 0.54006 2.28414
Coefficients:

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

(Intercept) 1.011e+01 5.055e-01 19.999 < 2e-16

WHP -9.569e-02 9.175e-03 -10.429 1.37e-13

SP -1.004e-01 8.188e-03 -12.259 6.08e-16

G -2.236e-01 5.689e-02 -3.929 0.00029

I(WHP"2) 2.710e-04 3.162e-05 8.570 5.18e-11
22

data3)

k%%
* k%
* %%k
* k%
X Xkx

S8 WHP —Fiii’ﬁ - BR v %t mean curvature > ¥ ¥ g A ¢ 4o r - I8

% # SP 3 mnon-constant variance 3R % + S ¥ SP % < - variance if B -] 0 @ ¥ g Az kT B
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## ——-

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

## Residual standard error: 0.9161 on 45 degrees of freedom

## Multiple R-squared: 0.8572, Adjusted R-squared: 0.8445

## F-statistic: 67.51 on 4 and 45 DF, p-value: < 2.2e-16

e RAZHFIRE GRALIRIHF

o R? + 23] 85.72% » Ap >t — B HCA R A 2L 5
- HE B2 gy @ partial residual plots # #7#-73) :

par ( c(2,2))
prplot(£fit3.2,1)
prplot(£fit3.2,2)
prplot(£fit3.2,3)
prplot(£fit3.2,4)

a3 [72]
¢ o 13
T 3 i~ g
= % i 8 o o
o o °® © _| © ©
L T T T T T < T T T T T T
50 100 150 200 250 10 20 30 40 50 60
WHP Sp
8
PN x
o N
+
© T 2
g o s
o | -)&5 o
g N B B B E—
< 0 20000 40000 60000
G I(WHP~2)

o ®iir WHP 7 | 3 #fii= =& & & ¢h mean curvature
e ¥ SP #hnon-constant variance J % 3 #ricd > @ F FALELA L @Ak fitted line 4 3= A
F P

PR T () ¢ e Al K F g

(c)

2

A (a) ¢ %ﬁﬁc SP ¢ partial residual plot 7 % non-constant variance s % > @ & (b) ¥ P % = 4 d >
e 5 AP F 2 5 ¥F response variable ;ja:B’»n:r fm mtransformatlon &A1 * weight » &8 %5 ¥ WHP - =
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POt A AR G (a) 1A WHP? 1% Ren® B 2R 4¢ 5 el TRE | 7 0 5 LA Ao
Fugdy | 2. ¢ > i&d ¢ = SP partial residual plot $ £ ¥ ¢hm % 5 e & 4 HE i() K%WUHQ%%Xm%ﬂ
e A eh TR ) 2 ¢ ptpF SP partial residual plot 8 ¥ 3 @1‘”)% 7o

G ;ﬁd - #HE% (a) ¥ S WHP 4c SP partial residual plots %5z + it #% 2 ¢

library(ggplot2)

library (ggpubr)

pl = ggplot(data3)+
geom_point (aes(WHP,fit3.1$residuals+fit3.1$coefficients[2]*WHP, factor (WHP)), 2)+
geom_abline( fit3.1$coefficients[2], 0)

p2 = ggplot(data3)+

geom_point(aes(SP,fit3.1$residuals+fit3.18coefficients[3]*SP, factor (WHP)), 2)+
geom_abline( fit3.1$coefficients[3], 0)
ggarrange(pl, p2, 2, T, "bottom")
2 -
s

fit3.1$residuals + fit3.1$coefficients[2] * WHP
fit3.1$residuals + fit3.1$coefficients[3] * SP

50 l(I)O léO 2(I)O ZéO
WHP

factor(WHP) 205 ® 40 @ 845 257

LEERES ijﬁ 3| SP partial residual plot ® Av\"JsV tht T aFEL NI WHP = 257or 205 22 WHP =
40 or 84.5 & # 7aw—%‘mr651dual L 5L s ?‘,‘mﬂ 554 0@ %\‘Llﬂ.‘%j‘{r—] ¥ % % WHP? J’ﬁ@;
ﬁﬂm%&9d(3@?—%?@jﬁtﬁﬁ%ﬂm%nwwﬁm@vw*qﬁ SP partial residual plot 3
non-constant variance e F|z_ - o

p3 = ggplot(data3)+

geom_point (aes(WHP,fit3.2$residuals+fit3.2$coefficients [2]*WHP, factor (WHP)), 2)+
geom_abline( fit3.2%coefficients[2], 0)
= ggplot(data3)+
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geom_point (aes(SP,fit3.2$residuals+fit3.28coefficients[3]*SP, factor (WHP)), 2)+
geom_abline( fit3.2$coefficients[3], 0)
ggarrange(p3, p4, 2, T, "bottom")
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