NTHU STAT 5410, 2022 Solution to Homework 7

Linear Model Assignment 7

TRM S BIE R ~

Problem 1.
(i)

A T AT
library(nlme) ;1library(splines)

library(car)
aatemp=read.table("http://www.stat.nthu.edu.tw/~swcheng/Teaching/stat5410/data/aatemp.txt",
T)
plot(aatemp$year,aatemp$temp, "year", "temp")
o o
O
O
O
9 - o 0o 0O o oo
o© o o) e}
© &
o o) ° % © o o
a o _| o 00O P 0% o o o @OQ)%QD o)
% N °c®Q o ©0 o ° o N
o ©) O o o CSfD O C)O o) o ¥ ©
© o RS @0 D o © oo ©O o
< 7 o © S
e) @) oY
) (e]e)
S
<
(0] ©)
| | | |
1850 1900 1950 2000
year wE P

FRRBEMEEGHA —EEEHMEE - H5 ¥ EHEL#E linear model:
Q, : temp = B, + Byyear +¢€, € ~ N(0,0?)

g=lm(temp~year, aatemp)
summary (g)

##

## Call:

## 1lm(formula = temp ~ year, data = aatemp)
##

## Residuals:
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## Min 1Q Median 3Q Max

## -3.9843 -0.9113 -0.0820 0.9946 3.5343

##

## Coefficients:

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

## (Intercept) 24.005510 7.310781 3.284 0.00136 *x*

## year 0.012237 0.003768  3.247 0.00153 *x*

#H ——-

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

## Residual standard error: 1.466 on 113 degrees of freedom

## Multiple R-squared: 0.08536, Adjusted R-squared: 0.07727

## F-statistic: 10.55 on 1 and 113 DF, p-value: 0.001533

Fitted model % temp = 24.01 + 0.01yéar, 6 = 1.466 * B4R EEERMN 0> B BEKEHMA — B4
M A > FHEF L4 LA 0.01 degrees Fahrenheit °

(i)
TBEER Bl -ty 08 2 Pl A B 0 3E BBCGRRBIEE A AR(1) > B8P

Q, : temp, = B + Byyear; +¢;, € ~ N(0, 0?), Cov(e;, €)= 02p|yearryearj\
1£ Al generalized least squares Bei#iAE Al 4 F :

g2=gls(temp~year, aatemp, corAR1( ~year) )
summary (g2)

## Generalized least squares fit by REML
##  Model: temp ~ year
## Data: aatemp

## AIC BIC logLik
##  426.5694 437.479 -209.2847
#i#

## Correlation Structure: ARMA(1,0)
## Formula: ~year
## Parameter estimate(s):

## Phil

## 0.2303887

##

## Coefficients:

## Value Std.Error t-value p-value

## (Intercept) 25.18407 8.971864 2.807006 0.0059

## year 0.01164 0.004626 2.516015 0.0133

##

## Correlation:

## (Intr)

## year -1

##

## Standardized residuals:

## Min Q1 Med Q3 Max
## -2.7230803 -0.6321970 -0.0520135 0.6645795 2.3775123
##

## Residual standard error: 1.475718
## Degrees of freedom: 115 total; 113 residual

Fitted model % temp = 25.18 4+ 0.0lyéar, & = 1.476 > BB (i) &9 B8 % KA & K K%L -
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intervals(g2)

## Approximate 95, confidence intervals

#i#

## Coefficients:

## lower est. upper
## (Intercept) 7.409192415 25.18407264 42.95895286
## year 0.002474401 0.01164028 0.02080617
## attr(,"label")

## [1] "Coefficients:"

##
## Correlation structure:
## lower est. upper

## Phil 0.02920118 0.2303887 0.4136364
## attr(,"label")
## [1] "Correlation structure:"

##
## Residual standard error:
## lower est. upper

## 1.284091 1.475718 1.695942

B p =023 ZHAAEEN 95% CL & (0.029, 0.41) R &4 0 #7R £ 048 B 2 Rl 6 ok 17 42 B i
PE o

(iii)

1# A orthogonal polynomials Bti#l+R % B AL 4w T :

10 i
temp = S, + Zﬁizi(year, ey year') + e, 2, = Zaijyeark, 2z =0for k+#1
i=1

k=0

summary (1m(temp~poly(year, 10), aatemp) )
##
## Call:
## lm(formula = temp ~ poly(year, degree = 10), data = aatemp)
##
## Residuals:
## Min 1Q Median 3Q Max
## -3.4987 -0.8641 -0.1745 1.1450 3.4255
##
## Coefficients:
#it Estimate Std. Error t value Pr(>|t])
## (Intercept) 47.7426 0.1319 361.927 < 2e-16 **x
## poly(year, degree = 10)1 4.7616 1.4146  3.366 0.00107 *x*
## poly(year, degree = 10)2 -0.9071 1.4146 -0.641 0.52277
## poly(year, degree = 10)3  -3.3132 1.4146 -2.342 0.02108 *
## poly(year, degree = 10)4 2.4383 1.4146 1.724 0.08774 .
## poly(year, degree = 10)5  3.3824 1.4146 2.391 0.01860 *
## poly(year, degree = 10)6 1.2124 1.4146  0.857 0.39337
## poly(year, degree = 10)7 -0.9373 1.4146 -0.663 0.50908
## poly(year, degree = 10)8 -1.1011 1.4146 -0.778 0.43812
## poly(year, degree = 10)9 1.3994 1.4146 0.989 0.32483
## poly(year, degree = 10)10  0.3474 1.4146  0.246 0.80652

3
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## ——-

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

## Residual standard error: 1.415 on 104 degrees of freedom

## Multiple R-squared: 0.2165, Adjusted R-squared: 0.1411

## F-statistic: 2.873 on 10 and 104 DF, p-value: 0.003335

BN RA LS HEEREE > RMTUREEREELRSAXGELY

5

Qg : temp = B, + Zﬁizi(year, oy year') + e
i=1

g3=1m(temp~poly (year, 5), aatemp)

summary (g3)

##

## Call:

## 1m(formula = temp ~ poly(year, degree = 5), data = aatemp)

##

## Residuals:

## Min 1Q Median 3Q Max

## -3.7142 -0.9198 -0.1420 0.9903 3.2364

##

## Coefficients:

#it Estimate Std. Error t value Pr(>|tl)
## (Intercept) 47.7426 0.1306 365.604 < 2e-16 **x*
## poly(year, degree = 5)1  4.7616 1.4004  3.400 0.000942 ***
## poly(year, degree = 5)2 -0.9071 1.4004 -0.648 0.518500
## poly(year, degree = 5)3 -3.3132 1.4004 -2.366 0.019749 *
## poly(year, degree = 5)4  2.4383 1.4004 1.741 0.084470 .
## poly(year, degree = 5)5  3.3824 1.4004 2.415 0.017384 *
## ——-

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

## Residual standard error: 1.4 on 109 degrees of freedom
## Multiple R-squared: 0.1952, Adjusted R-squared: 0.1583
## F-statistic: 5.289 on 5 and 109 DF, p-value: 0.0002176

EH AT = R84 fitted line e T B

x=aatemp$year; y=aatemp$temp
matplot(x,cbind(y,g$fit,g28fit,g3$fit), "plll", "year", "temp", 18, 1)
legend("topleft", 2:4, rep(1,3), "n",
c(expression(Omegal[1]) ,expression(Omegal[2]),
expression(Omegal[3])))
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AR Q) Ao Q, BYEEKRIEL > Oy BE ETALKE daR o BFTAR] 2020 Fe9RE ¢
predict (g3, data.frame( 2020))
## 1
## 60.07774

TABRLRE A 60.0774 > BN BLA B R e 8 E (43.41, 51.89) IE&EIRIE > T AR BB A BT 2000
FOREA—a LR AN c BRI THREER Q o Q, SHEEVERREARE (0 BR)  2RAE
RE LT -

(iv)
B3R ATHBEL 1930 AT AR > M B 1930 SFRF — By &S o RAT LU4FH B A% E

i# broken stick regression:
Q, : temp = B, + B (year — 1930)d(year) + ¢, € ~ N(0,02)

, d(year) = 1 if year > 1930 and d(year) = 0, otherwise.

d=function(x) ifelse(x<1930, 0, 1)
gb=1m(temp~I((year-1930)*d(year)), aatemp)
summary (gb)

##

## Call:

## Im(formula = temp ~ I((year - 1930) * d(year)), data = aatemp)
##

## Residuals:

## Min 1Q Median 3Q Max

## -4.0222 -0.8872 -0.0355 0.9628 3.7229

##

## Coefficients:

#it Estimate Std. Error t value Pr(>[tl)
## (Intercept) 47.432151 0.184604 256.939 <2e-16 *x*xx
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## I((year - 1930) * d(year)) 0.014970 0.005857 2.556 0.0119 *
# ——-

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

##

## Residual standard error: 1.491 on 113 degrees of freedom

## Multiple R-squared: 0.05465, Adjusted R-squared: 0.04628

## F-statistic: 6.532 on 1 and 113 DF, p-value: 0.01192

BARSHAAFERGEE 12 R? £ 0.055 ° BorE TR A —ERIFOEEER - 5 K5 5o 5 H
year < 1930 & year > 1930 &Zi#l linear model 34 # fitted line M & k47 B £

g4l <- 1m(temp~year, aatemp, (year<1930))
g42 <- lm(temp-~year, aatemp, (year>=1930))
plot(x, y, "year", "temp", 16)
abline(v=1930, 5)

axis(1,1930,1930)

segments (1854, g4i$coef [1]+gdl$coef [2]*1854, 1930, g4l$coef[1]+gd1$coef [2]*1930)
segments (2000, g42$coef [1]+g42$coef [2]*%2000, 1930, g42$coef [1]+g42%coef [2]*1930)
py = gb$coef [1]+gb$coef [2]*((x-1930)*d (x))
lines(x, py, 2)
legend("topleft", 1, 2, "

c(expression(Omega[4])))

N
n

e Q

temp
48 50

46

I I
1850 1900 1930 1950 2000

year
T R H Ak fitted line (R &F &) s8R S A 848 B 1930 FREKLEEBZARR G MAR —KE£
2t broken stick # A () &L MFERESEE IR -

(v)

R AR E Bl cubic B-spline A :

6
Qy : temp = Z B;9;(year) + €
=1

K3

base functions: gy,...,gs defined on an interval [a=1854, b=2000] with knot-points t; < ... < ¢, k =
10(vk—4 = 6), t; = 1854, t;, = 2000. B % year A% > £ M IEH 10 18 knots (W#H B N) & (1854, 1854,

6
madeby U U OO OOOOO OO



NTHU STAT 5410, 2022

1854, 1854, 1903, 1951, 2000, 2000, 2000, 2000) ° B-spline base functions & # 4o F :

knots=c(rep(1854,3) ,round(seq(1854,2000,
bx=splineDesign(knots,x)
matplot (x,bx, DL

4)),rep(2000,3))

"B-spline basis functions")

B-spline basis functions

Solution to Homework 7

1.0

bx
0.6

0.4

0.2

HEEEQ,, i =345 BAHBRWTHE :
gs=1m(aatemp$temp~bx)

matplot (x,cbind(aatemp$temp,g3$fit,gb$fit,gs$fit), "plll"
s "year", "temp", 18, 1)
legend("topleft", 2:4, rep(1,3), D@

c(expression(Omegal[3]),expression(Omegal4]),
expression(Omega[5])))
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Problem 2.

The data contains Infant Mortality Rates (IMR) and Physical Quality of Life Index (PQLI) scores, which is
an indicator of average wealth, for selected Indian States. Using the data set, construct a single model for
infant mortality rate, using suitably defined dummy variables for rural-urban and male-female distinctions.
You should investigate whether there is a male-female and/or rural-urban difference in mortality rate after
adjusting for other covariates.

UM EROPEEI O WERL L TE (IMR) mAFE Eo# (PQLI) - A4 E PQLI » % A
SR REA /BT RS 0 AR EM/RTHE S RUE PQLI 2 # - KMBEAZAHEE IMR AFFEF L
RIRME R > T E B A EIH A newdata ° J£ newdata 89 IMR HALAE > KA 89 R H 2 combined
IMR M & & % #2585 &9 IMR > 3B H 383 (UoR) Fo F % (Sex) FAAIMAL
library(ggplot2)
library(GGally)
data = read.table("Hw7 data2.txt", F,
c("State","PQLI_Score","Combined IMR",
"Rural_Male_IMR","Rural_Female_IMR",
"Urban_Male_IMR","Urban_Female_ IMR"))
State = rep(datal,1], 4)
PQLI_Score = rep(datal,2], 4)

IMR = unlist(datal,-c(1,2,3)])

UoR = c(rep("R",26),rep("U",26))

Sex = rep(c(rep("M",13),rep("F",13)),2)

newdata = data.frame(State, PQLI_Score, IMR, UoR, Sex)

summary (newdata)

## State PQLI_Score IMR UoR
## Length:52 Min. :17.00  Min. : 22.00 Length:52

## Class :character 1st Qu.:29.00 1st Qu.: 61.50 Class :character
## Mode :character Median :36.00 Median : 87.50 Mode :character

## Mean :43.54  Mean : 92.81
## 3rd Qu.:55.00 3rd Qu.:121.25
## Max. :92.00 Max. :187.00
## Sex

## Length:52

## Class :character
## Mode :character
##

##

##

par( c(2,2))
# for(i in 1:4) { # WwREHBMIBHNE fitting line 4935
# asstgn(pasteO("fit2_", i), lm(IMR ~ PQLI_Score, subset = (i-1)*13+1:13))
# }
for(i in 1:4){
plot (PQLI_Score[(i-1)*13+1:13], IMR[(i-1)*13+1:13],
c("Rural Male","Rural Female","Urban Male","Urban Female") [i],
c(10,170))
# wRBEHEMEBANE fitting line 8935
# abline(c(fit2_1$coefficients, fit2 2%coefficients,
# fit2_38coefficients, fit2 4$coefficients) [(i-1)*2+1:2])
}
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= Rural Male = Rural Female
— —
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= | | | | = | | | |
x x
= 20 40 60 80 = 20 40 60 80
PQLI_Score[(i - 1) * 13 + 1:13] PQLI_Score[(i - 1) * 13 + 1:13]
= Urban Male = Urban Female
— —
+ o + o
[To i Lo
S Q =,
= | oo® = 0
= 8- o 00 P = g o © ood .
= | | | | = | | | |
x x
= 20 40 60 80 = 20 40 60 80

ggpairs(newdatal,c("PQLI_Score","IMR",

0.020-
0.015-
0.010-
0.005-

0.000-

150- ¢

100-°

880
e:. .0.8
P
3
|”|||
0

PQLI_Score[(i -

PQLI_Score

75

1) * 13 + 1:13]

IMR

10

Corr: —0.633***
F: —0.619***

M: —0.647***

PQLI_Score[(i - 1) * 13 + 1:13]

"Sex")], aes(color = Sex, alpha = 0.5))

it
=
B

madeby U U OO OOOOO OO

HINI 91095 [10d

NI



NTHU STAT 5410, 2022 Solution to Homework 7

ggpairs (newdatal,c("PQLI_Score","IMR", "UoR")], aes( UoR, 0.5))

PQLI_Score IMR UoR

0.0207 Corr: ~0.633%**
0.015-

0.010-

91095 [10d

0.005- U: —0.8714***
0.000-

150 -

dINI

L J
100-
50 - +

4 -
3-

2-

1-

9:

3-

2-

1-

0- 1 1 1 1 1 1 1 1
25 50 75 50 100 150 R U
GRS AAERE LA T H E R 4T EDA ¢

(1) #1873 45 B ey #0456 B T AR 2| A R BIFAA T » PQLI # IMR @9 B 1% 2 421 > S BABAIE M pattern o
9 E A AL PQLI A% » IMR A% 3 B X 24 Urban %4 IMR #& Rural %1% ° sbéh > KRB E 2] 4B
BATAE > Fo B b 2L 0 IE BEEIR - 7] A5 2 4L 89 outlier °

(2) HHHER £ & o3 m B 7T AR 2] > PQLIT ¥ IMR #9147 £ (UoR) £ % > M%) (Sex) £ 8
LRI REAAE o

F A8 SBeid full model ° #£ model.matrix 454 7T BAE B 48 5] 4 # 24 (0,1)-coding B9 7 A% &L 4 L A
A2 e

don

Q : IMR = PQLI 4 Urban + Male + PQLI:Urban 4+ PQLI:Male 4+ Urban:Male + PQLI:Urban:Male + ¢

fit2_1 = 1m(IMR ~ PQLI_Score * UoR * Sex, newdata)
summary (fit2_1)

##

## Call:

## Im(formula = IMR ~ PQLI_Score * UoR * Sex, data = newdata)
##

## Residuals:

## Min 1Q Median 3Q Max

## -32.110 -5.603 0.007 7.546 31.882

#i#

## Coefficients:

#it Estimate Std. Error t value Pr(>ltl)
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## (Intercept) 181.4581 10.3419 17.546 < 2e-16 *xxx*
## PQLI_Score -1.5494 0.2168 -7.147 6.96e-09 *xx
## UoRU =77.9537 14.6257 -5.330 3.22e-06 ***
## SexM -2.4329 14.6257 -0.166 0.8687

## PQLI_Score:UoRU 0.7799 0.3066 2.544 0.0146 =*
## PQLI_Score:SexM 0.1584 0.3066 0.517 0.6081

## UoRU:SexM 10.5945 20.6838 0.512 0.6111

## PQLI_Score:UoRU:SexM -0.3741 0.4336 -0.863 0.3929

##H ——-

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

## Residual standard error: 15.24 on 44 degrees of freedom
## Multiple R-squared: 0.8498, Adjusted R-squared: 0.8259
## F-statistic: 35.56 on 7 and 44 DF, p-value: 4.329e-16

# model.matriz(fit2_1) 4 & coding
T LAE B A B Sex B TAR G BAARIEE - BARAF EDA B EMS - MR BRI EREIE Sex #80 B
B A £ R > Bl reduced model 1 ° sb9h > & T #£32 PQLI ¥ IMR 9483 » R A S A3 T > 7T

S ARFAMER E R KRFEE reduced model 2 © FHAFIIF reduced model 1 Fo 2 By F » 5B & £ 1L
WA & RS B &y ey 3h B EAREICR R EAR R THER -

wy  IMR = PQLI + Urban + PQLI:Urban + €

wy : IMR = PQLI + Sex + PQLI:Sex + €

fit2_2 = 1m(IMR ~ PQLI_Score * UoR, newdata)
summary (fit2_2)

##

## Call:

## 1m(formula = IMR ~ PQLI_Score * UoR, data = newdata)

##

## Residuals:

## Min 1Q Median 3Q Max

## -33.790 -5.237 0.175 7.759 31.752

##

## Coefficients:

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

## (Intercept) 180.2417 7.1090 25.354 < 2e-16 **x
## PQLI_Score -1.4702 0.1490 -9.866 3.93e-13 **x*
## UoRU -72.6564 10.0536 -7.227 3.30e-09 ***
## PQLI_Score:UoRU 0.5928 0.2107 2.813 0.00709 x**
## ——-

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

## Residual standard error: 14.82 on 48 degrees of freedom
## Multiple R-squared: 0.8451, Adjusted R-squared: 0.8355
## F-statistic: 87.32 on 3 and 48 DF, p-value: < 2.2e-16

anova(fit2_2, fit2_1)

## Analysis of Variance Table
#i#

12
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## Model 1: IMR ~ PQLI_Score * UoR
## Model 2: IMR ~ PQLI_Score * UoR * Sex

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

## 1 48 10538

## 2 44 10222 4 316.23 0.3403 0.8493
fit2_3 = 1m(IMR ~ PQLI_Score * Sex, newdata)

summary (£it2_3)

##

## Call:

## 1m(formula = IMR ~ PQLI_Score * Sex, data = newdata)

##

## Residuals:

## Min 1Q Median 3Q Max

## -58.219 -23.045 -4.515 24.834 64.230

##

## Coefficients:

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

## (Intercept) 142.48130 13.98240 10.190 1.36e-13 **x
## PQLI_Score -1.15946 0.29310 -3.956 0.000251 *x*x*
## SexM 2.86438 19.77411 0.145 0.885432

## PQLI_Score:SexM -0.02869 0.41450 -0.069 0.945111

## ——-

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

## Residual standard error: 29.14 on 48 degrees of freedom
## Multiple R-squared: 0.4009, Adjusted R-squared: 0.3635
## F-statistic: 10.71 on 3 and 48 DF, p-value: 1.671e-05

anova(fit2_3, fit2_1)

## Analysis of Variance Table

#i

## Model 1: IMR ~ PQLI_Score * Sex

## Model 2: IMR ~ PQLI_Score * UoR * Sex

#i#t Res.Df RSS Df Sum of Sq F Pr(OF)

#it 1 48 40766

## 2 44 10222 4 30545 32.87 1.06e-12 *x*

## -—-

## Signif. codes: 0O 's*x' 0.001 'xx' 0.01 'x' 0.056 '.' 0.1 ' ' 1
par ( c(1,2))

plot(PQLI_Score, IMR, "n", "Rural-Urban Difference")

text (PQLI_Score, IMR, UoR)

abline(fit2_2$coefficients[1:2])

abline(fit2_2$coefficients[1:2] + fit2_2$coefficient[3:4])
plot(PQLI_Score, IMR, "n", "Male-Female Difference")
text (PQLI_Score, IMR, Sex)

abline(fit2_3$coefficients[1:2])

abline(fit2_3$coefficients[1:2] + fit2_3$coefficient[3:4])
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Rural-Urban Difference Male—Female Difference
R F
o o
Lo Lo
— —
nd nd
= 8 = 8
= 3 - —
o o
Lo Lo
I I I I
20 40 60 80
PQLI_Score PQLI_Score

LA re-

duced model 1 R > FAE S S AHIFE - £ A anova L reduced model 1 # full model > 4% %] p-value

> 005 REARENEREE £ E > KT REES E M 4 BEEE Y B8 ) reduced model 1 °

2A reduced model 2 &3 > MR AR G E REBEE o £ B anova L reduced model 2 ¥ full model ° 4% %]
p-value < 0.05 * RERMBEA A BEE £ B > RIVEAHES MY FEEE Y B ) 49 reduced model 2 °

ARARICHER L CREABRT R BB LZEBARE > TN LZEBTABRNELT - KERLER

FE4% B 033 A2 &AL reduced model 1 & E -

& AR AL reduced model 1 89 & R85 > HIRA T A ey B AN L EHE > PQLI #4551 >
#% regression R AE A B ) influential point * T EHIER B KERALA #f - % KERALA # & #4

— R reduced model 1 &) fitting °
newdata$State [which(PQLI_Score == max(PQLI_Score))]

## [1] "KERALA" "KERALA" "KERALA" "KERALA"

subdata_index = rep(T,52)
subdata_index [which(PQLI_Score == max(PQLI_Score))] = F

fit2_4 = 1m(IMR ~ PQLI_Score * UoR, newdata, subdata_index)
summary (fit2_4)

##

## Call:

## 1m(formula = IMR ~ PQLI_Score * UoR, data = newdata, subset = subdata_index)
##

## Residuals:

## Min 1Q Median 3Q Max

## -34.855 -5.884 0.363 7.748 32.972

##

## Coefficients:

#it Estimate Std. Error t value Pr(>|t])
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## (Intercept) 177.9126 9.3400 19.048 < 2e-16 **x*

## PQLI_Score -1.4050 0.2226 -6.311 1.18e-07 *xx

## UoRU -71.0025 13.2087 -5.375 2.77e-06 ***

## PQLI_Score:UoRU  0.5465 0.3148 1.736 0.0896 .

## ——-

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

## Residual standard error: 15.42 on 44 degrees of freedom
## Multiple R-squared: 0.8017, Adjusted R-squared: 0.7882
## F-statistic: 59.31 on 3 and 44 DF, p-value: 1.677e-15

par( c(1,2))
plot(PQLI_Score, IMR, "n", "Rural-Urban Difference",
c(10,93), c(40,170))

text (PQLI_Score, IMR, UoR)

abline(fit2_2$coefficients[1:2])

abline(fit2_2$coefficients[1:2] + fit2_2$coefficient[3:4])

plot (PQLI_Score[subdata_index], IMR[subdata_index], "n", "Rural-Urban Difference\nleaving
c(10,93), c(40,170))

text (PQLI_Score[subdata_index], IMR[subdata_index], UoR)

abline(fit2_4$coefficients[1:2])

abline(fit2_4$coefficients[1:2] + fit2_4$coefficient[3:4])

Rural-Urban Difference
leaving out Kerala state

Rural-Urban Difference

o — O
< < <
— % —
£
|
©
s 3 g g
- — -g —
o 2, o
© 021 ©
o T o
(o] (o]
o o
< <
PQLI_Score PQLI_Score[subdata_index]

HABALHERBTUER > MMM EFROMFEEZRRD T &R ELHEAZ PQLL:Uraban X &
VTR IR RS - BHRREAFAE » FBELE reduced model 3 °

wy : IMR = PQLI + Urban + ¢
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fit2_5 = 1m(IMR ~ PQLI_Score + UoR, newdata, subdata_index)
summary (£it2_5)

#it

## Call:

## 1m(formula = IMR ~ PQLI_Score + UoR, data = newdata, subset = subdata_index)
##

## Residuals:

## Min 1Q Median 3Q Max

## -38.270 -7.861 1.763 9.296 39.120

##

## Coefficients:

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

## (Intercept) 167.1197 7.1235 23.460 < 2e-16 **x*
## PQLI_Score -1.1317 0.1609 -7.034 9.08e-09 xxx
## UoRU -49.4167 4.5500 -10.861 3.68e-14 *x*x
## -——-

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

## Residual standard error: 15.76 on 45 degrees of freedom
## Multiple R-squared: 0.7882, Adjusted R-squared: 0.7788
## F-statistic: 83.71 on 2 and 45 DF, p-value: 6.838e-16

anova(fit2_5, fit2_4)

## Analysis of Variance Table

#

## Model 1: IMR ~ PQLI_Score + UoR
## Model 2: IMR ~ PQLI_Score * UoR

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

## 1 45 11179

## 2 44 10463 1 716.43 3.0128 0.08961

#t -

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

par( c(1,2))

plot(PQLI_Score[subdata_index], IMR[subdata_index], "n", "Rural-Urban Difference\nleaving

text (PQLI_Score[subdata_index], IMR[subdata_index], UoR)

abline(fit2_4$coefficients[1:2])

abline(fit2_4$coefficients[1:2] + fit2_4$coefficient[3:4])

plot (PQLI_Score[subdata_index], IMR[subdata_index], D@ "Rural-Urban Difference\nleaving
text (PQLI_Score[subdata_index], IMR[subdata_index], UoR)

abline(fit2_5$coefficients[1:2])

abline(fit2_b$coefficients[1:2] + c(fit2_5$coefficient[3],0))
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Rural-Urban Difference Rural-Urban Difference
leaving out Kerala state leaving out Kerala state
| R | R
o o
X — X —
(O] (O]
© ©
£ £
g 9 g 9
g S g S
o] o]
> >
2, 2,
x o x o
= ® = ®
o o
(o] (o]
PQLI_Score[subdata_index] PQLI_Score[subdata_index]

{# A anova tt# reduced model 3 # reduced model 1> 43| p-value > 0.05° RERBEN &8 F £ £ >
P99 sA$S B R AR A IREAZ S 3 P 0 #) reduced model 3 ° 4845 K30 » £ PQLI A% » IMR A& 0 3
B MEMRMEERSHBEEN > AN ZERBEAFTEZMN - MW EBEEZERYABRIERE » 4o
R KERALA #4814 outlier » R4+ % 3t R & K5 % 7 84 ™A B R
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Problem 3.

wd <- "http://www.stat.nthu.edu.tw/~swcheng/Teaching/statb5410/data/cornnit.txt"
data3 <- read.table(wd, T, "UTF-8-BOM")

BB ARETMA £ NA > TEEEHES -

summary (data3)
## yield nitrogen
## Min. 1 47.0 Min. : 0.0
## 1st Qu.:113.5 1st Qu.: 37.5
## Median :135.0 Median : 87.5
## Mean :125.8 Mean :103.4
## 3rd Qu.:142.5 3rd Qu.:162.5
## Max. :168.0 Max. :300.0
pairs(data3)
0 50 100 150 200 250 300
l l l l l l l
(o]
ol
g © 5 8 Q
8 8 o ol §
. S o) o -
Q
yield 8 o
- S
o) —
O —
e | o
©
[0)
o
o — @) (e}
™
o
8 — O @ O o
- o ooo nitrogen
o
o o @
A Q00 o
— oo (o)) o]
o —H0 (€)) o0 O

I I I I I I
60 80 100 120 140 160

AR EHETER > X yield &K response variable » nitrogen & #1189 predictor 2 3 — 18 f§
Baeimsaa .

yield = B, + B, X nitrogen + €.

fitl <- 1lm(yield ~ nitrogen, data3)
summary (fit1)

##

## Call:

## 1m(formula = yield ~ nitrogen, data = data3)
##

## Residuals:

## Min 1Q Median 3Q Max
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## -60.439 -10.939 1.534 14.082 29.697

##

## Coefficients:

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

## (Intercept) 107.43864 4.66622 23.02 < 2e-16 **x

## nitrogen 0.17730 0.03377 5.25 4.71e-06 ***

## ———

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

## Residual standard error: 20.53 on 42 degrees of freedom
## Multiple R-squared: 0.3962, Adjusted R-squared: 0.3818
## F-statistic: 27.56 on 1 and 42 DF, p-value: 4.713e-06

T A% %] nitorgen A% > A ™A residual plot & % B & 43 %2 A %] mean structure # pattern
B LA E 3 A boxcox ¥ response HEATHER R FE BRI o

plot(fit1, 1)
Residuals vs Fitted
Q
g ° °
S 8 o
[¢) Q e} o <]
¢ °lg 7 g8 ° ’8\
© e} o
>
o o o o
" N —H o ]
g e
o
Y 1 83
o
© - oz
T T T T T T
110 120 130 140 150 160
Fitted values
Im(yield ~ nitrogen)
library(MASS)
bc <- boxcox(fitl, seq(0.5,5.5, 0.1))
© H95% e e
e)
8 o |
R |
g
T ¥ A
o |
o
© _|
|
[ee)
I T T T T T
1 2 3 4 5
A

lambdahat=bc$x [which.max (bc$y)]
lambdahat

## [1] 2.722222
TUEE A =2722> 2 {284 boxcox HILILEBAMN A e (—2,2) > A4FE + X # confidence interval
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FELAE] 20 AT LARAT T A L vield® ek o Jhoh 0 BN 1 R4 N B9 confidence interval » A7 A
response =Ry fit2 A fitl - CEF © #AR R, = 0.3968 A ATt > 2 RBE response K [
BT > RARe R2, BORAEE L )

fit2 <- 1Im(I(yield™2) ~ nitrogen, data3)

summary (£fit2)

##

## Call:

## lm(formula = I(yield™2) ~ nitrogen, data = data3)

##

## Residuals:

## Min 1Q Median 3Q Max

## -10072.1 -2968.1 81.4 3044.3 7812.2

##

## Coefficients:

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

## (Intercept) 12281.067 1033.871 11.879 5.16e-15 **x
## nitrogen 40.653 7.483 5.433 2.58e-06 **x
## ———

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

## Residual standard error: 4548 on 42 degrees of freedom
## Multiple R-squared: 0.4127, Adjusted R-squared: 0.3988
## F-statistic: 29.52 on 1 and 42 DF, p-value: 2.584e-06

par( c(1, 2))
plot(fitil, 1)
plot(fit2, 1)
Residuals vs Fitted 8 Residuals vs Fitted
2 - g
-
S 50 360
& 8
o
Te]
o © @
S S o
S o B
[%] N [%]
Q | [0
o x
o
T 83
8
o
QID —021 8
i
I I I I I I I I I I I I I I
110 130 150 12000 16000 20000 24000
Fitted values Fitted values

% &8 & yield ~ nitrogen 8 residual plot ~ & £ &9 B & yield® ~ nitrogen &9 * # 2K A & confidence
interval & 3f £ 117384215 a9 B A 8242 > 124¢ residual plot T SAZE 3R response —R & ey fit2 AR £ hd il
mean structure 372 F B AFe) £ I - AR H ik > ArAKRIFIF R H predictor #4T box-cox ik - &
& > &7 nitrogen 2 A 0 89EIE ° A7 A FA € L H nitrogen + 1 > nitrogen & A#) range & (0,300) °
FoA 4+ 1t R G R RRGBE -

B FAI40E 2* ~ 2+ (A — 1) xlog(z) (by Taylor’s expansion) » Ff JA AT H 7 %A 09 B A pu AN 2 log()
I8 o
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yield = B, + /31 x nitrogen + 85 X (nitrogen X log(nitrogen)) + &.

B A AP o 3 BEAR A AR 3T M R 84 AT A A AT AT B G \ B

Brat ~ Bz + (A — 1) zlog(z)]
= Py =p" (A1)
~ ﬁ S &
= A=2241 where 8 =0
ﬂ*
xlogx <- (data3$nitrogen + 1)*log(data3$nitrogen + 1)
fit3 <- 1m(yield ~ I(nitrogen+1) + xlogx, data3)
summary (£it3)
##
## Call:
## lm(formula = yield ~ I(nitrogen + 1) + xlogx, data = data3)
##
## Residuals:
## Min 1Q Median 3Q Max
## -43.275 -7.372 -0.546 9.741 24.725
##
## Coefficients:
#it Estimate Std. Error t value Pr(>|tl)
## (Intercept) 88.30496 4.48708 19.680 < 2e-16 **x
## I(nitrogen + 1) 1.97042 0.28201 6.987 1.72e-08 *x*x
## xlogx -0.31711 0.04969 -6.382 1.24e-07 *%*x*
## ——-
## Signif. codes: O '**x' 0.001 'xx' 0.01 'x' 0.056 '.' 0.1 ' ' 1
##

## Residual standard error: 14.72 on 41 degrees of freedom

## Multiple R-squared: 0.6971, Adjusted R-squared: 0.6823

## F-statistic: 47.18 on 2 and 41 DF, p-value: 2.325e-11

ToE 5 wlog(x) bt af%  BidE@e X3z \ =030 1] = 0.8390648 » 3 EHEH -

fit4 <- 1m(yield ~ I(nitrogen~0.8390648), data3)
summary (fit4)

##

## Call:

## lm(formula = yield ~ I(nitrogen~0.8390648), data = data3)

##

## Residuals:

## Min 1Q Median 3Q Max

## -57.243 -8.143 0.504 12.587 29.224

##

## Coefficients:

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

## (Intercept) 104.24330 4.66076 22.366 < 2e-16 x*xx*x*
## I(nitrogen~0.8390648) 0.47043 0.07912 5.946 4.75e-07 *x*
## ———

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

##
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## Residual standard error: 19.47 on 42 degrees of freedom

## Multiple R-squared: 0.4571, Adjusted R-squared: 0.4441

## F-statistic: 35.36 on 1 and 42 DF, p-value: 4.749e-07

TUHEIL R,y AR A8 0.3818 LFH3] 0.4441 » $FAR T @A 291 > 2R AR ILE R F T
ey E &K o BRILB—T residual plot °

par( c(2, 2), c(4.5, 4, 2, 3))
plot(fitil, 1)
plot(fit2, 1)
plot(fit4, 1)
Residuals vs Fitted S Residuals vs Fitted
o
o | 0 o © S o . 360
o Yo @ 7 8
g 1 g 8 ° o g o 3.8
3 9 o T © o) g © @\O
@ T ° <) ‘@ ©
0] 0} _] o
[v4 —osz ¥ o o °
o 8 |G
S oz S %21
T T T T T T T T T T T T
110 120 130 140 150 160 12000 16000 20000 24000
Fitted values Fitted values
Residuals vs Fitted
o _| o o
o o o
s T 8 g o o
k=] g | o
2 h © o
o —©3%
8 — 021
! T T T T T T
110 130 150

Fitted values

% E 9B & yield ~ nitrogen # residual plot ~ & £ 8 8] & yield® ~ nitrogen # ~ £ F #9 B & yield ~
MN@ﬂ&m“’ﬁu?ﬁiT%E%%ﬁii%&ﬁtk%iw°%ﬁqﬁ%ﬂ%ﬁﬁﬁﬁﬁbMﬂm
transformation A7 % 89 X BF 42 T 2040 o 7% 0 T RBMREA LMK X > mAEHEARN-2 2] 2 M)
BAEER N R N A %V BT A B minimize RSS, #) B #) -

lv <- seq(-2,2,0.01)

RSS <- numeric()

for(i in 1:length(1v)){

if(Lv[il==0) fit_1 <- 1lm(yield ~ I(log(mitrogen+l1)), data3)

else fit_1 <- 1lm(yield ~ I(((nitrogen+1)~1v[i]l-1)/1v[i]), data3)
RSS[i] <- sum(fit_1$residuals~2)

}

plot(1v,RSS, L0 expression(lambda), expression(RSS[lambdal))

points(1lv[which.min(RSS)],RSS[which.min(RSS)], 16)
text (lv[which.min(RSS)]+0.7,RSS[which.min(RSS)],
paste("(",round (1v[which.min(RSS)],2),", ",round(RSS[which.min(RSS)],2),")", nny)
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20000
|

RSS,
15000
|

10000
|

AN -018 FR/ME  THEEAREAMBERY N = 0 ¥ predictor HIR AR IR ARIES © KA
Bl 442 & residual plot °
yield = By + 5, x log(nitrogen) + €.

fits <- 1lm(yield ~ log(nitrogen+1), data3)

summary (£it5)

##

## Call:

## lm(formula = yield ~ log(nitrogen + 1), data = data3)

##

## Residuals:

## Min 1Q Median 3Q Max

## -42.335 -10.261 2.126 10.558 25.665

##

## Coefficients:

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

## (Intercept) 89.335 4.227  21.13 < 2e-16 *xx*
## log(nitrogen + 1) 10.201 1.017  10.03 1.03e-12 *x*x*
## ——-

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

## Residual standard error: 14.34 on 42 degrees of freedom
## Multiple R-squared: 0.7055, Adjusted R-squared: 0.6985
## F-statistic: 100.6 on 1 and 42 DF, p-value: 1.025e-12

par ( c(2, 2), c(4.5, 4, 2, 3))
plot(fit1, 1)
plot(fit2, 1)
plot(fit4, 1)
plot(£fit5, 1)
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Residuals

Residuals
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Solution to Homework 7

Residuals vs Fitted
o 360
_ g o
o o
{0 o g &) 8\0
O
_ ° 5
025 °
—1021
T T T T T T T
12000 16000 20000 24000
Fitted values
Residuals vs Fitted
| o1 360
o
g § 8 80 o
_'8 8 Cﬁg\
o o
e o] (oo)
1021
T T T T T T
90 100 120 140

Fitted values T A

BIMARA 69 R2,, = 0.6985 ° K REEe) AR o LR FI LA B residual plot > Z £ #) B & yield ~ nitrogen

8 residual plot ~ #& L 89 Bl & vield® ~ nitrogen 8 ~ £ F &4 B & yield ~ nitrogen’ %8 « £ F oy B &
yield ~ log(nitrogen) ° 7T A& 2| 4 T A yield ~ log(nitrogen) #% %! ## mean structure &) pattern ¥ 42 »
b HAG AL A AR 4T

RiE > BT RABE EAA y = log(nitrogen + 1) + ¢ F, £FRZTAAEYH y #AT box-cox transformation °

bc2 <- boxcox(fith,

seq(0.5,5.5,

0.1))

15

10

log-Likelihood

#7 A 89 confidence interval 7R &4 1> A LA S KA ME 3% % B ¥ response V3 o M d 7 log-likelihood
R E 3 20 T F B4 predictoer A AT - BT 44 v 8k v 09-F 7 > BB A o

yield® = By + By x log(nitrogen) + €.
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fit6 <- 1m(I(yield™2) ~ log(nitrogen+1), data3)
summary (£it6)

##

## Call:

## 1m(formula = I(yield™2) ~ log(mnitrogen + 1), data = data3)
##

## Residuals:

#i# Min 1Q Median 3Q Max

## -6110.8 -2917.4 372.8 2380.8 7781.7

##

## Coefficients:

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

## (Intercept) 8319.8 955.4 8.708 5.89e-11 ***

## log(nitrogen + 1) 2285.8 229.9 9.944 1.33e-12 xxx

## ——-

## Signif. codes: 0O '**x' 0.001 'xx' 0.01 'x' 0.05 '.' 0.1 ' ' 1
##

## Residual standard error: 3241 on 42 degrees of freedom
## Multiple R-squared: 0.7019, Adjusted R-squared: 0.6948
## F-statistic: 98.89 on 1 and 42 DF, p-value: 1.325e-12

#% fitted line % # 7 scatter plot ¥ > HAITAE B R E & AR G940 28 L B4 > b R B AL A 8y
FRAE J) AR A 0.6 SA L 32K yield ~ log(nitrogen) #o yield” ~ log(nitrogen) 7 fe H ¥ 1® R thix » {2

H#¢ box-cox #9 & £ 7T LA 43 4a X 2L yield® ~ log(nitrogen) & # 464 4%
xx <- 0:300

plot(data3$nitrogen, data3$yield, "nitrogen", "yield",
"yield ~ nitrgen")

lines(xx, predict(fitil, data.frame( xx)), 2,

lines(xx, sqrt(predict(fit2, data.frame( xx))),

lines(xx, predict(fit4, data.frame( xx)), 4,

lines(xx, predict(fit5h, data.frame( xx)), 5,

lines(xx, sqrt(predict(fit6, data.frame( xx))),

legend("bottomright",
c(expression(yield %~% nitrogen),
expression(yield~2 %-~% nitrogen),
expression(yield %~% nitrogen~0.83),
expression(yield %~% log(nitrogen)),
expression(yield™2 %~ log(nitrogen))),

2:6, g 2y "n")
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yield ~ nitrgen
o
o
q— —
i
o _|
2 g
- —— vyield ~ nitrogen
8 yield® ~ nitrogen
— H : 0.83
8 yield ~ nitrogen
3 yield ~ log(nitrogen)
o —— yield® ~ log(nitrogen)
I | | | | I I
0 50 100 150 200 250 300

nitrogen

14 &AL lack of fit test (goodness of fit test ) Fu#x—F transform @74 694 A fosx AR E a9 B A -

fit7 <- 1Im(I(yield™2) ~ factor(nitrogen), data3)
anova(fit6, fit7)

## Analysis of Variance Table

##

## Model 1: I(yield™2) ~ log(nitrogen + 1)
## Model 2: I(yield™2) ~ factor(nitrogen)

##  Res.Df RSS Df Sum of Sq F Pr(OF)
## 1 42 441058609
## 2 37 416219682 5 24838928 0.4416 0.8165

e & R F T LAE 2] p-value #R K7 0.05 > transform @& A Fo RAA AR A B E 2 B - AR
# predictor #4T log 3% » 3 % response EAT =R ML HA yield® ~ log(nitrogen) & HiB A8 © B
€ goodness of fit test 4L i@ ~ AR LR GHA o
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