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> male <- c(175, 180, 169, 170, 173)
> female <- c(160, 155, 167, 170, 158)

> t.test(male, female, var.equal=FALSE)

Welch Two Sample t-test

t = 3.3243, df = 7.156, p-value = 0.01229
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> 1 - pt(3.3243, df=7.156)
[1] 0.00614507
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> (1 - pt(3.3243, df=7.156)) * 2
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> score <- c(

+ 374, 325, 203, 329, 228, 354, 417,
+ 461, 361, 316, 282, 423, 328, 397,
+ 356, 285, 437, 315, 415, 381, 324)
> group <- rep(1:3, c(7, 7, 7))

> oneway.test(score ~ group, var.equal=FALSE)

One-way analysis of means (not assuming equal variances)

F = 0.8551, num df = 2.000, denom df = 11.797, p-value = 0.45
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> 1 - pf(0.8551, 2, 11.797)
[1] 0.4499923
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> pf(0.8551, 2, 11.797)
[1] 0.5500077
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oo ooobobooonooo
gogobooooboouobbooboboobobbbuoobobboouobbooobbUoooa
OoooobooboboobD 2300b0b0oo0boooboooboobobooobooon
000000000 30000000 (replication)0 0000 (randomization)d 000 O
(local control) 00O ODOOO0OOO0OO0ODOOOOO

00000000000 000000U00o0oU00U0o0D (DoboooUooooo)oUo
oooooooooooobobobobobobobobooboooooooobooobo 100
gobobooobobbuoooobbouoooboboog

0000000 300000000000000000 160000000 O0O0OOOO
0000000000000000000 [19Y0000000000000000O000
0 [19)000000000000000000O00DO0O0000DO0DOUDOUDOOOO
gogooooboboobotboooooooooboobobboboboooooooobobboboboooa
gooboooooooo

gogoobbobobbobbodoooooooobobobbbodooooooobboboobbobad
goooboboobbbobbodooooooobobobbboooooooobobbbobbooog
ggobobobobooddoooooooobooobooddoooouoooboobooboboooa
gooboooboboooooooooooboobboobodooooooboboobboooa



22 020 000000

gogooboboboobooodoooooooobooobboobdoooooooboboboobobooa
000000000000000000000000000 (DO0DDOD0D0DO0D0OO0O0O
0000000000000 000ooO)o

e J00U0OO (UOOUDUDOUOUD)ULDULDOUDOO
e 0 UIUOOODODOOOODLDOOO orOOnbDOUO



23

0 30

Joobboob

31 0O0Ooood

ggoobobobbtbodoooooooboboboobobbbobdooooobobbobbobooog
OooboooobobotoooobbooobobbooonD 210000o0bbOoOoooo
OobOo0oboOo 2200000000000 00DO0DbDOO0DO0ODO0ObObOOoDOOoDbDOobObOOD

O00 A00OBOOCOOOODDOO0ODOOOOODDOODOOODOOOOODODOOO
OoOoobooboob 1o 30obboobooboobobobobooboob 2200
0001000 A0DD0D0ODODODO2000 BOOODODOOOOOD 3000 COoooooood
O0o0o0oboobobooboooboooboooboooboooooboo 31b0o00ooo
gobobooodgooooa

03.1(0000000)00 100 10000000000000000000000O0
gooooobbobbooooooooobobobboodoooooooooboobobboooo
ooooboobooboobo0o 1o loobbooboobUoobUooboobooo
0000000000000 U0o000U0 (bOo0Do0oO0oU0DoOo0OUooO)DOoooooooo
000000000000 000000000000000000Scored00O0O0OGroup
goboobooobobbuoooobbuoooboboog

32 10020000000000

t0ooobobbobobbbbbtboo00ddd0ddooLoUUuUuU g
O210000000000000000D0O0OC0DbDO0ObDbO0ObD 32000bO000O
goboboooon
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031 0bOooogoo

Subject Score Group

No.1 56 A
No.2 60 A
No.3 55 A
No.4 43 B
No.5 70 B
No.6 50 B
No.9 33 C
No.10 20 C
No.11 15 C

032 00000000 (DoOooOoon)

Subject Height Sex

No.1 175 Male
No.2 180 Male
No.3 169 Male
No.4 170 Male
No.5 173 Male
No.6 160 Female
No.7 155 Female
No.8 167 Female
No.9 170 Female
No.10 158 Female
Height = Sex (3.1)

03.10000000000000000HeightD Sex00000000O0DODOODOO
O00000OO00OHeight 00ODO00O00O0Sex 0000000000 OODODODO
OO00OO00 10b0ob0ob00ooobobooogob 1ooDoboboboooobooo

gooobboboboboooooooobobobobbbboodooooooboobbobooog
gogooboboobobobobobodoooooobobobobodoooooobDbbbboboooa
goboboooobobtoooobobooooboobobouoooooo

0000000 ROOOOD 3100000000 00DODOORODO ImOOODOOOO
000000000000000 (ImO0O Linear Model 00 O0OOOO0)OROOOOOO



3.2 100 200000000000 25

0003100000000000000000000000000000000
ROODODO0O0000000000000O0O0O0O0O0O0OOOO ROOOOO0O000000
0000000000000000000000 ROODOOOOOOOOOOOOOOOO0
000000000000000000000 ROODOO0O0O0O0OOOOOOOOOO0OO
000000000 ROOOOO0O0O0O0O0O0O0O0O0O0O0OOOOOOOOO
00000000000 Sex <- rep(c(1, 2), (5, 5)) 0000000000000
000000000000000 Sex000000000000Orep() 00000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000 (000 rep(c(1, 3), c(2, 4)) 000000000000
00)o

> Height <- c(175, 180, 169, 170, 173, 160, 155, 167, 170, 158)
> Sex <- rep(c(l, 2), c(5, 5))
> Sex
111111122222
> Sex <- factor(Sex, levels=c(1, 2), labels=c("Male", "Female"))
> Sex
[1] Male Male Male Male Male Female Female Female Female Female
Levels: Male Female
> result <- 1lm(Height ~ Sex)

> summary (result)

Coefficients:

Estimate Std. Error t value Pr(>|tl)
(Intercept) 173.400 2.425 T71.509 1.63e-12 **x*
SexFemale -11.400 3.429 -3.324 0.0105 =

> summary (aov(result))

Df Sum Sq Mean Sq F value Pr(>F)
Sex 1 324.9 324.9 11.051 0.01047 x*
Residuals 8 235.2 29.4

summary(result) 00 0000000000000 O00O00O0OO 3100000 SexO
OO0o0ooobogoob 320000000
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(3.2)

Height — 173.4 + { 0> Male }

—11.4 x Female

0320000000000Male00O0D0O0O0D0OOODOODOOO MaleOODOOO
000000000000 00DbO00D0O0 FemaleOODOO —1140000000 Male
OO0 —-1140000000000000DO0000O

000 (Intercept) 0 173.40000000000000 MaleDOODODOODDOOOOOO
FemaleOODOOO MaleDODO —-11400000000001734—-114=1620000
gooood

ggoboboooboodooooooooooboooboboooooooboobooobobobooga
0000000000000 00000D0O000O00000000DOO0 (oooOOoOO
00o000ooooo00ooo)o

00000 summary(aov(result)) 0000000000000 OOOOCODODO SexO
00 Hewght 00 00000DOOO0ODOOO0ODOOODOOODOOOOOOOOODOODOOO
00 Sum Sq.(SS, Sum of Squares) 0 Sex 0 Height 000000000000 O0O0OO
gooboooon

000 SS(000)00000000000000000000O0DO0DO0ODO0OO0O0OO0
O0U00dddooodg Residuals U000 ooooUog
Sex 0 SSOOOOOOOResidulasd SSOO0OO0O0OOOOOOOOOODOOOOOOO
goood

00 Mean Sq DO OO0OOOO0OO (MS, Mean of Squares) 00D 0000000
Sex 000000 Residulas(0 D) 000000000000 F value(FO) OO0
(324.9/29.4 = 11.051)0000 p0O0 p=0.0104700000000000Sex 000
0 Height 00O O00O0OOO0ODOOOODOOOOOOOOO

O00b0ob0O0o0ob0obobDoob0oeb0bO0OO0bOO0ODbDODUOODDbDUODbDODOODODO

33 1003000000000 b

o0oobooboobObo0 1gobbooboob0booboobbooob toobDbOoo
ooboobooobooboooboobooboobboobobooboobo 3oboboooboboon
gobobogooobooooboboo

0330 2200000000000 00D0D00DDO0ODDOODOUODOODOO
Score(00D00)0 Class(0)0 200000 S Score00000Class 30000000
goooogd

gobobodobuoboouobboouobboouobboooboooobbUuoobbUubUog
OScored Class00 0000000000 OODOODOOOOOODOODOOOOOODOOO
OO0bDO00o0oO0 330000boooogooon
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033 000oooboooboooog

Subject Score Class

No.1 374 Matsu
No.2 325 Matsu
No.3 203 Matsu
No.4 329 Matsu
No.5 228 Matsu
No.6 354 Matsu
No.7 417 Matsu
No.8 461 Take
No.9 361 Take
No.10 316 Take
No.11 282 Take
No.12 423 Take
No.13 328 Take
No.14 397 Take
No.15 356  Ume
No.16 285 Ume
No.17 437 Ume
No.18 315  Ume
No.19 415 Ume
No.20 381 Ume
No.21 324 Ume

Score = Class

0330000000 o00b0oobooo

(3.3)

> Score <- ¢(372, 325, 203, 329, 228, 354, 417,
+ 461, 361, 316, 282, 423, 328, 397,

+ 356, 285, 437, 315, 415, 381, 324)

> Class <- rep(1:3, c(7, 7, 7))

> Calss <- factor(Class, levels=c(1, 2, 3),

+ labels=c("Matsu", "Take", "Ume"))
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> anova.model <- 1m(Score ~ Class)

> summary (anova.model)

Coefficients:

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

(Intercept) 318.29 24.90 12.783 1.81e-10 *x*x*
ClassTake 48 .57 35.21 1.379 0.185
ClassUme 40.71 35.21 1.156 0.263

> summary (aov(anova.model))

Df Sum Sq Mean Sq F value Pr(>F)
Class 2 9517 4758 1.0965 0.3553
Residuals 18 78112 4340

ooboobo0obooboobooboobooboobOoooD 1ob 20b0000b00O0
O0000O0000000000ClassO SSO 95170000 Residuals O SSO 78112
000000 ClassD0D0D000O0O0OOResidulas00000000COCOCDODOODOOOOO0O
O00000O0ClassO Score0000000000O0DOOOOOOOO (p=0.3553)0

ggobbobboboooooobobobbtbodooooboboboboooooooo pbod
goooboobobobboooooooooooooboobbooooooobbooobboooa
0000000000000 0000000000U0O0O00000 (Intercept)0JO0ODO0O
ooooooboob oboobOobOoOobOoOobOobooOobUoobUoboboobOon

ClassTake(OO )0 pO0 p=0185000000000 5% 000000000000
0000000 00000000000000000 ClassUme(D0)0 p=10.263000
000000000000000000D00000000000 (Take: 48.57, Ume: 40.71)
gobobooooooboooobooboooogoo

oooooboobobobooooob 340000 0oboboboooboDoboooon
OO00000o0o00DO0OD000000Matse ODO0OO0OODOODOOODOODOOTakeO
Ume00ODOO0OOO0OODOOOOODODOOODODODOOOOD 3ODOODOODODOOO
goboboooooobodad

0 x Matsu
Score = 318.29 + { 0 x Take (3.4)
0 x Ume
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34 20000000000
341 000OO0OOODOOOOOO

000000000000200000000 (D0)0D00D0D0D0OUOOODOOOOOOO
O000o0oo0b0o0ooboooobo20b000b0b00o0ooDoooboOoooboOooO
gogooboboobobobbotboddoooooooooboboobdoooooobobobobbooooa
gobobooooobuooooboboooobobbooobbboooobboooonoo

goooboooboodoooooooobobobbobdooooooooobobobooog
goobboooobbbooobbbooodbobboooobbboooobLbboooa

0000 YOOOOODDODOOOOOO AODODO0D BOODODODODOOOODOOODODODODOO
3LS000000000

Y=A+B+A:B (3.5)

oboboooboobobooobooboboo 3seb0oboobUobDbOobOoOobOo

Y=A+B (3.6)

342 0O000000O0OO0OODOOOO

OoOooooooobboooooobbooooooobbOoD 3401000000
(Num)D 10000000000000 (Snack) 0000 BMI(Body Mass Index) OO
oboboobooobooboboobon

0000000000(0) 000000000000 ((2)0D0000000000000O0
00000000000@B)00000000000O00O0000000D0O0DO0OooOoO
oboboobobobobooboboboobooboobo

goood

gobbobbooouobbbooooobbbooooobbuoooobboooobobbn
00000000 310000 1000000 (Num : Levels = Zwei, Drei) D0 00O
BMIOODOOODOOOOODOOOODO (Snack : Levels = No,Yes) 0O 0000 2000
gogbboboooobobboooobbboooboboooobobboobobbuoo
gooo

00000000000000000000000 2000000000000 (DOO
000000000)00000000000000000 200000000000000
gooobobbobboooooooobobbobbboboddoooouoobobbbbooog
goboboodooboboooobbouooobobobooooooo
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030 0000000

BMI

034 00D0D00OOO0OODOO BMIOOO

0000 (Num) 00000 (Snack) BMI

Zwei No 19.5
Zwei No 23.3
Zwei No 26.0
Zwei Yes 29.5
Zwei Yes 28.9
Zwei Yes 30.1
Drei No 22.3
Drei No 20.5
Drei No 21.2
Drei Yes 26.1
Drei Yes 24.0
Drei Yes 27.7

30

28

26

24

22

20

18

—— SnackNo
—— SnackYes

Zwei Drei

Num

031 0000D0OO000O0O0ODOoDooo
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ooobo0d d1b0booobbooobbooobbooobbuoobobbuooob200
goboboodoobobuooooobooooboboooobbbooooboboa

gooooooooo
ggoobooobbooodoooooooboooobobbooooooooooboobooboood
doooooobobboboooooogogoooooobbobbbbooooooooooo
goboboodobobuoooobbuoooobbbobooobbbooobbbooog
00000000000000000000000000 (00000)00DO0O0O0O0oo0O0
Oooooboobobobobooobo 34bo0boboooooboboobobobooooog
gooo

BMI = Num + Snack + Num : Snack 00O
(Num,Snack 00000 0O0ODO)

> tw.anova <- 1m(BMI ~ Num + Snack + Num:Snack)
> summary (aov(tw.anova))
Df Sum Sq Mean Sq F value Pr(>F)

1 20.021 20.021 5.2376 0.051378 .
Snack 1 93.521 93.521 24.4659 0.001126 *x*
Num:Snack 1 2.901 2.901 0.7589 0.409058
8 30.580 3.822

Num

Residuals

000000 Num:Snack 0000000000000 00000O0OO (p=0.409058)0
000000000000 0000000000 5% 0000000 NmOOOOO0O0OO
(p=0.051378)0 000 Snack OO OO0 (p=0.001126)0

ggbbooooobooooboboooboouobboobboobobobobooooobobooa
0000000000000 00000ODO00O0ORODODODOODODODOOODDODOOOODOOd
update() OO O00O0OOOO0OOOODODOOODO

BMI = Num + Snack 00O
(Num,Snack 000 0000DO)

update() 0O OO :

update(model, ~. term)
model O DO OUOO0ODDOOOOO
.jgdbobboooobbboooobbog
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term000000000000O0ODO (-OOOOO+0000O)

> #tw.anova U U Num:Snack U 0O UOOOOOONO
> tw.anova2 <- update(tw.anova, ~. -Num:Snack)
> summary (aov(tw.anova2))

Df Sum Sq Mean Sq F value Pr(>F)
Num 1 20.021 20.021 5.3818 0.045495 =*
Snack 1 93.521 93.521 25.1394 0.000725 *%*x*
Residuals 9 33.481 3.720

000000 NumOOOOOO (p=0.045495)0 Snack 0 p 00000000000
O (p=10.000725)0 00000 Num: Snack 0000000000000 0O0 NumO
Snack 0000000000000 0O00DOODOOOODOO0ODpO0ODOODODOOODOO
goboboodobobuoooobobuoooobobboooobbboooobnoboo

O0000 o=0.000000000D0000ODO0O0OOOODOOODOO pOO p=20.07
goooboobboooooooooooobobboobooooooooboobobboooo
ggoobobobbotbodooooooooboboobbbooddoooooobobobbboboooa
00000000000 (00)0o0o0O0D00o0D0DOo0oU0oO0U0oOUoOoOOoDUOoOoUoOO
gbobbogoobobuoooobobooobbboooobbboooobobod

oo0bobO0ooooboobooooooobooo20b0bbbUboooUoobobbOoOoon
gogobooobbobooodooooooobooobboobooooouooboboobobbooooa
ggobbooobboooooogbo pobbboobbbooobboouobbooa
gobboooboboooobbuoooobbooobboooobbooobobooooo
goboboooobobboooobboooobobobouoooooo

goobooooooo
ggooboboobbobboodoooooooobobobboboddooooobobobobobooog

OooooooooOobobOobOobOobO0obOobOobOobobO0oO0o0 NumbOOOQODO

0000 Sneck 00000000000 0DO0DO0OOOOOOODOOD (O 3200 3.3)0

gooboooooobood
ggobobooobbooooooooooobooobbobdooooooboobooobboboogd

goboboooobobboooobbboooboboboooobboooobo
OOoooOO0bOOoO0bOoOoo 37yooo00bOO00bO00bOO00oDOol1lOoDbOOobDbOOoDbOoOoDo

OO0DO0O0O0O0000O0bO000O0DO0obOobobOoboOoDbOonD 234200000 NumZwes
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00 SnackNoOOOUOOUOOOUOOUOOOUOOOO NumDreOdO SnackNoOOOO
0 23.42—-258+0=2084 0000000

(3.7)

BMI:23.42+{ 0 x NumZwei } { 0 x SnackNo }

—2.58 x NumDrei 5.58 x SnackY es
343 OJ00O00O0O0O0O

0000000 3500000000000 2000000000000000000
000000000000000000 (Light)y 0000000 (Impression) 0000
(Sex) 0 1000000000000000000000000000

035 0000O0O0ODOO0OO

Sex Light Impression

male orange
male orange
male orange
male blue
male blue
male blue
female orange
female orange
female orange
female blue

female blue

N Ot = 00 00 © T = = O ot O

female blue

Ooo00oo00oo0o0oboobOobOobOobOooD 340000bO0obDO0ObOobOobDOooDOooO R
[0 intaraction.plot() 00D OO0OOOODOOCOODOOOODOOODODOOOODODOO
dobobooooboboooobooboo

> x1 <- rep(1:2, c(6, 6))

> x1 <- factor(xl, levels=c(1l, 2), labels=c("male", "female"))
> x2 <- rep(c(l, 2, 1, 2), c(3, 3, 3, 3))

> x2 <- factor(x2, levels=c(1l, 2), labels=c("orange", "blue"))

>y <- c(6, 5, 6, 4, 4, 5, 9, 8, 8, 4, 5, 2)
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># 0UU000dogaod
> mydata <- data.frame(Sex = x1, Light = x2, Impr = y)
> mydata
Sex Light Impr
male orange 6
male orange

1
2
3 male orange
4 male  blue
5

SR o o

male blue

oooo)

># 00000
> attach(mydata)

># J0U00ooogo
> interaction.plot(Sex, Light, Impr, type="b", pch=c(12, 16))

># 00000
> detach(mydata)

00 SexO Light 000000 (0340000000 femaleOO orange0 0000
OO0O00000 Impr0000000D0OODODOOO0DOODOOODOOODOOODODOOODO
doodooooooddoooooooobooooooooooon

Impr = Sex + Light + Sex : Light 00O
(Sex,Light 00 0O0O0OO0OO)

> LC.model <- 1m(Impr ~ Sex + Light + Sex:Light)
> summary (aov(LC.model))

Df Sum Sq Mean Sq F value Pr (>F)
Sex 1 3.0000 3.0000 3.6 0.0943498 .
Light 1 27.0000 27.0000 32.4 0.0004585 x*x*x*
Sex:Light 1 8.3333 8.3333 10.0 0.0133491 =
Residuals 8 6.6667 0.8333
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Light

-B- orange
—— blue

mean of Impr
6
|

< - \

male female

Sex

034 SexO Light 000000

0000Sex:Light 000000 (p = 0.0133)0000 Light 0000000 (p =
0.0004)0Sex 0000000 (p=0.0943)000000000000000000000

0000000000000000000000000000 Sex000000000
00000000000000000000000000000000000000000
00000000000000000000000 200000000000000000
0000 200000000000000000

000 Sex000000000000Light 10000000000000O0O0OOOO
0000000000 Sex 0000 Light D 20000000000000000000
00000000 femaleO orange 010 0000000000000000000000
0000000000000000 Sexd Light 0000000000000000000
00200000000000000 (00000000000000000000000
00)o

goobooooobooo

O00000000000000000 Sexd Light 0000000000 O0ODOOOOO
ggoobooboobobbuoooooooooboooboobdoooooooboboboobooooa
O000SexD Light D00000000000O0Sex0000000DOODOCOOODOOOO
goooognd

00000000o0o0oO00oO00O0O0O00000 (DDO)0DDO0O0O0O0O0O0OOOOODO (O
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3800 0000000000000 DOoUoOoUO

Impression = 5.66 + { 0 x Sexmale }

2.66 x Sex female

n 0 x Lightorange
—1.33 x Lightblue

0 X male : orange
0 x female : orange
0 x male : blue

—3.33 x female : blue

_|_

gooboooooobood
0000 female O orange 00 0000000000000 00DODOO0ODOOOOOO
O0000bO0o0b0boo0oboo0o0obo0ooboooDbOoooDbOo 38boooboooo
0000000 female: blueDO0DOOD0O —-33300000000000 female O blue
gogoobooobbobodooooooobooobobotbooooouooobobooobobooaa
000000000000000000 (D0000)0D0D00D00O0O0DDO0OOOOOO
000000000 (0000000000000 oo00ooo0oooooooooooo 3
050 000000O00O0OO)O
ggooboobobboooooooooooooboodgdoooooooobooboobobood
gooobbobbbboooooooobbobbbodoooouobDbbbobbooog
gogoooboboobobbotboddoooooobobobboboooooooooboboobobbooooa
gogooboooboboodooooooooboobooboobobboooooooooboooboboooa
goboboooobobbooobbbooobobboooobDbboooubbboooooo
0000000000000000000 (00000000 00)000000 LightO
gogooboobobobbodooooooobobooobobbbobooooouoooboboooboobooa
0000000000000 0000D (0 35000)0000000D00O0O0ODDOODO
0o00o00o0o0o0o0oo0oUoOU0oU0oOU0oOU0O0Oo0oOO0oOO0oOO0Oo0O0 (o 35000)0
ggoobooboodooooooooboooobbooboooooooobooboobobooooa
gobobooooboboooogooon
gogoobbobbotbodooooooobobobbbbobobdoooooobobobobboboo
gogoobobooboobodododoooooobooobbobboooooouooboboboobboooa
gogoobooobobodoooooooobooobboobodoooouooobobooobboooa
dobobooooboooo
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" |jght

- 8- orange
—— blue

—&— normal

mean of Impr

male female
Sex
o - _.---B Light
=1 ST -8- orange
E N~ T
= T —— blue
S © - -7 L
c 8-
8 . —&— normal
s -
E .
< - .
male female

Sex

035 00OO00O0OOODOOd

35 O0Oooodg
351 ODOOODOODOOOOobDOooOooo

gogobobbbobobbodooooooooobbobbboboooooobobbobbobogog
OO000000O0o0OO0oROOOOOOOOOOOOOODOOOOOOOODOODbOObOODOO
gogooboooboboodooooooobooobboobodooooooooboboooboooa
gobboooobobbooobbtboooobobboooobbbooooboboo

ggoobobobbbodooooooobobobobobboboboooooobobbobboboog
oooobo2000000b000b00b0b0 o0 1boobobobobDbooboooboon
gobbooooboboooobboood

oooo0oDb 20000000000000000D0ODODODD 20000000000
0000000 200000000 (DO0O0)0D0DUDODOUOODOOOODODODUOOOOOO
0000000000000000000 20000 (00 1)00D0DOODOODOOODOOO
gobboooobobboooobbboooooo

00000000000000 (D0o0O00U00)000U000 (DoU)ooooooo
00000000000000000 1000000 (0 3.60020) 000000000
0000000000000 00 2000000000000 (036003000 40)0
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036 O000O0O0OODOOOOODOO

goog 00 |oog oo
No.1 (HRN 1 0
No.2 OO0 1 0
No.3 00 1 0
No.4 HRN 0 1
No.5 OO0 0 1
No.6 00 0 1

O0o0o0oo0o0obooboboobUooboobD 300 300000O0ODOODDOO
O00000 No.lOO No3ODODODOODOOIOOOOOOOODOODA400O0D0ODOO
000000000000 000DO0000D00C0DDOU0DO0ODODOU0O0OO0Dn No.1O
O No30OOODOODDODOODODOODOODODOODO NodODO No6ODOODODODODODOO
oboboooboobobooomboooboboolilcooboobooboboooo

ooobooooboboooobooobobbbooo 1bobbooobobbuooooboobooboog
gooobobboodoooooooobooboboodooooooobobobboooo
ooooogooboob 1,1,1,0,0,00000000M1DOb0obDbOobobOoOobOoon
OoobooobooO200b0b00o00oioboobooooboobobooobobooon
gooo

O0o00o0ob0O 32000000000 O000DbLD0OO0ODDbDO0ODODDbDO0ODbDOODbDbOOn
goboboooobobooonobbouoooobboooon

> Heigh <- c(175, 180, 169, 170, 173, 160, 155, 167, 170, 158)

># 000000 0ooooooga
> Sex <- rep(c(1, 2), c(5, 5))

> Sex <- factor(Sex, levels=c(1, 2), labels=c("Male", "Female"))

># 0000000O0DbDDOOO
> result <- 1lm(Height ~ Sex)

> summary (result)

Coefficients:

Estimate Std. Error t value Pr(>|tl)
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(Intercept) 173.400 2.425 T71.509 1.63e-12 x*x**
SexFemale -11.400 3.429 -3.324 0.0105 =*

> # Male Female 100D 0OOOOOOOOO
> Male <- rep(c(1l, 0), c(5, 5))
> Male
[1] 1111100000
> Female <- rep(c(0, 1), c(5, 5))
1] 0000011111

>#00000000 (O00O0O0O FemaleOO)
> result2 <- 1m(Height ~ Female)

> summary (result2)

Coefficients:

Estimate Std. Error t value Pr(>|tl)
(Intercept) 173.400 2.425 71.509 1.63e-12 *x*x
Female -11.400 3.429 -3.324 0.0105 =

000000 0OSexUUDOOOUODOOODLOODN Female DO OOOOOOOOOU
000000000000000000000000000000 (Male)DDODDODOOO
0000000000000 000000 (O)DDODOO00O0O00D0D0D0UDDO0O0DOoOUDO
0000000 (1734) 0000000000000 Female 0O OOOOOODOOOO
(173.4-114=162)0000 100 20000000000000000000000OO
goboboogobobooobbooogooboo

oboobooob 20000030000b00DbO0bD0o0UbOoDbOOobDOoobUobDboobg
0000000 (000000 0)000 3000000000 LoOoUUoDOoUooUoOg
ooooooobo 3d7vyooboobobooobooooboboobobOoboboboboooo
oooobodooboooobo0obooboobDbooboob0oobDoobDboooboOo 10
goobooooooboood
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037 O0DOOOOOOoOoDoooOoOoo

ooo 00 (o0 00 00
No.1 ao 1 0 0
No.2 ao 1 0 0
No.3 ao 0 1 0
No.4 ao 0 1 0
No.5 ao 0 0 1
No.6 ao 0 0 1

352 ROODOOOOOO

ROOOOOO
000000000000000000000000000RO 1n() 00000000
0000000000000000010(0100)0000000000000000
000000000000000000000000000O00000
000000000000000000 0000000000000k —-10000
000000000000000000000000000000000000000R
0000000000000000000000000000000000000ROO
poly, helmert, sum, treatment 100 4000000000000000000000
0 treatment 10 0000000000000O (0000000000000000 [12]
00000)o

SASOO0Oooooooon
ROO SASO0000000O0OOOOOOOOOOOOOOOOOOOOODOOSAS
OO0 ROODODOOOOOOOOODOOOODOOODOOOOOODOOO

> 1like.SAS <- 1m(Height ~ Sex, contrasts=list(Sex="contr.SAS"))
> summary (like.SAS)

Coefficients:

Estimate Std. Error t value Pr(>|tl)
(Intercept) 162.000 2.425 66.808 2.80e-12 *x*x
SexMale 11.400 3.429 3.324 0.0105 =*
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> summary(lm(Height ~ Male))

Coefficients:

Estimate Std. Error t value Pr(>|tl)
(Intercept) 162.000 2.425 66.808 2.80e-12 **x*
Male 11.400 3.429 3.324 0.0105 =

MinitabOODODOOODOOOO
MinitabOOODOOODOOODOOODOOOOODOOOOOOOOOOOOOOOOOO
0(000)0000o000000D0000oUOoUoOUOoOO

> like.Minitab <- 1m(Height ~ Sex, contrasts=list(Sex="contr.sum"))

> summary(like.Minitab)

Coefficients:

Estimate Std. Error t value Pr(>ltl)
(Intercept) 167.700 1.715 97.805 1.33e-13 *x*x*
Sex1 5.700 1.715 3.324 0.0105 =

000000000000 000000000000000000000 SexOOOODO
057000000000000000000000000000000000000000
0167.7+5.7=1734000000000000000000000000 000000
0000D0000000000 (Sex2) 000 Bremate D 5.7+ Bremare =00000000
0000 Sex2=-570000000000000 167.7—57=162.00000000

000000000 dummy.coef() 00000 D0O00000000O0000000000
00000 (0000000000000000000000)0

> dummy.coef (1like.Minitab)

Full coefficients are
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(Intercept): 167.7
Sex: Male Female
5.7 -5.7

36 DO0OOOO0OOO

gogobobbbobobobodooooooooobbobbbobdoooooobobobbbogog
ooooboooboboooboobooboboboboobooboobooboboo 1booo
ggooboobobbbuooooooooobobooobboboooooooooobooboobobobooaa

ggd

ggoobooboboboboobobodooooooboboobboobooooooobobobobooboooad
OO000000obO0obOobOOobOoboooobobooo 38uooboooboobobOooooo

gdd

038 00O0000OOODOOODOO

Height Weight

180
169
181
175
170
166
171
185
177
180
172

74
70
80
69
65
60
68
69
68
70
66

ggobboobobobobodooooooooobooboobboobdooooooobooboobooboooa
gbobboogobobooooboooobobboogobobooobobbooobobooooboo

Oo00o0o0ob 3900000000b000bO

Height = Weight

(3.9)

gogobobbbobobobodoooooooobbobboodooooobobbobbobogog
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gogooboboboododooooooobooboobodooooooooboobobbooooa
gobobooopoobooobbouoooboboooon

0000000000000 000O000000O00O000O0 (boOoDoOOoUOOO
000000000)00000U00Uo00U00o00o0o0o0oUoooooooooouoa
000000 (0D000000000000000000000000000)000000
gooobooboooooooooboboboboobddooooooobobobboooo
goo

obooodde6eb00d0b0o0bbOo0boobDbOoOoboDboobOboooDbOoOobDboOon
ooooooobobobooooooobooobobo 3rbobobobobOoboOooog
doboboooobobooooboboo
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gogoooboboobbbooooooooobooobbobdooooooobobooboobobooa
goobooooobuooonobooooooog
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Height = Weight
(Weight 00 00)

> result <- 1lm(Height ~ Weight)
> summary (aov(result))

Df Sum Sq Mean Sq F value Pr(>F)
Weight 1 159.391 159.391 7.2627 0.02460 =*
Residuals 9 197.518 21.946

> summary (result)

Coefficients:

Estimate Std. Error t value Pr(>|tl)
(Intercept) 120.6456 20.2521 5.957 0.000213 **x*
Weight 0.7891 0.2928 2.695 0.024597 *

000000000000OWeight 000000000000 (p=0.02460)0000
gdodooooooooidoooooooooouooooooooooooonn
dodboobboobobouobobouobuooboobbUuod0bUdsSum Sg U O0O0O0OMean
Sq 0 0000000000000 U00D0OOOoUOSS(boo)oooooooO
0000000001 000000000000 MS(OOOO)0O FOOOOOODOOO
(F = MSweight/MSgesiqutas = 159.391/21.946 = 7.2672)0 0000 6 00000000
dobooooooooooon

000000 (Coefficients:) J0ODDO0DOODDO (Intercept) 000 (Weight) O
goooooouooddstd. Error000ongn D[][][]D[][][l(Estimate)[]Dl]
0000000000 (0000 0000000000000 OO)DOoO0oUOooooog
00000000000000000 (6000000DO0ODOOODO)O

ooddodoooooooodooooooooooooooog+ogoooon
O00D00000000000 00000000000 mMWeightDOOO 0OODOOOOO
0dodobooooooodooouoooooobooooooooboooooooonoa
(p-value of Intercept = 0.000, p-value of Weight = 0.024)0

dddddodooooooooo 3d9yooooooooo 3.10o0n0o0ooooooon
0000000000000000 (Height)yDDODODODODODODOOODOOOOOOODO

Height = 120.64 4 0.78 x Weight (3.10)

00000000 predictO 0000000000000 OOODODODODODOO
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> predict(result)

1 2 3 4 5 6
179.0362 175.8800 183.7706 175.0909 171.9347 167.9893
7 8 9 10 11

174.3018 175.0909 174.3018 175.8800 172.7237

oboob0oooob0obooobooDoobooboobDboboooobboOobOobobOoDbog
oooboooboboooboobobooboboooobobo s10bobDooboboooo
O000000000000D00O00000D0D0000 WeightOODOO Height 10O0O
doooooooobooooboooo

O00000000000000000000000000000D0000 residuals()
gogoobooobobobbodooooooooooobooddoooouoooboboobooboboooa
gobboooobbboooobbboooobobooonooboooobon

> residuals(result)

1 2 3 4 5 6
0.9637784 -6.8799716 -2.7705966 -0.0909091 -1.9346591 -1.9893466
7 8 9 10 11

-3.3018466 9.9090909 2.6981534 4.1200284 -0.7237216

3.7 doooooog

OOoooooooooboooooobobD 200b0bO0bO0bDO0bDOobOobOobobO
gooobboboboodoooooooooobobobbbbobooooooooobobobobboboo
OOoo00ooOooobOobOOdobOobOobO0bO0b0o 400000000000 OOOOOOO
gogooboobobobodoooooooooooobobboodooouoooboobooboboooa
gogoobobobbbobotooooooobboobbbboooooooobboobbooaa
goooogn

ggooboobooboododooooooobooobbobdoooooooooobobooaa
gbobboogobooboooooboooobboogobobooobboooobobooooboo
ROO stepO O0DO0ODOODOODOODODODODODODOODOODODODODOOOO
gogooboooboododooooooobobooobbbboooooooobobobobooooa
0000000000000 00O0stepOUOOOO0ODOOOOODODOOODODOODODOO
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gooboooobobboooobbooooboboboooon

OO0D00ROOODOOOOODOODOODOODOODOODOswissOOODOOODOODO
0000000000000 0000000DO0000DO0000D0O00O0stepOO0DOOO
gobobogoooboooooboooa

3.7 00000000 DOO0O0OO0

ROOODODODOOOOOOODOOOOOOODOOOOOOOOODODDOOOO
data() OO0 O00OO0OO0OODOOOOOOOOOOOOD swissOODOOOOOOOSwiss
Fertility and Socioeconomic Indicators (1888) Data0 00 00000000000 OOO
OO000O000o00 1o oooooooooboooooboboooboooobonoo
OO0O00000000000000000000000O000D0O00D000 data(swiss)
O0000C0OD0O0O0000OOnames(swiss) OO0O0O0O0O0ODOOO0O0O0O0O0O0O0OMO

FertilityD O O O O

Examination0 00000000000 DOOO0OOOOOOO
e CatholicDDODODOODOOOO

Infant.MortalityD 0 1000000000
Agricalture0 00O 00O
EducationD0 0 OO0 O0DO0O00OOOOOO

gooood

gobobooobbbogoobbboooobobooobbbooobbooobbobood
gooobobobbotbodooooooooobbobbobboooouobbbbbobooog
ggobobooboboboboddooooooobooobobobboooooouooobobooboobboooa
goooboooboboboooooooooooooobboddoooooooboboobbooaa
gobobooooboboboooooo

RODO pairsO DOOODOODOODOOCODODOODOOOODOODDODOOO
Ooooboo0oogooobobooogooobobooboooDOo 3Ymopboooo
panel=panel.smooth U0 00O 0O0O0O0O0OOOOOOOODOOOOOOODOOOOOO
gobobooooboboooobooboo

>data() # JO0O0O0ODOOOODOOO
> data(swiss) # swissOQOQOOO
> names(swiss) # JOOO0O0O

[1] "Fertility" "Agriculture" "Examination" "Education"
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[6] "Catholic" "Infant.Mortality"
> pairs(swiss, panel=panel.smooth) # JOJO0OOOODO
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vV V V V V

> plot(gam.result) # OOOO

library(mgev) # mgecvO O OO0
attach(swiss) # swissOOOOOOOOO
# gam.result 0 gam() 0O 00O 0O0OO0OOOO

+ s(Examination) + s(Education) +

+ s(Catholic) + s(Infant.Mortality))

> windows() # 00 D0O0DOD0OOODOODOODO
> par(mfrow=c(2, 3)) # OO0O0ODO0O 20 30000

install.packages("VGAM") # VGAMO OODOOOO

gam.result <- gam(Fertility ~ s(Agriculture) +
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goood

ggoooobbobbbtbddddouoooobobbbbbl Examination™2 [
Education™2 0 2000000000000 OO0O0O0ODODDOOOO0ODODODODOOOOO

gooboooon

Coefficients:

(Intercept)
Agriculture
Examination
Education
Catholic
Infant.Mortality
I(Education”2)

I(Examination~2)

> summary (lm.resl)

> Im.resl <- Im(Fertility

Estimate

65.
.12237
.52247
.37282
.07795
.37971
.01241
0.

59868

03542

Std.

10.

O O O O O O O

Error t value Pr(>|tl)

72032
.07346
.70188
.41586
.03724
.40653
.00828
.01854

. + I(Education~2) + I(Examination~2))

%k xk

* %k

.119 3.54e-07
.666 0.10375
.169 0.03623
.896 0.37549
.093 0.04289
.394 0.00159
.498 0.14208
.910 0.06347 .

O000ooooDoo0 200000000000

Degam() OO0 O00D0ODOO0DOOOOOOOOODOO0ODOOOODOOOOODOOOOm

Education"2 00 0O 00O p = 0.140
Examination2 DO OO0 p =006 000000000 0O0O0OO0OOO0OOOOOO

Ooo0ooo200000b00b00b0b0obobobobOobobOobOobOobobO
gogoo~ .jgoodoooobobobbbbobotbdddooooooobobobbbooog
O.000b0ob0b0obooboboobobobooo~2b00b0oo0bobooobo 20000
OOoo00obOobOooboobo2000000b0obOobooobOOobOoboDooboDbOooDo

ggd

Coefficients:

> summary(lm.resultl)

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

> Im.resultl <- Im(Fertility ~ .72 + I(Education”2) + I(Examination~2))
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(Intercept) 259.679228 68.381854  3.797 0.000691 *x*x
Agriculture -1.966543 0.708890 -2.774 0.009581 *x*
Examination -8.943802 3.799544 -2.354 0.025565 *
Education 0.568031  3.944942  0.144 0.886505
Catholic -0.380349 0.431479 -0.882 0.385294
Infant.Mortality -5.904220 3.283151 -1.798 0.082541 .
I(Education”2) -0.039096  0.029672 -1.318 0.197956
I(Examination~2) 0.010867 0.057384 0.189 0.851122
Agriculture:Examination 0.032384 0.017709 1.829 0.077747 .
Agriculture:Education 0.003455 0.019102 0.181 0.857714
Agriculture:Catholic 0.003454  0.002995 1.153 0.258170
Agriculture:Infant.Mortality 0.053439 0.031096 1.719 0.096365 .
Examination:Education 0.106770 0.063367 1.685 0.102733
Examination:Catholic -0.004868 0.015071 -0.323 0.749038
Examination:Infant.Mortality  0.284293 0.160229 1.774 0.086515 .
Education:Catholic 0.001836  0.013028 0.141 0.888911
Education:Infant.Mortality -0.123877 0.168556 -0.735 0.468286
Catholic:Infant.Mortality 0.015813 0.017787  0.889 0.381290

Oo00ooooobD pO0OOO0OOO0O0ODOOOOOODOOODOO 20000000
O000C0COO0O0O000000O0wdateO) OO0O0O0MMOOOOOOOO0OOOOOODOO
OO0o0Oo00oooooobOoobooboobobbobbooboboboobobooboon
OobooboooobobobobobobobobOobU0pobOobOOOOOOOODO
oobooboooooboobooboobobobooboboboboboboboboobooobo
Ooboboooooboboooobobooooooboboboboobobom

U 0O Agriculture:Education[] Examination:Catholicll Education:Catholic [ U
O0O00D0000000000 p=0.837,p=0.749,p =088 000 M 00000000
Jodboooobooooobobooooooob

> 1m.result2 <- update(lm.resultl,
+ - Agriculture:Education - Examination:Catholic - Education:Catholic)

> summary (lm.result?2)

Coefficients:
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(Intercept)

Agriculture

Examination

Education

Catholic

Infant.Mortality
I(Education”2)
I(Examination~2)
Agriculture:Examination
Agriculture:Catholic
Agriculture:Infant.Mortality
Examination:Education
Examination:Infant.Mortality
Education:Infant.Mortality
Catholic:Infant.Mortality

Estimate Std.

252

.084973
.889901
.165186
.898174
.369139
.342534
.039263
.027501
.034448
.003538
. 049577
.092610
.262715
.117195
.012764

59

O O O O O O O O O N O N Ww o

.495468
.641679
.191009
.982577
.338110
.612026
.020120
.036875
.014430
.002372
.027941
.040554
.119639
. 147425
.012953

Error t value

4.237
-2.945
-2.872

0.301
-1.092
-2.045
-1.951
0.746
2.387
1.491
1.774
2.284
2.196
-0.795

0.985

Pr(>ltl)
0.000179
0.005971
.007178
.765256
.283086
.049115

(@)

.461229
.023054
.145714

.029174
.035465
.432502
.331834

O O O O O O O o o o o o

.059808 .

.0856527 .

*k %k k|

* %k

*%

000 Education:Infant.Mortality U Catholic:

gobobooooboboboooobboooan

Infant.Mortality O 20000

> summary (lm.result3)

Coefficients:

(Intercept)
Agriculture
Examination
Education
Catholic
Infant.Mortality
I(Education”2)

I (Examination~2)

> Im.result3 <- update(lm.result2,

Estimate Std.

236. 53.

690821
.047557
. 731892
.474926
.070114
.833092
.032127
.022293

O O N O O N O

193661
.597358
.072904
.524988
.141614
.284621
.015133
.036147

+ - Education:Infant.Mortality - Catholic:Infant.Mortality)

4.450
-3.428
-3.248
-2.809
-0.495
-2.115
-2.123

0.617

Error t value Pr(>|tl)

8.78e-05
.00161
.00262
.00817
.62371
.04179
.04112
.54152

SO O O O o o o

*k %k k|

* %k

* %

* %k
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Agriculture:Examination
Agriculture:Catholic
Agriculture:Infant.Mortality
Examination:Education

Examination:Infant.Mortality

0.032234
0.003053
0.060197
0.083535
0.160592

*

0.013913 2.317 0.02667
0.002285 1.336 0.19043
0.024142 2.493 0.01768
0.035719 2.339 0.02537
0.064505 2.490 0.01784

*

*

*

U0b0dudbddl Examination™2 U OO OOO0OOOOOOCathoelic OODOMN
ddogouoobobbbbboo00o00uoououbobbibbExamination™2 000000
gbbbogdiobbchatholicOUOOUOOODOOOODODODOOODODODOOOOOOOO
U0 Examnination 200U 0000 OOO0O0DOOOO0OOOOOO0OO

> summary (lm.result4)

Coefficients:

(Intercept)

Agriculture

Examination

Education

Catholic
Infant.Mortality
I(Education”2)
Agriculture:Examination
Agriculture:Catholic
Agriculture:Infant.Mortality
Examination:Education

Examination:Infant.Mortality

> Im.result4 <- update(lm.result3,

Estimate

228.385099

-1.918621
-5.902973
-1.642260
-0.031804
-4.814805
-0.037335
0.027386
0.002491
0.058042
0.098905
0.160501

. — I(Examination~2))

Std. Error t value Pr(>|tl)
51.003026 4.478 7.68e-05 *x*x
0.554603 -3.459 0.001442 x*x*
1.564075 -3.774 0.000597 **x
0.445441 -3.687 0.000764 **xX

0.126131 -0.252 0.802400
2.264116 -2.127 0.040582 *
0.012446 -3.000 0.004953 *x*
0.011378 2.407 0.021499 *
0.002077 1.199 0.238453
0.023675 2.452 0.019355 =*
0.025360 3.900 0.000416 x**x%
0.063931 2.511 0.016827 *

U0000Examination™2 0 0 0 CatholicUOUOUOOUOOOOOOOOOOOOOOO
dddddOdChatelicUUOUOUOUODDOOOOO Agriculture:Catholic0UOOOU
00000000 Examination 2 U0 U OO OO O OAgriculture:CatholicU DO OMO
oboboobooobooboboobod
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> summary (lm.result4)

Coefficients:

(Intercept)

Agriculture

Examination

Education

Catholic
Infant.Mortality
I(Education”2)
I(Examination”2)
Agriculture:Examination
Agriculture:Infant.Mortality
Examination:Education

Examination:Infant.Mortality

> 1m.result4 <- update(lm.result3,

Estimate Std.
53.
.570728
.976168
.529545
.035844
.272558
.014060
.033521
.009603
.024296
.035702
.064135

226

.449866
. 786269
.808849
.425913
.113057
.381088
.040106
.003042
.018650
.063326
.090751
.176270

O O O O O O N O O +» O

Error t value

225390

4.
.130
.939
.693
.154
.368
.863
.091
.942
.606
.542
.748

255

. - Agriculture:Catholic)

Pr(>1tl)
0.000149
0.003519
.005789
.010802
.003299
.023547
.007233
.928215

.013351
.015607
.009405

O O O O O O o o o o

% %k %

* %

* %k

* %k

* %k

.060213 .

*%

O0000CatholicDDDDO0O0O0O0O0OOO Agriculture:Catholic0 000000000
Ub0b00000dil Examination2 00000000000 0OOO0O00OO

> summary (1lm.result5)

Coefficients:

(Intercept)
Agriculture
Examination
Education
Catholic
Infant.Mortality
I(Education”2)

Agriculture:Examination

> Im.resultbd <- update(lm.result4,

Estimate Std.
225.

408202
.773153
.701934
.454521
.113804
.361763
.040713
.018269

51

O O N O O +» O

. — Examination~2)

Error t value

.251845
.544463
.564507
.419562
.034403
.231173
.012197
.008518

.398
. 257
.645
.467
.308
.403
.338
.145

Pr(>ltl)
9.3e-05
.002460
.000838
.001381
.002139
.021534
.001971
.038783

O O O O o o o

* 5k %

* %k

*k %k k|

* %k

* %k

* %k
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Agriculture:Infant.Mortality 0.062883 0.023470 2.679 0.011054 =*
Examination:Education 0.093029 0.025033 3.716 0.000684 **x
Examination:Infant.Mortality 0.175787 0.063028 2.789 0.008395 *x

godooouooobobbbboooogooobobbbbooooooobobboboboboo
O000000000000D00 Examination™2 0 20000000000000000O0
Oo0O000O0O000DOO000DOO00bb00d gamOOOOOOOOODOOODOOODOO
gobobooooobooboo

372 step)0O0O0O0DODO0O

O000 stepO 000000 OO0ODOOO0DODOOOOODOOO step.result0000
2000000000000DO000C00OD0O0OO0ODODO0OD stepOOODOOOODOO
gooo

goobooo pOoboboboboobooooobobobobooboboodd
stepO 00 AICODO000DODODOOODOOOOOODAICOOODDODODOOOODOOOO
00000000000000000D0000 stepO)000OO0O0OOOO0ODOOOO [15]C
gobboooobbboooobboooobbboooooo

># 000 20000000000000
> step.result <- lm(Fertility ~ . "2, data=swiss)
> step.result2 <- step(step.result) # step(O) 0O OOOOOO
> summary(step.result2) # 000000
Coefficients:

Estimate Std. Error t value Pr(>|t]|)
(Intercept) 225.910055 52.457566  4.307 0.000128 **x
Agriculture -1.906654 0.562824 -3.388 0.001756 *x*
Examination -5.120204 1.578305 -3.244 0.002593 *x*
Education -2.473498 1.202766 -2.057 0.047249 x*
Catholic 0.211157  0.054180  3.897 0.000420 **x*
Infant.Mortality -5.269347 2.287270 -2.304 0.027292 *
Agriculture:Examination 0.014880  0.009277 1.604 0.117706
Agriculture:Education 0.019081 0.013718 1.391 0.173013
Agriculture:Infant.Mortality 0.063530 0.024021 2.645 0.012158 =*
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Examination:Education 0.063891  0.030098  2.123 0.040925 *
Examination:Infant.Mortality 0.172194 0.064887 2.654 0.011891 *
Education:Catholic -0.012381 0.005237 -2.364 0.023741 *

373 0J0O0O00OO0DOODOO

20000000Db00O0DbDbOUO0ObDbO0O0O0ObDbOOUOUbDbUOUOO0DbbOOoUOObOoOoDO
ooo0ob 200000000000 bO00b0O00oDObOo0obooboobDoOobDbOoOon
goboboogooooboooboboooooo

gogobobbbobobobodooooooooobbobbbobdooooooobobobboog
oOooobooboboooboobooboboboboobooboobooboboobo 20
gogoobooobobobodooooooooobooboobbooooooooobooobboooa
00 X3 x X, OO0ODOOODODOOoDOoooobhoobooWooooooooooo
goo

374 0000

goobooooboobotboooobobooooboboooobbooobbboooboboboOod
000000000000000000000 (1))0000000((R)D0Do00Do0oo0 20
OOo0o00DOo0ooO0oobooo0 mOOOODOODOOOODOODOOOODOOOO
plotO 000O000DODOO0ODOOO0ODOOOODOOOOODOOOODOOOO

Uoboboodbobobuooubobobuoubobbuudn step.result20 000000
00000000000 3.110plotO) OOD0O which=1:40000000000000
goooboooobbuooobobbouoooboboog

> windows ()
> par(mfrow=c(2, 2))
> plot(step.result2, which=1:4)

oboboooboobobooboobobooboboboobob s11oubooooboon
gogooboobbobbobooooooooboobbodooooooobbobobbooaa
O00000O0000D0OD0O0OO0OOVFitted valuesU O DOODOOOOOOOODOOOOOOO
gooboooobbbooooboboboooobobbooooobooboa

00000000000000 QQUOODOD00U00DDDODOO0O0UOODOODDO 3.110
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Residuals vs Fitted Normal Q-Q
o ™
= o Sierre " Sierreo
o | o Sion < ~ o Sion
— 3 Courtelafy
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0 3.11 step.result20 00000

g ooodooogooobbbbbooooooooobbb bbb ooooUUo o
gogoboooboododooooooobobooobobbboooooooobobbobbooa
goboboooooobooooooon
gooooobbooddoooooooooobobboobdoooooooboboboogo
ggoboboobboboodooooooooobboobbbbotbdoooooobobbbboooa
gogoboooboooooooooooooobooddooooooooboboobooooa
gobobooobbobuooobbbouooobobobooonbooo

3.6 D0O0OOO0OOO

gooobbobobobotbodoooooooobbobbobdooooooboobobboboog
OoOoobooboboooboobooboobobobobo 2000b0o0obDbOobDbOoOoD
goboboodboobuoooooouooooobooobooboo

ooobooboooooboob 20b0b000obOOoOobDOoOoOoO0oDOoOobOobObOOoDO
OO0 2000000000000 0000DO0DOD0ODDOODO0ODOODDOODOOD
gogobobooboboboboddooooooobooobobobboooooooooobooboobooboooa
oooooooboobobobobobOoboboboboo 20000000000 bOObOO
OO0Ooo00o0oboobOoboooboob2000b000bOooboboDoobOoobo

o0o0o0oobo0o0o0ooooooooddddgoo 200U OoO
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gogooboboobobododoooooooboobbooddoooouoooboboobobooooa
gobobooopoobooobbouoooboboooon
381 0O0OOOO

gooobobobobbobooooooooobbobbobdooooooobobobboogog
O0o0ddodoo0oooouoooogoooobbobbbbobooboobobbo 3900b0DbO
O0000D00000OMath.0OOOOPhysiesHOOOOO0O0OOSex0O00OOOOOO
OOobobooobooboooooo s11gooboooooooog

Physics = Math. + Sex (3.11)

039 40000000000

Math. Physics Japanese English Sex

87 90 69 50 Male
70 72 59 60 Male
85 83 75 57 Male
60 55 43 51 Male
96 100 86 75 Male
41 58 53 56 Male
60 55 69 70 Male
50 60 65 59 Male
79 88 80 70 Male
87 72 85 90 Female
68 54 67 74 Female
84 65 82 88 Female
59 37 59 68 Female
96 82 89 99 Female
40 40 38 40 Female
59 37 57 76  Female
48 42 46 57 Female
78 70 7 87 Female

00000000 3.11000 Math. O PhysicsO0OOO0O Sex 0000 Male, Femalel
ggbobobooooboboogooobbuoooobbboooobobbuoooobobbuoo
0000000000 bbb oooooobooo
gooogd
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030 0000000

> mydata

Math Physics Japanese English
1 87 90 69 50
2 70 72 59 60
3 85 83 75 57
ugboodaod

> attach(mydata)
> ancova.add.l <- 1m(Physics ~ Math

> summary(ancova.add.1)

Coefficients:

Estimate Std. Error
(Intercept) 13.43681  10.12727
Math 0.85998 0.14084
SexFemale -15.83789 14.07415

Math:SexFemale -0.01893 0.19689

> ancova.model.2 <- update(ancova.a

> summary (ancova.add.2)

Coefficients:

Sex
Male
Male
Male

* Sex)

t value Pr(>ltl)
1.327 0.206
6.106 2.71e-05 **x

-1.125 0.279
-0.096 0.925

dd.1, ~. -Math:Sex)

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

(Intercept) 14.11281 7.04477
Math 0.85029 0.09511
SexFemale -17.14971 3.34255 -

> dummy . coef (ancova.add.?2)

Full coefficients are

(Intercept): 14.11281
Math: 0.8502941
Sex: Male Female

0.00000 -17.14971

2.003 0.063555 .
8.940 2.14e-07 ***
5.131 0.000123 *x*
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0000000000 000000D0000000ODOancova.add. 100000000
O 0Math:SexFemaleO OO OOO0O0O0OO00O0O0OO0p =0.9250000 update) OO0
000ooooooboboo0odooodooooobobUdancova.add. 2000000000
Math 0 SexFemale OO OOOOOOOOOOO p=0.0000,p=0.00010000C0000O
Oo00000O000O0O000oOo0o0oooooooooooOooo

0do0o0oooooooo 312o00000000000000 2000000040
0000000000000 DO0o00oDoDO0oDOooooDOooooDoDOoooognn
dummy.coef (ancova.add.2) OO0 000000000 ODOODOOOCCOOOOOOO0OO

00000000000 00000000000 3.120000000000000
00000000000 000DDOOOO0O0000oDoOoDoDooODoDOoOoOoOooooDoOO
0000000000000 DOODODOO0O00000d0 41100ooggogooooao
1411 -1715=-3.040000000C00

(3.12)

Physics = 14.11 + 0.85 x Math. + { 0.00 x Male }

—17.15 x Female

90 100
| |
=
<

80
|

Physics
60
|
<

50

40
|
n

40 50 60 70 80 90

Math

0312 0O000O0OOoOoDOoooooog

dobobooooboboooon
ggooboboobobooooooooobobboobbbbooddooooobobbobbobooog
gogoobooobobooooooooooboooboodooooouoooboboboobboooa
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Oooo00O0ooooo0oO0oooooOoO0ooooooOoooooooOoooooood
oooooooooom

00 summary(ancova.add.2) 00000000000 Intercept00 5% 0000000
O0O0000000p=006360 000000 OO0O0O0O0O0DOOODOOOOODOODOO
Ooooooooboo o0obOoOooooobDoOoobOoobbOOooDbDboOobobOoOooobOooD
O00000o0obOo0ob o0DbO0oD0DbOO0o0DDbO0o0DbOo0DDbOo0oDbD 200b000D0O0D0O0OO
Oo0oo0d00ooooo00oopooooO0oO00ooooOo0UoooDoooOoUooooooOd
Ooo0oCocoOoO0oOoOoooo

Oo0ooOoooooooboooobboobobooooboobooobooobO0oOoDbObOOobObOobOoOOn
OoooOoCOO0O0O000000ooooooooooooooOoOOOOCODODOODbObOOOo
ooo0o0oC0OOoOO0000OoooooooooooOoOCOCOOOOoOoOoOoOoOoooooo

OoOoooOoooooob ooobobobbOoOoOoOoobOOoooOobbOooooboDbDbO
Ooo0ooobooooboooboobooobD oooboboOoobbDoOobobDboooo
0000000000 Physiesd Math O 95% 00 0000000000000O0OO
[54.9373.96],[60.2978.27| 00 0000000000 000000000 OOODOOOOO
goodggo

O00o00000ooooo00oooooD po0o0oOoDOOOCOO0O0OODDOODOO
Oooo000oooooO00ooooocoO0oooooooOoooooooooooooood
oooooOoOoCoooooObO0ooooooooooooooOOOOOOODbODbbObbOO0o

32 OODOODODO

0000 3.90 Japanese D EnglishO0OOOO00O0O00O0DOOOOODOOOOOOOOO
O0oo0oobooboobooboo 3.130b00b00bo

English = Japanese + Sex (3.13)

> ancova.intr.l <- 1m(English ~ Japanese * Sex)

> summary(ancova.intr.1)

Coefficients:

Estimate Std. Error t value Pr(>|tl)
(Intercept) 29.9936 10.6455 2.817 0.0137 *
Japanese 0.4642 0.1571 2.954 0.0105 =
SexFemale -20.5779 13.3636 -1.540 0.1459

Japanese:SexFemale  0.5262 0.1962 2.682 0.0179 *
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> dummy . coef (ancova.intr.1)

Full coefficients are

(Intercept): 29.99360
Japanese: 0.4642031
Sex: Male Female

0.00000 -20.57794
Japanese:Sex: Male Female

0.0000000 0.5262288

00 summary(ancova.intr.1) OO0 0OO0OO0O0D0ODOOO0ODOOOODOOOOOOD =
0.017900 000 SexFemale OO0 O ODODOOOOOp =014900000000000
oooooOoo0ooo 2000000000000000000000000000DD O
gogobobbobbbbodoooooooobobobboddoooooobboboobbooaa
gobboodboboooobboooobbooob bbb booobbooobo

ggoboboboboboodooooooooobooobobooboooooooooooboobooa
oooooooooobobo s.4b000b00o0obooboboobobooboboboobOooboo
0000000000000 0DJep. 0000000 DOO0ODOOOOOOOOODOODOODOO
3.130

English = 29.99+0.46 x Jap.+{ 0.00 x Male } { 0.00 x Jap.(Male)

—20.58 x Female 0.53 x Jap-(Female)} (3.14)
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English

100

90

80
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40 50 60 70 80 90
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0313 DO0OOooOoobooooooooDo
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40

Jooobobon

ggopoboobobbooooooooooboobooboboobooooooobobooobbobooga
gooobobobbobotbodoooooooobobobbbbboooooooobobobbbooo
gogooboboobboboobooooooooboboboobbbobodoooouoobobobbboboooa
gogoboboobobodooooooooboobooobooddoooouoooboboobooboboooa
Oob2000000000000DO00DOO00O0D0ODOOOODODbDOO

41 0O0O0ODOOOOO

411 DOOOOOOOO

00000000000000000000 x?20000000000000000000
oboobodo

0410000000000000000000000D0O0ODO Yes NoO 20000
O000000D0000000DDO YesO NoO 200000000000000000O0OO
bhodbboobooboobobuoobboobuoobboobuoobbooboaon
00000000000 (marry-Yes:children-Yes = 124)0

041 O00OO0OOOODOOCODO

children

marry Yes No

Yes 124
No 12

Oo0O0000O000410000000000000000 marry0000O0O childrend
gogooboboobobododooooooobooobbbdoooooouoooboboboobboooa
goobooodoooooad
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e Hy:OODODOODOODODOODODODODODOODODO
e ,:000000OUDODOODOUDODOODOODODO

RODO chisq.testO DOOO0OOOO0DODOOO0ODOOOOODOOOOODOOOODODOO
gooooad

> dat <- matrix(c(124, 6, 12, 8), ncol=2, byrow=TRUE)
> dat
[,11 [,2]
[1,] 124 6
[2,] 12 8
> chisq.test(dat)

Pearson’s Chi-squared test with Yates’ continuity correction

data: dat
X-squared = 21.6354, df = 1, p-value = 3.297e-06

Warning message:

In chisq.test(dat) : OO0O00O0OOOOOOOOOOOO

00000000000000000000000O0DO000OoOO p=0.0000(3.297e —
06 = 0.000003297) 00000 5% 0000000000000 0O0OD0OOO0OODOOOO
0000000000000 00D0D00000 marry O children0000O000O0O0OO
gooogd

o0o0o0oo0oo0o0o0ooooooooooo 200000 oOoO
gogooboobobododoooooooobobooobobotbdooooooobooboobobooooa
00000000000000000000000O00D0000O0ODOO0 BooOoOooo
goo

412 0O00OO0O0OOO0OOOOOOOOO

ggooboboboboboobotbodooooooobooobbbodooooooobobooboobooboooa
gbobobooooobobboooobobooogooo

gdooboooobooobobooobooobbobooob bbb oooboog
Ooooobooboolob20030@obooboboooboooboooboooo
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OoooooooooooooboooooboobobobobobobobOobooboooo
ooboooboooobooboobobobooboboobobobOobOobOobOoobooboooboobo
OOobOoo0ooobooboooobobooooooDn

OO0o0bO0o0oobOO0oobOob 41000000000DO0O0DO0OO0OODObODODOO
00000000000 00000 IO OOO0COO0OO0O00OO00000000 gImO O
ooooooboboooobobooooogooooooooobooboooooboboOoo
family=poisson O OO OOODODOOO

> count <- c¢(124, 6, 12, 8) # DO OOOOOOO

\4

# 2000000000000000000
> marry <- c(1, 1, 2, 2)

\4

marry <- factor(marry, levels=c(1, 2), labels=c("Yes", "No"))

># 00000: 0D1000 Yes, 02000 NoOODO
> marry
[1] Yes Yes No No

Levels: Yes No

>#OOOO

> children <- c(1, 2, 1, 2)

> children <- factor(children, levels=c(1l, 2), labels=c("Yes", "No"))
> children

[1] Yes No Yes No

Levels: Yes No

># 00000000 mmOOO0OD0OO
> # U000 family=poisson 0 U O O[O

> result <- glm(count ~ marry * children, family=poisson)

># 000000

> summary (result)

Coefficients:

Estimate Std. Error z value Pr(>|zl)
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(Intercept) 4.8203 0.0898 b53.676 < 2e-16 ***
marryNo -2.3354 0.3023 -7.725 1.12e-14 **x
childrenNo -3.0285 0.4180 -7.245 4.32e-13 **x*
marryNo:childrenNo  2.6231 0.6189  4.238 2.25e-05 *xx

Residual deviance: 1.7764e-15 on O degrees of freedom

0000000000000 000000DO00000O0D00 100000 oDoooo
Estimate 0000000000000 DOO0DOOO0ODOOOOOStd. Error0000O0
OO000000OOo00OO0OOo0OOo0DOOo0DOOU0DOOoO0OobOOobOboOoooOoooooo
OO0000000D000D000000 zvaluedDOOOOOO 200000000 1mO O
O000 tvalueeO0OOOO0OODOOCOOOOPr(DO0zO0)O pOO0OC000ImOOOO
O0000+¢00000C000000gIn() 0000 O00DOCOO0O0z00000000
goooooooooooogo

000000 Residual deviance 00000000000 ODODOODOODOODOOODOO
OO00000CO0O00000000000ooooooDOoO0O0O0OCODO0O0O0L.7764e-150
OoOd0odooooOoOoooO00oDOo00oOoOoOooDOoOO00oDbDOoOoobOobDooOooooo
00000000000 00000D00D000D0ODO00DO0D0DO00O00DOOo0OoOoO0On
000000000000 0000O000odooooooooooooooooooon
O0O0000OOoOoooo

oo oouooooouo
000000000000 DO0ODO000O00ooooooddmarry O children0 OO0
000000000000 0OoO0oOo0oOoO0OoodooOoooobooOooooooooon
OoO00oooooom

0000000000000 000D00DOo00o0o0oooooooooooooog
00000000000 0DOoO0Oo0oOo0DOoOO0DOoODoDoOobOooOooooooOooon
OO00000DOOoO00OOoO0ooO0oOoO0oo0ooOooogooooooboooooOooo
00000000000 00000D0000O0DODO00DO0D0O00OO0O0ODOOo0OoOO0OOn
O00000O00ooooooon

U0000O0O0O00O0O marryNo:childrenNo O 0D OO DD OODODDODOOODODOU

Op = 0.0000225002 0000 0000000000000 0OOOOOOO0O0OAO
00000000 2000000000000000000000000DODOO0OOO00O
Oo0O0000O00DooOoooooo

0000000000 marryYesOOOOOOODOOOOODOOchildrenYesOODOODOO

Oo0O000O00DO0O00000bof coutOO0O00OO0ODOOOODOODOOODOOODO
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410000000 2000000000000 0000DO000O0DOOOODOOOODOO
0 00 marry-Yes:children-Yes = 124[0 0 00 0000000000000 OCODOOOOO
goboooooooooobooouooogg
gooobobooooooooooooooooooooooooobooooooooon
gdooooooobbooooooooooooooon

> count2 <- c¢(50, 50, 50, 50)

> summary (glm(count2 ~ marry * children, family=poisson))

Coefficients:

Estimate Std. Error z value Pr(>|z|)
(Intercept) 3.9120 0.1414 27.66  <2e-16 ***
marryNo 0.0000 0.2000 0.00 1
childrenNo 0.0000 0.2000 0.00 1
marryNo:childrenNo  0.0000 0.2828 0.00 1

Residual deviance: -1.2434e-14 on O degrees of freedom

ggooboobbboobodooooooobobobooboboobooooooboboobbooboooa
O000000O0000000000 dummy.coef() DO0OODODODODOOOOOOOOOO
O0000o0ob0oobobo 410000000

0.00 x Yes(marry) 0.00 x Yes(children)
—2.34 x No(marry) —3.02 x No(children)

0.00 x Yes : Yes(marry : children) (4.1)
0.00 x No : Yes(marry : children)
0.00 x Yes : No(marry : children)
2.62 x No : No(marry : children)

count = 4.82 + {

00010 1000000000000000000000000 marryYes O
childrenYes 01000 00000000000000000000000 4.824 0.00 +
0.004+0.00=482000000000 41000 1240000000000000000
0000000000000

0000000000000000000000000000000000000 4.20
00000000AODOOOOA 000 X0:0000MmMXA 000 YD ;00000 %Y
0X0YOOooooooooo
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log fri; = A+ AN + A + A% (4.2)

0000 42000000000000000000000000w,;0000000000
OOob0o0ob0O0obOoboobooboob 41000b00 420000000000 D0ODOO
ddddddooooooooobobobobbbbbbbbbibb ed000dooogoUogg
goboboodoobobboooobobboooobobbouoooobobooon

O000C0O00000000C0D ROOD expOOO0O0O00O0ODOD 482000000
O000000000O0O00DO00DOO00DOODO00DbO00n predict() O fitted()
ggoobooboobobboboboddoooogoboboobbbbbodooouoobbbobooboooa
gobobooooboboooobobooon

\4

# 000000 0O0O0O0O0Qaga

\4

predict (result)
1 2 3 4
4.820282 1.791759 2.484907 2.079442

\4

# 000 expO0OO0O0O0O0O0O0O0O0OOOOODODODODOCOCDOO

\4

exp(predict (result))
1 2 3 4
124 6 12 8

> # fitted) DO OD0ODOOODODOOO
> fitted(result)

1 2 3 4
124 6 12 8

42 O00O00O0O0OOO0OODOOOO

gbobooooboobobobooboobooboboooobobooboba
doooooooobboooooooooooobboboboooooooooooooooo
041000000000000000DO00DOO00O0ODOODOOODOODOODbDOODOO

ggooboooboododoooooooboobboodoooooooobooobooboboooad
oooboobooo200b0000o0b0ob0oboobobooooobOobDoboboobOoonoo
gooboooobbuoooobbuoooobbbooobbbooobbbooon

ggoobooobobodooooooooobooobbobdoooooobooboobboooa
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OO00000O0bOO00O0oO00oO0bO0obOobOobOoboOoboO0oOoOoOoLDb-00bobonboonoog
gobobooooboboooobbooooooog

421 O00D0OOO

OoboboooooboboooooboboboobooboobobDOobooboooDbooDO
0000 0.1lmg/kg0 00000 1kgOOD 0.lmgO 0000000 DO0O0ODOODOOOOO
00000000030 000000000000000000DO0OUOO 3/10=0300
gogboboooboboboodooooooooobooobbootbdooooooooboooboboooa
goboboooobobuoooobobuoooobobboooobbboouoboboo

O0OO00000Ob0O000 4300000000000 00ODO0O0O0ODODO0ODODOO
gboboboboboboooooobobobobbooobooboobooboboba
flz)=a+p20000000000000000000O0

1
" 1+expla—f)

f(z) (4.3)

Ooo00042000000000000000000DO0DODODOOOOODODOOO
OLD- 0000000000000 00D000000000DeglmOUOOOOOODODODO
O family=binomial U0 O 0OOOO0OOO0ODOO0OOOOOOOOOODOOO 10000
000 DeathlD20000000Swv000000000000D0O0OOCDOOOOOOO0O
o000 100b0oo0b0oo0b0oobooboo0booboUbOoU0 1o0oboobOooo
goooog

042 0O0O0OO0OO0OODOOOOOOO

goo 0040 oob bbood oOoobo

5.42 3 53 26 0.05
5.61 10 47 57 0.18
5.78 15 44 59 0.25
5.95 25 28 53 0.47
6.12 49 11 60 0.82
6.28 50 6 56 0.89
6.43 58 1 59 0.98
6.58 o7 0 o7 1.00

># 000
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> Dose <- c(5.42, 5.61, 5.78, 5.95, 6.12, 6.28, 6.43, 6.58)
> # 000
> DeathRate <- ¢(0.05, 0.18, 0.25, 0.47, 0.82, 0.89, 0.98, 1.00)

># 0000000000000 O0O000oooon
> plot(Dose, DeathRate, cex=1.5, ylim=c(0, 1))

Death <- c(3, 10, 15, 25, 49, 50, 58, 57) # OO0
Surv <- c(53, 47, 44, 28, 11, 6, 1, 0) # OO0O
Y <- cbind(Death, Surv) # 10 0000002000000
Y
Death Surv
[1,] 3 53
[2,] 10 47
[3,] 15 44
[4,] 26 28
(5,] 49 11
(6,] 50 6
[7,] 58
[8,] 57 0

> result <- glm(Y ~ Dose, family=binomial)

> summary (result)

Coefficients:

Estimate Std. Error z value Pr(>|zl)

(Intercept) -37.8887 3.3063 -11.46 <2e-16 **x*
Dose 6.4031 0.5561 11.52  <2e-16 *xx
Residual deviance: 6.3721 on 6 degrees of freedom

OO000o0OooOobOOobOdbOobOoboooboobooboooOooDooDOoD 44mobOnOO

ooooobobooobooobbooobooobobooobboobboobobl1OonoD
gbobobogobobobuooobbooooboood

DeathRate = Dose (4.4)
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OOo0bOOO0obOO0o0oboO0oobOoOoOoo0ooboOoOobooOoobDboUoooo 45™boboOO
Dose =5.4200000 —37.89+6.40*5.42=-3.2020000

DeathRate = —37.89 + 6.40 x Dose (4.5)

000 predict() OODOO0O0OOCOCODOOOO

> predict(result)
1 2 3 4 5
-3.1838350 -1.9672428 -0.8787129 0.2098169 1.2983468

6 7 8
2.3228455 3.2833130 4.2437805

0000000000000000000000430000000000000000
O0y=a+Fz00000000000000000000000O00C0OOOOOO0
00000000000 000000000000000000000000000000
00000000000000000000000000000000000000000
0DOO00000 [2000 4000000000000

0000000000000 00000000000 45000000000« = —37.890
0000F=64000000000000004300000000000000000

0000000000000000000000000000000000000000
000000000000 000000000000000 fitted) 000000000

> fitted(result)
1 2 3 4 5
0.03977859 0.12268535 0.29344456 0.55226264 0.78555662

6 7 8
0.91075150 0.96385189 0.98584987

0000000000000000D000000000000 410000000000
00000000000SO000000000000000 (z,y) =(1/2,/8) 00000
000000D00000000000 (1/2,37.889/6.403) = (0.5,5.917382) 000000
00D0LDsy=59170000000000 6mg/kg00000000000000000
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gooo

1.0

0.8

0.6

DeathRate

0.4

0.2
o

Dose

041 OOOOOOODOOOOOO

plot(Dose, DeathRate, cex=1.5, ylim=c(0, 1))
abline(h=c(0, 1), lty=2)

x.jiku <- seq(5.4, 6.6, 0.01)

y.jiku <= 1 / (1 + exp(37.889 - 6.403 * x.jiku))
points(x.jiku, y.jiku, type="1", lwd=2)
lines(c(0, 5.917382), c(0.5, 0.5))
lines(c(5.917382, 5.917382), c(0.5, 0))

V V V V V VvV V

43 200000000

o0ooboobbooobooboobobooboboobooboobobobobo 2000
OO0D0o00O0b0Oo 200000b00000D0D0OO

2000000 200000000000DOD0OO00O0O0O0ODDODDODDDOOODODDOIDOO
goooobonhobodogogobobobobobboooooooobobbobboboa
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O0O0 2000000000000 b0O00bOobObOO0ObDOoOobOoODbOobDOoODbOo

OooOdb 100000 OOobOOoboobobooboobobooboboo

0000020000000 DOOOOOODOODOODOODOOOODOOD

00000 100000000b 0OoooooOoo0ol10ob0oboobooboobooboooog
g

00000 ?200000000000 0O0OO0ODOODOOOO20000000000000
goon

gobobooooobuoooob toooobbbooobbbooobbbooooobo

gogoobobbobobodddooooooobbobbbdoooooobobobbbooboogg
gogooboboobobobobotddooooooooboboboooooouoooobobobooooa
OOooooooobOobooboobobobobOoboboboboo 20000000 ObOO
O0o00o000ob0o0oobDbOo0ob0oUb 200000b000DbOD0O0ODODOObOOODbOOOD
goboboooobobboooobbooooooog

431 2000000000000

04300000000000000000000000O00O00O0O00O000O00O00O0O0O0O0O0
O0000000000000000000 Purchased 0O O0O: Yes, No[ll Sex00 00 :
Female, Male[T] WeatherD O O : Cloudy, Rainy, Sunny[1] Discount0 O O O O [ Temp

O00000D000D00oDoo0o0ooooooooon SexO Timed Discountd Temp O
000000 Purchase 0000000000 DOO00OO0ODOODOODOODODOOOODOO
gogodouooooobobbbbouoooooogoa

goooboooooooooooooboooooooboooooobooooooon
oo bbb oooooooooo
0000000 DODODODO0O000000 400000000000 oDoDoDooDooDDOO
ggod

O000000D000D000D000 4300000000 dat000D0OO0DOODOO
O000O0Oread.table() 00 000000000000 OOODOODOOOOOOOOOO
00000000000 000000000000 1levels() DOOOODODOOODOOOO
dooooooooooboboboooooooood

> dat <- read.table("logit.dat", header=TRUE)
> attach(dat)
> levels(Sex)

[1] "Female" "Male"
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043 O00O0O0OQCOOOODOO

Purchase Sex Weather Discount Temp
Yes Male Sunny 20 33
Yes Male Sunny 20 30
No Female Cloudy 0 25
Yes Male Cloudy 0 29
No Male Rainy 0 22
No Female Cloudy 0 25
No Female Sunny 10 29
Yes Male Sunny 0 28
Yes Female Rainy 0 20
Yes Male Sunny 20 35
Yes Male Sunny 20 35
Yes Male Sunny 20 31
No Male Cloudy 10 26
Yes Female Sunny 0 33
Yes Male Sunny 10 31
No Female Cloudy 10 26
No Female Rainy 10 23
No Male Sunny 0 28
Yes Male Sunny 20 30
No Female Sunny 20 29
No Female Cloudy 0 29
Yes Male Cloudy 10 25
No Female Cloudy 10 28
Yes Male Cloudy 20 30
Yes Male Sunny 10 33
Yes Male Sunny 0 35
No Female Sunny 0 28
No Male Rainy 0 25
No Female Rainy 0 23
Yes Male Sunny 0 36
Yes Male Sunny 20 30
No Female Cloudy 20 26

Yes Male Sunny 10 29
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> levels(Weather)

[1] "Cloudy" "Rainy" "Sunny"

> summary (result)

Coefficients:

Estimate Std. Error z value Pr(>|zl)

(Intercept) -13.01151 7.625618 -1.706 0.0879 .
SexMale 2.54978 1.08062 2.360 0.0183 *
WeatherRainy  1.04576 1.96881 0.531 0.5953
WeatherSunny 0.41916 1.37961 0.304 0.7613
Discount 0.03408 0.07022 0.485 0.6275
Temp 0.38898 0.27640 1.407 0.1593

0000000000000 Weather O Discount 00000000000 DOCOOOO
oboooooboob2000b000b00b0o0o0oboobooo

> result2 <- update(result, ~ . -Weather -Discount, data=dat)

> summary (result2)

Coefficients:

Estimate Std. Error z value Pr(>|zl)

(Intercept) -12.3155 5.1165 =-2.407 0.0161 *
SexMale 2.6633 1.0665 2.497 0.0125 *
Temp 0.3837 0.1770 2.168 0.0302 =*

000000 SexOTempOOODOODOOODOOODOOOOO 20000000000
OOooooooooOoobooboobobobo 2000000000000 OOObOObOObOO
000000 SexO TempOOOODODODOODODOOODDOOODOOO

> result3 <- update(result2, "2, data=dat)

> summary (result3)
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Coefficients:

Estimate Std. Error z value Pr(>|zl)
(Intercept) -1.818790 6.316914 -0.288 0.773
SexMale -20.892266 13.094251 -1.596 0.111
Temp 0.004307 0.236665 0.018 0.985
SexMale:Temp 0.853688 0.481040 1.775 0.076 .

Sex TempOOOOOODOODOODOODOODODOp=0076000000000000
gogbooooobbdooobooouobboobbobooobbdooobbuoobobooa
gogbboobboboooooooooobboobobobodgoooooobboboobbooaa
anova() 000000000 DOODOOODOODOODOODOODODOOODOOODODODOO
ggoobooobbbooodooooooobooobooddoooouoooobooboobobooooa
gooboooon

> anova(result3, result2, test="Chi")

Analysis of Deviance Table

Model 1: Purchase ~ Sex + Temp + Sex:Temp
Model 2: Purchase ~ Sex + Temp

Resid. Df Resid. Dev Df Deviance P(>|Chil)
1 29 20.2377
2 30 24.5841 -1 -4.3464 0.0371

goboboooboooobuooooobooobobobooooobobbooobobobouoon
gooobboboboodoooooooobobbobbbooddoooooobbbboboooo
gooboooon

ggooboooboboododoooooooooobobobdoooooobooboooboboboood
gogoobobobbbboooooooobobobobodooooooobbobobbooaa
goboboooobobobooo

Oo0O000ooOoooo
OO00D0b00O000O0o0O0oDOobO0bOobO 460000000000D00 —-1.82000
OO0 Sex0000O000OTempOOOOODO 000400000 Sex:TempOOOOODO
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goobooooooboooooon

Purchase = —1.82 + 0.004 x Temp + {0.00 x Female}

—20.89 x Male

0.00 x Female : Temp
0.85 x Male : Temp

(4.6)

00000000 47000000000000000D0OODOODODOODODO 4800

000000000 490000 « 000 pO000O0ODOOOODO

Purchase(Female) = —1.82 + 0.004 x T'emp

exp(—1.84 4+ 0.004 x Temp)
1+ exp(—1.84 4 0.004 x T'emp)

Purchase(Female) =

B _ expla+ Br)
y=1)= 1+ exp(a + Bz)

ggoooooobobobboboboooogo

Purchase(Male) = (—1.82 — 20.89) + (0.004 4 0.85) x Temp

exp(—22.71 + 0.854 x T'emp)

Purchase(Male) =
urchase(Male) 1+ exp(—22.71 + 0.854 x Temp)

(4.10)

(4.11)

000000 predictQUOODODO fitted DO OODOOODOODOOODOOOOODODO
OO0000000000g TempOODODODODOODOODOODODOODOODOOOODOO
OO0 42000 420 0000000000000000 30b0bOoboboOobooooogoon
oo0ooooboobobo oobobooboobuobboobDoobooboobnooo

> dummy.coef(result3) # 0 O0O0O0ODOOOO

Full coefficients are

(Intercept): -1.81879

Sex: Female Male
0.00000 -20.89227

Temp: 0.004307159

Sex:Temp: Female Male

0.0000000 0.8536877
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> alpha <- -1.81879 + 0.00000 # OO0«
> beta <- 0.004307159 + 0.0000000 # OJOOP

> Ff <- function(x) # 000000000 ODOOODOO
+ exp(alpha + beta * x) / (1 + exp(alpha + beta * x))

> # fitted ) OUOOUOOODOOOOOO
> fitted(result3) [Sex=="Female"]

3 6 7 9 14 16
0.1530197 0.1530197 0.15652660 0.1502493 0.1575391 0.1535787
17 20 21 23 27 29
0.1519066 0.1552660 0.1552660 0.1547019 0.1547019 0.1519066
32
0.1535787

> dat$Temp[dat$Sex=="Female"] # 00O OOO0DOOOOODO
[1] 25 25 29 20 33 26 23 29 29 28 28 23 26

># 00000000 bLbObOO0OOobLbObuOUn

> Ff(dat$Temp[dat$Sex=="Female"])
[1] 0.1530197 0.1530197 0.1552660 0.1502493 0.1575391
[6] 0.1535787 0.1519065 0.1552660 0.1552660 0.1547019
[11] 0.1547019 0.1519065 0.1535787

>HJiooooooooooboon

> plot(Temp, fitted(result3), pch=c("F", "M") [Sex])

> x.jiku <- seq(15, 40, 0.1) # x0O00O0O0OO

> Fy <- Ff(x.jiku) # yOOOOO

> points(x.jiku, Fy, type="1") # 00000000 0O0OOO

# 00000 ooo

alpha <- -1.81879 - 20.89227

beta <- 0.004307159 + 0.8536877

Mf <- function(x)

+ exp(alpha + beta * x) / (1 + exp(alpha + beta * x))
> My <- Mf(x.jiku)
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> points(x.jiku, My, type="1")

fitted(result3)

Temp

042 0O00O0OO0O0OOOOOOOODOOOOOOOCO

goobooood

ggbbooobobooooboooobobooobboboooboboboooobboouobobooa
gooooobbobooooooooooobboodoooooooboobobboooo
gooo

043000000000000DO0ODOO0ODOODODODOx0OODOOOODOODOODOO
Ooboobooobooooboboogobooboobo oocopooobooobooboosOobboO

gooobobbobotbodooooooooobbobbbodoooooobDbbbobbooog
gooboood

> alpha <- -12.31550 # UU0a
> beta <- 0.3837436 # OO
># 000000000 OOOO0

> f <- function(x) exp(alpha + beta * x) / (1 + exp(alpha + beta * x))
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# JJ000oobooooooobooooooo

plot(Temp, fitted(result2), pch=c("F", "M") [Sex], xlim=c(10, 50))
xv <- seq(10, 60, 0.1) # xO00O0OOO

Fyv <- f(xv) # yOOOUOO

points(xv, Fyv, type="1") # 00 0O0O0O0OOOOOODOOO

vV V V V V

># 000D00O0O0O0

> alpha <- -12.31550 + 2.663259
> Myv <- f(xv)

> points(xv, Myv, type="1")

1.0

0.6 0.8
|

fitted(result2)

0.4

0.2

0.0
|

T T T T T
10 20 30 40 50

Temp

043 00O0O0OO0OO0OO0ODOOOOOODOOOOOO

44 U0O0OO0UOOUOOOoooOoOO

O00000o0bOb00o0oobbO0oooboboO 2000000000 O0DOO0O0ODDODOO
2000000000 D000 2000000bD0O0ODODODODODbDOODbDODOODOODbDOs
gogobobooobobobobodoooooooooooobbobobooooooooobooboobboooa
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goobooooobooooboobooa

OOoo0oooboOoboboob 200b00b0bO0bD 30b00oboooDoDOobDOobDOobO
gooobobobobbbobddoooooobobobbboboooooooobobobboooo
goboboobogooboboooboobobbooooboboooobbooobDbbooono

441 D0O0OOOOOOO

00000440000000000000000000000000000000000
00000000 High(175 — 180cm), Middle(170 — 174em), Low(165 —169) 0 300 O
00000000000 0000000000O0000000000 20000000000
0oooooooo

l. 000obOooooooboboooooo
2.00000000000DO0ODOO0ODODOODbDObODbO

10000000000 10b0o0o0bo0o0obooobooobooobOoOoobOon
O000GroupO Stride 00000000 Stride=Group0 000000000 DODOOO0O
00000000 200000000000 GroupDDOOOOOOOO StrideC 0000
OO0O000Group = Stride00000000000OCO00O0DOOOOCOOOOOODOOO
Oooooooobo 3gbobobobobobobooboboobooooooooooboo
goo

044 0O0OOOOOOOO

Group Stride | Group  Stride | Group Stride
High 93 | Middle 85 | Low 66
High 103 | Middle 80 | Low 67
High 98 | Middle 79 | Low 79
High 85 | Middle 77 | Low 69
High 80 | Middle 84 | Low 70
High 96 | Middle 83 | Low 71
High 90 | Middle 80 | Low 68
High 91 | Middle 81 | Low 65
High 89 | Middle 87 | Low 70
High 100 | Middle 74 | Low 66
High 99 | Middle 79 | Low 78
High 95 | Middle 86 | Low 7
High 94 | Middle 81 | Low 60
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ggooboboboodoooooooobobooboodoooooobobooboobooboboooa
OOoo0200000000Db0O000O00ODOODO0OOOO0ODODOObObOODObODObDObOO
gooobobobbbobobddoooooubbobbbodoooouoobobobbbboooo
gogooboobobobodoooooooobooboooboboboddoooooooboboboobobooa
goboboooooobooooooon

goooooobooobboooubobooobbbboooobbboooboboooooog
OO000000bOO0bOobOOooOOobOOobOOooO0o I0cobD0obO0oobOobobOooooooog
OO0bDO0o0o0O0o nNooboobo0oooobobooobooboooooDOoboooobobooo
gobboooobbbooobbboooobbobooonoboboooobobog

gogobobbbtbotodoooooobobobobbbboodooooobobobobbboog
gogooboobooobbobobododdooooooobobooboboodooouoooboboobobooooa
gogobooboboodoooooooooboobbodoooooooobooboobbooaa
gooobbobbobodooooooooobobobbbboboooooooobobobbboboooo
Oboboooboooboo1oboo

ooo0oobooboboo 4400000000000 0DOO0ODODODOOOOODODO
0o oooooooboobobobbbveAMOOOOOO0Ooo4ogyg
OvelmO OO0OOOOOOOOODOOOODOOOOvVGAMDOOOODOODOOODOOODOO
goboboooobobboogobbooooboobobouoooooon

> install.packages("VGAM") # OO O0ODODOOODOOOO
> library(VGAM) # OO0 O0ODOOOOOOO

vglm(O) 00000 gim() OO0O0O0OOO0OOOODOOODOODOOOOOOOOOODOOO
O00000000binomiall 00000000 Omultinomial 000000000000
0000 family=multinomial 0000000000000 OO0DOOOO0ODOCOOgIm()
Oo0O0000000DO0O000DOO000oDOOo0o00oDOO00OooOoOO00DOOveglm(O) OO
goboboodbobbuoooobbuooobobbuoooobo

> Stride <- matrix(c(

+ 93, 103, 98, 85, 80, 96, 90, 91, 89, 100, 99, 95, 94,

+ 85, 80, 79, 77, 84, 83, 80, 81, 87, 74, 79, 86, 81,

+ 66, 67, 79, 69, 70, 71, 68, 65, 70, 66, 78, 77, 60))

> Group <- rep(1:3, c(13, 13, 13))

> Group <- factor(Group, levels=c(1, 2, 3), labels=c("H", "M", "L"))
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> levels(Group)
[1] an "M" "L"

> result <- vglm(Group ~ Stride, multinomial)

> summary(result)

Coefficients:

Value Std. Error t value
(Intercept):1 -76.52529  22.20944 -3.4456
(Intercept):2 -38.71092 16.44314 -2.3542
Stride:1 0.94455 0.27442 3.4420
Stride:2 0.50643 0.21153 2.3941

gobbooobooobboobobooobbooobuobbUoobbUooobUuog
oooobooboobooboob 30bo0obooboobooboob 20b00O
O0O0000D00O0ODOInterceptd 200 Stride 000 2000000010

00000000000 m(e=1,2,..,k)00 4120000000000000000
gooobdooobboooobbuooobobboodobbuoooobboooobL b

_ exp(e; + Bix)
1+ 32521 explay + Byx)

OO00O0b0obo0o0oboobooD mp 00 4130000000000 000000 1000
gooom

i (4.12)

1
= k_
L+ Y2721 exp(ay + fjz)

gogoobbobobobobodooooooooobbobbodooooobbbbbboog
goboboooooboooobobooon

Tk

(4.13)

> coef (result, matrix=TRUE)

log(mul,1]/mul,3]) log(mul,2]/mul,3])
(Intercept) -76.5252869 -38.710916
Stride 0.9445487 0.506425
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000000000000 0D00O00000D00O00000O0O0O00000 100d HighO
OO0D000 mmO0bo0oO00ogoD 4140000000

exp(—76.525 + 0.944x)

= 4.14
T T exp(—76.525 + 0.9447) + exp(—38.710 + 0.5062) (4.14)

0000 2000 MeiddleDODOOD mo 0000000 4150000000
. exp(—38.710 + 0.506x) (4.15)

" 1+ exp(—76.525 + 0.944z) + exp(—38.710 + 0.506z)

0000 3000 LewDOO0D0O0O pizs00 416000000000000000000
10000000 300b00b0oobooboooboobo

1

= 4.16
1 + exp(—76.525 + 0.944z) + exp(—38.710 + 0.506x) (4.16)

3

000000000 fitted) J0ODOOOOOOODOODOOOOOOOOOOOOO
gooobooobobboododoooooooobooboodoooooooobobooboobobooa
OO00000000000velmO OOOOOODOOODOOODOODOOOOOCOOOO
gobobodoooobobooonobouoooobbouooun

oooooboobobobOooooooUoobo 44000b0bO0obDOoODOobOOobOOO
O000000000000000OHOHeighDOOOOOODOOODOOOODOO MJ MiddeleO
OO000DbO0O02000000000000D00DOO00OO0ODOODOODOOO 200 HOO
OO0000obO0obOooOOo0oO0oOo HOOOODODODOODmMOobobDooooboobooooo

OoOo000O0ooOoo0oHOOOOOOoMOODOOOOOODOOOHOOODDOOOO
goboboooobbooon

# 000000 ooooogo
windows ()

# 00000020 20000
par (mfrow=c(2, 2))

># 00000 HOOODOOOOOOO

> plot(1l:length(fitted(result) [,1]), fitted(result)[,1],
+ pch=c("H", "M", "L") [Group])

># MOOOOO

> plot(1l:length(fitted(result) [,2]), fitted(result)[,2],
+ pch=c("H", "M", "L") [Group])

># LUO0000
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87

> plot(1l:length(fitted(result) [,3]), fitted(result)[,3],
+ pch=c("H", "M", "L") [Group])
># 000O0OOogoo

> plot(Group, Stride)

fitted(result)[, 1]

fitted(result)[, 3]

00 02 04 06 08 1.0

00 02 04 06 08 1.0

gHH My
H
M
M
H M
M
M

M
H Maa WMLt
— T T — T T
0 10 20 30 40

1:length(fitted(result)[, 1])
L |_|_LLL|_L L
M
M L
L
M M L

H MM
[t M W'I MM :
0 10 20 30 40

1:length(fitted(result)[, 3])

fitted(result)[, 2]

02 04 06 08

0.0

70 80 90 100

60

H M M
M W M oL
M L
H M
Moy L
M
H M
H
L
HuH ot wtyl |
T T T T T
0 10 20 30 40

1:length(fitted(result)[, 2])

044 0O0OOOOOOOODOODOOOO

000000000000 00 300000000000 0D0D00D0DO0O0OD0ODOO 4.140
041500 4.160 000 200000000000000O0ODODO1D 10D00DOOO
gogobobooobobodoooooooobooobbooddoooouooobobooobboooa

goo

[1]

> colnames (yv)
IIH" "Mll ||L"

> xv <- seq(60, 110, 0.1)
> length(xv)
[1] 501

> yv <- predict(result, list(Stride=xv), type="response")
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> length(yv[,1])
[1] 501

\4

windows ()

\2

par (mfrow=c(2, 2))

> for(i in 1:3){

+ plot(Stride, fitted(result)[,i], pch=c("H", "M", "L") [Group])
+ points(xv, yv[,i], type="1")

+ }

> plot(Group, Stride)

o
> H
; Y g1 'y
«© | Aﬁ ¢ M
= ° = e ! M
z o | ; g ° o
Z © M 2 < ' W
@ y 3 =
% < | M % © :I '
g ° M I3 . M
& M E N ] M
S M ° / iy
I8
g—L--tl.tui.l:»./H\d“'M S - umt . IH’*HH|I+H
60 70 80 90 100 60 70 80 90 100
Stride Stride
S fF iy, N
o - 1
0 \ -
— S M
= 8 7
= 5 \ -
8 ! g4 —— -
s I 4 W @ -
g ° L S—— '
g o o .
;
g i T T T H‘I“”‘“‘Hﬂil-‘+‘. 8 i T T T
60 70 80 90 100 H M L
Stride

045 0000D0OOOODOOOO

000 predictO 00000000 O0ODOODOODOOOODOO list(Stride=xv) OO
000000000000 000D000000Stride 00000 xvODODOODOODOODO
0000000000000 bO0bO0obO0bO0bO0bO0bDOOoDbDOoDO W¥emOoooonoOO
30000 A,M,LO00000000DO000OO00ODODbDbOODOO
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> predict(result, list(Stride=c(73)), type="response")
H M L
1 0.0004372108 0.1490078 0.850555

ggooboobobobooodoooooobooobootbooooooooboboobobooa
OOooobOoob0 7/semO00000 LOODODODOOOOOODOODODODOODOO
O0O00070 emO000 096008cm 0000 0.1300000000000LOOOO
00000000000 0000 70O080OO00O0D SOODoOOoDoOooooOooon
0000000 450000000000 0D00D00O0000OO0DDODODODODObOO
goboooooobtboooobboooooobbooooboobobooooboboooooo

> a <- predict(result, list(Stride=c(70:80)), type="response")
> cbind(a, 70:80)
H M L

1 2.910702e-05 0.03692666 0.9630442 70
2 7.307072e-05 0.05981511 0.9401118 71
3 1.807626e-04 0.09547760 0.9043416 72
4 4.372108e-04 0.14900779 0.8505550 73
5 1.023131e-03 0.22499583 0.7739810 74
6 2.288027e-03 0.32466078 0.6730512 75
7 4.832226e-03 0.44242655 0.5527412 76
8 9.564174e-03 0.56502376 0.4254121 77
9 1.772564e-02 0.67568854 0.3065858 78
10 3.093868e-02 0.76097697 0.2080844 79
11 5.131893e-02 0.81446547 0.1342156 80

442 O00000O0O0O0O0O

ggoobooobobododooooooobooobbobdoooooobooobboboooa

gobboogobbtoooobbooooobobooobboooboobuooobbomoa
0000000000000 00D00000 Group O High, Middle, Low 0000 300
gogoobobobobbuooooogoooboobooobbooddooooooobobobooboobooa
0000 Low < Middle< High OOO00O0O00O0O0OOCO0ODODOOODOOOOOOO
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0o0ooooooboooooooooooooobooodooooooooooooog
OO0oooobuoobobb GroupUDOOOODOOODOODLOODLOONO Group2 OO
O0000000D00D000D000D00D0 ordered) DOODODOODO factor() OO
U0 ordered=TRUEO OO OODOOOOMO

> Stride <- matrix(c(

+ 93, 103, 98, 85, 80, 96, 90, 91, 89, 100, 99, 95, 94,

+ 85, 80, 79, 77, 84, 83, 80, 81, 87, 74, 79, 86, 81,

+ 66, 67, 79, 69, 70, 71, 68, 65, 70, 66, 78, 77, 60))

> Group <- rep(1:3, c(13, 13, 13))

> Group <- factor(Group, levels=c(1, 2, 3), labels=c("H", "M", "L"))
> Group

Levels: HM L

> Stride2 <- matrix(c(

+ 66, 67, 79, 69, 70, 71, 68, 65, 70, 66, 78, 77, 60,

+ 85, 80, 79, 77, 84, 83, 80, 81, 87, 74, 79, 86, 81,

+ 93, 103, 98, 85, 80, 96, 90, 91, 89, 100, 99, 95, 94))

> Group2 <- rep(1:3, c(13, 13, 13))

> Group2 <- factor(Group2, levels=c(l, 2, 3),

+ labels=c("L", "M", "H"), ordered=TRUE)

> # Group2 <- orderd(Group2, levels=1:3, labels=c("L", "M", "H")
> Group2

Levels: L < M < H

Ooboooooo

O000000000D00000000000vglm() O family=cumulative 0O OO
U000O0parallel 00000000 FALSEQDODOOODODUOUOOD parallel=FALSE U
oobooon

> clm <- vglm(Group2 ~ Stride2, cumulative(parallel=FALSE))

> summary (clm)
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Coefficients:

Value Std. Error t value
(Intercept):1 39.31315 16.00422 2.4564
(Intercept):2 39.33490 14.33978 2.7431
Stride2:1 -0.51450 0.20555 -2.5030
Stride2:2 -0.45518 0.16760 -2.7160

Residual Deviance: 28.76714 on 74 degrees of freedom

> coef(clm, matrix=TRUE)

logit (P[Y<=1]) logit(P[¥<=2])
(Intercept) 39.3131507 39.3349003
Stride2 -0.5144983 -0.4551832

goobooogd
oooobbibobibbibibbbdddddparallel=TRUELOOOOU

> pom <- vglm(Group2 ~ Stride2, cumulative(paralle=TRUE))

> summary (pom)

Coefficients:

Value Std. Error t value
(Intercept):1 36.77217 10.12824 3.6307
(Intercept):2 41.60830 11.08910 3.7522
Stride2 -0.48172 0.12972 -3.7135

Residual Deviance: 28.81773 on 75 degrees of freedom

> coef (pom, matrix=TRUE)

logit (P[Y<=1]) logit(P[Y<=2])
(Intercept) 36.7721700 41.6082965
Stride2 -0.4817237 -0.4817237




92 040 DOO0O00O00O0O

goobooogd

00000000000 DO000DO00O00DO000DOO0ODO00ODO0O0ODbDODODODbDOD 45
gogooobooboobodoooooooooboooboboddoooouobobobobboboooa
gooboooobobooonobooooooog

045 1000000000

oooo 00230 0OO0bOooo

OO0 45 121 33
OO0 40 110 23

obooboobbooboobooboobobooboobuooboo 3boobOon
Oooooboobobo 4s000000b00DbD0DO0OOO0OO0ObOOODbOODODODODOO
O0000O00OODOread.table) OOOOOOOOOODODOOODOOODOOO

># 00000000 DOOO00

> dat

good 0ob2.30 DOoOoooo 0d
1 45 121 33 male
2 40 110 54 female

># 000oooooo

> tbl.mlm <- vglm(cbind(dat[,1], dat[,2], dat[,3]) ~ dat[,4],
+ multinomial)

># 000oooooo

> tbl.clm <- vglm(cbind(dat[,1], dat[,2], dat[,3]) ~ dat[,4],
+ cumulative)

># 000000o0a

> tbl.pom <- vglm(cbind(dat[,1], dat[,2], dat[,3]) ~ dat[,4],
+ cumulative(parallel=TRUE))

> coef (tbl.mlm, matrix=TRUE) # 00O O0OO0O0O0O0OOO
log(mul,1]/mul,3]) log(mul,2]/mul,3])

(Intercept) -0.3001046 0.7114963

dat[, 4]male 0.6102595 0.5877867
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> coef(tbl.clm, matrix=TRUE) # 0000000000
logit (P[Y<=1]) logit(P[Y<=2])

(Intercept) -1.4109870 1.021651

dat[, 4]lmale 0.1806969 0.593829

> coef(tbl.pom, matrix=TRUE) # 0000 O0OO0O0O
logit (P[Y<=1]) logit (P[Y<=2])

(Intercept) -1.5255034 1.1051962

dat[, 4]lmale 0.3870449 0.3870449

> fitted(tbl.mlm) # 0O OD0OOO0OODOO0OO
mul mu?2 mu3

0.2261307 0.6080402 0.1658291

0.1960784 0.5392157 0.2647059

fitted(tbl.clm) # 00O OOOODOOODOODO

v N =

mul mu?2 mu3
0.2261307 0.6080402 0.1658291
2 0.1960784 0.5392157 0.2647059
fitted(tbl.pom) # OOO0ODOOODOOOODO

[EEY

\4

mul mu?2 mu3
1 0.2426035 0.5738109 0.1835856
0.1786525 0.5725799 0.2487676

N

gooobboboboboobodoooooooobbobbbobdooooooobobboboogoo
goboboooobobboooobbooooooog

OOoo00o0ooooooooboobOobOobD 20000b00bO0ObO0ObDO0ObOobDOobDOobDO
00000000000000000000000000D0O0DO00O00O0D 21000 4]
gobobooooooobooa
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50

Jooboboooboodd

ggoouoobooboboboooooooooobooobbooooouooooboboboboo
gooobobobbobbodoooooooobobobbbboooooooobobobbooo
gooobobobbobobodooooooooobobobbbboooooobobDbbbboboooa
OO0oOO0obO0obO0obOOoO0o0oOoooOoooDobOobOobobooobooooogooooD 2040
obooboobooboboobm

gogoobobobbbboboooooooobobbboboodooooobobbobbboog
gogobooobobooodooooooobooobbooboodooouoooobooobooboooa
gooobboboboodooooooooobbooobbbboooooooooboboobobooaa
Oo00 200000000000000D00D0000000000O0OOUDODDODDOO 20
gobbooooooboooobobooon

OOoo0obO0oOoboboo 3oboboooboboobobooobOoOoobDboOoooDboOon
gdobobooobooobbtooobobbooobboobbboobbooobbooobo
gogoobobobobobodoooooooooboboobboboodoooooobbbbbooboooa
gogooboobobobobbdooooooooboooobooboooooouooooboboobooboobooa
gogobobbobbbobodoooooooobboobbbbooooooobboboobbooaa
goood

ggobooboboboodoooooooobooboobbbodoooooobobooboobobooboooa
goobobooboooooooooboboobbobooooooooobooboobobooooonm
gooobbbobotbodoooooooobbobbbodoooouobDbbbbobooog
gogooboboobbbdoooooooobooobobbobobddoooooobobbbooooa
gogooobboodooooooooobooobooddoooouoooboooboboooa
goooobboboooooooooobobobobbooddooooooobobbbooooo
goboboooom
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51 O000OO0O0O0O00000
511 0000000000

Ooooooooooogobo 1oboboob0ob0obobobOobobOobobobooo
000 5100000000000 0bO000D0DbDO00ODODbOO0o0UDbOOo0bDOoOooODbOoOoOoD
D000 180000000000 5mgl1mg20mg 00000 60000 300000
obooooobooob sbooboobobooboobooobo

051 00000OO0O0OoO0ooobooooooooo

IWEEK 2WEEK 3WEEK 4WEEK 5WEEK DOSE

150 145 130 133 130 Smg
155 144 134 130 125 Smg
149 149 133 130 125 5mg
160 147 129 128 123 5mg
153 144 140 135 130  Smg
155 146 136 133 127  S5mg
157 143 147 129 110 10mg
160 148 140 130 112 10mg
160 156 144 124 120 10mg
155 150 150 120 119 10mg
149 149 146 124 120 10mg
148 150 135 119 120 10mg
151 153 139 110 90 20mg
160 149 147 112 99 20mg
157 155 144 120 100 20mg
154 149 138 123 98 20mg
151 144 140 128 101  20mg
150 150 136 122 103 20mg

OO00obO0ob0Ool1b0ob0o0obosboboboooboboboooboobuobsbOobOon
0100000000000 b00oo0bobo0100b0b000o0on13o—-150=-20
oooo0o0obOo —2000b00b0bOoboboOobobOobobobobooboboboobOoDo
OOod0b0o00oOO0200000400000000000D000O00DOODOODODODOODO
ggooboobobooobobbtbodoooooobooooboboobodooooooboboboobooooa
goboboooooobosbbooooonDm
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ggooboboobobododooooooobooboodooooooobooobboboooa
OO0D00Db0O0 5100000 dat0000OD0OOOODOODOODODODOOODOORDOO
O0000000D00D0O0000O00OWEEKODODOODOOO0OO0D0O0D00O read.table()
goobobobbbooooooobobobbbooo X oun Xaweggk D ooooogd
goo

> dat

X1WEEK X2WEEK X3WEEK X4WEEK X5WEEK DOSE
1 150 145 130 133 130 b5mg
2 155 144 134 130 125 b5mg
3 149 149 133 130 125 bmg
oooooag

> dif <- dat$X5WEEK - dat$XIWEEK # OO0 OODOOOO
> dif
[1] -20 -30 -24 -37 -23 -28 -47 -48 -40
[10] -36 -29 -28 -61 -61 -57 -56 -50 -47
> dat$DOSE
[1] 5mg b5mg b5mg b5mg b5mg 5Smg 10mg 10mg 10mg
[10 10mg 10mg 10mg 20mg 20mg 20mg 20mg 20mg 20mg
Levels: 10mg 20mg 5mg

> result <- 1lm(dif ~ dat$DOSE)
> summary (aov(result))

Df Sum Sq Mean Sq F value Pr (>F)
dat$DOSE 2 2448.44 1224.22 25.528 1.484e-05 *x*x
Residuals 15 719.33 47.96

> summary (result)

Coefficients:

Estimate Std. Error t value Pr(>|tl)
(Intercept) -38.000 2.827 -13.441 9.04e-10 **x*
dat$DOSE20mg -17.333 3.998 -4.335 0.000588 x**x
dat$DOSESmg 11.000 3.998 2.751 0.014848 x*
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0000000000000 0pDOSEOO0O00ODOO0DOOODoDOoooooooDooooGg
OO0O00O00b0O0Op=0.0000000000D0O00DODOO0OD 1IOmgOOOOOODO
00000000 b00o0ob0o0ob0o0boboobooboooDD 20mg00OO0OODOOODO

[0 dat$D0OSE20mg: p = 0.0006(05mg 00000 1omg OO0 O00OOOOOOOODOOOO
O00000Odat$D0OSESmg: p = 0.00150

512 OO0OO0OO0OOO0OO0O0OO

OOooo0oooooobooooboobooboobobOob0 1oboboboboboobo
gooboboboboodoooooooobobobobbboodooooooobobobbbboooo
goboboodoobbuoooobbuooobobbooobobobbooooobo

LW, 2W, 3W, 4W, 5W = DOSE (5.1)

ROOODDOOOOO0OOOO0OOOmanova() 0000000000000 1ImO OO
gobobooooobuooooboboooobobbooobbboooobboooonoo

> res.dat <- cbind(dat$X1WEEK, dat$X2WEEK, dat$X3WEEK,
+ dat$X4WEEK, dat$XSWEEK)
> res.dat
[,11 [,21 [,3] [,4]1 [,5]

[1,] 150 145 130 133 130

[2,] 155 144 134 130 125

[3,] 149 149 133 130 125
ooooon

> manova.result <- manova(res.dat ~ dat$DOSE)

> summary(manova.result, test="Wilks") # 00000000
Df Wilks approx F num Df den Df Pr (>F)

dat$DOSE 2 0.0360 9.3907 10 22 7.334e-06 *x*x*

Residuals 15

> summary (aov(manova.result)) # 0000 OO00O0OO
Response 1
Df Sum Sq Mean Sq F value Pr(>F)
dat$DOSE 2 4.778 2.389 0.1207 0.8872
Residuals 15 297.000 19.800
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Response 2 :

Df Sum Sq Mean Sq F value Pr(>F)
dat$DOSE 2 60.111 30.056 2.5304 0.113
Residuals 15 178.167 11.878

Response 3 :

Df Sum Sq Mean Sq F value Pr(>F)
dat$DOSE 2 316.000 158.000 7.6452 0.005139 x*x
Residuals 15 310.000 20.667

Response 4 :

Df Sum Sq Mean Sq F value Pr(>F)
dat$DOSE 2 460.33 230.17 9.2892 0.002373 *x*
Residuals 15 371.67 24.78

Response 5 :

Df Sum Sq Mean Sq F value Pr (>F)
dat$DOSE 2 2452.33 1226.17 74.263 1.655e-08 **x*
Residuals 15 247.67 16.51

gooobbobobobotbodooooooobbobbbodooooooboboobobboboog
Oo0bobOoooobobobodgop=000000000D0O0O0O0O0ODDDDOOOOODOO
O0O000bO000bobO00o0bbUO0OnD 3000Response 3 :00O0O0OO0DOOOODO
Ooboobo20000000000DbD00O00D0bOO0ODO0ObDOO30bbOOoDOoDObOO
00000000000 0000000DoOb0O0 DOSEOOOO: dat$DOSE O Sum Sq O
goooooooooam

513 000000000

ggboooodobboooobbooobbooobboooboouobboooboobooa
gogooboobbbboooooooooboobbbbdoooooobbobbooaa
gobobobobbobooboooooooobobbobbbobdoooouobDbbbbbooog
gobobooooobuooooobooooboboooobbboooobooboa

ggobobooobobooooooooobooobooboboodoooooooobooobboboogd
gooobobobbotboooooooobobbbboddoooooobobobobboood
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obooboooboobobooboobo 200b0obooobOoobo

gooooooon

Oslidbdboobo0oobooboobooooooobooooboDobDoobDoboon
oo ooo oo oooooooa
510000000000 520000000000000000000000SBJOOO
00 Subjects DWFEEK OOOOODOSEOOOOOBLPROOOOBIood Pressured [
0o

052 O0O0O0O0OOOOODOOODOODOOOODO

SBJ WEEK DOSE BLPR

1 1 b5mg 150
1 2 5mg 145
1 3 Smg 130
1 4 5mg 133
1 5 bmg 130
2 1 bSmg 155
2 2 5mg 144
2 3 5Smg 134
2 4  dmg 130
2 5 5Smg 125
oooooo
18 1  20mg 150
18 2 20mg 150
18 3 20mg 136
18 4 20mg 122
18 5 20mg 103

Obooooboooboobobooboobos20b0ob0 200bb0oobooobOon
00000000000 o, 1, f; 0000000000000 O0C0O0000M 0000
O00mp, 0 WEEFKOO:O00OOOOO0OOO0OMBy,; 0 DOSEOD jO000000000

ogoon
BLPR =a+ i;WEEK + /BQj.DOSE (52)

000000000000 0000DO0000o0o0n0 SpJOonooooooopooog
0000000000 SBJO0OU0UO0OO0O (DU0O0)0D0DUOooooOoOSBJOOOO
ooooOo U%BJDDDDDDDDDDDDDDDDDDDDDD 5 30 000000DO
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BLPR = o + B;WEEK + 82, DOSE + SBJ (5.3)

O000d0o ss50000000DO0O0DODOO0ODDODO0ODODDO0ODODDOODDOODDOOO
gooobooobobodoodooooooooobbobobooooouoooboobooboboooa
0000000000000 00M o000 SBJOUOD0D0D0D0ODODODDDODDOOOOOOOO
gooobboboboodoooooooobobboobbboodoooooooobobbooboooo
goboobodooobobooobobbouooobobbouooon

OO0O00O00ORODDODOOOOOOODOOOODOODOODOODOODOODOOODO
ROODODODOOO0O0O00O0O0O0O0DO wme()OOOOODODOOOOOOOODOODODODODOOO
OO0 000Oinstall.packages("nlme") D00 O00OOO00OOlibrary(nlme) OOOOODO
000000000 00000o0000dDmeO OO0O0ODOOODOOOODODOO SBJO
random= 1|SBJO00000000O0OOCOO0OOOOOOOOOOO

> WEEK <- rep(1:5, 18)

> WEEK <- factor(WEEK, levels=1:5,

+ labels=c("1W", "2W", "3w", "4w", "5W"))
> DOSE <- rep(1:3, c(30, 30, 30))

> DOSE <- factor(DOSE, levels=1:3, labels=c("bmg", "10mg", "20mg"))
> SBJ <- rep(1:18, c(rep(5, 18)))

> SBJ <- as.factor(SBJ)

> dat <- matrix(c(

+ 150, 145, 130, 133, 130,

+ 155, 144, 134, 130, 125,

+ 149, 149, 133, 130, 125,

+ 160, 147, 129, 128, 123,

+ 153, 144, 140, 135, 130,

+ 155, 146, 136, 133, 127,

+ 157, 143, 147, 129, 110,

+ 160, 148, 140, 130, 112,

+ 160, 156, 144, 124, 120,

+ 155, 150, 150, 120, 119,

+ 149, 149, 146, 124, 120,

+ 148, 150, 135, 119, 120,
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+ 151, 153, 139, 110, 90,

+ 160, 149, 147, 112, 99,

+ 157, 155, 144, 120, 100,

+ 154, 149, 138, 123, 98,

+ 151, 144, 140, 128, 101,

+ 150, 150, 136, 122, 103), ncol=5, byrow=TRUE)
> BLPR <- c(t(dat))

> library(nlme)
> modell <- lme(BLPR ~ WEEK + DOSE, random="1|SBJ, method="ML")

> summary (modell)

Random effects:

Formula: “1 | SBJ
(Intercept) Residual

StdDev: 0.0002593324 6.722755

Fixed effects: BLPR ~ WEEK + DOSE
Value Std.Error DF  t-value p-value
(Intercept) 156.21111 1.952348 68 80.01192 0.0000

WEEK2W -5.72222 2.333502 68 -2.45220 0.0168
WEEK3W -14.77778 2.333502 68 -6.33287 0.0000
WEEK4W -29.11111 2.333502 68 -12.47529 0.0000
WEEKS5W -40.11111 2.333502 68 -17.18923 0.0000
DOSE10mg -0.46667 1.807523 15 -0.25818 0.7998
DOSE20mg -5.83333 1.807523 15 -3.22725 0.0056

> summary (aov(modell))

Df Sum Sq Mean Sq F value Pr (OF)
WEEK 4 19754.4 4938.6 100.7734 < 2.2e-16 **x*
DOSE 2 630.5 315.2 6.4324 0.002529 x*xx
Residuals 83 4067.6 49.0

UOODO Fixed effects: UO0OUOOOO0OOOUOOOO0ODOOOOOODOOOOOODOOO
0000000 mOOD0O0O00000O0000D0O0OO0000O0M@mM OO0 Random effects:
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0000000000000 00000D00000O0OIntercept0 00 SBJODOOODO
O0OResidual OO OOOOOO

00 0.0002593324 00 0000000000000 0O0O0O0ODO0ODOO0ODOODOOODOO
ooooboob oobboOobOoUobUoobboobUoOobUooboobDbobobooo
gogoobooboboboodoooooooooboooboboodooooooobobooboobooboooaa
gooboooobobboooobobooooooom

o0bOo0oooboboooobobooobobbooooboo hl1™oboboooobobo
00000000 0000000O0 matplot() 000000000000 OOOOOOO
goo
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051 O0OO0OOODOOODOoooog

># 0000 res1 000
> resl <- matrix(predict(modell), ncol=5, byrow=TRUE)

># 00000000

> matplot(1:5, t(dat[1:6, 1:5]),

+ type="1", xlab="WEEK", ylab="BLPR", main="0B b5mg")
> matplot(1:5, t(dat[7:12, 1:5]),
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+ type="1", xlab="WEEK", ylab="BLPR", main="0B 10mg")
> matplot(1:5, t(dat[13:18, 1:5]),
+ type="1", xlab="WEEK", ylab="BLPR", main="0B 20mg")

># 000000o0a

> matplot(1:5, t(resi[1:6, 1:5]),

+ type="1", xlab="WEEK", ylab="BLPR", main="PD 5mg")
> matplot(1:5, t(resi[7:12, 1:5]),

+ type="1", xlab="WEEK", ylab="BLPR", main="PD 10mg")
> matplot(1:5, t(res1[13:18, 1:5]),

+ type="1", xlab="WEEK", ylab="BLPR", main="PD 20mg")

dooooooooooo
goobdooobbtbooooobboooobbooobobbooobbooobobboOon
gobobooooobuoooobbuoooobobboooobobboooobLbbooooonoo

BLPR = (a+ SBJ) + (f1i + \WEEK + f2;DOSE (5.5)

OO0 ROOOODOOOODO

> model2 <- 1lme(BLPR ~ WEEK + DOSE, random="WEEK|SBJ, method="ML")

> summary (model2)

Random effects:
Formula: “WEEK | SBJ
Structure: General positive-definite, Log-Cholesky parametrization
StdDev Corr
(Intercept) 3.701966 (Intr) WEEK2W WEEK3W WEEK4W

WEEK2W 4.119442 -0.543

WEEK3W 5.275545 -0.176 0.409

WEEK4W 7.384751 -0.669 -0.180 -0.278
WEEKS5W 12.904784 -0.686 -0.037 -0.238 0.810

Residual 2.174068
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Fixed effects: BLPR ~ WEEK + DOSE
Value Std.Error DF  t-value p-value
(Intercept) 155.10115 1.182628 68 131.14960 0.0000
WEEK2W -5.72222 1.261643 68 -4.53553 0.0000
WEEK3W -14.77778 1.498685 68 -9.86050 0.0000
WEEK4W -29.11111 1.963334 68 -14.82739 0.0000
WEEKS5W -40.11111 3.256010 68 -12.31910 0.0000
DOSE10mg 0.17843 0.929999 15 0.19187 0.8504
DOSE20mg -3.14854 0.929999 15 -3.38553 0.0041
00 Random effects: O UOOUO InterceptUD0UOOOOUODOOOOOOOOON

OOobDOoooOo 3v7ooooboooooooobobobOobOO0bDOoobDOobOooboOoDbOobDoo

gbooooooooo

OO0D0O00000OD0 WEEKDOOODOODOODODODOODOODOODOODODODOO
UO0D0D0O00O0O00O0O0O0OWEEK2W = 4.11 0000000000 00000O00O 2wOO4d
gobobooooboboooobobooooooog

gooobbobobobotbodooooooobbobbbodooooobobobobbobooog
gogoobobobbotbodoooooooobobobobbbbooooooobobbbboboooa
gboogooboboodobobobobuooboooobobooobobobooobLbbooooono
ooboooboooobOoOoboooobOooobboOoobDbOOooboDbOooobOoooDbo

goboboooobobtbooobobboooobobobooooboobo ™

> matplot(1:
+ type="1" ,
> matplot(1:
+ type="1" s
> matplot(1:
+ type="1" ,

> matplot(1l:
+ type="1 " ,
> matplot(1:

5, t(dat[1:6, 1:5]),

xlab="WEEK", ylab="BLPR",

5, t(dat[7:12, 1:5]),

xlab="WEEK", ylab="BLPR",

5, t(dat[13:18, 1:5]),

xlab="WEEK", ylab="BLPR",

5, t(res2[1:6, 1:5]),

xlab="WEEK", ylab="BLPR",

5, t(res2[7:12, 1:5]),

> res2 <- matrix(predict(model2), ncol=5, byrow=TRUE)

main="0B 5mg")

main="0B 10mg")

main="0B 20mg")

main="PD 5mg")
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OB 5mg OB 10mg OB 20mg
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|
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110

052 0J000O0OO0O0O0OODOOODOOODOO

+ type="1", xlab="WEEK", ylab="BLPR", main="PD 10mg")
> matplot(1:5, t(res2[13:18, 1:5]),
+ type="1", xlab="WEEK", ylab="BLPR", main="PD 20mg")

goooodg

O0o00o0o0o0o0ObOOoDoODoOOoODObOODODObObOO0O0O000U 200000000000
gogbooooobbodoooboooobboobboobooobbooobbuooboboog
anova() 00000200000 0000000000O0O

ddodoogouoobbbboodoooooguoobb b oo ogobbbbooo
OoooobobOdp=0000l0000000D0O0OO0DODOOO0ODODDODMOOUOODbDOOOO
O0bOoobOOoo0oooO0o0oo00oo0ob0oWEEKOOODOOOODOODOODOODOOOD
goobooooobooooboboooooboooobobboooobooboo

> anova(modell, model?2)

Model df AIC BIC loglLik Test L.Ratio p-value
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modell 1 9 616.3986 638.8969 -299.1993
model?2 2 23 588.3309 645.8265 -271.1655 1 vs 2 56.06766 <.0001

gooboooooobooan
ggobobooobobooooooooooobooobbobdooooooobooobboboogaa
O0000D0D0O00D0OOWFEEKDO DOSEOODOODOOODODOOODODOOODO WEEKO 2
gogooobooboobobboodoooooouobooobboobodoooooobbboobobooooa
OO0 WEEKD2000OUODOOOOODOOOOODOOOODOOWEEKODOODOODOO
O00Moo0oboo0o0oo0o0obo0ob00o0obOo 2000000000 DOD0O0ODODOOO
goboboodoobbboooobbboooobbboooo
ggoobobboboodoooooooboboboobboobddoooooooboobbooaad
gogoobobobbobbobodoooooooobboobobobbdooooooobobobobbobaa
gooobobobbobbododooooooobbobbbbooooooobbbbobooog
ggodooooooooobboobbbbbooooooobbbboboooooooobo
gogoobooboboboodoooooooobooobooddoooooooboboooboboooa
doboboooboboboooboboooooo
ggoobooboboboboobotbodoooooboboboobboobdoooooobobobobobooa
gogooboobobobodoooooooooooobobobbodooooooobobooboboooa
gooooobboooooooooooboobbobboooooooobobobboooo
ggoooobbbbbobbbooooooouoooboobbbbboooooobobo
gobbooooobooooboooobbooobobobooobbbooobboooono
oboboooboobobbooboobobbobooboom

52 O0OOOOOO

gogoobobobobbobotbodoooooobbobbbbooooooooboobobbobog
gogobooobboboodooooooooobbobbbbbooooouobobDbbbboboooa
gooboodoobobboooobboooobooboooon

521 OOOOOOOOO

ggoobooobbobooooooooobooboobbootbdoooooooboobooobooa
gooooobboodoooooooobobobobboboooooooobobobboooo
gobboodoobobboooobboooobbbouoooobo

ggooboobboobobodooooooooboboobboboooooobooboooboooooad
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gogoooobboboodooooooooobooobboobooooooooboobobbooooa
gogooboboboobbodoooooooooboboobobooboooooouooobobobooboooaa
doboboooobbdoooobbuooooboboooobobboooooo
ggoobooobobotoddoooooobobooboodooooooboboooboboboooa
gogbobooobboboodooooooooobooobobodooooouoooboooboboooaa
0ooboooobobooooboboooobobooooobboooooo

522 O0O0O0O0O0O0OOO

ggooboobobobbobdooooooooobooobobooooooooobooboobooboog
gogobobbobbboooooooooboobobbodooooooobbobobbooaa
gooboooon

ggooboboobobododooooooobooobbobooooooobooboooboboboooad
goboboogooobbooobobobooobbboooboooobobbuooonbooobo
gobobooobbooboooobbooobbbbbooubooboobboooobobo
gobbodogoobobooooboboooobbboooobbuooobobbooobbooono

00000000000000000000000000000000 (DoDoooOoO0
0)OOoODOoOO0O0ODOO0O000ODO0O0O00D00O000 (000000 0O0)oDODoOoooOoO
goboboooobobobooon

gbboodobooboooobobooobbuooobbboodobooobobooobooobg
gooobooboboboboooooooooboobbbooooooooobboobobbooaa
O0000000Db0D0O00Db0OD 2000000 X4,X, 00100 AOOODODOO
002000000 X3,X4,00 200 F,00000000D0D0ODO0 20000000
goobooooooboooooboooa

X1 =B X Fi+e
Xo = B2 X F1 + €2
X3 =83 X Fy + e3
Xg= B4 X Fo+ 34
(5.6)

ggoboboooboodoooooooboooboodoooooooboooboobooboooa
goooobboodooooooooobobobbooddooooooobobobboooog
gobobooooboboooobooboo

obooooboooboobobooboboobobooboboonboob 1oobbOon
gogbboboobbodooooooobobbboobbboboodoooooooobbobbboaa
gobboooobobboooobbuoooobobobooo

ggoouoobobboooooodooouooobbbbooooooooboboboboboo
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0000000000000 0000000000000000000000000000
0000000000000 0000000000000000000000000000
0000000000000 0000000000000000000000000
O0000O00keD0000em0 0000000000000 00000000C0O0O0O
0000000000000 0000000000000000000000000000
0000000000000 0000000000000000000000000000
00000000000000000000000

O00000Y =81X1+8Xe+..+4X;, 0000000000000 By000000
0oo0oooo

Bil = Bi x Sd(Y)

(5.7)

0o00d0o0dooooooooooooooooooooooooooooo ooononoao
ddooooooodouooodooooooouooooooooooooooooon
00000000000 @moodooooooooooooooooon
Ododooooodoooodoooooooooooooooooooooooon
gdodoooooooooon

O0000000000000000000D00 4000000000003, 00 B40
000o0ooooooobo00o0o0d0oooooooooobob o0 ROODOOoOoOoooaoao
factanal() 000000000 O00O0OO

0000000000000 000000oobbo0000 4000000000000
000000000 400000000 8000000O0OLOODO0DO0OO0O0OOODLOODOOOOO
kodomo.txt*' 0 00000000 ODOO0O0OOODO 8O0O0O0ODO0OOOOOOOOOOOO
0000000000000 dessre 0000000000 destre00000OOO0OO0O
gbddoooooooogooodoooooo

00000000 0ooo0oo0ooo0 20000000000000000000O000
000000000000 (000000000000 ooO00DUDoOooOOooDOoUoooo
DDDDDDDDDDDDDDDDDDDD)DDDDDDDDDDDDDDDDDDD

# kodomo.txt OO O OOOOOO0OOOOO0OOOOOO
> chr.dat <- read.table("kodomo.txt", header=TRUE)

# J00DLb00o0obbooaon

> names(chr.dat)

1000 webODOODOODOODOOODOOOOOO
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[1] ann "QQ" "Q3" "Q4" "Q5"
[6] "QG" nQ7n "Q8" "desire"

# factanalO OO ODOO0ODOODOOODOOODOODOOODOOODOO
# 000 factors O 0ooooooaoo

0000 rotation D OO0 OO OOOOOooOoOoon

scores U0 0O00O0OOOOOOOOOOOONO
gbododooooooooooooon

result <- factanal(chr.dat[,1:8], factor=2,

vV H# H# #H

+

rotation="promax", scores="regression")

# result J00O0O0O0OO0DOOOO0OODODOOOOO

> names(result)

[1] "converged" "loadings" "uniquenesses" "correlation"
[6] "criteria" "factors" "dof" "method"

[9] "scores" "STATISTIC" "PVAL" "n.obs"

[10] "call"

523 0O0OOOODOO

000000000000 factanalO OOOO0OO0OO0O0O0O0OOOOOOOOOOODOO
oobooboobooooooboooobooboooobooooobooooboooboOooD
O00O0O0 100 uniquenesses 0000000000 result00000O0OOOO0OO
Oobobooooog

oooobooooooobobobobobobobobooDooobooboobobooon
ObO0d e 00b0O0O0DOO0OO0OObOOODDO0OOOOmOobLbOO0ObObOOobObOOnn
00000000000000000000000000 (000D)0000000000O
Oooooooooobooooooboooooobooooooooooobo obooooOobOoOooo
Ooooooooooobooboobooboboboboboboboboboobooobooonoog
ooo

oobooooboobooooboobooobooooon

> result$uniquenesses

Q1 Q2 Q3 Q4
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0.7661545 0.7461025 0.6329522 0.7420259

Q5 Q6 Q7 Q8
0.7291654 0.7782045 0.6373003 0.6270489

ggooboobboodooooooooboooboobboodoooooooboooobboboogd
000000000000 0DO0DbO0bOO00D00 ¢opDobDO0obO0OnOOoDODbOOODO
agooo

n=1-¢ (5.8)

OO0 ROODOODOODOOOOODOOOOOOD

> 1 - result$uniquenesses
a1 Q2 Q3 Q4
0.2338455 0.2538975 0.3670478 0.2579741

Q5 Q6 Q7 Q8
0.2708346 0.2217955 0.3626997 0.3729511

gboobooobooobobooboob l1obobooboobuoobooboboobon
gooobobboboodooooooobobbobbboodooooooobobobbobooog
gogobooobboboooooooooobobobobobodoooooobobbbboboooa
gobobooooboobuooonoboooooooobood

524 0O0O0O0O0O

ggoobooboboodooooooobobooboobobotbooooooobooobooboood
O000000000000000 g;0000000000
goboboooobobooobbooon

> result$loadings

Loadings:
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Factorl Factor2

Q1 -0.197 0.416

Q2 0.508
Q3 0.611
Q4 0.512
Q5 0.467 -0.176
Q6 0.475
Q7 0.607
Q8 0.616

Factorl Factor2
SS loadings 1.247 1.115
Proportion Var 0.156 0.139
Cumulative Var 0.156 0.295

00000000000000000000000000 04000000000000
000000000000 0000000000000000Q1,Q-2,Q3,Q.00 200
(Factor2) 00000Qs5,Qs,Q7,Qs 00 100 (Factorl) 000000000000 OO
0000000000000 0000000000000000000000000000
ooooo

00000000000 SS loadings 10000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000000000000000 Cunulative Var
00000000000000000000

0000000000000001.0000000000000000000000000
0000000000000 000000000000000000000 1.0000000
0000000000000000000 1.0000000000000000000000
00000000000000000000 (00000000000000000000
0o0)o

00 1000000000000000 (Cumulative Var) 00O (Proprtion Var [
0000000)0000000000000000000000000 (00000000
00000000)000000000000000000000000000 80% 000
00000000000000000000000000000000000000000
0oooooooo
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525 0000

ggoobobobobboobobododoooooobbobbbboooooobobbobbobooog
0000000000000 o0o0oU0o0oU0o0oUoO00Do0oUooO (ooo)uoo
oboboobobooboob@oboobooobobooboobobooboooon
0000000000000 000o0O00 (bo)ooooooooo

ggoobooboodoooooooooboboobbbodoooooobobooboobboboooa
gogooboboboboodooooooooboboooboododoooooooboobooboboooaa
godoboouobooouoouoooobobougoooboooooooooonoo
goboboodoobbuoooobboooobbbobooobbbooobbbooog

RODODOOO0OO0O0O0O0O000O factanal() D000 scores = "regression"O[O
gogobobobbbooooooobobboobbobodgoooooobboboobbooaa
gooobog

> f.scores <- result$scores

O00 f.scoresO0001000O0 10000000DO0O020000 200000000
Oo0o0obo0obo0obo0o 200000b00b0o0DbO0oU0UbOoUObDOb0 1o0bOooo
goobooobobdoooooooooooboooobobooboodoooooobboobooboooa
O0000000Ochr.dat 00000 desire(000000000D00O0)0000D00O0OO
goboboooobobobooon

> summary (mr.model)

Coefficients:

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

(Intercept) 55.5909 0.2637 210.78 <2e-16 ***
merit 4.2164 0.3384 12.46 <2e-16 **x*
demerit -4.2742 0.3289 -12.99 <2e-16 **x*

goboboooboobbodooobbooooobooooobboooobboooboboboon
gooobobobbobbooooooooooboobobbbbooooooooobobobobbooo
gobboooobbboooobobbooooobboooobbboooobbboooono
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# U000 OO0OoOn

ms.score <- apply(chr.dat[,1:4], 1, sum)
# Jo0ooooooo

ds.score <- apply(chr.dat[,5:8], 1, sum)

> mr.model?2 <- Im(DESIRE ~ ms.score + ds.score)

> summary (mr.model2)

Coefficients:

Estimate Std. Error t value Pr(>|tl)
(Intercept) 55.21003 1.55272 35.56 <2e-16 **x*
ms.score 1.03769 0.08365 12.40 <2e-16 **x
ds.score -1.04780 0.08427 -12.43 <2e-16 **x*

Ooo02000000000000D00DO0DO0DOO0ODODODOODbDODbDODObDODO
goobobobbobotbodooooooooobbobbobdoooouobDbbbbooog
gogoooboboobobboodooooooobooobbooodoooooobbboobbooooa
goobooooooood

># 0000 000oooooooad
> cor(DESIRE, predict(mr.model))
[1] 0.8113454

># 00000000 DL0OOOOO0
> cor(DESIRE, predict(mr.model2))
[1] 0.8271532

53 O00OOOooog

0000000000000 (DO00U0o0)000o0O00Doo00ooooooooooO
Oooob0100b0b0b0obobobobobobobobooobooooboboooo
00000 100000000000 b000b0b00oo0b0o0ob0oob0oooDoOooDbOoon
000 PCAODODODODOOODOOOOO
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531 0O0O0O0O0DODO0ODDOO0OOOODODOOO

00000000000000000000000 20000000000000000
0000000000000 000000000000000 2000000000000
10000000000000000000000000000000000000000
0000000000000000

0000 X1,X,,.,X; 000000000000000000 Z4,2,,...,2, 0000
ooooooooo

Zl = lel -+ ’U)2X2 + ...+ leZ
Jo = wh X1 +whXs + ... +whX;

Z; = wh X1 +wheXs + ... +w; X;

0000000000000000000000000000000000000000
000000000MO000000000000000000:0000000000
000000000000000000000000000000000 wO0OO0OOOO0O
00000000000000000000000000000000000000000
00000D00000000000000000000

000000000000000000000000000000000000000 5.3
0 1600000000000000000000000000000000400000
0000000 100000000000000000000

ROODOOOO0O0O0O0O0O0O00 preomp() O princomp() 000 20000000000
0000000000000000O0prcomp() 0000000000000 O0O0ONO
0000000000000000000000000precomp() 00000000000
00000000 princomp() 0000000000000 000O0O000000OD000
00000000000000000000

# Dooboobodboobobbooboan
> mydata
face style talk response
1 8 10 2 1
2 8 7 1 3
3 9 10 1 2
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053 O0OO0bOOoOobooooboooooog

OO0 No. O DOOOO 0OOO OO
1 8 10 2 1
2 8 7 1 3
3 9 10 1 2
4 10 10 3 2
5 9 9 3 3
6 9 10 2 1
7 8 7 1 2
8 8 9 2 1
9 1 2 10 7

10 1 2 8 8
11 2 2 9 9
12 3 1 10 9
13 2 3 8 9
14 3 3 9 10
15 4 1 7

16 3 2 8

4 10 10 3 2
goooon

# princomp() 000000 ODOOOOO
# U0 cor=TRUELNU0OO0OD0O0O0O0O0OOO0OOOOOOO0OOOOO0OON

> result <- princomp(mydata, cor=TRUE)

# summary() 0000 loadings=TRUEO O OOOOOODOOOOO0OO000OO
> summary (result, loadings=TRUE)
Importance of components:

Comp.1 Comp.2 Comp.3 Comp.4
Standard deviation 1.9471673 0.30051060 0.28652740 0.19009186
Proportion of Variance 0.9478651 0.02257665 0.02052449 0.00903373
Cumulative Proportion 0.9478651 0.97044178 0.99096627 1.00000000
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Loadings:

Comp.1 Comp.2 Comp.3 Comp.4

face -0.500 0.744 -0.434
style -0.500 0.676 -0.111 0.530
talk 0.499 0.730 -0.466
response 0.501 0.659 0.560

Oooooooo0ooooooboobooboboboboboooooboooobobooon
OOoobOoobooooooooboooboOooboboboobobooboooboOoobooboon
obb0O000b0000d Standard deviationU 00U U O OO Cumulative Proportion

OOobooboooooog

Ooooooooooooboobooboobooboobooboobobobob 1000000

o000 119%0000000000000000DODO00DOO0OOODODOOODOOOOODO
ODwibDOO0ooboObooobooobboooboooboboooboboobobooobbo
OooooooobOobobobob 1b0b0ob0oboobooboooooooobooobooonoo

Oobobooooobobooog

ooooboooboobooboboboboboboboobooooooobooboboboon
Ooo00ooooo00oboob :0000000D00O00O00O0O0000O0DODOODOOD0OO
0000000 80%00.800 000000000000 0DOOD0ODDOOOODDOODOOO
O0000O000obO0o0obo0ooDob0o0 10000000 bCcComp.1000O0DODOOOOODO
0000 9%%00900000000000000000 200000000000000
Oobooooooon

O0O0OLoadings U0 O0O0OO0OO0OO0OO0DOOOOODOOODOODOOOOOOwWDOOOODOO
DoOoowhbDOooobooobbooobboobobooobbooobobooobon
OOobO0oboooooboon

OoooobOooobo100bbo0ooobooo 10bobobooooooooobOooon

Comp.1 = —0.500face — 0.500style + 0.499talk + 0.501attitude (5.9)

00000000000 Comp. 1000000000000 OOOOODOOOODOOO
gooooooboboooobboooobbombooobo bbb booooooo
gobobooobbotboooobboooobbooombooonbboo0ugbobobo
goboboogooboooobbooombooooooboboooobobooooboooa
goboboood

gogoobobobbbobobdooooooobbobboboddoooooobobobobbobog
gogooboobooboboboodoooooooobobooobobbbobooooooooobobobooooa
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dodobooouooooooouoooooboooooooobooouoooooooonoa
oo odonoooooodooooooouoooooooonoa
gbddododododoooooooooooooooooooooooon
O000010000000000000000000000000 faceOO OO style
0000000000000 ooooooooooodComp.l 000000 0OODOO0O
000000000000 0000 telk0DO0000 attttude0 000000000 OOO0O
O00000Comp. 1l 000000000000 0OO0OOO0OOOOODOOCOO 400000
0dddoooooOooOo0od00oooooooooooooOoos00onomooo4
oo ooouooooooboooouooon
OO0 Comp. 1l 0000000 DO0OO0DOO0DOOO0DOOO faceO styleODOODDOODOO0O
O000 Comp. 1l 000000000000 DOOODOODOODOODOOOOODOODOO talk
Oresponse 100 0O00O0OOO0OO0OO0OOO0OOOO0OO0OO0OD0OO0OO0OO0OO0O0O0
gooooood
ddboddobooobodobooobooooboboooboooboooooog 5.3
000000000000 0000DDOO0000D0DOO0000O0DO000DDOoOoO0 No.d
0000 {face,style, talk,attitude} = {8,10,2,1} 00000000 100000000
000000000000 NoelDODOOOOODDOOOOO
dodoooooooooooodobooooogoooooooooooooooooa
oo oouooooboobooooooooooooooa
dooooooooooon
ROODODODOOODOODOOODOOODOOOOODOOODOOODODOOODOODOOD Comp.
1000oooooooot

> result$scores
Comp.1 Comp.2 Comp.3 Comp .4
[1,] -2.083127 0.178410538 -0.345297966 0.06772526
[2,] -1.520295 -0.564240732 0.140169589 0.09191751
[3,] -2.233419 0.009637521 0.085185142 0.23119187
[4,] -2.101801 0.456844578 0.298651584 -0.16950473
ugboodaodg

Comp. 10000000000 vpvarplotO OO0COOOOOODODOOCOOOODODODODOO
0000000 00bO0o0ob0obooo 10b 800000 boDoobobboOoo9nDD 16
gobobooodbobobuooobobobuooobobobuooobooboboo
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> barplot(result$scores[,1])

053 ODO00OD0OOODOOOO

532 PCAOO

000000000000 Principal Component Analysis 0000000000000
0OPCAOOOODUOODODOOOOOUOOOOOOOOOUD (PCA)DOUTDDOODOOO
000 (000)00000000000000U00000Do0UooO0DoDoOoUnO PCAO
ooooo

0000 5300000000000 00DO0ODO0ODO0ODOODODODOODODO 5400
0000000000000 000000000000000 (desire)000000OOOO
00000000000 0DOO00DOOo0DOOo0ODOOU0ODOoU0ODOOO0ODOOObObOOODOOoOon
oo oooooonoooooo

\4

# U00DDOO0O0OD0OD isei.txt0000O0O0ODOOOOODODO
# U000 O0Oo0oooo

> isei <- read.table("isei.txt", header=TRUE)

\4

> names(isei)

[1] "face" "style" "talk" "attitude" "desire"
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> cor(isei) # 0000000

face style talk attitude desire
face 1.0000000 0.9378874 -0.9337159 -0.9181890 0.7711699
style 0.9378874 1.0000000 -0.9098850 -0.9431195 0.8828999
talk -0.9337159 -0.9098850 1.0000000 0.9401025 -0.7809968

attitude -0.9181890 -0.9431195 0.9401025 1.0000000 -0.8529417
desire 0.7711699 0.8828999 -0.7809968 -0.8529417 1.0000000

gogoobbobobbboboooooooboboboobobobooooooooboboobobobod
0000000000000 0000O00D0O0 (booDoOooOoOOoDoOOoOoD o0OOOoOO
0)000000000000000000000D00DO00UO0DUOoOoUoOOoUOooOoUoOg
gobobooogd

054 00000O00ODOODOOOOODOOO 2

OO0 No. O 0OOOO 0OOO DO OOOO

1 10 2 1 34
2 8 7 1 3 30
3 9 10 1 2 36
4 10 10 3 2 41
5 9 9 3 3 37
6 9 10 2 1 38
7 8 7 1 2 33
8 8 9 2 1 35
9 1 2 10 7 23
10 1 2 8 8 30
11 2 2 9 9 21
12 3 1 10 9 19
13 2 3 8 9 25
14 3 3 9 10 15
15 4 1 7 8 12
16 3 2 8 12

O0000000000000D0 PCAOODOOOODODODOOODOODOOOODODOO
goobooooooo
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> pca.result <- princomp(iseil,1:4], cor=TRUE)
> names (pca.result)

[1] "sdev" "loadings" "center"  '"scale"
[5] "n.obs" "scores"  "call"

> pca.score <- pca.result$scores[,1]

># 000000000 PCADDDOOO

> pca.reg <- Im(attitude ~ pca.score, data=isei)

> summary(pca.reg)

Coefficients:

Estimate Std. Error t value Pr(>|tl)
(Intercept) 5.1875 0.1979 26.21 2.68e-13 *xx
pca.score 1.7113 0.1017 16.84 1.10e-10 **x

># U00000000bODOOd
> nr.reg <- 1lm(desire ~ face + style + talk + attitude, data=isei)

> summary (nr.reg)

Coefficients:
Estimate Std. Error t value Pr(>|tl)
(Intercept) 25.6398 12.6745 2.023 0.0681 .

face -1.5402 1.2742 -1.209 0.2521
style 2.7360 1.1777 2.323 0.0403 *
talk 0.1797 1.1763 0.153 0.8813
attitude -1.0791 1.3022 -0.829 0.4249

0000000000000 000000000D00000000D00 stylebOOOO
O0000000000000000000000000 PCAOODOOOOD 400000
0000000000000 D0000D00O000 PCADDOODOODDODODOOOOODODODO
gogoobobobbobotbododoooooobobbobbooddoooouobbobbboboooa

goobooooooboood

gbobbogoobbooobbooobobuoobobbooobbooobbooouobooad
000000000000 000D000O00000O0D00DO0DO0DOD0O0O0O0ODO0 desire
00000000 400000000000000000000Odesired000oonon



122 Os0 00000000000

0000000000000 0000000000000O000000 styleOO0OO0OO
000000000000000 (000 faceOOODDO)00O0D0O0ODO (ODODO talkO
0000)00000000000000000 (DO0O0DDO0O0DO0DO0DO0OOO0OOO
0000000000000 000000oouooooon)™

54 O000O0O0OOO

ggooboobbobododdooooooobooobooodooooooboobooobooboooodad
goopobooboboooooooooboboooboboodgooooooobooobboooa
gooobobobbbboooooooobbobbobdoooooobbbbbobooog
gogobooobtboddoooooooobooobobbbobooooooobbobbobooooa
0(200000000)00000000O0

541 2000000

goobobooogooo

0000000000 200000000000005500000000000000
gogoobobobooodooooouobobooobobddoooooobobobobbooooa
OO0DOO0O0O00OONo. 1100000C00DO0ODODODODOOOOODOOOOOOODODOO
No. 11000000000DOODODOODOODO

055 0000O0OOODOODODOO

No. O 0O0OHeightd 0O0O0OWeightDh 00O SexO

1 177 75 male

2 180 73 male

3 175 70 male

4 182 85 male

5 170 69 male

6 166 65 female

7 159 60 female

8 160 61 female

9 155 58 female
10 163 68 female
11 170 67 7

goboboooobobbooooobooboooooobooo
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Sex = a + SHeight + W eight (5.10)

O000000 Sex0 20000000000000000000D0OOOODODOO
Height 0 Weight 000000000000 0ODO0O0O0OODOOODOOODOODOOODOO
200000000000 DOO0O0ODbDODUOObDODbDODO sSs0b0UODbDUODODOO
godooogooobbboboooooooooooooobb bbb ooooooooooobo
gobboodooobuoooobobuoooobobboooobbbooobLbboooono

ROODOOOOOOOOMASSOOOUOODODOOODODOO 1daOOOODOOODOOO

# MASSOUOOUOODOOOOO

> library(MASS)

# JO00oo0oooouooooodao

> Height <- c(177, 180, 175, 182, 170, 166, 159, 160, 155, 163)
> Weight <- c(75, 73, 70, 85, 69, 65, 60, 61, 58, 68)

> Sex <- rep(c("male", "female"), c(5, 5))

> Sex <- factor(Sex, levels=c("male", "female"))

# lda() 00000 0ODOOOOO
> disc.model <- 1lda(Sex ~ Height + Weight)

# 00000

> disc.model

Call:

lda(Sex ~ Height + Weight)

Prior probabilities of groups: # U0 U0
male female

0.5 0.5

Group means: # U0OU

Height Weight
male 176.8 74.4
female 160.6 62.4
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Coefficients of linear discriminants: # OO O0O
LD1

Height -0.3114300

Weight 0.0986707

0 O OPrior probabilities of groups:0 00O OO0D0OO0DOOO0O0O male O
female 0000000 OO0O OS000000000000DODODOOOODODODO
prior 00 00000O0OOO0ODO ROOODOODOOODOOOODODOOOODOOOOO
000000 male00005/10=050000 femaleOOOO 5/10=050000
000000 Prior probabilities of group: 0 U0 00OO0O0OOOOOODOO0N

O000Group means:J 0000000 male00000000000 17680000 744
0000 female 00000000000 16060000 624000000000000

U000 Coefficients of liner discriminants:U 00 00000000000O0U
000000000000 0000000000O0oOoO (051000 410 g,0000
OO00D000D0000000 Height 1000 B =-03110000Weight d 00O
B=0.090000000000

000 cO0000000D00DO0DO0bO0O0O0DO0bO0bOObOO0O0ODOObObO
OooDo0om

# 0000000000 group.mean U OO

> (group.mean <- disc.model$mean)
Height Weight

male 176.8 74.4

female 160.6 62.4

# 00000000000 coef 0 UMO
> (coef <- disc.model$scaling)
LD1
Height -0.3114300
Weight 0.0986707

# 0000000 %0000
# U0D0O0O a00O0

> (a <- group.mean %*% coef)
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LD1
male -47.71973
female -43.85861

# U0 alOO0O0OOO0OOO
# 0020000100000 o0boooooooon
# U0mean 0 sum 00000000 0O0OOO0OOOOOOO
> apply(a, 2, mean)
LD1
-45.78917

# 00000 100boooooobog

> apply(disc.model$means %*J, disc.model$scaling, 2, mean)
LD1

-45.78917

gogooooboooobbbbooooooogoooo

Sexr = —(—45.789) — 0.311Height + 0.099W eight (5.11)

000000 Height 0 Weight 000 0000000000D00DO0ODO0ODOODOOOO
gogoooboboobobboboddoooooboobobodoooooobobobobbooooa
gobobooooobooboboouoooooboooooboboooobobooobobbooobo

# U000 ooooooo
> f <- function(H, W) -(- 45.789) - 0.311%H + 0.099*W

# OO0 Height U Weight U0 D 0O0O0O0OO0D0OOO0O0OO0DOOO0O0O0OOOO
> f(Height, Weight)

[1] -1.833 -2.964 -1.706 -2.398 -0.250

[6] 0.598 2.280 2.068 3.326 1.828

000 predict() OO OO00OOOOOOOODOOOOOOOODOOOODOOOODODOO
gooooom
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# 0O00ODOOOd
> predict(disc.model)$x
LD1
1 -1.9336427
2 -3.0652743
3 -1.8041362
4 -2.5040859
5 -0.3456566
6 0.5053807
7 2.1920375
8 1.9792782
9 3.2404163
1.7356830

0550000000000000000000000000000000000000
54000000000000000w00000f00000000000000000
00000000000000000000000000000000000000000
000000000000000000000Omaeled0000000000000000
000000000000 femaleDODODODOO00000

000 No. 110000000000 Height =170, Weight =6700000000000
0000000000000000000000000000000Noe. 110000000
00000 points() 000000 (O 5.5)0

# J000oooooboobobooooboobood
> f
function(H, W) -(- 45.789) - 0.311xH + 0.099%W

# U0 17o0 00 evLOOO0ODLDDOOOOO
> £(170, 67)
[1] -0.448

# No.110ODODOOOOOOOOOOOO
> points(67, 170, pch=17, cex=1.5)
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Height
165 175 180
! ! !
3
3

160
|
—

155
|
—

T T T T T T
60 65 70 75 80 85

Weight

054 0000O0OO0ODOO20000

00000000000 mele000000000000000O0O0O0OOOOOOOOO
00000000000000000002000000000000000 300000
0000000000000000000000003000030000000000
000000000000000000000000000000000

000000 5400000000000000000000000000000000
000000000000000 4,000 4, 00000000000000000000
000000 (0 5.12)0

(5.12)

a+ BrHeight + BoWeight =0
Sex = a+ By Height + oW eight

o000 2000000000000 0000D0DO0OO0DDbDO0ObDO0ObDbODODODDbDOODbDOn
bbb «0bogooboboogobbooooboboooon

O0020000000000000000000000a0 BWeight DO ODODOOO
OO0 s5.130000000000000O0OO

p1Height = —a — BaWeight (5.13)

000 Heght 00000000 O000ODOOOB.140000000000 51400 54
goboboooooobooooooon
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m
S m
m
2 m
2 5 A m
3
s | f
f
g - f
f
B4 f
T T T T T T
60 65 70 75 80 85
Weight
055 NollODODODOODODOODODO
. 67 .
Height = —— — &Wezght (5.14)
B B

goboboooooboobooo
2000000000000 00O00OD0O0OO00ODO0 MO OODOODOOOOOOOO
0000000000000000000000000D000O00 (O 5.6)0

# 00O00ooooooo
plot(Weight, Height, och=c("m", "f") [Sex], cex=1.5)

\4

\4

points(x, f2(x), type="1")

# J000oooooooouooooooo
Sex2 <- rep(c(1, 0), c(5, 5))
Sex?2

[1] 1111100000

\4

\%

# Im(O)0DO00OD0O0ODOO
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> Im.model <- 1m(Sex2 ~ Height + Weight)

> 1m.model

Call:
lm(formula = Sex2 ~ Height + Weight)

Coefficients:
(Intercept) Height Weight
-9.26337 0.06640 -0.02104

# J00ooooooooga
Im.f <- function(x) (-9.263 / -0.066) + (-0.021 / -0.066)*x
points(x, 1m.f(x), type="1", 1lty=2, lwd=2)

\4

\4

A\

legend(60, 180, # OO OODODOO

+ c("mra.line", "lda.line"), # OOODODOO
+ lty=c(1, 2), # 00O0OOOO0OO

+ lwd=2 # O 0OO0OO

+)

Os56000000000020000000000000DO000DO0O00DODOODOO
O0oooobooo2000b0b0o0oobboo0obobooob oo ooooboooo
O000000000000000000O0Omaled femaleDOOODOOOOOOOOO
gobobogooobooooboboo

gooboooooo

> disc.model$mean
Height Weight

male 176.8 74.4

female 160.6 62.4

000 male O female 0000000 Omale 00000 (Weight, Height) =
(74.4,176.8) 00000000000 female 00000 (Weight, Height) = (62.4, 160.6)
oo o 20000000000 bbO oo 200000 OO UoUoOa
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180
|
3

—— mraline

- - ldaline

Height
170 175

165

160

155
|
—

60 65 70 75 80 85

Weight

056 00000000 0ODOOODOODO

0570000000

# 00000
points(74.4, 176.8, pch=19, cex=1.5)

# 00ODO0OO
points(62.4, 160.6, pch=19, cex=1.5)

# 00 (74.4, 176.8) 0 (62.4, 160.6) DO00O0OOOODO
segments(74.4, 176.8, 62.4, 160.6, 1lty=3, lwd=2)

o0o0o0obo20000000000000O00DODOOODDDODO0ODDOODODOOO0
gogooboboobobbbobodooooooobobobbbboooooooobobbbboboooa
Ob2000000000000000O0O00O00DO0
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180
|
3

—— mraline

- - ldaline

Height
170 175

165

160

155
|
—

60 65 70 75 80 85

Weight

057 O0ODODOODOODOODODOO

542 O0000O0O0O0OOOOOO

oo uoobuoobooboooooog ssu0nooono
00000 Sex00000O0O0O0OHeightD Weight 00 000000000000 O0O0O
00000000 HeightD Weight 00D0O0OO0Sex D0 000000 ODOODOOODOO
dddoooooooboboobooooo 200000 ooooo

000000000000 Sex = Height + Weight 00 Height 0 Weight 0000 O
Sex 00000000000 DO0OO0DOO0ODOOODDOODODOODOODOOODOOODOO
O Heitght, Weight = Sex 00O Sex 0 Height 0 Weight 00 0000000000000
000000000oDoDoooOoOoOooOoO200000000000000000000040
0000000000 2000000000000000000000000O0O00O0O0O
doddodoboboodooouooooooboooooooboobouooooooa
0o

O0000Omanova() 000000 B500000000000000O00O

> Sex

[1] male male male male male
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[6] female female female female female
Levels: male female
> Height

[1] 177 180 175 182 170 166 159 160 155 163
> Weight

[1] 75 73 70 85 69 65 60 61 58 68

> manova.result <- manova(cbind(Height, Weight) ~ Sex)
> summary(manova.result, test="Wilks")

Df Wilks approx F num Df den Df Pr(>F)
Sex 1 0.17672 16.306 2 7 0.00232 *x*
Residuals 8

> summary (aov(manova.result))
Response Height :
Df Sum Sq Mean Sq F value Pr (>F)
Sex 1 656.1 656.1 33.646 0.0004049 *x*x
Residuals 8 156.0 19.5

Response Weight :

Df Sum Sq Mean Sq F value Pr(>F)
Sex 1 360.0 360.00 12.610 0.007499 x*x*
Residuals 8 228.4 28.55

O0000000000HeightD WeightD Sex 0000000000 OCOO0DOOOO
O00000000O00O0OHeyght 0000000000000 0O0ODODOOOHeightoOO
0000000000000 000D0O0DO0000DO0OD00Hetght DOODDOODODOODOO
00000000 20000000000000000Weight000000D0O0OO0OMM

543 000000000 OODOOOOOOOO

OboooooOoobssibboboboobboob 20bb0ob0b0oobobOobDbOon
000000000 (200000000)0000000O0O0OOOODOOOOOOOO
OO0 20000000000000DO000O000D0DOODO0ODOODODDODODDOOD
goo
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20000000000000ROglm(O 00000000 SBSO00000000000
0000000000000 00egim(OOO0OO0OOCO0O0O0ODOODOOOOODODODOOO
goobobobobbobtboooooooobobobbbdoooooooDbobbboboooo
goobooooobooan

> logit.model <- glm(Sex ~ Height + Weight, binomial)
oooooooo

In glm.fit(x = X, y = Y, weights = weights,

start = start, etastart = etastart,

ugbb ol 1 000b0bO0O0OO0OOonO

0000000000000 00000000000000000000000 new.Sex
dooboooooboooo

> new.Sex <- c(1, 1, 0, 1, 1, 1, 0, 0, 0, 0)
> new.Sex <- factor(new.Sex, levels=c(1, 0),
+ labels=c("male", "female"))
> new.Sex
[1] male male female male male male
[6] female female female female

Levels: male female

O000000glm(O) 00D0D0O00DOOOO0OD 1da(O)000OO0O0ODOOOODODOOOO
gooooooooo

# U0D00O0O00ooooboa
logit.model <- glm(new.Sex ~ Height + Weight, binomial)

# J00DLb00odobobooon
d.model <- lda(new.Sex ~ Height + Weight)

00000000000 000 fittedO) OOODOOOOODODOOOODODOODOO
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0000000000000 00 (predict() DO OO type="response"U I 00O 0DO)O
O00000000000O0DO0predictO 000000O0OCOOO0O0O0OOCOOOOOOGO
OOobOob0oooboobooooboboooooDo

> fitted(logit.model)
1 2 3 4 5
0.10345534 0.09279978 0.23665446 0.01376522 0.41361913

6 7 8 9 10
0.68295867 0.91941496 0.89616468 0.96317745 0.67799031

> predict(d.model)$posterior

male female
1 0.88262112 0.11737888
2 0.93518131 0.06481869
3 0.81321691 0.18678309
4 0.96575521 0.03424479
5 0.57647561 0.42352439
6 0.33660726 0.66339274
7 0.08549437 0.91450563
8 0.10685845 0.89314155
9 0.03484643 0.96515357
10 0.21208160 0.78791840

0000000000000 00000000000 1000000000 0.100 10%0
oobooboooboboboboobuoobooboboobuoobooboboobboo 1booo
00000000000000000000 0.11011%0000000000000000
gobboooobbbooobobbuooom

O0o0oobooboboobooonbD 2000001g.probd d.probd 00 O0OO0OO0O
OO00O00ooooooboobooooob o994 boo0bobooboooooooooooooog
gooobobobbobotbodoooooooobobobbbbobdoooouooobDbDbbobooog
goobooooooo

# J00Oo0oooooboooooboon
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> lg.prob <- fitted(logit.model)

# U0D0oO0Oooooood
> d.prob <- predict(d.model)$posterior[,2]

# 0O00ODOOOd
> cor(lg.prob, d.prob)
[1] 0.993928
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060

Jooobobon

6.1 OO

6.1.1 OO0

goodoooodoouooboduoooodooooooouooooooouao
gododoooooodoooooooooodooddooooooooooononn
Ododbooooodoooooooooooooooooooooooooooooon
oo odoooouoooooooooooouooooooon
ooo

D i Ti

— 2wzl T 1
mean - (6.1)

O00Omeen DOODO0O0O0O0O0D0OO0OO0O0DOO0O0OOO0OO0DOOOO0DOO0O0 average U U
O000Omean D0 O000O0O00O0OD00OMnD0O0000O000DO0ODO0O0O0ODO00OO0x;0 200
0000000000000000000D0000 ADO {10,12,6,9,10} 0000000
00000000000 0000 AO0ODOOO0DDOOOoOoOooOoOoooooo

10+124+6+9+10
5
D0000000000000 1000000000 10000000000000000
000500000000000050000000000000000000000000
00000000000000000000000000000000000000000
gboogooooooboobouououooooooooooooooooboooooon
00000000000000000000000000

9.4

mean =
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6.1.2 OO

ggobobobooboboodooooooooobooobbobdooooobobooboobboboooa
gogoobooboooooooooooobobooobobobboooooooooobooobbooa
gobobooobobdoooobboooobbboooobbooobobbooobobooooo

gooogbodoboboooboobboobobbooboobobboobobobobo
gogoobooobbobotbododoooooooooboobodooooooooboooboooaa
OobOoooOobOobOooboooobobobooooDOo 6.1

14
|

12

10
|

Value
Q

Number

06.1 O0OOO0OOOOOODOOOOODO

ggoobooobobooodoooooooooobbobdoooooooooboboooda
goboboooobbbooobbboooobbobooooboboooobboood
oooooo {10,12,6,9,10} 0000000 9400000000000000

{(9.4 — 10), (9.4 — 12), (9.4 — 6), (9.4 — 9), (9.4 — 10)}

goobooooobooooboooa

—0.6 4 (—2.6) + 3.4+ 0.4 + (—0.6) = 0

o0o0obo0o oobobobobOoobUooboboboobUooboobooboobOon
000000000000000000000000000 [16)0000000000O0OMm
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gogoobobooobbobobodooooooobobooobbbbooooooooobobobooooa
goobooogd

O0o0ob0o0obo0o oooobpboobOoobO0ooDboobOooboooboobOon
gogobooobboodooooooooobooobobboobdoooooobbbobbooooa
goobooooooboooooon

—0.6% + (—2.6)> + 3.4% + 0.4> + (—0.6)> = 19.2 0

Oo000o0oooooooooooooooooooooooooooooooooonon
000000000000 0000000000SS, Sum of SquaresI 00O O0OOOOO
O0000ooo0o0o0ooboooooooooo0ooooooooooobooooonoon
O0000oooo0ooooboooootoooo0ooooooooooooooononoon
Oo00ooooooooooooooooooon

Oo00000oooOo0o0o0oobooooooooooooooooooooooooOooono
O000O00O00O0OOvarianceOD OO0 OOOO0OO0OO0OOOOOOOOOOOO 100000
O00oooooooooooogn

S (mean —,)?

— 6.2
var - (6.2)

6.1.3 00O0O0O0O

000 6200000000000 000000000O0000O0O0O0OOO0OO0OA0O
ddoduoooddooooooouooooooooooouoooooooooon
000000000000 0000O00000O0000000000O00000 6.2000
Ond00000n—10000000000O00O000O00O0O00O000O00O0O000O0A0O
HRERNE

S (mean — x;)?

_ 6.3
var n—1 ( )

oooobooobboob n—-100000D0O0O0OO0OOODOODOODDODODOOO
gooobooboboboodoooooooobbbboooooooobobobboooo
gobboooobbtbooobbbooobobboooobbboooobbbooono

6.2 OJO0OOOOO

ggooboboobbobotbododooooooooooboboooooooooobooboooad
obobooboooboobooboboobobbooboobo™@obooboboon
gobobooobbtoooobboooobbooobbooobobbooobboooobo
OoOobooobgboelUdibUOb020b00b0ObDO0O0ObOObObDbOODO
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06.1 200000000

Group A Group B

20 45
25 33
28 40
22 39
24 41
26 31
30 37

oboobooobboobooboobuoob 3ooboobobuoobuobooobooboo?
gobboogooob¢sooobbbooo™booooboooooobobuoogoboooa
gdodoobooogoobbbtbooooooooobobb bbb oo ooooooobo
gooboooooboooooon

Y=A0 (AODODODOOOODO)

0000000000 ADDOOOOOOO0O0O0D0DO0DO0DOOODODODOOOOOOOOO
OO0o00o0oooooOooOooOob0obOo 2000b00ob00obOOobOOooOooOoobooboooo
00000000 moob0oooob 2000000000000 DOODOODODOODO
O30000b00booobooooboobobobooboboooboobooDoLoboo 3
gogooboboobbootbodoooooobooobobobdoooooooobooboobobooa
OOoooooooot+oooboobooboobooogoooooobo 1ooboooooooog
gobboooobbboooobbboooobbbouooooo

6.21 O0ODOO0OOOOO

gogoobbobobobobodooooooooobbobbbobdooooobnbbbboboog
00000000000 00000Groupd YOOOOODODOOODOOOOODOOOOO
O0000000Group 00000000000 DO0OOODODDOYDDOOODODODOOOO
goobooboobbobobooooooooobobbobbbobodoooooobobobbbbooog
gobbooooooboooobobooon

Y =GroupO (Group DD ODOOODOO)
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622 OO0O0OO

godooooobbbboooooouooubbbboooooguobnoobbbbooo
oobooboooboo dooboboobooboobobooboboobuoobooooboboon
goobobboboboboooooooobobbooboboodooooooobbobobbooad
goobobbobbbdoooooooobobbobbbobodooouobbbbboboooo
O0oOo0o0gd 6.2

45
1
O

40
1

Value of Data
o]

30
|
O

25

20

2 4 6 a 10 12 14

Number of Data

06.2 0J000O0OO0ODOODOOODOOODOO

062000000000000000000000000D0O0OOOOOO0O0O0 AOO
OOoobO0obO0o0 BOOOOODOOOOOODODOOOOODODOOOODODOOOO
goobobobobbobbodoooooooobobobboodooooooobobbbobooog
gdoddooooouoobobtbtbooodoooobobhooobouobbbboouoog
0SS, Sum of Squares0 000000000000 O0ODOOOOODOOOOODOOOOOO
gooboooooboooogn

ggoobbooboboboobodooooooooobbobbobdoooooobbobboboooa
gogooooobboboodoooooooooboobodooooooobooboobobboooaa
gogobobbobbbooooooooobboobbobbooooooobbobobbooaa
gooobobobbbooooooooobobbobbboboddoooooobobbbboooo
gobobooooobuooooobooooboboooobbboooobooboo
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O000000000 SSYOOOoOOoO SSGOoooo SSEoooooooooooog
0000000000000 000 SSYOOUOooooooooooooooooooo
O0000b00o0obooobogbo e2000000D0O0DDODOO0ODOODODOODODO
OO0Oo0oo0obo0oboboboobooboobobbooboobooe30bOO

SSY =1799.5

45

40

f

Value of Data

30
|
=

25

20
|

2 4 ] 8 10 12 14

Number of Data

063 O000O0O0OO0ODOOOOODOODO

000 SSGOD0O000O0000DoO00oooooooD 6200000000000 OO
gogoooboooboodooooooooobooobboobodoooouoooboboobobboooaa
OO0e640000

SSG = 591.5

OO0 SSE00D0O00DOOO0O0NDOOO0O0NDOOU0OOD 62000000000 AO
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SSY = SSG + SSE
799.5 = 591.5 + 208.0
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SSY =858SG + SSE
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MSE = SSE/DFE = 208.0/12 = 17.3
MSY = SSY/DFY =799.5/13 = 61.5

6.25 0O

O0000Grouwp0 00000D0YODODOODODDOODODDOOODODOODODO FOOOO
OO0DO00O0O0o0O0obOob0 p0bOO0O0O0OOO0DmMm FOODOODODOOODOODOD

MSG



6.3 0000000 147

ggooboooboodoooooooboboobboodooooooobobooobboboooad
oobooboobooboobobooobooboboooooboooobDOobDoo FOoDOO
OMSGOODODODO MSEOOOOOD FODODOOODODpODODOOODDOODO

6.3 0000000
631 0000000

0000000 (00000000)000000000000000000000000
0000000000000 00000000000 10000000000000000
00000000000 00000000000000000000000000000C0
0000

00 20000000000000000000000000000000000000
000000000 Y ={12,20,22,17,15,16} 00000 000X = {7,16,20,11,12,11}
0000000000000000000000000000 X0000O0oYooooo
000000000 670000000

Y Value
16 18 20
[ ]

14
|

12

T T T T T T T
8 10 12 14 16 18 20

X Value

06.7 XO0YOOOO

00000000000000 (00)00000ooU0ooooOoOO0OO0oUUUoOoooOo
gogoobobobooodoooooobooboooboboododoooooooboobooboboooaa
gobbooobbooobbooboobboobbooobbUoobbUoobobboUoo



148 o660 OO00OO0O0OO00O0O
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Y Value
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5.88 5.88
53.29 — 2,447 — < 1 < 53.29 + 2.447—

V7 V7

OO0 ROOOOOODOODOOODO

> dat <- c(50, 44, 49, 61, 58, 55, 56) # 0000 oOOo

> me <- mean(dat) # 00O
> me

[1] 53.28571

> se <- sd(dat) / sqrt(length(dat)) # 0000
> se

[1] 2.222336

> dat.t <- qt(0.975, 6) #t0O

> dat.t

[1] 2.446912
> me - dat.t * se # OO0
[1] 47.84785
> me + dat.t * se # OO0
[1] 58.72357

0000000000000 0000000 (95%CIT =[47.85,58.72)) 00000000
bhodobobooboobbooboobbooboobbooboobboobobooon
00000 (Fisher’s diducial interval) 0 D00 000000000000 SK000000
000005% 000000000000000000000O0D0000DO0O0DO0O0 50
000000000oouoos% 000000ooouoooooooo

ooooooooooomoboooooooooobo obbooooooooboooooboOoo
0000000000000 0000O0000ORODODODO0ODO0O0ODOODOODODOO0OO cars
0000000000 0000000000 (DUoDooO00oUDUoooOOoooUoooa
speed 00000 dist 0000000000000 0O0O0OB0000)0

> data(cars) # cars0000O0

> names(cars) # cars00000OO0OODOO
[1] "speed" "dist"

> attach(cars) # 00000
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> result <- 1m(dist ~ speed) # distJ00O0O0O0Ospeed0 0000000
> summary (result) # 000000

Coefficients:

Estimate Std. Error t value Pr(>|tl)
(Intercept) -17.5791 6.7584 -2.601 0.0123 =
speed 3.9324 0.4155 9.464 1.49e-12 *xx

000000000000 00df =n—p—1000 (nOODOOO0O0OOPOOOO
000000) 0000000000 s0-1-1=48000¢t00 201000000000
00000ooo9%%0io0iooouooooooooon

># 0000900000000
> -17.58 - 2.01 *x 6.76 # 00000

[1] -31.1676
> -17.58 + 2.01 *x 6.76 # 00000
[1] -3.9924

># 0009, 00000000

> 3.93 - 2.01 * 0.42 # 00000
[1] 3.0858
> 3.93 + 2.01 * 0.42 # 00000
[1] 4.7742

0000000 9%% 00000 [-31.17,-3.99) 000000000000 [3.09,4.77] O
00000000000000000 000000000000 0000000oo0Oa
OO0o000o0ob0o oooboobobooobooboboooboooDbo

goobooood
goooboooboboooooooooooooobbboooooooooboobobbobooog
0000000000000 00000000000 (000D O0)UDoDooooooog
gogooobobooooooooooobooobboobodoooooooboooboboooa
gogobobobbbooooooobobboobbobodgoooooobboboobbooaa
0000000000000 0000D000D0O00 (DOoO0o0DoOoO0oDoOOoUOoOoOO
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000)00000009%%000000000000000000

OoOO0O00O00 200000000000 00D0O0O0DOO0OODDODDOOOODO RO
rmorm() OO0 0000000000000 DOOD0OO00OO0O000O0rnermO) OO0O0O0OODOO
0(0000)0000000000000U000Uo00o0Uooo0ooooUooUoa
gogobooobobodooooooooobobooobooddoooooobobooobobooooa
goobooooboboooobobooooooog

0020000000000000000000bK0000000 100000000 (OO
0)0DODO00DO00D00000000000000000000000000000O000

> dat <- rnorm(20, mean=50, sd=10)
> dat
[1] 40.48356 68.61982 44.63738 57.93450 35.11300 51.45787
[7] 55.90245 48.52847 45.52874 53.97838 52.74332 51.09932
[13] 42.62078 63.12463 25.61103 57.57071 48.10338 48.22149
[19] 47.70679 49.29446

ggooboboboboooooooooooboobbboooooooobooboobobood
000000000 (p=20000000000000000000000O00O0O0O0OO
oooobooboboobooioooob0ob0booboboboboboboooboobDoobooo
goood

O0o00o0ob00 1010000000000 0b0ooDoobDoobOoDo

> bsl <- sample(dat, 20, replace=TRUE) # 100000000000O0O0O

> bs2 <- sample(dat, 20, replace=TRUE) # 20000000000C0O0OO

> bs3 <- sample(dat, 20, replace=TRUE) # 3000000000000O0O
goooon

> bs9999 <- sample(dat, 20, replace=TRUE) # 9999 0000000 0OO0O
agoo

> bs10000 <- sample(dat, 20, replace=TRUE) # 100000 000000000
aoo

> # 10000000000 LoD bbb uonoDgoo
> bs.mean <- numeric(10000)

> bs.mean[1] <- mean(bsl) # 1000000000000 OQOOoon
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> bs.mean[2] <- mean(bs2) # 2000000000000 0O0O0O0OO
gooogno

> bs.mean[10000] <- mean(bs10000) # 10000000 OOO0O0OODOOOOOO
o

ggobobooboobooddoooooooboobbodoooooobobooboobboboooa
O00000for()000DO0 (D0D0ODOODOO for00000)000D00O0OOODOODO

> a <- numeric(10000)

> for(i in 1:10000) al[i] <- mean(sample(dat, 20, replace=TRUE))

000000000 sample() O0O0O0O0O0O0O0ODOODOOOOOODODODOCOOO 10
OO0 dat 00D 0ODODOODODODOOOOOO0OO0OOOUODODUCODUODUOUOUUD 2000 200
0200000000000 000000O0000O0OO0DO0ODOO 3000 replace=TRUEO OO
00 (00000000000000000)00000000000 3000000000
00000 (00000O0000)0000000000O0DO00O00O0

000000000000 (histO OD0)09%% 0000000000 (quantile() O
oO)oloo00000000000000O00O0UOO0O0O0O0OUOOO0OUOOOD 61100
00000000000 9%%00000000000000000000000

> hist(a)
> quantile(a, c(0.025, 0.975))
2.5% 97.5%
45.11073 53.34062
> abline(v=c(45.11, 53.34), 1lty=3, lwd=2)

0000000000000 000000000000000000000 [13]0000
00000000000000000000000000000000000000 [14]0
00 (3000000000
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