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Two Sample t-test
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alternative hypothesis: true difference in means is not equal to O
95 percent confidence interval:
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sample estimates:
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with(hardness, plot(y[tip==1], y[tip==2], xlab="Tip 1",ylab="Tip 2"))
abline(0,1)
with(hardness, plot(y[tip==1] + y[tip==2], yltip==1] - y[tip==2],

xlab="Tip 1 + Tip 2", ylab="Tip 1 - Tip 2", ylim=c(-3, 3)))
abline (h=0)

Tip 2
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Tip1 Tip1+Tip2
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t.test(y ~ tip, data=hardness, var.equal=TRUE)
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wilcox.test(yl, y2)
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UD0O0000D000D000DbD0OD etchrate.txt U0 00O00OOO0OOOOODOOO
000000o0ooooooooo (o 3.1)0

etch.rate <- read.table("etchrate.txt", header=T)

grp.means <- with(etch.rate, tapply(rate,RF,mean))

with(etch.rate, stripchart(rate”RF, vert=T, method="overplot", pch=1))

stripchart(as.numeric(grp.means) “as.numeric(names(grp.means)), pch="x",

cex=1.5, vert=T, add=T)

title(main="0000000000", ylab=expression(paste("OOODOOOO (",
ring(A), "/min)")), xlab="RFOO (W)")

legend("bottomright","OOO", pch="x", bty="n"
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goobooooooooooleow oo 551.2A/minDDD220WD[I 707.0A/minD
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Yij = Wi + €45 i=1,...,a;5=1,...,n, (31)
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m(OO00000000000000O000000O00000000 Im()0D00O0O0OOOO
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# 0000000 O0oO0oooog

etch.rate$RF <- as.factor(etch.rate$RF)
etch.rate$run <- as.factor(etch.rate$run)
# 000000000

etch.rate.aov <- aov(rate ~ RF, etch.rate)
summary (etch.rate.aov)
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Table 3.1: OO0 000000000 ODOOO0OO0OOOOOOOO
Df Sum Sq Mean Sq F value Pr(>F)

RF 3 66870.55 22290.18 66.80  0.0000
Residuals 16 5339.20 333.70

0000000 RFOODOOOOMean Sq: Mean Squared 0 O O O residuals(d O 0 O
0000000000MS: Mean Squared 00000000000 OCOOODOOOOOO
0000000000000 oodD0ooooooooooooooooooog
0000000000 obOd0ooRODOO0OOCODOODOOOOOOOODOOOOOOO
0000000000000 00000000000066870.55+5339.20 = 72209.75 (O
o003+16=190000

goooboooboobooooooboboobo =9 —y. 0D0O0ODOODOODOOOD
oooo

# 0000

(erate.mean <- mean(etch.rate$rate))

# 0000
with(etch.rate, tapply(rate, RF, function(x) mean(x) - erate.mean))

gooon

RF | 160 180 200 220
-66.55 -30.35 7.65 89.25

i
ggono

U0 model.tables(O DU D ODO0OODOODOODOOODODOODOOODODOOOOODO
gobooobooooooobooooooboooon

model.tables(etch.rate.aov)

000000000 100l—-a)% 0000000000000 00ODO00DOOOO0O0
gobooooboognd

_ MS
yi~ita/2,N7a Te' (33)
gob200000000b000b00oboboOoon

2MS.

(yz - gj) + ta/Q,N—a n_ (34)

ROODOOODOOOOOOOODOOOODOOODOOODOOOOtOoODOObODOO
gobooboogobooo

1lndependent and Identically Distributed Normal: 000000000000 DOODOO
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MSe <- summary(etch.rate.aov) [[1]][2,3]
SD.pool <- sqrt(MSe/5)
t.crit <- c(-1, 1) * qt(.975, 16)

0000y, 173000100000 9% 00000000000000(y;.—y;.)424.5
gbbooobooobbooobooobboobooboobooobooobooboon ¥y, —vs.
gobo¢«toboobbooboobobooobo

with(etch.rate, t.test(rate[RF==160], rate[RF==180], var.equal=TRUE))

Oooooooooooes%oooood-63.11, —9.29]000000000 [-60.7, —11.7]
gbooooobooobgooooboboooooooboobooboboooobobooooo
gobooboobbooobooobboobuooboon

mean(tapply(etch.rate$rate, etch.rate$RF, var))/5

mean(c(var (etch.rate$rate[etch.rate$RF==160]),
var (etch.rate$rate[etch.rate$RF==180])))

gobootooobooboobob 2000000000 b00boobobooonoobooonon
goboobooobbioehooboognobooboobbooboooo

mean(c(var(etch.rate$rate[etch.rate$RF==160]),
var (etch.rate$rate[etch.rate$RF==180]1)))

000000000 FOOOOOOOO0OO0000 1000000000 00000
(i#jlp —p. #0000 4, ;00000000000000000000000000
0D0+0000000000000000000000000000000¢00000
000000000000000000000 1000000000000000000
00000000000000000«=005000000000000000000
0000 «=0.05000000000000000000000 /20 /200000
00000000000-,00000000000000000000 Bonferroni 00
oooogd Carlo Bonferroni

ROODDODODOOOO0O000000000000 etch.rate.aov ] 00 confint() 00 Loz 199 D0
0000000000000000ROO0O00O0O000000 00000000

0 0 0 U Bonferroni

00000 Boole

> confint(etch.rate.aov) oooooooon

2.5 % 97.5 Y% oooooooo
(Intercept) 533.88153 568.51847 00002000
RF180 11.70798 60.69202 oooo
RF200 49.70798 98.69202
RF220 131.30798 180.29202

gboboboboobooboooboooboboobboobuoobodxb0booobobon
000000000 %% 000000000000 0000O000oUDUooLoUooD
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oooooobobobo RFOO 100000ODOOGOWOOOODODODOODODO
%% 00000000000000 9, —7,.09%%00000 [131.3,180.3) 00000
0200 340000¢RF 0000000000 ODOO0OOOOODODDODOOOOO
goboooog

as.numeric(grp.means[4] - grp.means([1]) + c(-1, 1) * qt(.975, 16) * sqrt(2 * MSe / 5)

3.4 UO0OOOO0O0O0OO0
0000000000000000000000000M
1. 0000
2. 0000000000000000
3.0000000

O00000e; =y; —y; 0000000000000 O0O00O0O0O0O0O0O0O0O0O0O0O
gopbooboogn

gboobogobobobboboobooboboobobboboobooban
oobooboooboboooooobboon 3200000b00b000boobooa

opar <- par(mfrow=c(2,2), cex=.8)
plot(etch.rate.aov)
par (opar)

2ovO O O0O0000 plot 0000000000 DOODOODODO which=OODOODOODOO
000000000000 0bO0b0o0o00bORrROODODDOODOODOOOOOO 7plot.1m
goboobooobbooobooobooooboooooobn /e 000-00000
0000 QROUODD0O0O0O00O0000O00000O0OO0DOO0DbOOoDOODOoDoDOooDg 2
gobooboobdoobooboboobooboobbobooboobDbboobooo
oooobooog vs. DOOOO0O0DOO0OOODOODDOOODODOODOObOOODODOObDOOD
gobobooobooobooboobooboobobboboobobobobbobooon
0000000 Oplot(fitted(etch.rate.aov) ,residuals(etch.rate.aov)) 0O OO0
oodd vs. 0O0OU0UO0O0OOOODODODODOOggnorm(residuals(etch.rate.aov));
qqline(residuals(etch.rate.aov)) DO 000 QQUOOOODODOOOODODOOOONOOde-
rived plan 0000000000000 O0ODOOO0OODOOOODOOOOOODOOOOO
good

gboobooboonooobooboobooobooboboooboboobooboboon

dy = it (3.5)
00000000000000000000000000000000000000000
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Residuals vs Fitted Normal Q-Q
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Figure 3.2:. ANOVAOOOOOOOOO

00000000 &; ~AN(0,02)0000N(0,1)0000000000

000000000000000000000000000000000000000
0000000000000000000000000000000000000000
00000000000000000 330300000000000000000000
0000000000000000000000000000000000000000
00000000000000000000000000000000000

033000000000000000000000000000000000000
0000000000000000000000Durbin-Watson00O0D00000000
00000000000000000000000000000 10000000000
car 0 Imtest 000000000000

require(car)
durbin.watson(etch.rate.aov)

00D000D0D000DDOO0O0O0
0 O plot(etch.rate.aovresiduals, ylab="00")
00 abline(h=0, lty=2)
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Figure 3.3: 0000000 (2) 00000

000000000000000000000000000000000000000
0000000000000000000000000000000000000000
000000000000000000000 “0007” 0000 “000700000
0000000000000000000000000000000000000000
000000000000000000000 Hy: 0?=05=---=0200000000

0000000000000 000DO000000000000Bartlett000O0O0O0QO Maurice Stevenson
Bartlett (1910-2002)

bartlett.test(rate ~ RF, data=etch.rate) ooooooom
Ogoooooooao

0ooooooo
gbooo0oooobobob0oooob0obo0ooo0bo0bO0obO LevenelOOOOO pooooooO

000000000000000000000 car0000000 e e i

ogoooooooo
levene.test(etch.rate.aov)

0000000000000 32000000 QQLO0O0O0OO0OOODODOOO droite
de HenryOOO OO OOOOOOOOOODODODODDDODOOOOODODODOOO Shapiro-
wikOOOoOOoOoODOoooooooooooooooooboobooboooobooooDo
gobooboooboobooobooobobooboobboobooobobon

shapiro.test(etch.rate$rate[etch.rate$RF==160])

3.5 Uoooood

0000e=4000000000000 4(4-1)/2000000000 Hy: (i,5)0
000w =x00000RO00000000000000000O0OOOOOOOOO
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O0o00ooooooooooooooooooooooooooooooooooog
0000 10000000000000000000000000000000D0000d
00000000 0000000 BonferroniDOOODOOOODOODODODOOODOO «OO
0000000 (bO0oU0o0o0ooooUo 1600D0O0O0)O

OO00Bonferroni 0 00 Hochberg OO0 DO OOOOOODO¢tO0OOOOOODOOOO
0000000000000 0000000 (0 320 33)0p000O0O00OOOOOO
000000 HochbergOOOOOOOOOOOOOOOOOOOOOOOODO

pairwise.t.test(etch.rate$rate, etch.rate$RF, p.adjust.method="bonferroni')
pairwise.t.test(etch.rate$rate, etch.rate$RF, p.adjust.method="hochberg")

Table 3.2: Bonferroni 0 O 0 Table 3.3: Hochberg O 0O O
160 180 200 160 180 200
180 0.038 - - 180  0.0064 - -
200 5.1e-05 0.028 - 200 2.5e-05 0.0064 -
220 2.2e-09 1.0e-07 1.6e-05 220 2.2e-09 8.5e-08 1.1e-05

gboooobooboobobdoob 1bobo0bobobobooboboobon
0000000000 Tukeyd HSDYO OO DO OO OO [24]0R 000 TukeyHSDO O 0 0
000 p00 %% 0000000000000000O0C0DODOOOOOOOD 3400
O00O0Tukey D HSDOOOOODOODOOOOD¢t0D°0000000000000 3.40
03400009%%000000000000000000000O

TukeyHSD(etch.rate.aov)
plot (TukeyHSD(etch.rate.aov), las=1)

Table 3.4: Tukey 0 HSD O
i—j 5 LB-CI UP-CI adj. p
180-160 36.2  3.145624  69.25438 0.0294279
200-160 742  41.145624 107.25438 0.0000455
220-160 155.8 122.745624 188.85438 0.0000000
200-180  38.0  4.945624  71.05438 0.0215995
220-180 119.6  86.545624 152.65438 0.0000001
220-200 81.6  48.545624 114.65438 0.0000146

gboobgnbd160-1800 200-1800 pOODODOODODO.050 01000000000
p0000000000000O0 3400009%%000000000000000000

4HSD O Honest Significant Difference 100000
‘0000000000 000O LSbOo0Oooag
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95% family-wise confidence level
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Figure 3.4: 0000000000 OOOO0 100000000 HDSOOOOO
oo

0000000000000000000000000000000000000000
[6] (0 50)0 [22]0000000000000 ROOOOO0O0000 multcompd 000
00000 Designd0000000000000000000000000000000
00000000000 [R00000000000000 multtest®0000

000000000000000000000000000000000000000
0000000000000000000000000000000000000000
00000000000000000000000000000000000000 0.05
000000000000000

ROODODODODOOOOOOOOOO0O0O0O000000000200000000000
00000000000000000000000000000

3.6 UOUOOOoooag

J0000000000000o0oO200000D0O0O0ODO0ODO0OROO0O0O0 power.t.test()
ooobo 10002000 ¢t0000b0b0o0oboooDbOoDoboooo1oooon
00000000000 QuantPsyc 00O 0O powerF() OO OO 0O power.anova.test() [
0o0dbOoboOobOoboobo

‘00 0000000000000 O0DO0DDO0ODO0OD0 p 00000000000
0O00OO0ODO0OO0CODOODO0OODCOQO~DODO O D0 Onttp://www.aliquote.org/memos/2008/07/26/
multiple-comparisons-and-p-value-adjustment/ 0000000000
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O0000ooooFO00000O00000D0DOOOOO0O0DOOCOOOOO000
00000000000 ANOVADODOOODODOOD FOODOODODOODOO
000000000ooo00ooo0ooooooooooooooooooooooog
oooogoo

gooboooooobooCcOouobobUob 20b0ob0OoO0O0OO0DbOUObOobOD e00ODO
000bO0bOO0DbO0ObOODOObOODOObOODODO se0bOOonOOonOOoDoOonoonoOonog
dodoocoodno 350000

000002000000000000010000000000000000000
000000000 00o0ooD 100000000000 2000000000000
ooooooooo

000000000000 0000000000000000000000004000
ooood

p1 =575 2 = 600 u3 =650 and g = 675,

DDaz0.0lDazQ’éA/minDDDDDDDD

4 2
ny .77 n(6250)
P2 = =l =25 3.6
ac? 4(25)2 " (36)

gobooboooobooboogoosoboobooboboobuoonon
ROODODOOOOOOODOOoOOOoooOo oo ODODOOLOODODOODOODO
goboooboooon

grp.means <- c(575, 600, 650, 675)
power .anova.test (groups=4, between.var=var(grp.means), within.var=25-2,
sig.level=.01, power=.90)

goboobooobooon

Balanced one-way analysis of variance power calculation

groups = 4
n = 3.520243
between.var = 2083.333
within.var = 625
sig.level = 0.01
power = 0.9

gboo0On000000000

gobooogoboosouboboobooobobobboobiodn=400000000
goboooooOOoooOoooooobooOoooosSbooooboOoooooobooboOooooo
goboobooobbooobooboonoobo
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sd <- seq(20, 80, by=2)
nn <- seq(4, 20, by=2)
beta <- matrix(NA, nr=length(sd), nc=length(nn))
for (i in 1:length(sd))
betal[i,] <- power.anova.test(groups=4, n=nn, between.var=var(grp.means),
within.var=sd[i] "2, sig.level=.01)$power
colnames(beta) <- nn; rownames(beta) <- sd
opar <- par(las=1, cex=.8)
matplot(sd,beta, type="1", xlab=expression(sigma), ylab=expression(l-beta), col=1,
lty=1)
grid(
text (rep(80,10) ,betallength(sd),], as.character(nn), pos=3)
title("a=4000O00\n OOOOOCOOM™
par (opar)

035000000000000000000Sb0e000000000000000
0000000000000000000000000=500000002000nr=6
00000000000000600000=0.01000000000000.800000
0000000000.=1000000000000

000000020000000000000000000000200000000
000 75A/min 00000000 ¢=0.01000 >0900000000000000
00SDO ¢=2500006°00000000000000

nD? n(75)2
O == (4() (2)52) = 1.125n. (3.7)

n000000CO0000000000000000000000000RO0OO0

00000000000000

3.7 JUuooouoooooon

1000000000000 00000000000OKruskal-WallisO ANOVAOOODO
0000000000 0DOO00DOO00DO0O000OO00b0O00DbOO0O0DOKruskal-
WallisODOOOeOOOOODOOOOOODOOOODOOOOOODOOOODOOO0ODOO
gbobobooboobouoooobooboboobooooboooboobooobooon
gooobobpooboooboobooboobobboboooobooboboon
goboooobobooogoboooboboboobobooooobobooooboboo
goboobooabod

kruskal.test(rate ~ RF, data=etch.rate)

O00 Kruskal O WallisOO DO OOOOOODOOOOOODODOOOO0O0O03000000
0016910000 p00O00O <0.0010000
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Figure 3.5: 100000000000 oCOOOOOOOOOOOOOO 10

O0000O0oooo ANOVAODODOOOOOUOUOOoOooDooooooogoo

gooboboboboboobooboobooooooooboooooboD “Door o
gobodgboobbooooobboobuoobbaoobdg

00000 npnc’0 0 00 Behrens-Fisher 0 Steel 000000000 100000
0000000000000 O0O00000O0O0o0oODUOOoUDO W’oUoo

library (npmc)

# we need to reformat the data.frame with var/class names
#

etch.rate2 <- etch.rate

names (etch.rate2) <- c("class", "run", "var")

summary (npmc (etch.rate2), type="BF")

ooob 350000
ogoooooooooooogshbOoOoOOOOOOOoOOObOOOOoOOOOOO

gooooo

"D000000CRANDOODOOODOOOODO
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Table 3.5: 0000000000 O0O0OQCOO0OODOOOOODOOOOOOOOOO

LB/UP-CL: 95%0000000000;p0: 00000 pO

i—j effect LB-CI UP-CI pO 1s pO 2s
Behrens-Fisher
1-2  0.92 0.5764163 1.263584 0.011450580 0.020539156
1-3  1.00 0.9998842 1.000116 0.000000000 0.000000000
1-4  1.00 0.9998842 1.000116 0.000000000 0.000000000
2-3  0.94 0.6758851 1.204115 0.002301579 0.004440345
2-4  1.00 0.9998842 1.000116 0.000000000 0.000000000
3-4  1.00 0.9998842 1.000116 0.000000000 0.000000000
Steel
1-2 0.92 0.4254941 1.414506  0.07123615  0.13078270
1-3  1.00 0.5054941 1.494506  0.02446374  0.04602880
1-4  1.00 0.5054941 1.494506  0.02417453  0.04631413
2-3  0.94 0.4469949 1.433005 0.05465670  0.10154286
2-4  1.00 0.5054941 1.494506  0.02412958  0.04654181
3-4  1.00 0.5054941 1.494506  0.02414774  0.04635531

ggoooboboobobooooooda oobobooboobobooobbobobooooboboooo
gooobobooboobobooobobooboobooobobobooboobooon
gbooooboobbooboboooobobobooooboooobooobobooooo
gboboboobooooboobuoobobobob 2000b000b0o0boooon
gooboboobobooboobobooboobooboobobboboboooon
g2b00b00o0obogooboboobooooboboooooboobooooboboobooboo
gboboboooboooouoboobooboboobobooobobobobboboooon
goooooo

O0O0OO0OWeleh 28] 00000000000 0OOOOOOOOOOOOOUOOOOOO
goboooboooobooboooobooboobobooboonoog

oneway.test(rate ~ RF, etch.rate)

OO00D00 FOO68720p00 <.0010000WelchOOO tOOOp. 1000000
gobooboooboooobobooboobobooboooboooon
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40 UOOoO0dootdbooubotgtduogd
HEN

4.1 0O 40000

goboobogoo

4.2 0O0OO

0000000 RCBDO Randomized Complete lock Design0 00000000000
000000000 000oooo00ooooooo0ooooooo0oooooooon
O00o000oooooooooooooooooooooooooooooo

O0o0o0o0oDooooon

yij:/,L—i—Ti—l—ﬂj—l—Eij (i:1,2,...,a;j:1,2,...,b) (4.1)

a b
d 7i=0 and Y B;=0 (4.2)
i=1 j=1

gooog
RCBDOODODOOOOOODODOOOOOODOOOOOOO

SST = SStreat + SSblock + SSE (43)

OO00DOtreat 0 OO0 treatment00 block OO0 DO0O0O0O0O0OO0O0O0OOOOO SSg00
0000 (e—1)(b—1)0D0O0O0O0OOD0O 200000treatOblock0000000O00OO0O
gboboboboooooooooooob20b0bobo0oooooooooboonDog
goboobooiligooobobooboobooobooonoooobooooobooonoo
gooboboooboobooboobobooboobobobboboobooboooo
gboobodbgoboobobbooboobooboobooobobooboboooon
gobobooooboboooobbooobboboooboboobooobbooooobooooon
gobooboooboobooobooboosobedboonoboobboonon

ooboO0ooOob0obOooo0oooobb0oboboODflicksOOO 40000000
OO00DCOORCBDOODUOODOOOUOODDODOOOODDOOOOO vascgraft.txtOO
goobooooog
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gobodgboogbooo

PSI 1 2 3 4 5 6 O
1 90.30 89.20 98.20 93.90 87.40 97.90 556.9
2 92,50 89.50 90.60 94.70 87.00 95.80 550.1
3 85.50 90.80 89.60 86.20 88.00 93.40 933.5
4 8250 89.50 85.60 87.40 78.90 90.70 514.6

0 350.8 359.0 364.0 362.2 341.3 377.8 y. =2155.1

x <- scan("vascgraft.txt")

PSI.labels <- c(8500, 8700, 8900, 9100)

vasc.graft <- data.frame(PSI=gl(4, 6, 24), block=gl(6, 1, 24), x)
vasc.graft.aov <- aov(x ~ block + PSI, vasc.graft)

0410 a0b000000000000000O0O0O0O (a)000O000O0OblockdOO
0000000000000 (bh)DO0OO0O0Otreat0 00 00O00OOODODOO

boxplot(x ~ block, data=vasc.graft, xlab="0O0O0OO",
main="00000000000000O0O00O0™M™)

boxplot(x ~ PSI, data=vasc.graft, xlab="0000000OPSIO",
main="0000000000000O0O™M™)

Ty CRERILLINEDFEO TR ETERILEINEDHEO R
8 | H ; Q H 8 — I : |
T T T T T T T T T T
1 2 3 4 5 6 1 2 3 4
Javn 180 U AU (PSD

(a) (b)

Figure 4.1: 0000000000
2000b00boobbooboobo0obboobboobooboobbOoDbo
gbobo200000000b0b00Db0ObDO0ODbObODbDODbODObLO 420000

gboooboobobooobobooboobobobobooobobbobobooboon
goooo
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Figure 4.2: 00000000000 OOO

0 4100RDO0U0O summary(vasc.graft.aov)) 00 000000000000 0O0O0O
00000000 00ooooopSID000D0OODOODOODODODOD0OODOODOODnOO
oobooboogoooa

Table 4.1: 000 y =+ PSL +block, 1000000
Df Sum Sq Mean Sq F value Pr(>F)

block 5 192.25 38.45 5.25  0.0055
PSI 3 178.17 59.39 8.11  0.0019
Residuals 15  109.89 7.33

gobobooboobobooboboboboboboboboboboboboboo

ubboobooboobooboobboobuooooooobooobobooobon
oooooboooboobooboboboobouobbouoboUDUU homoscedasticityd
gbobbbooboooboobo 430b00b00b00b000bD0b00 vs. DOODOOODO
ooQUObOOO0O00DOoOo0oobOoOooooo0oooooooooooDoOoOoDbooD

opar <- par(mfrow=c(2, 2), cex=.8)

plot(vasc.graft.aov)
par (opar)
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Residuals vs Fitted Normal Q-Q
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Figure 4.3: OO 000000000 ODOO

oooooooO0 RCBDOOOOOOOOOODOODOCOOOOOOODOODOOOOO
uobooobooobooboooz20000

e NUID:0000DODOODODLDODOODLODLOOOODLODLDOODODODO
gboobo1oo0on

e J00:000D00O0DOODDOOOODOODDOONOOMontgomeryd O Opp. 133—
136 O 0O 00

# 1000000000000

x2 <- x

x2[10] <- NA
vasc.graft2 <- data.frame(PSI=gl(4, 6, 24), block=gl(6, 1, 24), x2)

bbby 0O00D0O0O00O00DOO0DOO0ODO0ODO0ObOO0ObOO0ODO0ODDbOn

ooooooobbobbygebObObObOObODOOO
2

a b 1 a b 1 a 2 1 a b
mind > -5 | v —QZ<ZW> tap | 22w
=1

b
i=1 j=1 i=1 \j=1 j=1 i=1 j=1
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dSSg

=0000
dy

W=D
DDDD@]ODDD 91.080 0 00O

4.3 UO0OOOOO

gbooobuooboboobooboboboboobobobobbobobo1oobOoon
gobodboboouo200booboooobooboooooo

O000oo0ooooooooo {A,B,C,D,E} 000000000 OOODOOOOO
goboooboboobooooo

U000 rocket.txt Montgomery 0 OO0 UOOOOOOOOOOODOOOOOO
0o0o0ooooooooooooooo

rocket <- read.table("rocket.txt", header=T)

gboboobooobooooon

Operators
Batch 1 2 3 4 5
1 A B C D E
2 B C D E A
3 C D E A B
4 D E A B C
5 E A B C D

good

plot(y ~ op + batch + treat, rocket)

gooo3booboooob1oboobboyooboobboobbooboooboo
goooboooo

rocket.lm <- 1lm(y ~ factor(op) + factor(batch) + treat, rocket)
anova(rocket.1lm)

gboobooooboobooboobobobobooboobooboobobon
UbobOob 42000000000tweatd 0 FODOODODODODOD
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Table 4.2:. 0000000000
Df Sum Sq Mean Sq F value Pr(>F)

factor(op) 4 150.00 37.50 3.52  0.0404
factor(batch) 4 68.00 17.00 1.59  0.2391
treat 4 330.00 82.50 7.73  0.0025
Residuals 12 128.00 10.67

04400000000000000000000000000O00D000'00000O0
Uo0o00b0obooboobdbdtreat 000000000 bOLO0ODbODO0OOoOpOO
oOoboOoO0O0batchDOOOOODOODOOOO

(=3
[yo] D__
2T AT
© _|
™~
51 g-—
- & 4t 31 ET
5 T
c
©
[4}]
e (q\r‘ | 3+
o~ 1— CT
™~
1 de
o | B—
(9]
factor(op) factor(batch) treat

Factors

Figure 4.4: OO0 O0O0O0O0O

lDpoooooDDoOO0OO0OO0Oooooon
0O plot.design(rocket.Im$model)
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4.4 UO0O0O0O0OOOOOO

4.5 U0O0OOOOOOOOOOOO0O

U000000000DObLO0OBIBDO Balanced Incomplete Block Designs O O [
gooooooobooooooooooobooooobbooobooooboooooDbboboOog
O«000000000D0OC0O0DOO0O0OKDE<eOOODOOOBIBDO (Z)DDDDDD
oo0oooooooon

Douglas Montgomery OO0 OO0 0000000000 OOO0ODOOOODOOOOODO
000000000000 000000OD0O0000O0O0O0O0D0O0OODOOO4,3|000
0000000000000 000D000000O00 BIBDOOODODOOOOOOOOO
goooBIBDOOOOOOODOOODOOoOoOooOoOOoOoooDoOOoOooDboOoooooDoboOoo
0000oooog 2500

0000000000000 00O00D4000000000000000O0000DO0O
oobooooooooooooooboboOoooOoobbooboOooDbboObon

000000 (000O000)

00 1 2 3 4 Ui
1 73 4 - 71 218
2~ 75 67T T2 214
3 73 75 68 - 216
4 75— 12 75 222

y; 221 224 207 218 y. =870

00000000000 bMO0DOOODOOOO0OOOKOODOOOOODOODOOT
ooooobobooboobuod N=er=0bk00000000O00ODO0ODOOODODODOOO

oo
r(k—1)

A= a—1

, Ae{0,1,2,...}

0oooo

a=0000000000000ANOD00O0O0O0DOOOOOOOOODOOOOOOO0
000000000000000000r=4,t=4,b=8 k=20000BIBDOOO
ooooo?2

tab.4.21 <- matrix(c(73,NA,73,75,74,75,75,NA,NA,67,68,72,71,72,NA,75), nc=4)
tab.4.21.df <- data.frame(rep=as.vector(tab.4.21),

treat=factor(rep(1:4, 4)),

block=factor(rep(1:4, each=4)))
summary (aov(rep ~ treat + block + Error(block), tab.4.21.df))

‘D000partially 0000000000000 D0O00DOOO0O
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Uoobobob0oooonDobobobobobobdOneckDODODOODOOOO
0000000000000 0000000O0000OOO00OD0OOROOOOIM()OO
gbooooobobobobooobooboboooobobooboooobobooboon

anova(lm(rep ~ block + treat, tab.4.21.df))

goboooboooboboobooobobooooonbobo
aovO UOODOODOODODODROODDODODODODODODODODODODODODODODO
goboodgboooon

Error: block
Df Sum Sq Mean Sq
treat 3 55.000 18.333

Error: Within

Df Sum Sq Mean Sq F value Pr(>F)
treat 3 22.7500 7.5833 11.667 0.01074 *
Residuals 5 3.2500 0.6500

Signif. codes: O ’*%x’ 0.001 ’*x’ 0.01 ’x> 0.05 ’.” 0.1’ ’ 1

OO000O00DO0O00OO00DOOO0bOO0O0DOOO0DbOOadjusted MSOODOOOODOO
goobobobooboboboboobooboobobboobooboobobooo
UO00O0O0OUOError(treat) U U OUOUOOOOODODOOOOOOOOOOOOO

Error: treat
Df Sum Sq Mean Sq
treat 3 11.6667 3.8889

Error: Within

Df Sum Sq Mean Sq F value Pr(>F)
block 3 66.083 22.028 33.889 0.0009528 *x*x*
Residuals 5 3.250 0.650

Signif. codes: O ’*%%’ 0.001 ’x*x’ 0.01 ’x> 0.05 ’.” 0.1’ ’ 1

MinitabOOOOOOOOOOO0OODOOO0OO0OO0OOOODevO 0002000000
gbooooooobob 43000000000000000DO0O00OO0ODOO pOODOO
gobodgobood

U000000000000 agricolaeJ OO OO BIB.test() UODOOODODOOOMO
gbobogoboboooobooooobooboboooobooboboooooboooboboo
gobooboobbooboooboboobooaobobg

require(agricolae)
BIB.test(tab.4.21.df$treat, tab.4.21.df$treat, tab.4.21.df$rep,
method="tukey", group=FALSE)
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Table 4.3: BIBOOOOO

Effect df MS F  p-value
treat 3  3.889
treat (Adj.) 3 7.583 11.667 0.01074
block 3 18.333

block (Adj.) 3 22.028 33.889 0.00095

000 00DO00000000000000D00000000D00O0000ooo00d
Oegroup=00 000000000000 00D0DOODODOOODOOODOOOODOO
Tukey O O O O pairwise difference0 00 000000000003

tab.4.21.1m <- 1m(rep ~ block + treat, tab.4.21.df)
treat.coef <- tab.4.21.1m$coef[5:7]

# 00 4 (000) O0DOODODOOOOOODOOOOOOOOO
treat.coef <- c(0, treat.coef)

pairwise.diff <- outer(treat.coef, treat.coef,"-")

summary(tab.4.21.1m) 0000000000000 0O0 0698200000000000

000000000004/26000SE00000DNODN0ONONDOND TukeyOOODO
0 (1-a=095)00

crit.val <- qtukey(0.95, 4, 5)

0ooooooo

000000 BIB.testO D00000000000000 LspOTukeyd 0000 Waller
0 Duncan 0000000000
000000000000000000000000000000000000000
00 (O 4.5)0

ic.width <- crit.val * 0.6982 / sqrt(2)
xx <- pairwise.diff [lower.tri(pairwise.diff)]
plot(xx,1:6, xlab="0010
(95%0000)",ylab="",x1im=c(-5,5) ,pch=19,cex=1.2,axes=F)
axis(1,seq(-5,5))
mtext (c("4-1","4-2" "4-3" "1-2" "1-3" "2-3"), side=2, at=1:6, line=2, las=2)
segments (xx-ic.width, 1:6, xxt+ic.width, 1:6, lwd=2)
abline(v=0, 1lty=2, col="lightgray")

oooogBIBOOOOOOOOOOOoOoOoooooOOoDOOOoOoOooDoOOOoOooODOO
00005 000000000 RECOODOOOODODOOOOODOO

2
o
RE = 2CRD
ORCBD
O0OD0O0ODOOODOORED 13%0000
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tab.4.21.1m.crd <- 1lm(rep ~ treat, tab.4.21.df)
(summary(tab.4.21.1m.crd)$sig / summary(tab.4.21.1m)$sig) "2

CRDUO BIBOOOOOOOOOOOODOOOD 3%000000000000000

ooo0ooo0o0obOo0o0ooOo0oOorROOOOO0ODbDOOOODOOOODOOOODOO
000007 =i+ 00000000000000000O0O0OOO0COOOO
00000o0ooO000ooO0O00o00bOO 00000 DO0O0DO0OOOOODOO0ODOOO
goooooboogn

. k‘Qi(UQ-I-kU%)-I-(Z?Zlni]’y.j—k‘Tﬂ) o?
= (r—)\)02+)\a(a2+kag)
0’00300000000000000000000000000000000000
0000000 MSO 20000
0460004x400000000000000002000000000000 ¢
000007”0000000000000000000000000000020 treillis O

000000 [2uooooo

i=1,2,...,a (4.4)

require(lattice)
xyplot(rep ~ treat|block, tab.4.21.df,
aspect="xy",xlab="00",ylab="00",
panel=function(x,y) {
panel.xyplot(x,y)
panel.lmline(x,y)
)

2-3

74 L
43 _— .

tg_
42 70 L
68 r
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oy o R
Figure 4.5: 0 O00O00O0O0OOOO Figure 4.6: Tukey O 95%0 0O O
o001,2,3,4000000000 oono

gbooooooboooon

me4aU0D0O0O0ODOOD0OOOOOOODODOOOOOODODOODOOREMLODOO
goboboobooob
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require (1lme4)
print(tab.4.21.1m <- lmer(rep ~ treat + (1|block), tab.4.21.df), corr=F)

gbbooboobbooboobobooboobbooboonbobo

Linear mixed-effects model fit by REML
Formula: rep ~ treat + (1 | block)

Data: tab.4.21.df

AIC BIC logLik MLdeviance REMLdeviance

44.22 46.64 -17.11 38.57 34.22
Random effects:

Groups  Name Variance Std.Dev.
block (Intercept) 8.00907 2.83003
Residual 0.65035 0.80644

number of obs: 12, groups: block, 4

Fixed effects:
Estimate Std. Error t value

(Intercept) 74.9704 1.4963 50.11
treatl -3.5573 0.6973 -5.10
treat?2 -3.3541 0.6973 -4.81
treat3 -2.9704 0.6973 -4.26

treat UOOOOO0O0O0O0O0O0O0O0OO0D0OOOO0OO0OOO0OOOOOOO0OO0O0O0OO0
gooooo

print(tab.4.21.1m0 <- lmer(rep ~ -1 + treat + (1|block), tab.4.21.df))

Oo0ooooooobOob 4970000000000 0O000 treat=4a JO00O0O0ODO
goboooboobooooboboooob 400000Db0ODOODODODOOODOD
gobooobbd0OvlecklOODOOOODOOOOOOOOOO AIvloc)UOODOOOMO
gobooboobooobooo

coef (tab.4.21.1m) [[1]]1$° (Intercept) ¢
mean (coef (tab.4.21.1m) [[1]1[,1])

o0 BIBOOOOOOOOOOOODOO1OOOODOOODOOODOOODOOO
gbooboboobooobooobobboobooboobooboobobooboooobooon
O0o000o00oU00o0o0ooO0oOo0ooo@B|bo000U0 1000 100oooUooo
000000000000000 Lp(2Y)00000000000000000000
0000000000000000000000000000030

00000000000 00000000000000 ROODODODOOOOOO vegan, sna, dprep,
e1071, gdata, magic) O O0OO00OOOO
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col <- c(1, 1, 0, 1, 1, 1, 0, 0, O, 1, 0)
perm <- function(x) {

s <- length(x)

m <- matrix(nc=s, nr=s)

y <- rep(x, 2)

m[,1] <- x

for (i in 2:s8) { m[,i] <- y[i:(s+i-1)] }

m

}

col.perm <- perm(col)

bibll <- rbind(rep(0,11), col.perm)

# QOO0 oobbboooooboooa
apply(bib11[-1,], 1, sum)

apply(bib1l, 2, sum)

ubobooboobooobooobooobboeoboobbobooboebonnDO
gboobooboboobuoobobobuooboboobobobbooboobobo
000000 (0 47)0000000000000000OD0DOO confusion matrix 0 0 O
goognd

Figure 4.7: 100000 x 10000 BIBD

ROODODODOO0O000000000O 9] (Chapter 16) 00 00
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s Ubouubod

5.1 0O 50000

Os00b00b0b002000b0b0oooooooobooboobobooooboon
gobooboolioooboobooooooboobooobooobooooobooonDoon
googbbooobaNoval0ODOO0OO0OOO0DO200000000000000020
gboobooobooboooobobbooboobobooooboboobg 1g4ao
goboobooobooboobboobooboooboo

5.2 2000000

gobooboobooooboobooo

Yijk = b+ 7i + By + (78)ij + €iji (5.1)

00004, j0i=1...a,j=1...60000 AOBOOOOOkDk=1...,000000
00000erO00000000000000000000000000000000
0ooooO0ooo

100000000000000000000000000000000000000
00000000000000000000000 ¢+b+10000000000000
0000000000000000000000000000000000000000
D000000000000000000000000000Y%,7%=0,%",5;=0,
S TBy =0 (=12 00 78, =0(i=1,2,...,0)
000000000510000000000000000000000000000
ooooo
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ubobodgboooobooooo

SSp =SS + SSp + SSap + SSE (5.3)

gboogo s2b000boudbouaobooobooobooboob 2000000n > 20
gobodbooooboobolooobooboobbooboonobooboonbn
gboboobooboos3sbobobobobob

e NUUDOOODODOO
H()Z 7’1:7'2:"':7'a:0

e JUOUODOODOONO
Hy: pr=02=--=0,=0

e 000D0OOOOOOOOODO
Ho: (78);; =00 000 4,;0000

000 battery.txt 0000000320 00000000000000000000
gboogs3goooboob20b0ooobogooooooorgo3bonoobobooonog

gboboboooboooboboobobobobobooboobooobooboboon
gobooooooo

battery <- read.table("battery.txt", header=TRUE)
battery$Material <- as.factor(battery$Material)

battery$Temperature <- as.factor(battery$Temperature)
summary (battery)

gbobobooobo200b0b0obobobobob0obobobobobob

39



battery.aov <- aov(Life ~ Material * Temperature, data=battery)

Life ~ Material * Temperature [1[J

Life ” Material + Temperature + Material * Temperature

gboobobbobo0oboboobobOobobobbuite -~ .+ 20000000

obobobobobobobob 2000000000000 000000
000000000 summary(battery.aov) UOOOO0O0D00OO0O0 5100003000

00000000000 00000000U0O0U0ooOoUoOs%Uboo0oon

Table 5.1: 3200000000 anNova O
Df Sum Sq Mean Sq F value Pr(>F)

Material 2 10683.72  5341.86 7.91  0.0020
Temperature 2 39118.72 19559.36 28.97  0.0000
Material: Temperature 4  9613.78  2403.44 3.56  0.0186
Residuals 27 18230.75 675.21

ubobooboobobooboboobobobobbaNnovallO0OO0OO0O0OOOOO
gobgobooooobooboobusiiobonibiby, oooooouood
U0 Temperature 0 OO0 00000000000 DO0O0O0OD040000000000
goobobooobooobobooogaon

with(battery, interaction.plot(Temperature, Material, Life,type="b",
pch=19, fixed=T, xlab="OOOFO", ylab="0000O"))

ugboobooobooooboobuoobooboobobbobobgo3goobgn
gobodbooooboobooobobooboobbooboobbooboobbon

Ub0o00b0bo0b0o0bobb0obo0b0o0bO00Dn plot.design() DODOODO
Ubooobooobobobidd «.ovOUOOOOOO0DOOOOOOODODOOOODOOO
goo

plot.design(Life ~ Material * Temperature, data=battery)

oooDb s20000000000DOD0O0O0DOD0OO0OODDODO0OODDOOODDOOOODO
0oooooo
goodb sbgobdobboboodoboobuoobobbuobooobDooobon
O0D00Opp. 170190 000O0OO0O0OODODOODODOO0OOODOODODOOODOODOO “O
0700000000 00000000C000000000000O00oOooooag
0000000000000 0b00od0TukeyD O HSDOOODODODOOOOOOODO
ooo
0000 TukeyHSD(battery.aov,which="Material") 00000000000
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Figure 5.1: 000000000000 ODOOOOODOO.

Tukey multiple comparisons of means
95%, family-wise confidence level

Fit: aov(formula = Life = . + .72, data = battery)
$Material
diff lwr upr p adj

2-1 25.16667 -1.135677 51.46901 0.0627571
3-1 41.91667 15.614323 68.21901 0.0014162
3-2 16.75000 -9.552344 43.05234 0.2717815

uboobooboooboobooboobobooboobobooboobobobo
o00o0oOoOOo0o0o0ooDooOoDoOOoOOoOobOoOvrFOOOoOOoOooOooOOoOooooDooo
gobooooboobooRrROOOODOOOODOODOOODOOODOODOOOOO
gobogbooobbooobooobbooobooboobbooboonboo

# 00 7oF0 3000000000
mm <- with(subset(battery, Temperature==70),
aggregate(Life, list(M=Material), mean))
# 000t0000000000000ANOVADDOOOOOOOODOOSDOOOOO
# 0000000
val.crit <- qtukey(.95, 3, 27) * sqrt(unlist(summary(battery.aov))[["Mean Sq4"1]/4)
# 00 000000000000000000000
diff.mm <- c(d.3.1=mm$x[3]-mm$x[1], d.3.2=mm$x[3]-mm$x[2], 4.2.1=mm$x[2] -mm$x[1])
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Residuals vs Fitted Normal Q-Q
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Figure 5.2: (a) D000 (b)) DOODOOOO

names (which(diff.mm > val.crit))

0D000000007°FO000C0000O000 100030002000 100000
ooooo0

000000000000 00000000 5.2b00000000000000000
0000000000000000Q-Q0D0000000NDN0N0N0NON0N0OO0Nnnooon
0002000000000000000000000eijx = yijk— Gk 0000k = 3.
04 00000000000000000000

€ijk = Yijk — Yij. (5.4)
gooon
oo0oooooooooboooooooooooooooooooooooooooo
O 52b00020000002040000000000000000000000 15°F-
0010000000000 ooooboooooooo
U 00 with(battery, tapply(Life,list(Material,Temperature),var)) JOOOOOO
doooooooboooooooooooao

15 70 125
1 2056.9167 556.9167 721.0000
2 656.2500 160.2500 371.0000
3 674.6667 508.2500 371.6667
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gbooboobooboooobobobobobooboobooboboobon
0510000 (rp);; 0000000000000O00O0O0OOO0OO0O00O0

[l summary(battery.aov2 <- aov(Life ~ Material + Temperature, data=battery))

goboobogobooo

Df Sum Sq Mean Sq F value Pr(>F)

Material 2 10684 5342 5.9472 0.006515 *x*

Temperature 2 39119 19559 21.7759 1.239e-06 *xx*

Residuals 31 27845 898

Signif. codes: O ’***’ 0.001 ’**’ 0.01 ’x’ 0.05 *.” 0.1’ ’ 1

2000000000000000000000000 “00700000000000
000 53000000000000000000000000000000000000
000000000 §iyk =%, +¥,; —5.. 000007, 00000000000000
0000000000000000000000000000000000000000
00000000000000000000000000000000000000

par (mar=c(2,5,1,1))

mm2 <- with(battery, tapply(Life, list(Material, Temperature), mean))

mm2 <- as.vector (mm2)

plot(fitted(battery.aov2) [seq(1,36, by=4)], mm2 - fitted(battery.aov2) [seq(l, 36, by=4)],
xlab="", ylab=expression(bar(y)[ij.] - hat(y) [ijk]),
pch=19, axes=FALSE, ylim=c(-30,30))

axis(1, at=seq(0, 200, by=50), pos=0)

text (155, 4, expression(hat(y) [ijk]), pos=4)

axis(2, at=seq(-30, 30, by=10), las=1)
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Figure 5.3: 7;,;. 0 ;000000
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gooooobobtotoby,, booooooooioooooooooooogo
oobooboooooogoogn s3b00b00n0bounbogleessdonoon
goo

yy <- order(fitted(battery.aov2) [seq(1l, 36, by=4)])

xx.fit <- fitted(battery.aov2) [seq(l, 36, by=4)]

yy.fit <- mm2 - fitted(battery.aov2) [seq(1l, 36, by=4)]

lines(xx.fit[yy], predict(loess(yy.fitlyy] ~ xx.fitlyyl)), col="lightgray", lwd=2)

coboooooooobooboouobodoob1booboOobooOog 520000000
goboboooobooobooobboooboboooboboooboboooboboooooo
gobooboogooboo

0_2 Z Z(Tﬂ)?g

(a—1)(b—1)

oooo

00000000000000000000 (78);=000004,;00000000
0000000000000000000000000000000000000000
000000000000 MSOO0ODO000 «20000000000

0000000000000000000000Tukey0DO0OO0OD00000000O
23)0000000000010000000000000000000 (a—1)(b—1)—1
00000000000000000100000000 (a—1)(b-1)-100000 o
0F00 g5y 000000000000000000000000000
0oO

000000000 impurity.txt 00000000000000000000000
0000000200000000000000000

impurity <- read.table("impurity.txt", header=TRUE)
impurity$Temperature <- as.factor(impurity$Temperature)
impurity$Pressure <- as.factor(impurity$Pressure)

gboooboobobboobuoobuoobobooboboobobobobbooboo
ooooooboboooooog:
summary (aov(N ~ Temperature * Pressure, impurity))
Df Sum Sq Mean Sq
Temperature 2 23.333 11.667

Pressure 4 11.600 2.900
Temperature:Pressure 8 2.000 0.250

000000 TemperaturexPressure D O OO OO0 200 000000000000
0oooooooboobobib0ddfa13 0000000000000 O0OOO0O
goooboodooobbbooobbbooobobbuoooobbbooobbobooo
TukeyOOOOODOOOODOODOOOODOODOOODOOy~A+BO200000000
goooooo
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library(alr3)
residualPlots(1m(N ~ Temperature + Pressure, impurity))

boooboobobooogoe20b0Udn pdO 0.5470 00 U Montgomery [ 0
000 FOOOOOOO0OO0O0000036000000000000.60220000000
O0residual.plots() U ¢t 0O O0O0O0ODOOOOOOOODOOOOO0O 5400000
goboobboobboobooboobbooboobboobboo 20bbO0ObDO

goboodgbooobood

Pearson residuals
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Figure 5.4: 0000000 O0OODOOOOODO

5.3 UUuobuooooobbooogd

goboobooboboooboobuoobbooboobboo 200b00obDbO30O
gbobodbooboboobooobbooooaob

Ub00b00bDO0bO0b0Obb0On0 vettling.txt U O O0OO0O0ODOOOO0OODOODOO
gbooobobooogobobooboobobooooboooboobobooobooboooo
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O0000000o00o0o0Oo0oOU00O00oO0oooO0oD300UooooDA)DDDOO
(B)Oooo(C)0oooooooooo0ooooooo0oooooo

y~A+B+C+AB+ AC + BC + ABC

gbobobobobobobybbobobobooboboboboboo
oboboooboboooo

bottling <- read.table("bottling.txt", header=TRUE,
colClasses=c("numeric", rep("factor", 3)))
summary (bottling)

goooogoobogb ss0boo0bobooooboobobobooooooobon
ogbobobobobobobobobobo

opar <- par(mfrow=c(2, 2), cex=.8)

boxplot(Deviation ~ ., data=bottling, las=2, cex.axis=.8, ylab="0O0O")
abline (h=0, 1lty=2)

par(las=1)

mm <- with(bottling, tapply(Deviation, Carbonation, mean))

ss <- with(bottling, tapply(Deviation, Carbonation, sd))

bp <- barplot(mm,xlab="000", ylab="O0", ylim=c(-2,9))

arrows(bp, mm - ss / sqrt(4), bp, mm + ss / sqrt(4), code=3, angle=90, length=.1)
with(bottling, interaction.plot(Carbonation, Pressure, Deviation, type="b"))
with(bottling, interaction.plot(Carbonation, Speed, Deviation, type="b"))
par (opar)

uboobuoogobobboboobuoobobuoobobboboobooban
gooooobobooobooobobobobooobooooobooood n=40000
goob3bodbooobooboobooboboobobbooboobobbobnooon
gobodgbooobooboooboboobuoobbooboobobod

ooboooop0CcODOOODOODOOOOOOUODOODOODOODOODOODO
gbooooboboboooboboboboobobobob 20b0b00oO0DOobDObODOO
gboobobob2000000b00b0ob0oooobooboobobobooboboOoooo
gobooooobooon

s00oooooooooboobooooDooobog 520000

summary (bottling.aov <- aov(Deviation ~ . ~3, bottling))

00000000000 o0odooOdobOodD4000000D00O00DOO0O0DDOOn
O CarbonationxPressureD D00 x OO OO0OO0O0OOO0 % 0000000000000
dooddoodooodboodoo0oo0boo0ooDooooooooooooooo
OuwdateO DO OO0ODODOOOOOOOODOOODOOOODODDODOOODOOOOO
oo0oDodoooooood
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Figure 5.5: 000000 0OOOOO
bottling.aov2 <- aov(Deviation ~ ., bottling)

anova(bottling.aov2, bottling.aov)

Os30bboboooooboo FO0gboobopbobbbobbbboobboo R
gboooobooobobobooobobooooboboooboobooooobooboooo
oooorF0O00000000D00DOp0O =0225000000000000000 550
goboboooobbooobbobooobboooobobooobobooobboooooon
gbobobobo20000000000000000D0O0O00ODOOOODOODOODO
googd

O0oooboboobooobob0ob0boOobO Temperature 200000000000
gooo

battery$Temperature.num <- as.numeric(as.character(battery$Temperature))

battery.aov3 <- aov(Life ~ Material + Temperature.num + I(Temperature.num”2)
+ Material:Temperature.num+Material:I(Temperature.num”2),
data=battery)

summary (battery.aov3)

UOO0000bO0dbOd Temperature OO OOO00OO0OO0O0OODOO as.character 00
UO00ooobobbOO0O as.numeric(battery$Temperature) 1O OO OOOONO 1,2,3
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Table 5.2: 00 000000000000 OOOOOOO
Df Sum Sq Mean Sq F value Pr(>F)

Carbonation 2 252.75 126.37  178.41  0.0000

Pressure 1 45.37 45.37 64.06  0.0000
Speed 1 22.04 22.04 31.12 0.0001
Carbonation:Pressure 2 5.25 2.63 3.71  0.0558
Carbonation:Speed 2 0.58 0.29 0.41 0.6715
Pressure:Speed 1 1.04 1.04 1.47  0.2486
Carbonation:Pressure:Speed 2 1.08 0.54 0.76  0.4869
Residuals 12 8.50 0.71

Table 5.3: 0000000 O0OO0O0OO0DOOOOOOOOOOOOOOOODOOOOOO
Df Sum Sq Mean Sq F value Pr(>F)
Carbonation 2 252.75 126.37  145.89  0.0000

Pressure 1 45.37 45.37 52.38 0.0000
Speed 1 22.04 22.04 25.45  0.0001
Residuals 19 16.46 0.87

gobodgbooooouooboobobuoobuoobbobobuoobtdyuoboonboo
goboooboooboboooboodg
goboobooboobobooboonbooo

y~A+B+B>+A:B+A:B?

U000 BODOUOO Temperature 00O ODODOODOODOODO 540000

Table 5.4: 00000000000 2000000000000
Df Sum Sq Mean Sq F value Pr(>F)

2 10683.72  5341.86 7.91  0.0020
Temperature.num 1 39042.67 39042.67 57.82  0.0000
I(Temperature.num~2) 1 76.06 76.06 0.11  0.7398

2

2

Material

2315.08  1157.54 1.71  0.1991
Material:I(Temperature.num=2) 7298.69  3649.35 5.40  0.0106
Residuals 27 18230.75 675.21

Material: Temperature.num

gboooooboboboooobgo seb0bO0bO0oOoOoobOoboboooobOon
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000000000000 540000000000 A:B?0000000000000
goboobooobboooboobboobuoobboobooboobbooboo

new <- data.frame(Temperature.num=rep(seq(15, 125, by=5), 3), Material=gl(3, 23))

new$fit <- predict(battery.aov3, new)

opar <- par(las=1)
# 0000000000000

with(new, interaction.plot(Temperature.num, Material,fit, legend=FALSE,
xlab="00", ylab="0O0", ylim=c(20, 190)))

txt.leg <- paste("ODOOODOO",
text (5:7,new$fit [new$Temperature.num==c(45,55,65)] - c(3, 3,

# 0000Ogo

points(rep(c(1, 15, 23), each=12), battery$Life, pch=19)

par (opar)

1:3)

-20), txt.leg, pos=1)

gbooboooboboboboboobooboobobbobooboobobon
gboboboboboooooboooooooooooooon
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Figure 5.6: 000000000 DOOOOODOOOOODOOOOO

2000000000 bDbOo0bOo0obU0boobboobooboobbOoDbo
U00000b0b000DbO0odDOd toollife.txt D0 0OOOO0OOODOOOOODOOO
Oo000o0opoooOo00o0oDoOoooADODO0ODDOOOBOODOOOOOODODOOOOO
gobooboooobooboooobooboon

y~A+B+A?+ B>+ A:B>*+A>:B+A:B

gboobobobob 200000000 booooooloooo20bobobOon
ggboobobooobogoboboobooooboooooooboobobobobobooobooooog

gobooooobooo
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tool <- read.table("toollife.txt", header=TRUE)

tool.lm <- Im(Life ~ Angle * Speed + I(Angle~2) * I(Speed”2) + Angle:I(Speed”2)
+ I(Angle~2):Speed, tool)

tmp.angle <- seq(15, 25, by=.1)

tmp.speed <- seq(125, 175, by=.5)

tmp <- list(Angle=tmp.angle, Speed=tmp.speed)

new <- expand.grid(tmp)

new$fit <- c(predict(tool.lm,new))

0000000000000 00000000000000000O0320000000
gooo

Coefficients:

Estimate Std. Error t value Pr(>|tl)
(Intercept) -1.068e+03 7.022e+02 -1.521 0.1626
Angle 1.363e+02 7.261e+01 1.877 0.0932 .
Speed 1.448e+01 9.503e+00 1.5624 0.1619
I(Angle~2) -4.080e+00 1.810e+00 -2.254 0.0507 .
I(Speed~2) -4.960e-02 3.164e-02 -1.568 0.1514
Angle:Speed -1.864e+00 9.827e-01 -1.897 0.0903 .
I(Angle~2):I(Speed™2) -1.920e-04 8.158e-05 -2.353 0.0431 *
Angle:I(Speed”2) 6.400e-03 3.272e-03 1.956 0.0822 .
Speed:I(Angle”2) 5.600e-02 2.450e-02 2.285 0.0481 =*

uboobooboboboboooobooboobobbobooboobonoon
goboo20000000000000000000D0DOO00DbO0bOO00ODOODOn
Uo0D0O0 5.7001attice000UODOUODOMO contourplotO) OO OOOOOODN

require(lattice)
contourplot(fit ~ Angle * Speed,data=new, cuts=8, region=T, col.regions=gray(7:16/16))

54 UUOOOOOOOOOOOO

gooobooboooobobooobobooooboooboobobo 400D OoD
goobobobooboobooboobobobobooboobuoobobooboon
gboobogboboboooobobobooboobobuobooobooobobobaoon

Yijk = 0+ 7i + Bij + (76)ij + Ok + €iji (5.5)

0000000000000000 510000000

000000000000000000000000000000000000000
000000000ReBD 000000000000 (76)i0(88);50 (7868);s 000D O
oooooo
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Figure 5.7: OO0 O000OOCOOODOOOO

U000 intensity.txt 000000000000 O00O0O0ODOO0ODOOOOOOODO
ooooooooooooooooooooooooooo“Cboo’bobboboooooo
gooooooobo2b000o0obobooogooobooboboooooobog
gbooooboooboboboooboboooobobooobooboobooooboboooo
gbooobobobooooobo1boboooooboobobobbooboooboobboo
gboboboboboooooooboooobooboobuoboboboboo 3x2000
gbobobobobobobobobobobo s8bono

intensity <- read.table("intensity.txt", header=TRUE,
colClasses=c("numeric", rep("factor", 3)))
require(lattice)
xyplot(Intensity ~ Ground|Operator, data=intensity, groups=Filter,
panel=function(x, y,...){
subs <- list(...)$subscripts
panel.xyplot(x, y, pch=c(1,19),...)
panel.superpose(x, y, panel.groups="panel.lmline", 1lty=c(1,2),...)
}, key=list(text=list(lab=as.character(1:2)), lines=list(lty=1:2, col=1),
corner=c(1, .95), title="OO0ODODODOOO™", cex.title=.8), col=1)

gbooboobobboboobooboobobobobobobooboobon
gboooo20000000000000b00b0b0oooooooboobobooooog
gbobobooobooobooboobobobooboobobbobooboooobooon
goboobooooon

ANovA O OOO0O0OO0D0O00D000 400000000000 0Error ODOOODDOO
goboobooobboooboobooooobgoaoo

intensity.aov <- aov(Intensity ~ Ground * Filter + Error(Operator), intensity)
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Figure 5.8: intensity 0 0 OO

summary (intensity.aov)

O55000summary) 00 0000OROCOCOOCOOOOOODODOOOOOODODOO
OooooooboboooborROODOUODOUOODOOO intensity.aov OO0 OODO aov
gbobobooboooooooo

Call:
aov(formula = Intensity ~ Ground * Filter + Error(Operator),
data = intensity)

Grand Mean: 94.91667

Stratum 1: Operator

Terms:

Residuals
Sum of Squares  402.1667
Deg. of Freedom 3

Residual standard error: 11.57824

...
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0000000000000 00000DO0O00D00000GroundO 335580000
gobdlee3300D0000O00bO00bO0o0ob0ooboobo0oon s800 000000
gbobobobobobobbobooboobboobboboobboobooobooboobooobon
gobooboobbooob ssbboobooboobbooboonbbon

1 . YA
SShlocks = — Zyk - (56)

Table 5.5: intensity 00000000 anova OO0 ODOOO
Df Sum Sq Mean Sq F value Pr(>F)

Residuals 3 402.17 134.06
Ground 2 335.58 167.79 15.13  0.0003
Filter 1 1066.67 1066.67 96.19  0.0000
Ground:Filter 2 77.08 38.54 3.48  0.0575
Residuals 15 166.33 11.09
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000000000000000000000000 (HWeedOOODOOOOOOO
O0n00000000000000000BOOOOOOOO AOOOOO[e—(1)]/n
O0000BOOODOOOOOD ADDOO [@b—b)/n000000O0O 220000000 A
goboooog

A= o {lab— 8] +a— ()]} (6.1)
= {ab+a—b— (1)},
BOODOOOOOOODOO
B=_ {lab—al+ b~ (U]} (6.2)
:%{ab—a%—b—(l)};

000000 ABUOOBOOODOOODOD ADDOCOOBOOOOOOOD AOOO
goboooog

AB = {lab—] — [a— (1)) (6.3)
= %{ab— a—b+ (1)}

0o0DA0O0OOO0ODOOOOOO0ODOOODOOOOOO

AF:@A+‘_@A— (6.4)
_abta b+ (1)
- 2n 2n

1
= 5 {ab+a—b— ()]}

o000 el100000000000000BO ABODODODODOOOOOOOOOOO
oon

1
A=—-90+ 100 — 60 — 80 = 8.33,
2x3
oooo
ROODOOOOOOOOOOOOOOoOO

yield <- read.table("yield.txt", header=T)

attach(yield)

rm(yield)

yield.sums <- aggregate(yield, list(reactant=reactant, catalyst=catalyst), sum)
yield.sums
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gobooboobbooboo

reactant catalyst x

1 high high 90
2 low high 60
3 high low 100
4 low low 80

ADO0OOOODDOOOODODOOAOOOOOBL%OIO0O0O0O002%000000000
gooooooBOoOooOoOoobDoobOoOoOooOoobOOooooDbDbOOobooboOoOoDO

gbooboooooboobab boboboobobbboboobobboboobooo
O0000o0o0o0ooo00oo0d eb+ae—-b— ()OO 6100000 AQOOODODO
ooooo0o0oooooonAfOooooooooooOoOo 3ooooooooooo
goo

gbooobooobooboboobooboob 200b00b000b0o0bg 200
gboboboboboooooon

[ab+a—b— (1)]2

SS4 =
b—atb— ()
S5 — [ab—a +
b 4ﬁb+(1)]2
S5 s — [ab—a
4n

good
oooo Ssyr0dbf04n—-1000000000DOOOOO0O0ODDOOO

2 2 2 9
SST =3 D>yl — 1= (6.5)

i=1 j=1 k=1
00000000000 SSg00004(n—1)0000SSE =SSr—S54—SSp—SSan
godoodoooooooooooooooooooon

Effects (1) a b ab
A -1 41 -1 41
B -1 -1 41 +1
AB +1 -1 -1 +1

O0D0D00 YatesDOODOOODOOOOOOOODODODOO0OO0OO0ODDO220000000 260
gbobogbooabod

summary (aov(yield ~ reactant * catalyst))

Oe61000000000000O0DODODOOD A:BODODODOOOOO
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Table 6.1: OO0000D0O0O0OO0OOO
Df Sum Sq Mean Sq F value Pr(>F)

ooo 1 208.33 208.33 53.19  0.0001
a0 1 75.00 75.00 19.15  0.0024
goo:0d 1 8.33 8.33 2.13  0.1828
Residuals 8 31.33 3.92

00000 0000000000O0O00000000000000000000
J = 18.333 + 0.833z5 55 — 5.000z5 5,

0000z 0 zpp 000000000000 OOOOOOOOOODOyOOOO
gboobooooooboobobooooboboboooobobobooboo 1000 20
gbobgbooo 1000 2000boobobobooobooooooobobobono
goooooooooobOoOoOooOoooooOoOooDboOooOoDoOogooboooo RO
gobooboz20boooboooobooboobooonoboooboooooboonon
gbobooboboboboooobooooboooooooobooon

reactant.num <- reactant

levels(reactant.num) <- c(25, 15)

reactant.num <- as.numeric(as.character(reactant.num))
catalyst.num <- catalyst

levels(catalyst.num) <- c(2, 1)

catalyst.num <- as.numeric(as.character(catalyst.num))
yield.1lm <- 1m(yield ~ reactant.num + catalyst.num)
yield.lm # 00000 LMOOOOOODO

Ue6200000000000D00O0O0O0DOOODOOODOOOOODOOODOODOODO
gboooooool1ooboboboobobooooooooboobobobobobooooo
gooboooboooboooboboboobooboobooboobooooooooboooon
gbobobob nnobobobobooboboobo

library(scatterplot3d)

s3d <- scatterplot3d(reactant.num, catalyst.num, yield, type="n",
angle=135, scale.y=1, xlab="00O0", ylab="O0O", zlab="O0")
s3d$plane3d(yield.lm,lty.box="s0lid", col="darkgray")

tmp <- list(reactant.num=seq(15, 25, by=.5), catalyst.num=seq(l, 2, by=.1))
new.data <- expand.grid(tmp)

new.data$fit <- predict(yield.lm, new.data)

contourplot(fit ~ reactant.num + catalyst.num,new.data, xlab="000",
ylab="00O")
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O00000O00BO COUOOUOOODAOOOO [abc—be)/n00000OO0OOAD
gbobobobobobo

1
A:4—[a—(1)+ab—b+ac—c~|—abc—bc] (6.6)

n
00000 figfig640000000040000000000000000AO00O
O00A000DO0O0O0UO04000000000 ADUDOO (yy)4000000ODOO0OOODO

gobooboooboboooboobooon

(b) 2RF3zE/FA

Figure6.4: 0 0000O0OOOO0OOOOOOOOOODOODOOOODOODODODDO

AZ@A+ —Ya (6-7)
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N 4in 4dn

2000000000D000DLO00bOO0ObOO00LOOoO0bOo0ObOo0bO1IbDO0OboOn
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oooo
00000000 AxBx(COUOO ABCOUOCOOOOoz2000000000000
AxBOOOOUOOOOODOOOOO

ABC = ﬁ{[abc —be] — [ac — ] — [ab—b] + [a — (1)]} (6.10)
= %{abc—bc—ac%—c—ab—l—b—l—a—(1)}.

gbooobobooboooboobooooboboooobobooobooboboon
goooooooe2000bO0O00“’OO00DOO “~POO0DOODOODOOOO
gooboboobooobooobooboobooobobboboboobooboobooon
0000000000 e2000000000000D00O0OO()IOOODOOOOODOOO
00000000000 000000O0ODO(2)UUobOOoOOOODOOOOoDOODOOOO
000000000 /000000000000 00O0O0O00DLOO0oDoooUOoDO@)
0000000000000000000AxB=ABOODOOABxB=AB?>=A0
goo

gbobooboobbooboobooooboon

(Contrast)?
8n '

S8 = (6.11)

Table 6.2: 22 0 0000000000000
oooooo I A B AB C AC BC ABC

(1) + - - 4+ - + + -
a + + - - - - + +
b + -+ - - + - +

ab + + + + - - - -
c + - - + + - - +

ac + + - - + + - -

be + - 4+ - + - +

abc + + + 4+ + + + +

000000000000 plasmatxt00022000000000000000000
goboodoboooobooobooboooboobooboboobooobooobooboooonoo
0000000O0o0oOoOOoCczr6e 000000 00DOOOOO RFOODODOOOODOOO
gbo20000020000000000000000D0OOOODODOOOODOO
goognd
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plasma <- read.table("plasma.txt", header=TRUE)
plasma

ooobROOOOO0ODOOOOOOODODOOODODOOOOOOOO

Run A B C Rl R2
1 -1 -1 -1 550 604
1 -1-1 669 650
-1 1 -1 633 601
1 1 -1 642 635
-1 -1 1 1037 1052
1 -1 1 749 868
-1 1 1 1075 1063
1 1 1 729 860

0 ~NO O WN -
0 N O O wWwN

ANOVAOOOOOODOODOOOOOOODOODO RO “ong”00000O0ODDODOO
obooobgo

plasma.df <- data.frame(etch=c(plasma$Rl, plasma$R2),
rbind(plasmal,2:4], plasmal[,2:4]))
plasma.df[,2:4] <- lapply(plasma.df[,2:4], factor)

O00Oaov()D0OO00O0O0OO0DODOO0OOO0OOOOOOOOOOOO 6.300

plasma.df.aov <- aov(etch ~ A * B * C, data=plasma.df)
summary (plasma.df.aov)

063000000 ADCO0ODOO0D AxCcOUOODOOOOoooooooos%oo0on
goooboooboobobooboboobobooboobobbooboobooon
goboodgbooobod

Table 6.3: 00 000000000000 OOOOOOO
Df Sum Sq  Mean Sq F value Pr(>F)

A 1 41310.56  41310.56 18.34  0.0027
B 1 217.56 217.56 0.10  0.7639
C 1 374850.06 374850.06 166.41  0.0000
A:B 1 2475.06 2475.06 1.10  0.3252
A:C 1 94402.56  94402.56 4191  0.0002
B:C 1 18.06 18.06 0.01  0.9308
A:B:C 1 126.56 126.56 0.06 0.8186
Residuals 8  18020.50 2252.56
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Table 1: 00000 N(0,1) 00000000
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Table 2: 00000 O0ON(0,1)0 1008000000 w(8)0
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Table 3: 00000000 ¢ 000 Quantiles u(B) of the order g from T (v).
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