NTHU STAT 5510, 2024 Solution to Homework 4

BB 2% st 2 - #7 HWA4 solution

Problem 1.
Do Problem 1 in Chapter 3 of textbook.

The following are the weights (in grams) of six rock samples (from different lakes) measured on two different
scales. The purpose of this data collection is to test whether the two scales are different.

Weight in Grams by Sample Number
Scale 1 2 3 4 5 6
I 8 14 16 19 18 12
I 11 16 20 18 20 15

Figure 1: Table

(a) Perform an appropriate test at the 0.05 level to test the null hypothesis that scale I
and scale ITI give the same measurement. Formulate this hypothesis and give details of your
computations.
Set model:

Yy =ntao,+7+¢; fori=1-6 j=1,2

He
o; AREB R E block effect » 7; BI& M R BRI E 7 X AR89 treatment effect > 1 AP 8 84 5 i A
EFRAAFBELERE  HARERERMREBELT
Hy:my=1 vs. H :m #m
B & ATT LA4E A paired t test A F test REMAR T o B 24 A paired t test

kable(tidy(t.test(weight~scale,data = datl,paired = T)),
format='markdown',caption = "paired t test table")

Table 1: paired t test table

estimate statistic p.value parameter conf.low conf.high method alternative

-2.166667  -3.081295  0.0274292 5 -3.974216 -0.3591172 Paired t-test two.sided

Z£ 0.05 8915 S/KEJKTF > & paired t test M ELERBIIA LA EHERANERET I A G AABEE - 3
1% FA F test

options(knitr.kable.NA = '')
kable(tidy(aov(weight~rock + scale,data = datl)),
format='markdown',caption = "ANOVA table")
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Table 2: ANOVA table

term df sumsq meansq statistic p.value
rock 5 135.416667 27.083333 18.258427 0.0031539
scale 1 14.083333 14.083333  9.494382  0.0274292
Residuals 5 7.416667  1.483333

STAFAR Bl AR &R

(b) Compute the p value of the test statistic you obtained in (a).
AR (a) AR 2243 2] p value = 0.0274292
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Problem 2.
Do Problem 9 in Chapter 3 of textbook.

An experimenter believes that drug A lowers the diastolic blood pressure in people with high
blood pressure and that it takes effect in two hours. Design a simple comparative experiment
with a control group to assess the effect of the drug A. Tell the experimenter exactly what
steps to take to carry out the experiment.
BB A EMRERETE R > HMTLEA paired comparison design ° E& S B T :

1L FEHAAMG BEFEY R ERR—A -

2. FESEEATRFEHE P —ASE drug A B — AR S EZHE -

3. BERAI AT —RERE B Z 0 IRA B0k ) M BT —RBIE -

4. &+¥ & 1% P 14 AT paired t test
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Problem 3.
Do Problem 13 in Chapter 3 of textbook.

For the composite experiment of Section 2.3, theoriginal paper by Mazumdar and Hoa (1995)
reported a second factor, tape speed. Table 3.44 shows the three replicates for each level of
laser power corresponding to tape speed of 6.42, 13.0, and 27.0 m/s, respectively. The levels
of tape speed are roughly evenly spaced on the log scale, so that linear and quadratic effects
can be entertained for the second quantitative factor. Analyze the experiment as a two-way
layout with a single replicate, including model building, parameter estimation, ANOVA and
residual analysis.

Table 3.44 Strength Data, Revised
Composite Experiment

Laser Power
Tape Speed 40W 50w 60W
6.42 25.66 29.15 35.73
13.00 28.00 35.09 39.56
27.00 20.65 29.79 35.66

Figure 2: Table 3.44

ARAEA B A 0 L F B A — two-way layout with a single replicate > B8 % J& linear & quadratic effects °
BRAET @RI

yip=n+al + 87 +al? + 89 4+ Wl D pey fori=1,23 j=123 =1

£+ n K% overall mean > agl) X% laser power #9 linear effect ° ai’n X% laser power #) quadratic effect °
ﬂ;” K% log(tape speed) & linear effect ° B;‘D K % log(tape speed) & quadratic effect * w;éﬂ) K & linear
effect M9 R ZAER A > w7 K& quadratic effect F#) X AR A » ¢ ~ N(0,0%) REREF > B |
# replicate 89 R# > B AL A single replicate > | B4 1> Hbgw > MEBRTIRATRREAL 9 R
M 12% J& | laser power #v log(tape speed) # d.f. ¥ & 2> R AFAAY df & 4> FEERARE R L
M & % s A4 B saturated model M residual # d.f. 5 0> FHE %G HEERAEAREEXLHA
WATH A L > EMAFRATHEA

yy=n+al + 8V +al + 59 v, fori=1,23 j=1,23

AN HBAT R R 2 E A laser power & log(tape speed) % % equally spaced with order #9 factors * B b
#113% /w normalized #9 linear contrast & quadratic contrast * It 4o £ 2L A

Yy, =n+ o p (power,) + s pw) (log(speed),) + aW)P(‘”(poweri) + ﬁ(q>P<q>(log(speed) )+e fori=1,-,9

% i

H % normalized contrast vectors %
linear : (—1,0,1)/v2

quadratic : (1,—2,1)/v6
FHE AT 7 BAT S A3

dat3$power.L <- rep(c(-1,0,1),each=3)/sqrt(2)
dat3%$logspeed.L <- rep(c(-1,0,1),times=3)/sqrt(2)
dat3$power.Q <- rep(c(1,-2,1),each=3)/sqrt(6)
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dat3$logspeed.q <- rep(c(1,-2,1),times=3)/sqrt(6)
Im.fit3 <- 1lm(strength~power.L+power.Q+logspeed.L+logspeed.Q,data = dat3)

sumtab3 <- summary.lm(lm.fit3)

Solution to Homework 4

kable (sumtab3$coefficients,format='markdown',caption = "model fitting table")

Table 3: model fitting table

Estimate Std. Error t value  Pr(>|t])
(Intercept) 31.0322222  0.5401400 57.452182  0.0000005
power.LL 8.6361308  0.9355499  9.231074 0.0007654
power.Q -0.3810317  0.9355499  -0.407281 0.7046552
logspeed.L.  -1.0465180  0.9355499 -1.118613 0.3259444
logspeed.Q  -3.9001320  0.9355499 -4.168812 0.0140447

=T LA 3, power 89 quadratic effect & log(tape speed) # linear effect 3£ 7R 88 % > B b AT AE B AR >
2R B % log(tape speed) 8 quadratic effect 8% > % R4% @ quadratic effect @R ZHE U HREE &
A2 AR power 89 quadratic effect &7 &L A T A A

y; = n+ oV PU(power,) + BU)P(l)(log(speed)i) + 5<q)P(q>(log(Speed)i) +¢ fori=1,-,9
HH AT S AT
Im.fit3_r <- 1lm(strength-~power.L+logspeed.L+logspeed.Q,data = dat3)
sumtab3_r <- summary.lm(lm.fit3_r)
kable (sumtab3_r$coefficients,format='markdown',caption = "model fitting table")

Table 4: model fitting table

Estimate Std. Error t value  Pr(>lt|)
(Intercept) 31.032222  0.4930314 62.941670 0.0000000
power.L 8.636131  0.8539555 10.113092 0.0001620
logspeed. . -1.046518  0.8539555  -1.225495  0.2749607
logspeed.Q  -3.900132  0.8539555  -4.567137 0.0060176

# 1 F F #) model fitting table * AT 2] 89 S &3t A
7 = 31.03222, & =8.636131, B = —1.046518, 3@ = —3.900132
HFE A sequential F test Z T F &) ANOVA table

options(knitr.kable.NA = '')

kable(anova(lm.fit3_r),format='markdown',

caption =

Table 5: ANOVA table

"ANOVA table")

Df Sum Sq  Mean Sq F value Pr(>F)
power.LL 1 223.74827 223.74827 102.274636 0.0001620
logspeed.L 1 3.28560 3.28560 1.501837  0.2749607
logspeed.Q 1  45.63309  45.63309  20.858743 0.0060176
Residuals 5 10.93860 2.18772

T LB power & log(speed) #2412 45 A 4 # 8§ A Fv drop-one t test B — RO ER > HE R RHFEH UL

A order #9%E 5 A % #3E r ANOVA table %
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Im.fit3_f <- lm(strength~factor(power)+factor(speed),data = dat3)
options(knitr.kable.NA = '')
kable(anova(lm.fit3_f) ,format='markdown',caption = "ANOVA table")

Table 6: ANOVA table

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

factor(power) 2 224.18382 112.091911 42.689303 0.0020029
factor(speed) 2 48.91869 24.459344 9.315145 0.0312421
Residuals 4 10.50304 2.625761

T LA B power K b2 B A& speed KL M S A B8 £ & > 1% 4T residual analysis

par (mfrow=c(2,2))
plot(dat3$power,1lm.fit3_r$residuals,xlab="'power',ylab='residual',pch=20)
abline (h=0,1ty=2,col="red")
plot(log(dat3$speed) ,lm.fit3_r$residuals,
xlab='log(speed)',ylab='residual',pch=20)
abline (h=0,1ty=2,col="red")
plot(dat3$strength,lm.fit3_r$residuals,xlab="'strength',ylab="'residual',pch=20)
abline (h=0,1ty=2,col="red")
plot(Im.fit3_r$fitted.values,lm.fit3_rPresiduals,
xlab='fitted value',ylab='residual',pch=20)
abline(h=0,1ty=2,col="red")
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plot(lm.fit3_r,2)
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Problem 4.
Do Problem 28 in Chapter 3 of textbook.

Natrella (1963, pp. 13-14) described an experiment on a resistor mounted on a ceramic plate in which the
impact of four geometrical shapes of the resistors on the current noise of the resistor is studied. Only three
resistors can be mounted on one plate. The design and data for the resistor experiment are given in Table
3.48.

Table 3.48 Data, Resistor Experiment

Shape
Plate A B C D
1 1.11 0.95 0.82
1.70 1.22 0.97

1.60 1.11 1.52
1.22 1.54 1.18

AW N

Figure 3: Table 3.48

(a) Describe and justify the design.
AR5 A B FF i & Table3.48 T LA 45 3L shape # treatment factor > plate Bl % block factor » B ARIE &£ A& T
BRI JEFR A pairs AT E B > ML £ H 18 block F#AT =4 K [ treatment 89 T8k > b2 HHRiE
treatment R % 7 &£ M4 WBC A —#4 BBC > B 4 4 sk A — Balanced Imcomplete Block Design(BIBD) »
BESZHLT

number of treatments : ¢t =4

number of blocks : b =
block size : k=3

each treatment repicated times : r = 3

number of within blocks comparison : A =

(b) Analyze the experiment.
B hmE U TR
Y =nt+ao;+7;+¢; fori=1,234 j=ABC,D
H ¥ n K& overall mean > ; X% block effect(plate) » 7; K& treatment effect(shape) > €;; ~ N(0,0%) 4%
RFER 0 HFH AT %2 ANOVA table

y <- c(1.11,1.70,1.60,1.22,1.11,1.22,0.95,1.52,1.54,0.82,0.97,1.18)
blk <- factor(c(1,2,3,2,3,4,1,3,4,1,2,4))
trt <- gl(4,3,labels = c('A','B','C','D"))
dat4 <- as.data.frame(t(rbind(y,blk,trt)))
aovibd <- aov.ibd(y~factor(blk)+factor(trt),data = dat4,
specs = "trt",alpha=0.05,add.intercept = TRUE)$ANOVA.table
options(knitr.kable.NA = '')
kable (aovibd,format='markdown',caption = "ANOVA table")
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Table 7: ANOVA table

Sum Sq Df F value Pr(>F)

(Intercept) 2.3869714 174.29510  0.0000445
factor(blk)  0.4288583 10.43832 0.0136052
factor(trt)  0.4650583 11.31942 0.0114559
Residuals 0.0684750

Tt w W

A% L ANOVA table &4 R =T LA 3, treatment(shape) 8 p-value=0.01146<0.05 * f£## K% o = 0.05
THE®R H, * B3R FE) shape X ] BA ##¥ £ £ » #3144 A Tukey method #4T multiple comparison testing
BRI TR

HéjiTi:Tj v.8. Hfj:Ti#Tj fori,j=1,-,4,i#+j

H ¥ multiple comparison test statistic %

1 5.218325

1
bl = —= = ——— = 3.689913
\@Qt,bk b—t+1, \/5%,5,0.05 /2

It >

AlE4 T,

y <- ¢(1.11,1.70,1.60,1.22,1.11,1.22,0.95,1.52,1.54,0.82,0.97,1.18)
blk <- factor(c(1,2,3,2,3,4,1,3,4,1,2,4))

trt <- gl(4,3,labels = c('A','B','C','D"))

aovtukey <- aov(y~blk+trt)

library (multcomp)

fit <- glht(aovtukey,linfct=mcp(trt="Tukey"))

aovcom <- summary(fit)

aovcom

#it

##  Simultaneous Tests for General Linear Hypotheses
#i#

## Multiple Comparisons of Means: Tukey Contrasts

#it

#it

## Fit: aov(formula = y ~ blk + trt)

##

## Linear Hypotheses:

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

## B - A == 0 -0.45500 0.10135 -4.490 0.0235 =*
## C - A ==0 -0.15625 0.10135 -1.542 0.4813

## D - A == 0 -0.50375 0.10135 -4.971  0.0154
## C - B==0 0.29875 0.10135 2.948 0.1073

## D - B == 0 -0.04875 0.10135 -0.481 0.9602

## D - C == 0 -0.34750 0.10135 -3.429 0.0652 .
## ——-

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

## (Adjusted p values reported -- single-step method)
RABEEFERTUHER (AB) ~ (AD) 4 R4y treatment effect EHBEH LR -
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Problem 5.

Do Problem 35 in Chapter 3 of textbook.

Solution to Homework 4

To compare the effects of five different assembly methods (denoted by the Latin letters A,
B, C, D, and E) on the throughput, an experiment based on a Graeco-Latin square was
conducted which involved three blocking variables: day, operator, and machine type. The
data are given in Table 3.50, where the machine type is denoted by the five Greek letters.
The response, throughput, is the number of completed pieces per day and is given in the
parentheses in the table. Analyze the data and compare the five assembly methods. Which
of the methods are significantly better than the others?

Table 3.50 Throughput Data
Operator

Day 1 2 3 4 5
1 Aa (102) | Bf (105) | Cy (82) | D6 (141) | Ee (132)
2 By (92) | C6 (112) | De (131) | Ea (112) | A (99)
3 Ce (96) | Da (130) | Ef (108) | Ay (73) | B& (129)
4 | Dp (1200 | Ey (100) | A6 (111) | Be (116) | Ca (100)
5 Eé (123) | Ae (110) | Ba (111) | Cp (85) | Dy (100)

Figure 4: Table 3.50
BB T A
Yii =N+ + B+ T+ G + € fori=1,-5, j=1,5 1=A - E,

m=q,-,€

HF n K& overall mean > a; K& Day - ; K#& Operator > 7; /X% different assembly methods(Latin

letter) * ¢, X% machine type(Greek letter)
aovglsd <- tidy(aov(Throughput~Day+0Operator+Method+Machine,data = datb))

options(knitr.kable.NA = '')

€ijlm

kable (aovglsd,format='markdown',caption =

"ANOVA table")

Table 8: ANOVA table

term df sumsq meansq statistic p-value
Day 4 1252 31.3  1.534314 0.2806024
Operator 4 167.2 41.8  2.049020 0.1800250
Method 4 2857.6 714.4  35.019608 0.0000408
Machine 4 3424.8 856.2 41.970588  0.0000206
Residuals 8 163.2 204

~ N(0,0%) R&BRZE > HFALTHEL ANOVA table

# 4% £ ANOVA table # % % 7T A% 3 treatment effect(Method) & block effect(Machine) # p-
value<0.05 * f£BA# KB o = 0.05 FT4EL H, > B LR F assembly methods & machine type & B Fi % #
FEE > #HE# M Tukey method #4T multiple comparison testing

aovtukey <- aov(Throughput-~Day+Operator+Method+Machine,data

fit <- glht(aovtukey,linfct=mcp(Method="Tukey"))

aovcom <- summary(fit)
aovcom

##

##  Simultaneous Tests for General Linear Hypotheses

##

10

= dath)
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## Multiple Comparisons of Means: Tukey Contrasts
##
#i#
## Fit: aov(formula = Throughput ~ Day + Operator + Method + Machine,
#it data = datb)
#it
## Linear Hypotheses:
## Estimate Std. Error t value Pr(>|tl)
## B - A ==0 11.600 2.857 4.061 0.02222 *
## C - A==0 -4.000 2.857 -1.400 0.64405
## D - A == 0 25.400 2.857 8.892 < 0.001 *xx
## E - A==0 16.000 2.857 5.601 0.00338 *x*
# C - B =0 -15.600 2.857 -5.461 0.00395 *x*
## D - B==0 13.800 2.857 4.831 0.00827 *x*
## E - B == 0 4.400 2.857 1.540 0.56752
## D - C 0 29.400 2.857 10.292 < 0.001 *xx
## E - C==0 20.000 2.857 7.001 < 0.001 *xx
# E-D==0 -9.400 2.857 -3.291 0.06261 .
## -—-
## Signif. codes: O '**x' 0.001 'xx' 0.01 'x' 0.056 '.' 0.1 ' ' 1
## (Adjusted p values reported -- single-step method)

Solution to Homework 4

WRIEETERTUER (AB)~ (AD)~ (A,E)~ (B,C)~ (BD): (C,D)~ (C.E) @b AAMEMLE » Bk
b £ R T SR, Method D R 4F -

11
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