NTHU STAT 5510, 2024 Solution to Homework 3

BB 2% st 921 - # HW3 solution

Problem 1.
Do Problem 1 in Chapter 2 of textbook.
For the pulp experiment obtain the 95% simultaneous confidence intervals for the six pairs

of treatment differences using the Bonferroni method and the Tukey method. Which gives
shorter intervals?

kable(cbind(dat1[1:5,],dat1[6:10,],dat1[11:15,],dat1[16:20,]),
format = "markdown",caption = "Pulp Experiment Data",align = 'c') %>%
kable_styling(position = "center")

Table 1: Pulp Experiment Data

bright operator bright operator bright operator bright operator
59.8 a 59.8 b 60.7 ¢ 61.0 d
60.0 a 60.2 b 60.7 c 60.8 d
60.8 a 60.4 b 60.5 ¢ 60.6 d
60.8 a 59.9 b 60.9 ¢ 60.5 d
59.8 a 60.0 b 60.3 ¢ 60.5 d

b LE AT AR

Yi; =n+7 €5 fori=1,-4  j=1,5.

H ¥ n K& overall mean * 7, K& operator effect * ¢;; ~ N(0,0%) K&E#£ZH i K&k a b c d @@
operators * k B|4X. &8 operators # % %R T 5 °
& 31 00T B3R ) )

Hy 1, =7; vs. H:m #71, fori,j=1,-4i#j

H ¥+ t-statistic &

P it

WRAFAEEAE R T 7 A8 R LE R E R

1. Bonferroni method:
#&4% Bonferroni method A& t-statistic F&FIsEH AT 12 48 & F

[t — EN—k, 520 i TNk, 2, ]

EF K =(5) kA treatment E# > k' B A test 9R# > RIFFERIMEF AT LER

attach(datl)
bonfl = bonfCI(bright,operator)
kable (bonfl$summary,format='markdown',caption = "95% Bonferroni confidence intervals")
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Table 2: 95% Bonferroni confidence intervals

Diff  Lower Upper Decision  Adj. p-value
mua-mub 0.18 -0.44018 0.80018 FTR HO 1
mua-muc -0.38 -1.00018 0.24018 FTR HO 0.503359
mub-muc -0.56 -1.18018 0.06018 FTR HO 0.091504
mua-mud -0.44 -1.06018 0.18018 FTR HO 0.291823
mub-mud -0.62 -1.24018 0.00018 FTR HO 0.050093
muc-mud -0.06 -0.68018 0.56018 FTR HO 1
2. Tukey method:
Tukey method & t-statistic #FAFIAEH ST 12 # & F
[ L ti; +—= ]
ij \/ﬁqk,ka,ou i \/iqk},kar,a

Solution to Homework 3

b kA treatment 8% > g, v 4, A% student range & upper a-quantile * AR#E 3+ H HAIAEA AT

R
attach(dati)

tukeyl = tukeyCI(bright,operator)

kable (tukeyl$summary,format='markdown',caption = "95Y, Tukey-Kramer confidence intervals")

Table 3: 95% Tukey-Kramer confidence intervals

Diff  Lower Upper Decision Adj. p-value
mua-mub  0.18  -0.40981 0.76981 FTR HO 0.818543
mua-muc  -0.38 -0.96981 0.20981 FTR HO 0.290304
mub-muc -0.56 -1.14981 0.02981 FTR HO 0.065794
mua-mud -0.44 -1.02981 0.14981 FTR HO 0.184479
mub-mud -0.62 -1.20981 -0.03019 Reject HO 0.037669
muc-mud -0.06 -0.64981 0.52981 FTR HO 0.991078

B 5 B FAE 0 Bty 00 = 3.008334 > 2.86102 = Lq 16005 * Bt Tukey method #4 #
712 El B
& M & tb Bonferroni method #9412 #8 & F4a -
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Problem 2.
Do Problem 2 in Chapter 2 of textbook.

(a) For the pulp experiment show that neither the Bonferroni nor the Tukey method declares
any pair of treatments as different at the 0.01 level.

4% Problem 1. ¥ &) &RTUH R > FXE o =0.01 > BAA pvalue ¥ A% o =0.01 FEL H, ¥k
H RPFEIEH A operators MBI FTRERGFAZEZER -

(b) How do you reconcile the finding in (a) with the result in Section 2.1 that the F' test rejects
the null hypothesis H, at the 0.05 level? After rejecting the null hypothesis, do you expect the
multiple comparison method to identify at least one pair of treatments as different? (Hint:
One is at the 0.01 level while the other is at the 0.05 level.)

Section 2.1 FiE A 09 BA# KE o 2 Problem 1. P A B ZKERE > FHRERARE > jo LARTH F kT
] » FF A Section 2.1 #2 Problem 1. &3 R E & 438 -

(c) Recall that the p value for the observed F statistic value 4.20 is 0.02. How can you use this
fact to reach the same conclusion in (a) without actually performing the multiple comparisons?
(Hint: Use the relationship between the p value and the significance level of the F test.)
#RAFA B AT > Problem 1. P4 F-test 4 p-value=0.02 » AT X E o = 0.01 * B REZELERFIERL H, >
MR RFEIER A operators I ERERFLEEE > 1724 (a) MBI & ©
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Problem 3.
Do Problem 14 in Chapter 2 of textbook.

Data from a one-way lay out are given in Table 2.8. The response is the muzzle velocity (in feet per second)
of mortar-like antipersonnel weapon. The quantitative factor is the discharge hole area (in square inches),
which has four levels in the experiment. An inverse relationship between muzzle velocity and discharge hole
area was expected because a smaller hole would increase the pressure pulse of the propellant gases. Analyze
the data in two ways:

kable(dat3,format = "markdown",caption = "Adapted Muzzle Velocity Data")

Table 4: Adapted Muzzle Velocity Data

A.0.016. B.0.030. (C.0.044. D.0.058.

294.9 295.0 270.5 258.6
294.1 301.1 263.2 255.9
301.7 293.1 278.6 257.1
307.9 300.6 267.9 263.6
285.5 285.0 269.6 262.6
298.6 289.1 269.1 260.3
303.1 277.8 262.2 305.3
305.3 266.4 263.2 304.9
264.9 248.1 224.2 216.0
262.9 255.7 227.9 216.0
256.0 245.7 217.7 210.6
255.3 251.0 219.6 2074
256.3 254.9 228.5 214.6
258.2 254.5 230.9 214.3
243.6 246.3 227.6 222.1
250.1 246.9 228.6 222.2

(a) by treating it as a one-way layout and using an F' test and multiple comparisons;
¥ BT R

Yy =n+7 +e; fori=ABC,D, j=1,-,16
H ¥ n K& overall mean * 7; X% treatment effect(the discharge hole area) > ¢, ~ N(0,0?) R&3%£E
I TR R

Hy:1y=17p=7c=7p v.s. H;:not Hy
HH AT 7 F-test

dat3_block=stack(dat3)
treatment=rep(c(0.016,0.030,0.044,0.058) ,each=16)
dat3_block=cbind(dat3_block,treatment)

aovtab3 = tidy(aov(values~ind,data = dat3_block))
options(knitr.kable.NA = '')

kable (aovtab3,format='markdown',caption = "ANOVA table")

Table 5: ANOVA table

term df sumsq meansq  statistic p-value

ind 3 13514.98 4504.9937 7.066609 0.0003813
Residuals 60 38250.26  637.5043
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&%t & p-value = 0.0003813 » B bR O E R NHFRAFBE -
HEFZ I U TBEMRE > # multiple comparisons

HéjIT:T» V.8. Hfj:T»rfér fori,j=1,-,4,i#j

7 J T J
1. Bonferroni method
A& 4% Bonferroni method & t-statistic #1474 LA T rejection region

[t:;] > t60,0.05/12 = 2.728552

bonf3 = bonfCI(dat3_block$values,dat3_block$ind)
kable (bonf3$summary,format='markdown',caption = "95% Bonferroni confidence intervals")

Table 6: 95% Bonferroni confidence intervals

Diff Lower Upper Decision Adj. p-value
muA.0.016.-muB.0.030. 7.95 -16.40728 32.30728 FTR HO 1
muA.0.016.-muC.0.044. 30.56875 6.21147 54.92603 Reject HO 0.0067
muB.0.030.-muC.0.044. 22.61875 -1.73853 46.97603 FTR HO 0.083478
muA.0.016.-muD.0.058. 34.18125 9.82397 58.53853 Reject HO 0.001859
muB.0.030.-muD.0.058. 26.23125 1.87397 50.58853 Reject HO 0.028051
muC.0.044.-muD.0.058. 3.6125 -20.74478 27.96978 FTR HO 1

fe ERT I 0 A-C > A-D ~ B-D #) p-value /14 0.05 464 Hy > b=z MM BARMF£E -

2. Tukey method
A& 4% Bonferroni method & t-statistic #& 144 KL T rejection region

1
[ti5] > —=d4,60,0.05 = 2:642521

V2
tukey3 = tukeyCI(dat3_block$values,dat3_block$ind)
kable (tukey3$summary,format="'markdown',caption = "95% Tukey-Kramer confidence intervals")

Table 7: 95% Tukey-Kramer confidence intervals

Diff Lower Upper Decision Adj. p-value
muA.0.016.-muB.0.030. 7.95 -15.6393 31.5393 FTR HO 0.809747
muA.0.016.-muC.0.044. 30.56875 6.97945 54.15805 Reject HO 0.005991
muB.0.030.-muC.0.044. 22.61875 -0.97055 46.20805 FTR HO 0.064808
muA.0.016.-muD.0.058. 34.18125 10.59195 57.77055 Reject HO 0.00172
muB.0.030.-muD.0.058. 26.23125 2.64195 49.82055 Reject HO 0.023551
muC.0.044.-muD.0.058. 3.6125 -19.9768 27.2018 FTR HO 0.977394

WERT OB > A-C ~ A-D ~ B-D # p-value §/ 7 0.05 I8 H,» b=MX R B EFRAFELE -

(b) by using orthogonal polynomials to model the linear and quadratic effects. (Note: These
data are obtained by collapsing and adapting three-way layout data given in an exercise in
Chapter 3.)

RIFEAE ZERA orthogonal polynomials & LA T AL A

y =By + B P (7) + By Py(x) + €, €~ N(0,02).
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Im.fit3 <- 1lm(values~poly(treatment,2),data = dat3_block)
sumtab3 = summary.lm(lm.fit3)
kable (sumtab3$coefficients,format="'markdown',caption = "model fitting table")

Table 8: model fitting table

Estimate Std. Error t value Pr(>[t|)
(Intercept) 259.2250 3.167031 81.8510987 0.0000000
poly(treatment, 2)1 -111.9487 25.336251 -4.4185204 0.0000415
poly(treatment, 2)2 8.6750 25.336251 0.3423948 0.7332308

# £ & T 253 linear effect BAZE@® 00 B 5, = —111.949 » Hb¥ 0 fBHK » R EAE -

resplot = ggplot(lm.fit3, aes(x = .fitted, y = .resid)) +
geom_point(color='black',size=1) +
geom_hline(yintercept = 0,linetype = 2) +
# geom_smooth(se=FALSE,color="'darkred’', linewidth=.5) +
labs(title='Residual vs. Fitted Values', x='Fitted Values', y='Residuals') +
theme_bw ()

residuals = residuals(lm.fit3) %>} scale()

qgplot = ggplot(data.frame(residuals = residuals), aes(sample = residuals)) +
geom_qq(color='black',size=1) +
geom_abline(intercept = mean(residuals),slope = sd(residuals),linetype = 2) +
labs(title='Normal Q-Q', x='Theoretical Quantiles', y='Standardized Residuals') +

theme_bw ()
grid.arrange(resplot, qgplot, ncol=2)
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KB L 6y residual plot > T A RLERAHE S, EAT RE > BE normal Q-Q HAEH I residual 3£ R
TR TR E > £1BE B 48 note 5400 B A EFH A three-way layout data > AR R HA—18 factor °
SEAE AT Bl R R A -
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Problem 4.
Do Problem 17 in Chapter 2 of textbook.

Solution to Homework 3

A new electronic device for measuring blood pressure is introduced in the market. An experiment has been
conducted to compare the precision (measurement variation) of measurements taken by the new device with
those taken by doctors with existing devices. Three devices are randomly selected from store and three
doctors (with their own existing devices) are randomly chosen from all available doctors. One patient’s
On each day, the blood pressure was read by all three
devices and three doctors. The readings are listed in Table 2.11.

blood pressure has been monitored for 15 days.

kable(dat4,format =

"markdown",caption =

"Blood Pressure Data")

Table 9: Blood Pressure Data

Day Devl Dev2 Dev3 Docl Doc2 Doc3
1 133.34 133.36 133.45 126.54 127.36 131.88
2 11094 110.85 110.92 124.69 128.86 132.39
3 118.54 118.56 118.67 125.46 129.43 134.43
4 13794 13780 137.77 12595 130.72 134.28
5 139.52 139.62 139.59 125.90 130.13 134.44
6 139.23 139.11 139.36 127.85 132.03 137.37
7 11796 117.81 117.85 125.55 132.05 132.17
8 119.59 119.42 119.48 125.80 129.87 134.97
9 116.12 116.00 115.93 125.11 128.09 133.97

10 128.38 128.48 128.41 125.75 131.94 132.68
11 125.17 125.25 125.34 128.77 130.05 134.75
12 134.62 134.41 134.55 125.26 131.13 134.29
13 136.14 136.07 136.22 126.26 130.91 133.38
14 131.21 131.03 130.96 125.68 128.83 135.67
15 132.51 132.86 132.65 124.47 129.46 134.39

(a) Analyze the blood pressures measured by devices and by doctors separately using a
one-way random effects model. Your work should include two ANOVA tables, one for devices
and one for doctors. You should also include F tests and estimates of variance components.

dat4_dev
dat4_doc

dat4[,2:4] >% gather(dev,y)
dat4[,5:7] %>’ gather(doc,y)

BARMBREAZSGARNM M ERESXMATAELE

model R A > BEBRRATF ¢
Yij = 0+ TV + ey

EF e~ N(0,0%) 78 ~ N(0,02

rdev

aovtab4_dev =
options(knitr.kable.NA = '')

kable (aovtab4_dev,format='markdown',caption =

Table 10: ANOVA table

fori=1,2,3,

) EEBEHL ANOVA table
tidy(aov(y ~ dev, data = dat4_dev))

"ANOVA table")

j=1,--,15.

term df

sumsq

meansq

statistic

p-value

dev 2

0.0135644

0.0067822

7.7e-05
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term df sumsq meansq  statistic p-value

Residuals 42 3699.4370667 88.0818349

DA R f BB o2 B szcv g
e 52 =MSE = 88.08

. 62, = MSTr-MSE _ 0.01-88.08 _ _5g7 = (

HERKZMTRERRE S8 E4 5 2 M 69 8E L MAEY sum of square £ -F %7 % > B ANOVA table
P Ftest 89 pvalue wiR K > R E BB REE > BUAARABEHEARR SV EARIMGLAESLE - &
FREH= f@]*ﬂéﬁ S MR EBRATHEELEE > BIE X B —18 one-way random effects model Rk
S BABR R A

=p+78°+ey fori=1,2,3 j=1,-,15.

E¥ ey~ N(0,0%) 7~ N (O,JTdoc) P BEBE L ANOVA table

aovtab4_doc = tidy(aov(y ~ doc, data = dat4_doc))
options(knitr.kable.NA = '')
kable(aovtab4_doc,format='markdown',caption = "ANOVA table")

Table 11: ANOVA table

term df sumsq meansq  statistic p.value

doc 2 496.32517 248.162587 139.0973 0
Residuals 42 74.93195 1.784094

DA ko S 07 B o2, 435

MSTr— MSE 24816 — 1.
— MSE =178 62, = STr—MSE _ 248 615 ™ 16425
n

BH7 ANOVA table ¥ F test & p value 48/ > RARE B X MR 2 EOMEEE - BILZRMA LHE
BEARR G2 MR ElFEBEE LR -

(b) What can you conclude from (a)?

R o(a) NEFEIERM T > ZERAFMABSAE  FESIMABZLZERAR AR BAXRERERS
REHEERK -

WRE— S HBEEBFMAER N BRENRE M EAAABAEOBRE > RMTRERE—EHERESHAAE
HeymBEGEBRK > EHNEEEMNM T » KRIVAA BT 0B RAE 02, A& o2, fTEGTEbE
A &k sk ANOVA T$frf§% FAME B BT R B RS -

(c) Find 95% confidence intervals for the mean blood pressure measured by devices and the
mean blood pressure measured by doctors.

uwZ 95% EREMWT
iy MSTr . n MSTr
14 2,0975\/ 157 3 SaH 2,097\ 15 3

B SbHT & B8y 5% TR E R A

10.01 10.01
[ 128.0664 — 4.3027 TR ,128.0664 + 4.3027 El ] = [128.0023,128.1305]
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BAW BN FHRERA

[248.16 1248.16
[ 130.0213 — 4.3027 5 130.0213 + 4.3027 15 ] =[119.9172,140.1254]

10
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Problem 5.
Do Problem 18 in Chapter 2 of textbook.

(a) Explain why the parameter ¢ in the one-way random-effects model in (2.39) is called the
population mean.

e one-way random effects model:

yij:’r]+7—i+€ij7 ’l::l’a..7]{j, _]:1’7”2 (239)
treatment effect 7, R4 treatment #)F AR > HBLR v, LA
E(y;) =EMm+71,+¢5) =n

B E X &AM 40 n A response # population mean > n % J& T treatment population ¥ 77 [F treatment &
Ffi % #) experimental units 45 %] 8934 % -

(b) Argue, by using a concrete example, that the ¢ in (a) is generally of interest (and that is
why we gave a formula for its confidence interval) while the grand mean parameter ¢ in the
one-way fixed-effects model in (2.1) is generally not of interest.

o fixed effect model: treatment &97K%E & &b FoH LB IE - AL BE T KEYH response £ F E 4
BEEZE > B treatment B9KE I A ZHEAZR > AR 85K K E /B treatment #9882 > & fixed
effect model T/F 2| Y&/ R A AT RA B R KE L » BwEER £ XM treatment 8985 -

o random effect model: treatment &97KZEZR % A% EREY) » B LT LK & 218 treatment 89 &5 > B A
MR > FRAE N K EZ MM EZRBETHEBR Y 2 9EW -

PA3RA Pulp experiment % %] » treatment A#AFR > £ A F S B RAHENT > s RMBERFRMA
A £ER > WAMEA random effect model * # AT A BB PIEMIM R EREE RMETHR 5 R A4
HTwoEHEEEXRATAHEZE > BT RER fixed effect model > 3 E W EHEAE B BATE B RaoA4FER G
WG HEAE B AR E B ik 0 B fixed effect model &3 e ) SN EE Y n RIBIREROALA T R4
BB 1380 ) RN ET® no Gk 4 0 £ fixed effect model ¥ ° 7 R KAEX & response B 548
¥ ¥ > /2 R4 random effect model ¥ @ BBIEF BAF A AR ek k4 E] - AZEFATS o P me
BAE R AP R B9 -

11
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