12 Dvouvybérové neparametrické testy

12.1 Wilcoxoniv dvouvybérovy exaktni test

Necht Xi1,... , X1n,, m1 > 2 je ndhodny vybér ze spojitého rozdéleni s distribu¢ni funkci Fi(x) a Xo1,..., Xon,,
ny > 2 je na ném nezdvisly ndhodny vybér ze spojitého rozdéleni s distribuéni funkei Fy(z). O distribuénich
funkcich Fy(x) a Fy(z) pifedpokldddme, Ze se navzdjem lisi pouze posunutim. Necht déle #; je medidn ndhodného
vybéru Xi1,..., X1, a T2 je medidn ndhodného vybéru Xo1, ..., Xo,, a Zo je konstanta. Na hladiné vyznamnosti
a testujeme jednu z nasledujicich tii hypotéz oproti prislusné alternativni hypotéze.

Hy 131 — 32 = 29 oproti Hy1 %1 — 29 # %9 (oboustrannd alt.)
Hys : 21 — 2o < Zg oproti Hyg: %1 — T3 > &y (pravostrannd alt.)
Hys : &1 — T2 > T oproti Hy3:%1 — T3 <%y (levostrannd alt.)

Test nazyvame Wilcoxonuv dvouvybérovy exaktni test o rozdilu medidnu ; — Zo. Testovaci statistika ma tvar

na

s5=38 (12.1)
j=1

kde ny je rozsah druhého ndhodného vybéru a S;, j = 1,...,ng, je pofadi ndhodnych veli¢in Xo,,..., Xs,, druhého
néhodného vybéru v sefazeném vektoru vsech ni +ns hodnot z obou ndhodnych vybéru. Statistika W je tedy soucet
poradi hodnot Xo1,..., Xo,,, v sefazeném vektoru vSech n; + ne hodnot. Kriticky obor podle zvolené alternativni
hypotézy ma tvar

Hyy 2 &1 — Tg # T W = (—00; Wn, ny(/2)) U (W, ny (1 — af2) 5 00)
His: 21 — 2o > Zo W:<wn1,n2(1—a);00)
H13 : .’i‘l — 532 < i‘o w (_OO; wnhnz(a»

kde Wiy ny (00/2), Wny ny (1 — @/2), Wiy s (), Wiy my (1 — @) jsou tabelované kvantily pro dvouvybérovy Wilcoxonuv
test, jejichz hodnoty ziskdme pitkazem qwilcox().

Interval spolehlivosti ma podle zvolené alternativni hypotézy jeden z nésledujicich tvara

Hyy i@ — 22 # o (d,h) = (U(wnl’"Q (/2)) ; U(w"l’"z(liaﬂ)ﬂ))
His:2Z1— 29 > o (d, OO) = (U(w'"l”'% (a)) ; 00
Hyz: 21— 22 <o (=00, h) = (—o0; UWnina(1=a)+1))
e <...< 11m2) znaci vzestupné serazené rozdily Y, — X;, 1 =1,...,n1, 7 =1,...,n92, a znaci z-ty
kde UMW U(nan2) { $rozdily Yy — Xi, i =1 =1 U@ { 2ty

sefazeny rozdil.

p-hodnota mé v zavislosti na zvolené alternativni hypotéze jeden z nésledujicich tvaru

Hyi: %1 — T # T p-hodnota = Zmin{Pr(SE < SE) R PI"(SE > SE)}
His 121 — 22 > 2o p-hodnota = PI“(SE > SE) =1- PI"(SE < SE)
Hy3:2Z1 — T < Zo p-hodnota = Pr(Sg < sg)

kde Sg je ndhodnd veli¢ina, sy je realizace testovaci statistiky Sg (viz vzorec 12.1), tedy konkrétni éislo, a
Pr(Sg < sg) je distribu¢nf funkce tabelovaného rozdélen{ pro Wilcoxonuv dvouvybérovy exaktni test, jejiz hodnotu
ziskame pomoci @ a implementované funkce pwilcox().
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Priklad 12.1

. Wilcoxontiv dvouvybérovy exaktni test

Reseni piikladu 12.1

data <- read.delim(’00-Data//18-more-samples-variances-clavicle.txt’)

head (data)

cla.LIl <- datal[data$pop == ’indl’, ’cla.L’]

cla.LIl <- na.omit(cla.LIl)

cla.LI2 <- datal[data$pop == ’ind2’, ’cla.L’]

cla.LI2 <- na.omit(cla.LI2)

nl <- length(cla.LIl)

n2 <- length(cla.LI2)

par(mar = c(5, 4, 1, 2), family = ’Times’)

ggqnorm(cla.LIl1, main = ’’, xlab = ’’, pch = 21, col = ’red’, bg = ’bisque’,
ylab = ’vyberovy kvantil’, las = 1)

mtext (’teor
mtext (bquot

eticky kvantil’, side = 1, line = 2)
e (paste(’Lillieforsuv test: p-hodnota = ’, .(round(nortest::1lillie.test(cla.

LI1)$p.val, 4)))),

side
gqline (cla.

gqqnorm(cla.

ylab
mtext (’teor
mtext (bquot

1, line = 3.2)
LI1, 1lwd = 2, col = ’darkred’)

LI2, main = ’’, xlab = ’’, pch = 21, col = ’dodgerblue3’, bg = ’mintcream’,
= ’vyberovy kvantil’, las = 1)

eticky kvantil’, side = 1, line = 2)

e (paste(’Lillieforsuv test: p-hodnota = ’, .(round(nortest::1lillie.test(cla.

LI2)$p.val, 4)))),

side
gqline (cla.

= 1, line = 3.2)
LI2, 1lwd = 2, col = ’darkblue’)
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Obrézek 1: Kvantilové diagramy délky kliéni kosti z levé strany u muzu indické populace z Amritsaru (vlevo) a
indické populace z Varanasi (vpravo)
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S 0.06 :’ rs
3 ~ 0.6 c s
— X [ J 'y
c 0.04 — hg -
< g
[} ] [ d
£ 002 0.2 o . p. z Amritsaru
. L L —e— p. z Varanasi
0.00 — e — 0.0 ——
1 T T T T T 1 | | | | | |
125 137 149 161 120 130 140 150 160 170
delka leve klicni kosti (v mm)
delka leve klicni kosti (v mm) KS-test: p—hodnota 6.919

Obrézek 2: Porovnani histogramu a graf distribu¢nich funkei délky kli¢ni kosti z levé strany u muzu indické populace
7z Amritsaru a indické populace z Varanasi
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par(mar = c(5, 4, 1, 2), family = ’Times’)
hist(cla.LI1, prob = T, breaks = seq(122, 170, by = 6), main =

7, axes

col = rgb(0.9, 0, 0, 0.2), density = 80, xlim = c(120, 170),
xlab = ’delka leve klicni kosti (v mm)’, ylim = c(0, 0.085),
ylab = ’relativni cetnost’)

hist(cla.LI2, prob = T, breaks = seq(124, 166, by = 6), main = ’’, axes
col = rgb(0, 0, 0.9, 0.2), density = 80, add = T)

box(bty = ’07)

axis (1, seq(125, 167, by = 6))

axis (2, las = 1)

lines(density(cla.LI2), 1lwd = 2, col = ’blue’)

lines(density(cla.LI1), 1lwd = 2, col = ’red’)

legend (’topleft’, fill = c(rgb(0.9, 0, 0, 0.2), rgb(0, 0, 0.9, 0.2)),

legend = c(’p. z Amritsaru’, ’p. z Varanasi’), bty = ’n’)

plot (ecdf (cla.LI1l), col = ’red’, main = ’’, xlim = c(120, 170), ylab =
xlab = ’’, las = 1, cex = 0.6)

plot (ecdf (cla.LI2), add = T, col = ’blue’, cex = 0.6)

ks.val <- round(ks.test(cla.LI2-mean(cla.LI2), cla.LIl-(mean(cla.LI1)))$p.val, 4)

mtext (’delka leve klicni kosti (v mm)’, side = 1, line = 2.1)

mtext (bquote (paste (’KS-test: p-hodnota = ’, .(ks.val))), side =
legend (’bottomright’, col = c(’red’, ’blue’), 1lty = 1, pch = 20
legend = c(’p. z Amritsaru’, ’p. z Varanasi’), bty = ’n’

H)

)

1, line

[}
|

[}
]

"F(x)°,

= 3.3)
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Priklad 12.2. Wilcoxontiv dvouvybérovy exaktni test

Reseni piikladu 12.2

data <- read.delim(’00-Data//15-anova-means-skull.txt’
head (data)

upface.HN <- datal[data$pop == ’nem’, ’upface.H’]
upface.HN <- na.omit (upface.HN)
upface.HC <- datal[data$pop == ’cin’, ’upface.H’]

upface.HC <- na.omit (upface.HC)
nl <- length(upface.HN)
n2 <- length(upface.HC)

par(mar = c(5, 4, 1, 2), family = ’Times’)

gqnorm (upface.HN, main = ’’, xlab = ’’, pch = 21, col
ylab = ’vyberovy kvantil’, las = 1)

mtext (’teoreticky kvantil’, side = 1, line = 2)

mtext (bquote (paste (’Shapiro-Wilkuv test: p-hodnota =
p.val, 4)))),
side = 1, line = 3.2)

gqline (upface.HN, lwd = 2, col = ’darkred’)
gqnorm (upface.HC, main = ’’, xlab = ’’, pch = 21, col
ylab = ’vyberovy kvantil’, las = 1)

mtext (’teoreticky kvantil’, side = 1, line = 2)
mtext (bquote (paste (’Shapiro-Wilkuv test: p-hodnota = ’
p-val, 4)))),
side = 1, line = 3.2)
gqline (upface.HC, lwd = 2, col = ’darkblue’)

)

B

>

’red’, bg = ’bisque’,

.(round (shapiro.test (upface.HN)$

’dodgerblue3’, bg = ’mintcream’,

. (round (shapiro.test (upface.HC)$
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Obrézek 3: Kvantilové diagramy vysky horni ¢dsti tvafe muzu némecké populace (vlevo) a ¢inské populace (vpravo)
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vyska horni casti tvare
vyska horni casti tvare (v mm) KS-test: p—hodnota 8.6776

Obrézek 4: Porovnani histogramu a graf distribu¢nich funkei vysky horni ¢asti tvafe muzi némecké a ¢inské populace
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par(mar = c(5, 4, 1, 2), family = ’Times’)

hist (upface.HN, prob = T, breaks = seq(61, 76, by = 3), main = ’’, axes = F,
col = rgb(0.9, 0, 0, 0.2), density = 80, ylim = c(0, 0.13), xlim = c (57,
xlab ’vyska horni casti tvare (v mm)’,
ylab ’relativni cetnost’)

hist (upface.HC, prob T, breaks = seq(59, 79, by 4), main = ’’, axes = F,
col = rgb(0, 0, 0.9, 0.2), density = 80, add = T)

box(bty = ’07)
axis (1, seq(53.5, 80.5, by = 3))
axis (2, las = 1)
lines (density(upface.HC), lwd = 2, col = ’blue’)
lines (density (upface.HN), lwd = 2, col = ’red’)
legend (’topleft’, fill = c(rgb(0.9, 0, 0, 0.2), rgb(0, 0, 0.9, 0.2)),
legend = c(’nemecka p.’, ’cinska p.’), bty = ’n’)
plot (ecdf (upface.HN), col = ’red’, main = ’’, xlim = c(57, 81), ylab = ’F(x)’,
xlab = ’’, las = 1, cex = 0.6)

plot (ecdf (upface .HC), add = T, col = ’blue’, cex = 0.6)

ks.val <- round(ks.test(upface.HC - mean(upface.HC), upface.HN - (mean(upface.HN)))$p.

val, 4)
mtext (’vyska horni casti tvare’, side = 1, line = 2.1)
mtext (bquote (paste (’KS-test: p-hodnota = ’, .(ks.val))), side = 1, line = 3.3)
legend (’topleft’, col = c(’red’, ’blue’), 1lty = 1, pch = 20,
legend = c(’nemecka p.’, ’cinska p.’), bty = ’n’)

81),
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Priklad 12.3. Wilcoxontiv dvouvybérovy exaktni test

Reseni piikladu 12.3

data <- read.delim(’00-Data//19-more-samples-correlations-skull.txt’)
head (data)

intorb.BP <- datal[data$pop == ’per’, ’intorb.B’]
intorb.BP <- na.omit(intorb.BP)
intorb.BB <- datal[data$pop == ’ban’, ’intorb.B’]

intorb.BB <- na.omit(intorb.BB)
nl <- length(intorb.BP) # 46
n2 <- length(intorb.BB) # 14

par(mar = c(5, 4, 1, 2), family = ’Times’)
ggqnorm (intorb.BP, main = ’’, xlab = ’’, pch = 21, col = ’red’, bg = ’bisque’,
ylab = ’vyberovy kvantil’, las = 1)
mtext (’teoreticky kvantil’, side = 1, line = 2)
mtext (bquote (paste(’Lillieforsuv test: p-hodnota = ’, .(round(nortest::1lillie.test(

intorb.BP)$p.val, 4)))),
side = 1, line = 3.2)

gqline (intorb.BP, lwd = 2, col = ’darkred’)

gqnorm (intorb.BB, main = ’’, xlab = ’’, pch = 21, col = ’dodgerblue3’, bg = ’mintcream’,
ylab = ’vyberovy kvantil’, las = 1)

mtext (’teoreticky kvantil’, side = 1, line = 2)

mtext (bquote (paste (’Shapiro-Wilkuv test: p-hodnota = ’, .(round(shapiro.test(intorb.BB)S$

p-val, 4)))),
side = 1, line = 3.2)
gqline (intorb.BB, lwd = 2, col = ’darkblue’)
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Obrézek 5: Porovnani histogramt a graf distribu¢nich funkei interorbitalni sitky muzu peruanské a bantuské popu-
lace
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interorbitalni sirka (v mm) KS-test: p—hodnota 6.2958

Obrézek 6: Porovnani histogramt a graf distribu¢nich funkei interorbitalni sitky muzu peruanské a bantuské popu-
lace
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par(mar = c(5, 4, 1, 2), family = ’Times’)

hist (intorb.BP, prob = T, breaks = seq(17, 29, by = 2), main = ’’, axes = F,
col = rgb(0.9, 0, 0, 0.2), density = 80, xlim = c(15, 32), ylim = c(O,
xlab = ’interorbitalni sirka (v mm)’,
ylab = ’relativni cetnost’)

hist (intorb.BB, prob = T, breaks = seq(20, 30, by = 2), main = ’’, axes = F,
col = rgb(0, 0, 0.9, 0.2), density = 80, add = T)

box (bty = ’0’)

axis (1, seq(12, 36, by = 2))

axis (2, las = 1)

lines (density(intorb.BP), lwd = 2, col = ’red’)

lines(density(intorb.BB), lwd = 2, col = ’blue’)

legend (’topleft’, fill = c(rgb(0.9, 0, 0, 0.2), rgb(0, 0, 0.9, 0.2)),

legend = c(’peruanska p.’, ’bantuska p.’), bty = ’n’)

plot (ecdf (intorb.BP), col = ’red’, main = ’’, xlim = c(15, 32), ylab = ’F(x)’,
xlab = ’’, las = 1, cex = 0.6)

plot (ecdf (intorb.BB), add = T, col = ’blue’, cex = 0.6)

ks.val <- round(ks.test(intorb.BP - mean(intorb.BP), intorb.BB - (mean(intorb.BB)))$p.

val, 4)

mtext (’interorbitalni sirka (v mm)’, side 1, line = 2.1)

mtext (bquote (paste(’KS-test: p-hodnota = ’, .(ks.val))), side = 1, line = 3.3)

legend (’topleft’, col = c(’red’, ’blue’), 1lty = 1, pch = 20,

legend = c(’peruanska p.’, ’bantuska p.’), bty = ’n’)

11
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12.2 Wilcoxoniv dvouvybérovy asymptoticky test

Pro nahodné vybéry o rozsazich n; > 30 a ny > 30 mame moznost pouzit k otestovani nulové hypotézy asympto-
tickou variantu testu. Tuto variantu nazyvame Wilcoxonuv dvouvybérovy asymptoticky test o rozdilu medidanu
T1 — Zo. Testovaci statistika asymptotického testu ma tvar

S — na(ni+nz+1)
Sy ="2E 2 (12.2)

ninz(ni+na+1)
12

kde Sg je testovaci statistika definovana vztahem 12.1, ny je rozsah prvniho ndhodného vybéru, ns je rozsah druhého
nahodného vybéru. Za platnosti nulové hypotézy pochézi statistika U, ze standardizovaného normaélniho rozdélent,
tj.

S — na(n1+nz2+1)
Sy =2E 2 L N(,1).
ning(nit+na+1)
12

Kriticky obor podle zvolené alternativni hypotézy ma tvar

Hy 221 — T2 # & W = (=003 tay2) U (U1_q/2; o0)
Hio : %1 — Z9 > T W:<U1,Q;OO)
Hisz: 21— 29 < X W:(—oo;ua>

kde uq/2, U1—a/2; Ua, U1—q jsou kvantily standardizovaného normalntho rozdélent, jejichz hodnoty ziskdme pomoci
@ a implementované funkce gnorm().

Interval spolehlivosti ma podle zvolené alternativni hypotézy jeden z nésledujicich tvaru

Hyy i3 — 22 # X0 (d,h) = (U(Car2); ylmanati=Cay2))

Hio: &1 — 29 > T (d,OO): (U(CO‘), OO)

Hyz: % — 2 < T (=00, h) = (—o0; Umnatl=Casz)
kde Cqjo = ™52 — uq)2 %, Co = M2 —uy, %, UM < ... < Umn2) gnagi vzestupné
sefazené rozdily ¥V; — X, i =1,...,n1,j=1,...,n9, a U®) znaéi z-ty sefazeny rozdil.

p-hodnota mé v zavislosti na zvolené alternativni hypotéze jeden z nédsledujicich tvaru

Hyy 31— To # To p-hodnota = 2min{Pr(S4 < sa), Pr(S4 > s4)}
Hys:Z1 — T > Io p-hodnota = Pr(S4 > s4) =1 —Pr(Sa < sa)
Hy3:Z1 — T < Zo p-hodnota = Pr(Sa < sa)

kde S4 je ndhodnd velicina, sa je realizace testovaci statistiky Sa (viz vzorec 12.2), tedy konkrétni ¢islo, a
Pr(Sa < s4) je distribuéni funkce standardizovaného norméalniho rozdéleni, jejiz hodnotu ziskdme pomoci @ a
implementované funkce pnorm().

12
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Priklad 12.4. Wilcoxontiv dvouvybérovy asymptoticky test

Reseni piikladu 12.4

data <- read.delim(’00-Data//16-anova-head.txt’)
head (data)

head.LMSa <- datal[data$sex == ’m’ & data$sexor == ’sa’, ’head.L’]
head.LMSa <- na.omit (head.LMSa)
head.LMOp <- data[data$sex == ’m’ & data$sexor == ’op’, ’head.L’]

head.LMOp <- na.omit (head.LMOp)
nl <- length(head.LMSa)
n2 <- length(head.LMOp)

par(mar = c(5, 4, 1, 2), family = ’Times’)
gqnorm (head.LMSa, main = ’’, xlab = ’’, pch = 21, col = ’red’, bg = ’bisque’,
ylab = ’vyberovy kvantil’, las = 1)
mtext (’teoreticky kvantil’, side = 1, line = 2)
mtext (bquote (paste (’Shapiro-Wilkuv test: p-hodnota = ’, .(round(shapiro.test(head.LMSa)$

p.val, 4)))),
side = 1, line = 3.2)

qqline (head.LMSa, 1lwd = 2, col = ’darkred’)

gqnorm (head .LMOp, main = ’’, xlab = ’’, pch = 21, col = ’dodgerblue3’, bg = ’mintcream’,
ylab = ’vyberovy kvantil’, las = 1)

mtext (’teoreticky kvantil’, side = 1, line = 2)

mtext (bquote (paste(’Lillieforsuv test: p-hodnota = ’, .(round(nortest::1lillie.test(head.

LMOp)$p.val, 4)))),
side = 1, line = 3.2)
gqline (head .LMOp, lwd = 2, col = ’darkblue’)

13
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Obrézek 7: Kvantilové diagramy délky hlavy muzi orientovanych vyhradné heterosexudlné (vlevo) a muzu oriento-
vanych jinak nez vyhradné heterosexuélné (vpravo)

0.12 1.0 T
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177 185 193 201 209 217 180 190 200 210 220
delka hlavy (v mm)
delka hlavy (v mm) KS-test: p—hodnota 6.9826

Obrézek 8: Porovnani histogramt a graf distribu¢nich funkei délky hlavy muzi orientovanych vyhradné hetero-
sexualné a muzu orientovanych jinak nez vyhradné heterosexudlné
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161 par(mar = c(5, 4, 1, 2), family = ’Times’)

162 hist(head.LMSa, prob = T, breaks = seq(187, 203, by = 4), main = ’’, axes = F,
163 col = rgb(0, 0, 0.9, 0.2), density = 80, xlim = c(178, 217),

164 xlab = ’delka hlavy (v mm)’, ylim = c(0, 0.12),

165 ylab = ’relativni cetnost’)

166

167 hist(head.LMOp, prob = T, breaks = seq(180, 215, by = 5), main = ’’, axes = F,
168 col = rgb(0.9, 0, 0, 0.2), density = 80, add = T)

169 Dbox(bty = ’0°)

170 axis (1, seq(169, 221, by = 4))
171 axis (2, las = 1)

172 1lines(density(head.LMSa), lwd = 2, col = ’blue’)

173 1lines(density(head.LMOp), lwd = 2, col = ’red’)

174 legend(’topleft’, fill = c(rgb(0.9, 0, 0, 0.2), rgb(0, 0, 0.9, 0.2)),
175 legend = c(’heterosexualni o.’, ’jina o.’), bty = ’n’)

176

177 plot(ecdf (head.LMSa), col = ’red’, main = ’’, xlim = c (178, 220),

178 ylab = ’F(x)’, xlab = ’’, las = 1, cex = 0.6)

179 plot(ecdf (head.LMOp), add = T, col = ’blue’, cex = 0.6)

180 ks.val <- round(ks.test(head.LMOp - mean(head.LMOp), head.LMSa - (mean(head.LMSa)))$p.
val, 4)

181 mtext(’delka hlavy (v mm)’, side = 1, line = 2.1)

182 mtext(bquote(paste(’KS-test: p-hodnota = ’, .(ks.val))), side = 1, line = 3.3)

183 legend(’bottomright’, col = c(’red’, ’blue’), 1lty = 1, pch = 20,

184 legend = c(’heterosexualni o.’, ’jina o.’), bty = ’n’)
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Priklad 12.5. Wilcoxontiv dvouvybérovy asymptoticky test

Reseni piikladu 12.5

185 data <- read.delim(’00-Data//05-one-sample-correlation-skull-mf.txt’)
186 head(data)

187 skull.pHM <- datal[data$sex == ’m’, ’skull.pH’]
188 skull.pHM <- na.omit (skull.pHM)
189 skull.pHF <- datal[data$sex == ’f’, ’skull.pH’]

190 skull.pHF <- na.omit (skull.pHF)
191 nl1 <- length(skull.pHM) # 216
192 n2 <- length(skull.pHF) # 107

193 par(mar = c(5, 4, 1, 2), family = ’Times’)

194 qqnorm(skull.pHM, main = ’’, xlab = ’’, pch = 21, col = ’dodgerblue3’, bg = ’mintcream’,

195 ylab = ’vyberovy kvantil’, las = 1)

196 mtext(’teoreticky kvantil’, side = 1, line = 2)

197 mtext(bquote(paste(’Lillieforsuv test: p-hodnota = ’, .(round(nortest::1lillie.test(skull
.pHM) $p.val, 4)))),

198 side = 1, line = 3.2)

199 qqline (skull.pHM, lwd = 2, col = ’darkblue’)

200

201 qgnorm(skull.pHF, main = ’’, xlab = ’’, pch = 21, col = ’red’, bg = ’bisque’,

202 ylab = ’vyberovy kvantil’, las = 1)

203 mtext(’teoreticky kvantil’, side = 1, line = 2)

204 mtext(bquote(paste(’Lillieforsuv test: p-hodnota = ’, .(round(nortest::1lillie.test(skull
.pHF) $p.val, 4)))),

205 side = 1, line = 3.2)

206 qqgline(skull.pHF, 1lwd = 2, col = ’darkred’)
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Obrézek 9: Kvantilové diagramy nejvétsi vysky mozkovny muzu (vlevo) a zen (vpravo)

0.10
0.08
0.06 —
0.04 —

relativni cetnost

0.02 +

O muzi
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207 par(mar = c(5, 4, 1, 2), family = ’Times’)

208 hist (skull.pHM, prob = T, breaks = seq(123, 150, by = 3), main = ’’, axes = F,
209 col = rgb(0, 0, 0.9, 0.2), xlim = c(117, 152), density = 80, ylim = c(0, 0.10),
210 xlab = ’nejvetsi vyska mozkovny (v mm)’,

211 ylab = ’relativni cetnost’)

212

213 hist (skull.pHF, prob = T, breaks = seq(119, 143, by = 3), main = ’’, axes = F,
214 col = rgb(0.9, 0, 0, 0.2), density = 80,

215 xlab = ’vyska horni casti tvare (v mm)’,

216 ylab = ’relativni cetnost’, add = T)

217 box(bty = ’0’)

218 axis (1, seq(115.5, 157.5, by = 3))
219 axis (2, las = 1)

220 1lines (density(skull.pHM), lwd = 2, col = ’blue’)

221 lines(density (skull.pHF), 1lwd = 2, col = ’red’)

222 legend(’topleft’, fill = c(rgb(0, 0, 0.9, 0.2), rghb(0.9, 0, 0, 0.2)),

223 legend = c(’muzi’, ’zeny’), bty = ’n’)

224

225 plot (ecdf (skull.pHM), col = ’blue’, main = ’’, xlim = c(119, 150), ylab = ’F(x)’, xlab =
P

226 cex = 0.6, las = 1)

227 plot(ecdf (skull.pHF), add = T, col = ’red’, cex = 0.6)
228 ks.val <- round(ks.test(skull.pHM - mean(skull.pHM), skull.pHF - (mean(skull.pHF)))$p.

val, 4)
229 mtext(’nejvetsi vyska mozkovny (v mm)’, side = 1, line = 2.1)
230 mtext (bquote (paste(’KS-test: p-hodnota = ’, .(ks.val))), side = 1, line = 3.3)
231 legend(’bottomright’, col = c(’blue’, ’red’), 1lty = 1, pch = 20,
232 legend = c(’muzi’, ’zeny’), bty = ’n’)
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Priklad 12.6. Wilcoxontiv dvouvybérovy asymptoticky test

Reseni piikladu 12.6

data <- read.delim(’00-Data//10-two-samples-means-birth.txt’)
head (data)

birth.W0 <- datal[data$o.sib.N == ’0’, ’birth.W’]

birth.W0 <- na.omit(birth.WO0)

birth.W1 <- datal[data$o.sib.N == ’1’, ’birth.W’]
birth.Wl <- na.omit (birth.W1)
nl <- length(birth.WO0)
n2 <- length(birth.W1)
par(mar = c(5, 4, 1, 2), family = ’Times’)
gqnorm (birth.W0, main = ’’, xlab = ’’, pch = 21, col = ’red’, bg = ’bisque’,
ylab = ’vyberovy kvantil’, las = 1)

mtext (’teoreticky kvantil’, side = 1, line = 2)
mtext (bquote (paste(’Lillieforsuv test: p-hodnota = ’, .(round(nortest::1lillie.test(birth

.W0)$p.val, 4)))),

side = 1, line = 3.2)
qqline (birth.W0, 1lwd = 2, col = ’darkred’)
legend (’topleft’, fill = c(rgb(0, 0, 0.9, 0.2), rgh(0.9, 0, 0, 0.2)),
legend = c(’muzi’, ’zeny’), bty = ’n’)
gqnorm (birth.W1, main = ’’, xlab = ’’, pch = 21, col = ’dodgerblue3’, bg = ’mintcream’,
ylab = ’vyberovy kvantil’, las = 1)

mtext (’teoreticky kvantil’, side = 1, line = 2)
mtext (bquote (paste(’Lillieforsuv test: p-hodnota = ’, .(round(nortest::1lillie.test(birth

.W1)$p.val, 4)))),

side = 1, line = 3.2)

qqline(birth.W1, 1lwd = 2, col = ’darkblue’)
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Obrézek 11: Kvantilové diagramy porodni hmotnosti novorozenct s zddnym starsim sourozencem (vlevo) a s jednim
starsim sourozencem (vpravo)
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porodni hmotnost (v g) KS-test: p—hodnota 6.8326

Obrézek 12: Porovnani histogramu a graf distribu¢nich funkei porodni hmotnosti novorozencu s zadnym starsim
sourozencem a s jednim star$im sourozencem
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256 par(mar = c(5, 5, 1, 2), family = ’Times’)

257 hist(birth.WO, prob = T, breaks = seq(886, 4963, by = 453), main = ’’, axes = F,
258 col = rgb(0.9, 0, 0, 0.2), density = 80, xlim = c(800, 5000),

259 xlab = ’porodni hmotnost (v g)’, ylim = c(0, 0.001),

260 ylab = ’7)

261 hist(birth.Wl, prob = T, breaks = seq(986, 4973, by = 443), main = ’’, axes = F,
262 col = rgb(0, 0, 0.9, 0.2), density = 80, add = T)

263 box(bty = ’0’)

264 axis(1l, seq(1112.5, 4736.5, by = 453))
265 axis(2, las = 1, at = seq(0, 0.0010, by = 0.0002), labels = c(’0.0000’, ’0.0002’, °’

0.0004’, ’0.0006°, ’0.0008’, ’0.0010°))
266 lines(density(birth.W0), lwd = 2, col = ’red’)
267 1lines (density(birth.W1), 1lwd = 2, col = ’blue’)
268 mtext(’relativni cetnost’, side = 2, line = 4)
269 legend(’topleft’, fill = c(rgb(0, 0, 0.9, 0.2), rgb(0.9, 0, 0, 0.2)),
270 legend = c(’jeden starsi s.’, ’zadny starsi s.’), bty = ’n’)
271
272 plot(ecdf (birth.W0), col = ’red’, main = ’’, xlim = c (800, 5000),
273 ylab = ’F(x)’, xlab = ’’, cex = 0.6, las = 1)

274 plot (ecdf (birth.W1l), add T, col = ’blue’, cex = 0.6)

275 ks.val <- round(ks.test(birth.Wl - mean(birth.W1), birth.WO0 - (mean(birth.W0)))$p.val,
4)

276 mtext (’porodni hmotnost (v g)’, side = 1, line = 2.1)

277 mtext (bquote (paste(’KS-test: p-hodnota = ’, .(ks.val))), side = 1, line = 3.3)

278 1legend(’bottomright’, col = c(’blue’, ’red’), 1lty = 1, pch = 20,

279 legend = c(’jeden starsi s.’, ’zadny starsi s.’), bty = ’n’)
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12.3 Mann-Whitneytv dvouvybérovy test

Necht Xi1,...,X1pn,, n1 > 2 je ndhodny vybér ze spojitého rozdéleni s distribuéni funkei Fi(z) a Xon, ..., Xon,,
ny > 2 je na ném nezdvisly ndhodny vybér ze spojitého rozdéleni s distribuén{ funkel Fy(x). O distribuénich
funkcich Fy(x) a Fy(z) pfedpokldddme, Ze se navzdjem lisi pouze posunutim. Necht déle #; je medidn ndhodného
vybéru Xi1,...,X1n, a T2 je medidn ndhodného vybéru Xoi, ..., Xo,, & o je konstanta. Na hladiné vyznamnosti
a testujeme jednu z nasledujicich tii hypotéz oproti piislusné alternativni hypotéze.

Hyy : 21 — 2o = Zg oproti Hyiy: %1 — %2 # %9 (oboustranni alt.)
Hys :T1 — T2 < I oproti His: %1 — T3 > Tp (pravostrannd alt.)
Hoyz :T1 — T2 > o oproti Hiz:T1 — T2 < I (levostranné alt.)

Test nazyvame Mann-Whitneyuv dvouvybérovy test o rozdilu medidnu &1 — Zs. Testovaci statistika mé tvar

U:Sﬁw,

kde Sg je testovaci statistika definovana vztahem 12.1, ns je rozsah druhého ndhodného vybéru. Za platnosti nulové
hypotézy pochéazi statistika U4 ze standardizovaného normalniho rozdéleni, tj.

(12.3)

1
U:Sg+% 5 N(0,1).
Hyy 0% — 32 # %o W=-o0; wnl,HQ(a/Q) _ "2("22+1)> U <wn1,n2(1 —a/2) - nz(n22+1) : OO)
Hio: Ty — 2o > T W = (wp, py(1 — @) — nz(n22+l) : OO)
Higt 1 5 < W = (=005 1ty s () — 22020

kde wp, n, (00/2), Wiy ny (1 — /2), Wiy ny (@), Wiy ny (1 — @) jsou tabelované kvantily pro dvouvybérovy Wilcoxonuv
test, jejichz hodnoty ziskdme pitkazem qwilcox().

Interval spolehlivosti mé podle zvolené alternativni hypotézy jeden z nédsledujicich tvaru

Hyy: 3 —T9 # Tg (d,h) = (U(wnmz (a/2)—n2(n2tD) ; U(wnl,nz(l—a/2)+1—w)>
Hip: 21 — T2 > %o (d,0) = (U(wnl,@(a)—%) :
Hyg: &1 — @ < & (o0, h) = (,oo; U(wnl,n2(1fa)+17%)>
kde UM < ... < UMn2) zna¢f vzestupné sefazené rozdily Y; — X;, i =1,...,ny, j = 1,...,n, a U™ znaef z-ty

sefazeny rozdil.

p-hodnota mé v zavislosti na zvolené alternativni hypotéze jeden z nésledujicich tvaru

Hyp: 3 — 9 # Zo p-hodnota = 2min{Pr(U <wu), Pr(U > u)}
Hig 121 — 22> 2o p-hodnota = Pr(U > u) =1 — Pr(U < u)
His:%1 — T2 < Zo p-hodnota = Pr(U < u)

kde U je ndhodnd veli¢ina, u je realizace testovaci statistiky U (viz vzorec 12.3), tedy konkrétni ¢islo, a Pr(U < u) je
distribuéni funkce tabelovaného rozdéleni pro Wilcoxontuv dvouvybérovy exaktni test, jejiz hodnotu ziskdme pomoci
@ a implementované funkce pwilcox().
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Priklad 12.7. Mann-Whitneytv dvouvybérovy test

Reseni piikladu 12.7

280 data <- read.delim(’00-Data//18-more-samples-variances-clavicle.txt’)
281 head(data)

282 cla.LIl <- data[data$pop == ’indl’, ’cla.L’]

283 <cla.LI1 <- na.omit(cla.LIl)

284 cla.LI2 <- datal[data$pop == ’ind2’, ’cla.L’]

285 cla.LI2 <- na.omit(cla.LI2)

286

287 wilcox.test(cla.LIl, cla.LI2, alt = ’t’)$p.val # Z
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295

Priklad 12.8. Mann-Whitneytv dvouvybérovy test

Reseni piikladu 12.8

data <- read
head (data)

upface.HN <-
upface.HN <-
upface.HC <-
upface.HC <-

.delim(’00-Data//15-anova-means-skull.txt’)

data[data$pop == ’nem’, ’upface.H’]
na.omit (upface.HN)
data[data$pop == ’cin’, ’upface.H’]

na.omit (upface.HC)

wilcox.test (upface.HN, upface.HC, alt = ’g’)$p.val # N
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Priklad 12.9. Mann-Whitneytv dvouvybérovy test

Reseni piikladu 12.9

296 data <- read.delim(’00-Data//19-more-samples-correlations-skull.txt’)
297 head(data)

298 intorb.BP <- datal[data$pop == ’per’, ’intorb.B’]

299 intorb.BP <- na.omit (intorb.BP)

300 intorb.BB <- datal[data$pop == ’ban’, ’intorb.B’]

301 intorb.BB <- na.omit (intorb.BB)

302

303 wilcox.test(intorb.BP, intorb.BB, alt = ’1’)8$p.val # Z

25



