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POZOR, NASE ZPRACOVANI TETO PROBLEMATIKY JE 5
OHLEDEM NA PROSTOR ZNACNE POURCHNI, STATISTIKY JE
TREB/ STUDOVAT VE VETSiM DETAILY.



Hypotézy a metody

e podle rozdéleni pravdépodobnosti

e parametrické (opiraji se predpoklad rozdéleni parametru rozdéleni,
typicky normdiniho)

e neparametrické - nemaji pozadavky na rozdéleni, sirsi aplikovatelnost
znamend ale vyssi riziko chyby druhého druhu - parametrické metody

jsou slabsi
e podle skupin
e nepdrové

e pdrové

| PRO POUIT] PARAMETRICKYeH IETO, JE TE |
INOZNOST PROVEST TRANSFORMACIDAT |

|




Prehled zdakladnich metod

Typ zavislé proménné

Intervalova/podilova
data s normadlnim
rozdélenim

Porovndni dvou o
A . Nepdrovy t-test
nepdrovych skupin

Porovndni dvou parovych

. Pdrovy t-test
skupin 7

Porovndni vice nez dvou ,

L. . Analyza rozptylu (ANOVA)

nepdrovych skupin
Analyza rozpytlu s

Porovnani vice nez dvou opakovanymi pozrovénimi

parovych skupin (Repeated-measures
ANOVA, RM-ANOVA)

Zjisténi korelace mezi Pearsonlv korelaéni
dvéma proménnymi koeficient

Intervalova/podilova
data s jinym nez
normdlnim rozdélenim,
ordindlni data

Mann-Whitneyho test

Wilcoxonuv test

Kruskal-Wallis test

Friedmanov test

Spearmaniv korelaéni
koeficent

Dichotomicka

Fisherov test

McNemaruoyv test

Chi-kvadrdt test

Cochranuv Q-test

Cramerovo V


http://yatani.jp/HCIstats/TTest#UnpairedTest
http://yatani.jp/HCIstats/MannWhitney
http://yatani.jp/HCIstats/ChiSquare#Fisher
http://yatani.jp/HCIstats/TTest#PairedTest
http://yatani.jp/HCIstats/WilcoxonSigned
http://yatani.jp/HCIstats/ChiSquare#McNemar
http://yatani.jp/HCIstats/ANOVA
http://yatani.jp/HCIstats/KruskalWallis
http://yatani.jp/HCIstats/ChiSquare
http://yatani.jp/HCIstats/ANOVA
http://yatani.jp/HCIstats/KruskalWallis
http://yatani.jp/HCIstats/Cochran
http://yatani.jp/HCIstats/Correlation
http://yatani.jp/HCIstats/Correlation
http://yatani.jp/HCIstats/CrossTab

Test normality: QQ-plot

Normal Q-Q Plot density.default(x = y)
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>y
| [1] 10.064251 8.101385 7.899375 6.939880 7.406208 9.663936 6.851816 8.995464
9.333238 5.906350
'[11] 8.206650 7.262491 7.455530 7.626505 8.091334 8.964504 8.336392
5.635199 8.658956
> qqnorm(y)
> qqline(y)
> plot(density(y))

8.386712




Test normality: QQ-plot
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Normal Q-Q Plot density.default(x = y)
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.1538387 1.2346716
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qqnorm(y)
qqline(y)
plot(density(y))
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Test normality

o Shapiro-Wilkiov test
e nulovy hypotéza: data prochdzeji z normdlniho rozdéleni

e pokud p < &, zamitdme nulovou hypotézu

> Xx.normal<-rnorm(20, 5)
J> X.normal

[1] 5.207349 5.646124 4.588337 4.253999 4.155268 4.168005 5.667880 5.751262
5.709069 5.671945 6.373626
'[12] 3.318484 6.218892 5.968625 5.843479 3.110242 7.374172 5.834502 4.932141
5.174467
> y.lognormal<-rlnorm(20, meanlog
> shapiro.test(x.normal)

0, sdlog = 1)

Shapiro-Wilk normality test

data: x.normal
W = 0.9506, p-value = 0.3756

h> shapiro.test(y.lognormal)
\

Shapiro-Wilk normality test

data: y.lognormal
W = 0.4834, p-value = 2.258e-07

e —— =




Test normality

o Kolmogoroviv-Smirnovov test

e porovndavd dva rozdéleni dvou vybéri

e nulovd hypotéza: oba vybéry pochdzeji ze stejného rozdéleni
pravdépodobnosti

e— e ———— s —— e
i> ks.test(x.normal, "pnorm", mean=mean(x.normal), sd=sd(x.normal))

A

‘ One-sample Kolmogorov-Smirnov test

| data: x.normal
D =0.197, p-value = 0.3703
alternative hypothesis: two-sided

> ks.test(y.lognormal, "pnorm", mean=mean(y.lognormal), sd=sd(y.lognormal))

One-sample Kolmogorov-Smirnov test

data: y.lognhormal
D = 0.3671, p-value = 0.006339
'alternative hypothesis: two-sided

e —— — = —— e ——




e predpoklad: vybér(y) pochdzeji z normdlniho rozdéleni

e varianty: jedno- a dvouvybérovy, nepdrovy, pdrovy

e u nepdrového testu se predpoklddd homogenita rozptyld vybéri (pouzit
Bartletdv test)



jednovybérovy t-test

e nulovda hypotéza: prumér rovnd se mu

e alternativni hypotéza: nerovnaiji/mensi /vétsi

;U%.no;mal 7 7

| [1] 5.207349 5.646124 4.588337 4.253999 4.155268 4.168005 5.667880 5.751262 5.709069
5.671945 6.373626 |
[12] 3.318484 6.218892 5.968625 5.843479 3.110242 7.374172 5.834502 4.932141 5.174467

| > t.test(x, alternative="greater", mu=5)

One Sample t-test

data: x
t =-1.877, df = 9, p-value = 0.9534

alternative hypothesis: true mean is greater than 5

95 percent confidence interval:
3.872459 Inf
sample estimates:

I mean of x

4.429556




jednovybérovy t-test

T e —"

i> t.test(x.normal, alternative="greater", mu=3)
!

One Sample t-test

data: x.normal
t = 4.7039, df = 9, p-value = 0.000557

alternative hypothesis: true mean is greater than 3
95 percent confidence interval:

3.872459 Inf
sample estimates:
mean of x

4.429556

_ _ - m— = I = —= — =]

| Older age participants reported more time spent with the task (M = 4.42, SD = 1.05) than
&users did in general, #9) =4.70, p <.001

=




dvouvybérovy t-test

e nulovd hypotéza: priméry vybéro se rovnaiji
e alternativni hypotéza: nerovnaiji/mensi/vétsi

i;'small.button
J [1] 5.2263125 3.2908618 3.4180683 3.7067978 ©0.5340702 3.0823482 2.2231250
3.4266038 4.9352018 2.8071005

> large.button

[1] 1.6873803 1.6217134 1.4451332 2.4695364 0.7222387 3.6875096 2.1387742 |
-0.4569893 1.6889108
[10] 1.2102160

> t.test(large.button,small.button,alternative="1less")
Welch Two Sample t-test

data: 1large.button and small.button

t = -3.0427, df = 17.352, p-value = 0.003612

lalternative hypothesis: true difference in means is less than 0

95 percent confidence interval:
-Inf -0.7050047

sample estimates:

‘mean of x mean of y

L§1.621442 3.265049

- _




Bartletuv test

|
|

e nulovd hypotéza: rozptyly se rovnaiji

e alternativni hypotéza: rozptyly se nerovndaiji

;7bartlett.test(list(small.button,large.b

e —— = e

uttoBS)A

Bartlett test of homogeneity of variances

data: list(small.button, large.button)

Bartlett's K-squared = 0.3245, df =1, p




pdrovy t-test

> red.button = c(19, 20, 21, 22, 23, 22, 27, 25, 27, 28)
| > green.button = c(21, 22, 24, 24, 25, 25, 26, 26, 28, 32)
> t.test(green.button,red.button,alternative="greater", paired=TRUE)

! Paired t-test

data: green.button and red.button

t = 4.3846, df = 9, p-value = 0.0008796

alternative hypothesis: true difference in means is greater than 0

95 percent confidence interval:
1.105651 Inf

sample estimates:

mean of the differences

| 1.9




Mann-WhinteyGv /Wilcoxondv znaménkovy test

e neparametricky test, pro data s jinym nez normdlnim rozdélenim
e urceno pro nepdrovd data

o dvé rizné metody a tedy dvé rizné testové statistiky, ale stejnd p-
hodnota

e nulovd hypotéza: oba vybéry maiji stejné rozdéleni pravdépodobnosti (tj.
cetnosti hodnot v obou souborech jsou stejné)

e alternativni hypotéza: vybéry maiji r0znd rozdéleni pravdépodobnosti

— e = T T e — —
i> Question.Baseline <- ¢(2,4,3,1,2,3,3,2,3,1)

| > Question.Test <- c(3,5,4,2,4,3,5,5,3,2)

>

| > wilcox.test(Question.Baseline, Question.Test)

Wilcoxon rank sum test with continuity correction

data: Question.Baseline and Question.Test
W = 23, p-value = 0.03841




WilcoxonUv test - pdrovy

e nulovd hypotéza: median rozdilu mezi pdrovymi hodnotami se rovnd nule

e alternativni hypotéza: median rozdild mezi pdrovymi hodnotami je rizny
od nuly

e —— - ——

u> wilcox.test(Question.Baseline, Question.Test,paired=T)

| Wilcoxon signed rank test with continuity correction

data: Question.Baseline and Question.Test
V =0, p-value = 0.01187
alternative hypothesis: true location shift 1is not

— e — =

equal to ©




No jo, ale ...

e co kdyZz mdme vice nez dva vybéry?
e co kdyZz mdm vice nezdvislych proménnych?

e co kdyz pottebuju studovat interakce mezi proménnymi?



e proc nepouzit sadu t-testd pro dva vybéry?
e pravdépodobnost chyby I. druhu:

e 1-(1-d)", pron porovndni potrebnych
pro srovndni vybéru po dvojicich

e n=k¥*k-1)/2, k = po&et vybé&ri

e pravdépodobnost chyby I|. druhu rychle roste




ANOVA

e ANOVA = ANalysis Of VAriance, cili analyza rozptylu
e parametrickd metoda (existuji i neparametrické vairanty)

e existuje mnojo variant této metody podle struktury a podoby dat, viz dalsi
slajd

® neni pokryto uéebnim textem ,,Zdklady statistické analyzy dat”



Druhy ANOVy

e podle faktory

e jednofaktorovd
e vicefaktororovd
e podle efektu
e s pevnymi efekty
¢ s ndhodnymi efekty
e se smisenymi efekty
e podle pozorovani
e bez opakovdni
e s opakovdnim
e podle designu skupin
e vyvdzend

e nevyvdzend

20



Nulovd hypotéza

e nulovd hypotéza: priméry vybéri se rovnaji
e alternativni hypotéza: prOméry vybéri se nerovnaiji

e pozor, alternatini hypotéza fikd zZe alespon dva prOméry se nerovnaiji
(nikoliv vSechny navzdjeml)

21



Analysis of variance

Variance, Cili rozptyl

porovndvdme dva zdroje rozptylu

e mezi skupinami (vybéry)
e uvniti skupin (vybéru)

pocitd se tzv. F-statistika

1

Fe rozpiv "mezi skupinam”
rozptvi "uvra¥ skoupin”

MSA - SSA/dfd

MS,=SS,/df.

22




Predpoklady

e vybéry maji normdlini rozdéleni (volnéjsi pojeti: u vétsich vzorks je mozné
pracovat s urcitou benevolenci)

o rozptyly vybéru se rovnaji - vhodny je Bartletiv test (volnéjsi pojeti: je-li

rozdil mezi nejmensim a nejvétsim rozptylem dvojndsobny, je jesté mozné
toto kriterium povazovat za splnéné)

23



ANOVA a postup

e postup je stejny jako jiz bylo dfive uvedeno, avsak ...

e vystupem ANOVy je informace zda zamitdme /nezamitdme nulovou
hypotézu, my viak potiebujeme védét vic

e existuji vyznamné rozdily mezi prOméry vybérs, ale mezi kterymi?

e pro tento UCel slouzi tzv. post-hoc testovdni

24



Jednofaktorovd ANOVA

e jedna zdvisla proménnd
e jedna nezdvislad proménnd

e nepdrovd data (design mezi skupinami)

25



e data o interakci

e zdvisld proménnd: cas

Priklad

e nezdvisld proménnd: interakéni styl

¢ hladiny: menu, toolbar a kldvesové zkratky

[« « B
©w
©
c 0
o
©
@
oz
-
@
v-—4
£
-
Nc—-

menu.b

|
toolbar.b

Interaction style

26

keystroke.b




| Min. 1st Qu. Median
©.5991 3.1750 4.3340

I > summary (menu.b)
Min. 1st Qu. Median
3.296 4.610 5.940

> summary (toolbar.b)
Min. 1st Qu. Median
©.5991 2.8170 3.9920

> summary (keystroke.b)
Min. 1st Qu. Median

| 1.519 2.648 3.285

|
|

Priklad

‘> summary (c(menu.b, toolbar.b,keystroke.b))

Mean 3rd Qu.
4.6920 6.1340 9.4000

Mean 3rd Qu.

6.160

7.783

Mean 3rd Qu.
5.0030 8.6530

3.9890

Mean 3rd Qu.

3.925

data: 1list(menu.b, toolbar.b,

Bartlett's K-squared =

0.1961,

5.032

:2’

Max.

Max.
9.400

Max.

Max.
8.062

> bartlett.test(list(menu.b,toolbar.b,keystroke.b))

Bartlett test of homogeneity of variances

keystroke.b)
p-value

0.9066



Priklad: ANOVA

T e —" —_—

i;Aaov.b <- aov(data.full.b$t1me ~ data.full.b$1ntefaction,

'data.full)

> summary (aov.b)
|

Residuals

Signif. codes:

data.full.b$interaction

Df Sum Sq Mean Sg F value Pr(>F)
2 64.75 32.37 8.774 0.000476 *x**
57 210.31 3.69

VARIABILITA P-HODNOTA

HODPNOTA F-STATISTIKY

28



Priklad: post-hoc test

e post-hoc testl existuje celd Fada

e zde Tukeyho HSD test, porovdvdme vybéry mezi sebou, nezdlezi na
poradi

1;*TugeyHSD(aov.b)
J Tukey multiple comparisons of means
95% family-wise confidence level

Fit: aov(formula = data.full.b$time ~ data.full.b$interactiop,
data = data.full)

$ data.full.b$interaction’

diff lwr upr p adj
menu-keystroke 2.23506378 0.7733432 3.6967844 0.0014873
toolbar-keystroke 0.06418882 -1.3975318 1.5259094 0.9938631
htoolbar—menu -2.17087496 -3.6325955 -0.7091544 0.0020627

29



Par poznadmek k ANOVA

e nejdulezitéjsi varianty
e RM-ANOVA
o vicefaktorovd ANOVA
e muzeme hledat interakce mezi nezdavislymi proménnymi
o v ,klikacich” aplikacich vybereme design experimentu
e v ,R” je potfeba sestavit formuli pro testovani ANOVA

e pro ,R” existuji alternativni knihovny pro vypocéet ANOVA, zpravidla maiji
Sirsi funkcionalitu a poskytuji bohatsi vystup potfebny pro metody
ndsledujici po ANOVA, ¢i dodatecné vypocty

30



