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ANOVA

Uvod

ANOVA = ANalysis Of VAriance

e SlouZi pro srovnani skupinovych priméru napfric 3 a vice
skupinami/podminkami
e Dve vychozi varianty:
= Between design: oddélené, na sobé nezavislé skupiny
(ANOVA, ANCOVA, faktorialni ANOVA atd.)
o Lii se jednotlivé kraje v CR z hlediska primérné mzdy?
= Within design: srovnani skupinového primeéru napfric
ruznymi podminkami (Repeated Measures ANOVA)
o Lisily se priumérné vydaje domdcnosti na pohonné hmoty
behem poslednich 5 let?



One-Way ANOVA

Data: Cognitive training

Four independent groups (8, 12, 17, 19 sessions)

Measured IQ before and after training

Dependent variable is 1Q gain

Null hypothesis: All groups are equal (i.e. all groups have equal
IQ gain)

Alternative hypothesis: More training leads to larger 1Q gain




One-Way ANOVA

Data: Cognitive training

setwd()
dir()

install.packages("readxI")
library("readx!")

excel_sheets("ANOVA.xIsx")

ANOVA = read_excel("ANOVA.xIsx", sheet = 1)
View(ANOVA)

ANOVAS$condition2 = factor(ANOVAS$condition, order = TRUE, levels = c("8
days", "12 days", "17 days", "19 days"))



One-Way ANOVA

F-test a F-Ratio
e Null hypothesis: all groups are equal
e ANOVA provides a significance test

= MuzZeme urcit kritickou hodnotu (na urcité hladiné vyznamnosti) a
testovat, zda ji hodnota F v nasem vyzkumu prekracuje, tj. testovat
statistickou vyznamnost nalezenych rozdili mezi skupinami

e Test statistic is the F-test (or F-ratio)

Variance between groups
Variance within groups

e Pomeér toho, co model vysvétlit dokaze, ku tomu, co vysvetlit nedokaze
e |arge F-ratio indicates significant effect
= Cim vy33i F, tim vice zaleZi na rozdélenf lidi do jednotlivych skupin, tj.
tim vice se skupiny od sebe liSi v zavislé proménné



One-Way ANOVA

F-test a F-Ratio

Jak ziskame prislusnou p-hodnotu?

e Obdoba t-testu a "rodiné" t-rozlozeni
e "Rodina" F-rozlozeni se odviji od:

" Poctu srovnavanych skupin




One-Way ANOVA

F-test a F-Ratio

# Create the vector x
x <- seq(from =0, to = 10, length = 2000)

# Evaluate the densities

y_1 <- df(x, 3, 100)
y_2<-df(x, 1, 1)
y_3 <- df(x, 2, 100)
y_4 <- df(x, 3, 30)
y_5 <- df(x, 3, 500)
y_6 <- df(x, 3, 50)
y_7 <- df(x, 6, 1000)

# Add the legend
legend("topright", title = "F distributions”,
c("df = (3, 100)", "df = (1, 1)", "df = (2, 100)", "df = (3, 30)",
"df = (3, 500)", "df = (3, 50)", "df = (6, 1000)"),
col=¢(1,2,3,4,5,6,7),lty=1)

# Plot the densities

plot(x, y_1, col = 1, type ="1")
lines(x, y_2, col = 2)

lines(x, y_3, col = 3)

lines(x, y_4, col = 4)

lines(x, y_5, col =5)

lines(x, y_6, col = 6)

lines(x, y_7, col =7)



One-Way ANOVA

Summary Table

An ANOVA table is often used to record the sums of squares and to
organize the rest of the calculations. Format for the ANOVA Table:

Source of SS df MS F ratio
Variation
SSB

Between SSB k-1 MSB=—— |E= M58
Samples k-1 MSW

- SSW
Within SSW n -k MSW =
Samples n-k

Total ol n-1
SSB+SSW

" The sums of squares and the degrees of freedom must check
SS(factor) + SS(error) = SS(total) or SSB + SSW = SST
df(factor) + df(error) = df(total) or df(between) + df(within) = df(total)



One-Way ANOVA

F-test a F-Ratio

Prozkoumani dat
# Summary statistics by group

library(psych)
describeBy(ANOVA, group = ANOVA$condition2)

# Boxplot

library(ggplot2)
bp1 = ggplot(ANOVA, aes(condition2, iq))

bp1 + geom_boxplot(aes(fill=condition2), alpha=I(0.5)) +
geom_point(position="jitter", alpha=0.5) +
geom_boxplot(outlier.size=0, alpha=0.5) +
theme(
axis.title.x = element_text(face="bold", color="black", size=12),
axis.title.y = element_text(face="bold", color="black", size=12),
plot.title = element_text(face="bold", color = "black", size=12)) +
labs(x="Condition",
y ="IQ gain",
title= "IQ gain by the days of training") + theme(legend.position='none’)



One-Way ANOVA

F-test a F-Ratio

Funkce aov
aov(dependent_var ~ independent_var)
summary()

# Apply the aov function
anova_wm <- aov(iq ~ condition2, data = ANOVA)

# Look at the summary table of the result
summary(anova_wm)



One-Way ANOVA

Velikost uc€inku

S5}
,72 ) W2 = SSp—dfpMS,,
55t SS;+MS,,
library(lsr) library(sjstats)
etaSquared(anova_wm, type = 2, anova_wmz2 <- Im(iq ~ condition2, data =
- ANOVA)

anova = FALSE)
r2(@nova_wm2, n = NULL)


https://cran.r-project.org/web/packages/lsr/lsr.pdf
https://cran.r-project.org/web/packages/sjstats/sjstats.pdf

ONE IIIIES IIIIT SIMPLY.FIND
PARTIAL'OMEGA SQUARED IN SPSS.




One-Way ANOVA

Predpoklady pouziti

Povaha proménnych

e "Z3visla" proménna kardinalni rovné méreni

Normalita rozloZeni zavislé proménné

e V ramci kazdé sledované skupiny

o Naruseni nepredstavuje zavazny problém, pokud jsou skupiny stejné velké + maji velikost alespori
okolo 30

e Neparametricka alternativa - Kruskal-Wallis(v test

Homogenita rozptylu

e Sledujeme LevenUyv F-test, nulova hypotéza hovori o homogenité napri¢ skupinami
= Pokud Levenuyv F-test vychazi statisticky signifikantni:

e Sledujeme pomér rozptylu u skupin s nejvétSim a nejmensSim rozptylem, pficemz chceme,
aby byl tento pomér mensi nez 3

e NaruSeni by nemélo vadit, pokud jsou skupiny stejné velké
e Prinaruseni lze pouzit Welchovo F

Nezavislost pozorovani



One-Way ANOVA

Predpoklady pouziti

install.packages("car")
library("car")

If you don't specify additional arguments, the deviation scores are
calculated by comparing each score to its group median.

e This is the default behaviour, even though they are typically calculated
by comparing each score to its group mean.

e |f you want to use means and not medians, add an argument center
= mean. Do this now and compare the results to the first test.

# Levene's test

leveneTest(iq ~ as.factor(condition2), data = ANOVA)
# Levene's test with center = mean

leveneTest(iqg ~ as.factor(condition2), data = ANOVA, center = mean)



One-Way ANOVA

Predpoklady pouziti

# Normalita rozlozeni

ggplot(data=ANOVA, aes(ANOVAS$iq)) +
geom_histogram(breaks=seq(0, 20, by = 2),
col="red",
aes(fill=..count..)) +
scale_fill_gradient("Count”, low = "green", high ="red")+
labs(title="Histogram for 1Q Gain") +
labs(x="1Q Gain", y="Count") + theme(legend.position='none’)



One-Way ANOVA

Welchuv F-test

anova_wm_VNE = oneway.test(iq ~ condition2, data=ANOVA, var.equal=FALSE)
anova_wm_VNE

anova_wm_VE = oneway.test(iq ~ condition2, data=ANOVA, var.equal=TRUE)
anova_wm_VE



Post-Hoc testy
Uvod

Allow for multiple pairwise comparisons without an increase in the
probability of a Type | error

Pouzivame, pokud nemame dopredu jasné hypotezy

e Srovnavaji vSe se vSim - kazdou skupinu s kazdou (ale neumi
slucovat skupiny jako kontrasty)

Z principu jsou oboustranné
Je jich mnoho - [iSi se v nékolika parametrech:

e Konzervativni (Ch. Il. typu) versus Liberalni (Ch. I. typu)
m Most liberal = no adjustment

= Most conservative = adjust for every possible comparison that could
be made

e Ne/vhodné pro rozdilné velké skupiny
e Ne/vhodné pro rozdilné skupinové rozptyly



Post-Hoc testy

Doporuceni podle Fielda

Stejné velké skupiny a skupinové rozptyly (idealni situace):

e REGWQ
o Tukey

Pokud si chceme byt jisti, ze P chyby I. typu neprekroci zvolenou hladinu:

e Bonferroni

Pokud jsou velikosti skupin trochu/hodneé rozdilné:

e Gabriel
e Hochberg GT2

Pokud pochybujeme o shodnosti skupinovych rozptylu:

e Games-Howell



Post-Hoc testy

Tukey

# Conduct ANOVA
anova_wm = aov(iq ~ condition2, data = ANOVA)

# View summary
summary(anova_wm)

# Conduct Tukey procedure
tukey <- TukeyHSD(anova_wm)

# Plot confidence intervals
plot(tukey)



Post-Hoc testy

Bonferroni

The Bonferroni correction compensates for that increase by testing each
individual hypothesis at a significance level of a/m, where a is the desired
overall alpha level and m is the number of hypotheses.

® For example, if a trial is testing m = 20 hypotheses with a desired a =
0.05, then the Bonferroni correction would test each individual
hypothesis at a = 0.05/20 =0.0025.

# Pairwise t-test

pairwise.t.test(tANOVAS$ig, ANOVAS$condition2, p.adjust =
"bonferroni")
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Kontrasty

Uvod

Umoznuji porovnat jednotlive skupiny v jednom kroku bez nutnosti
korigovat hladinu vyznamnosti (bez snizeni sily testu)

¢ Jen kdyz mame dopredu hypotézy
e Kontrastu lze provést tolik, kolik je pocet skupin - 1

Kazdy kontrast srovnava 2 pruméry

e Pramér skupiny nebo primeér vice skupin dohromady
e Napr. "19 dnd" vs. "8 dni" nebo "17 dnd" vs. "12 dnd"

Ortogonalni (nezavislé) kontrasty

e Skupina pouzita v jednom srovnani neni pouzita v dalsim
Neortogonalni kontrasty




Kontrasty

Priklad

c1=c(-1,0,0, 1)

c2 =¢(0,-1,1,0)

mat <- cbind(c1,c2)
contrasts(ANOVA$condition2) <- mat

model1 <- Im(ig ~ condition2, data = ANOVA)
summary(model1)

options(contrasts = c("contr.helmert", "contr.poly"))

contrasts(ANOVA$condition2) <- "contr.helmert"
model1 <- Im(ig ~ condition2, data = ANOVA)
summary(model1)



Faktori I | ANOVA
vod

ANOVA s vice kategorickymi nezavislymi proménnymi (faktory) nachazi
uplatnéni v experimentalnich designech,

e kde pracujeme s nékolika druhy experimentalni manipulace
nebo kde chceme zohlednit kromeé experimentalni manipulace
i dalSi promeénné (napr. pohlavi)

Uplatneni v neexperimentalnich designech, kde chceme posoudit
vliv vice kategorickych prediktoru najednou



Faktorialni ANOVA
od

Uv

Dependent variable
Assess impact on driving error

Independent variable
Randomly assign people to different (simulated) driving conditions

e Driving difficulty
e Conversation demand

Two independent variables
One continuous dependent variable




Faktorialni ANOVA
Dat

a

library("readxl|")
excel_sheets("FANOVA.xIsx")

FANOVA = read_excel("FANOVA.xIsx", sheet = 1)
View(FANOVA)

FANOVAS$conversation2 = factor(FANOVAS$conversation, order = TRUE, levels =
c("None demand", "Low demand", "High demand"))

FANOVA$driving2 = factor(FANOVA$driving, order = TRUE, levels = c("Easy",
"Difficult™))

library(psych)
describeBy(FANOVA, group = FANOVA$conversation2)
describeBy(FANOVA, group = FANOVA$driving2)



Faktori I | ANOVA
vod

We can test 3 hypotheses:

e More errors in the difficult simulator?

e More errors with more demanding conversation?

e More errors due to the interaction of driving difficulty and
conversation demand?



Faktori I | ANOVA
vod

Three F-ratios

FA = 1st Independent variable, i.e. driving difficulty
FB = 2nd Independent variable, i.e. conversation demand
FAxB = Interaction between FA and FB

Main effect

e Fffect of one independent variable ignoring the other one
Interaction effect

e Effect of one independent variable depends on the other
Simple effect

e Fffect of one independent variable at a particular level of the
other




Faktorialni ANOVA

Interakce
V riiznych drovnich jednoho faktoru se rozdily mezi drovnémi druhého

faktoru lisi (rozdil rozdila).

S ménici se arovni jedne nezavislé promenné se meéni vliv druhé
nezavislé promenné na zavislou proménnou

Nezavisla proménna nemusi mit Zadny hlavni efekt (main effect)
na zavislou proménnou, ale muze ji ovlivhovat tim, Ze ovliviiuje vliv
druhé nezavislé

Pri interpretaci interakci je obvykle velmi uzitecné zndzorneni formou
grafu.



Faktorialni ANOVA

F-ratio's a Interakce

ggplot(FANOVA,aes(x=factor(conversation2),y=errors,fill=factor(driving2)),
color=factor(vs)) +
stat_summary(fun.y=mean,position=position_dodge(),geom="bar") +
scale_y_continuous("Errors done while driving") +
scale_x_discrete("Conversation difficulty") +
scale_fill_discrete(name ="Driving difficulty", labels=c("Easy", "Difficult"))

Factorial_ ANOVA = aov(errors ~ conversation2 * driving2, data = FANOVA)
summary(Factorial_ANOVA)



Faktorialni ANOVA

F-ratio's a Interakce

# Interaction plot

interaction.plot(x.factor = FANOVA$conversation2, trace.factor =
FANOVAS$driving2,

response = FANOVAS$errors)

summary.Im(Factorial_ANOVA)



Faktorialni ANOVA

Velikost uCinku

"Eta-squared (n?) and partial eta-squared (np?) are biased effect size
estimators. | knew this, but | never understood how bad it was. Here’s
how bad it is: If n? was a flight from New York to Amsterdam, you
would end up in Berlin."

"When there is no true effect, n? from small studies can easily give the
wrong impression that there is a real small to medium effect, just due
to the bias. Your p-value would not be statistically significant, but this
overestimation could be problematic if you ignore the p-value and
just focus on estimation.”

D. Lakens, n.d.






One-Way ANOVA

Velikost uc€inku

- 7 SSeﬁ‘ecr
P S S eﬁ‘ect+ S S error

(ﬁ[% = (r — 1)/(F + (dfh'rrm' + '])/df"f/‘f‘-’”-))

library(lsr) library(sjstats)

etaSquared(Factorial_ANOVA, type Factorial ANOVA2 = Im(errors ~

=2, anova = FALSE) conversation2 * driving2, data =
FANOVA)

r2(Factorial ANOVA2, n = NULL)


https://cran.r-project.org/web/packages/lsr/lsr.pdf
https://cran.r-project.org/web/packages/sjstats/sjstats.pdf

SUP BRO.

YEAH, | SAW YOU CHECKING OUT
MY EFFECT SIZE. IT'S ALL GOOD.




Faktorialni ANOVA

Predpoklady pouziti

Povaha proménnych

e "Zavisla" proménna kardinalni irovné méreni

Normalita rozloZeni zavislé proménné

e Vramci kazdé sledované skupiny

e Naruseni nepredstavuje zavazny problém, pokud jsou skupiny stejné velké + maji velikost alespori okolo 30
e Neparametricka alternativa - Kruskal-Wallistv test

Homogenita rozptylu
¢ Sledujeme Levenlv F-test, nulova hypotéza hovofi o homogenité napfi¢ skupinami
= Pokud Levenuv F-test vychazi statisticky signifikantni:

¢ Sledujeme pomér rozptylu u skupin s nejvétSim a nejmensim rozptylem, pficemz chceme, aby byl tento
pomeér mensi nez 3

¢ NaruSeni by nemélo vadit, pokud jsou skupiny stejné velké

¢ PFi naruseni lze pouzit Welchovo F

Nezavislost pozorovani

Dostatecny pocet pFipadl pro kaZdou kombinaci faktori



Faktorialni ANOVA

Predpoklady pouziti

# Levene's test

leveneTest(errors ~ driving2, data = FANOVA)

# Levene's test with center = mean
leveneTest(errors ~ conversation2, data = FANOVA)

# Normalita rozlozeni

ggplot(data=FANOVA, aes(FANOVAS$errors)) +
geom_histogram(breaks=seq(0, 20, by = 2),
col="red",
aes(fill=..count..)) +
scale_fill_gradient("Count", low = "blue", high = "purple")+
labs(title="Errors done while driving") +
labs(x="Errors done while driving", y="Count") + theme(legend.position='none')



Faktorialni ANOVA

Post-Hoc testy
tukey <- TukeyHSD(Factorial_ ANOVA)

pairwise.t.test(FANOVAS$errors, FANOVA$conversation2, p.adjust = "bonferroni")
pairwise.t.test(FANOVAS$errors, FANOVA$driving2, p.adjust = "bonferroni")



Faktorialni ANOVA

Kontrasty

options(contrasts = c("contr.helmert", "contr.poly"))

contrasts(ANOVA$condition2) <- "contr.helmert"
model1 <- Im(ig ~ condition2, data = ANOVA)
summary(model1)
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