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Repeated Measures




Repeated Measures ANOVA
Uvod

e SlouZi pro srovnani skupinovych priuméru napfic 3 a vice
podminkami
e Within-subject a longitudinalni design:

= Sledujeme vyvoj nejaké promenné v case
= \/ystavujeme stejné jedince nékolika experimentalnim
podminkam a hledame rozdil ve zmene

Predstavuje reseni situace, kdy je pri opakovanych merenich
porusen predpoklad ANOVA Ci linearni regrese o nezavislosti
pozorovani




Repeated Measures ANOVA

Rozptyl v ramci Repeated Measures ANOVA (dle Field, 2012)
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Repeated Measures ANOVA

Rozptyl v ramci Repeated Measures ANOVA (dle Field, 2012)

1

Celkovy rozptyl (SSv) SST=s5rna(N—1)
e The grand variance in the equation is simply the variance of all scores when we ignore the
group to which they belong

o 2 2 2 2
SS““ = SEL‘l'iﬂn 1 (”1 o7l I ) +Sl_’cr.~.un 2[)72 =0 l ) & S[_’L‘l“um 3 (”; = I ) + A + Sl_’crson n("" = l)

Variabilita mezi subjekty (SSw)
This equation simply means that we are looking at the variation in an individual’s scores and then
adding these variances for all the people in the study. The ns simply represent the number of
scores on which the variances are based
e Variance created by individuals' performances under different conditions
= Some of this variation is the result of our experimental manipulation and some of this variation
is simply random fluctuation.

k
. . . v s . SSu = ,Ii(TI-Y'I'JI] )l
Variabilita mezi mé&Fenimi (SSw) N ; B
We worked out how much variation could be explained by our experiment (the model SS) by
looking at the means for each group and comparing these to the overall mean. So, we measured

the variance resulting from the differences between group means and the overall mean

1. Calculate the difference between the mean of each group and the grand mean.

2. Square each of these differences.
3. Multiply each result by the number of participants that contribute to that mean (ni ).
4

. Add the values for each group together:




Repeated Measures ANOVA

Rozptyl v ramci Repeated Measures ANOVA (dle Field, 2012)

"

S0 RIS AR SSp=) (xi—%;)’
Chybovy rozptyl (SSR) SSg = S5y — SSum i=1
¢ The final sum of squares is the residual sum of squares (SSR), which tells us how much of the
variation cannot be explained by the model.

= This value is the amount of variation caused by extraneous factors outside of experimental control

The between-participant sum of squares (SSB) SSp = 551 — SSw

e This term represents individual differences between cases
= |ts value is the amount of variation caused by differences between individuals




Repeated Measures ANOVA

Rozptyl v ramci Repeated Measures ANOVA (dle Field, 2012)

The mean squares
SSw tells us how much variation the model (e.g. the experimental manipulation)
explains and SSk tells us how much variation is due to extraneous factors.

e However, because both of these values are summed values the number of scores
that were summed influences them. We eliminate this bias by calculating the
average sum of squares.

F-ratio
e The F-ratio is a measure of the ratio of the variation explained by the
model and the variation explained by unsystematic factors.

= [t can be calculated by dividing the model mean squares by the residual mean
squares

SSwm
dfu
: SSkr
RT R

MSy =
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Repeated Measures ANOVA

Rozptyl v ramci Repeated Measures ANOVA

2 Mscond:'tz'ons

Conditions 5S e (k—1) MS onaitions VS

HM9error
Mssubjea's

Subjects SScupjeces (n—1) MSsupjects MS
MIarror

Error SSerror (k — 1) (n - 1) MSQ,,TO,

Total SSr (N-1)

k - pocCet podminek (treatments)
n - pocet participantu (pozorovadni)
df_Total - number of observations (across all levels of the within-subjects factor, n) - 1



Repeated Measures ANOVA

Vyhody

VySSi statisticka sila
e The repeated measures design is statistically more powerful because of
the change in the nature of the error term or the unsystematic
variance. Subjects may consistently reveal individual differences.
m For example: participants which are not taking the experiment seriously,
do not gain anything in the working memory training. So, they will not
show an effect.

e Repeated measures design will take this variability across subjects into
account and will see whether there is systematic variability that can
be contributed to the individual people.

¢ Nizsi naklady (je treba méné zkoumanych osob)



Repeated Measures ANOVA

Nevyhody

Order effect

® Jak oSetrit vliv poradi experimentalnich podminek na sledovanou proménnou?
= Counterbalancing
o Randomised - A2,A1,A1,A2
o Randomizace poradi podminek
o Blocked - a) A1,A2 b) A2,A1
o Nahodné zarazeni do skupiny reprezentujici poradi podminek

m | atin Square - Kazdy respondent je vystaven kazdému poradi
experimentalnich podminek prave jednou

Missing values

e Vzhledem k obvykle menSimu poctu participantt predstavuje riziko -
zmeénou variability ¢i vypocetni komplikaci (kupf. fit modelu)

» Otazka nakladani s chybéjicimi daty - listwise, pairwise, vazeni atd.

m Souvisi s povahou chybéjicich dat - MCAR, MAR, MNAR


https://en.wikipedia.org/wiki/Latin_square
http://www2.sas.com/proceedings/sugi24/Stats/p262-24.pdf
https://en.wikipedia.org/wiki/Missing_data

Repeated Measures ANOVA

Data: Cognitive training

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

e Measured IQ of 20 subjects after 4 sessions of training
o

o

Dependent variable is I1Q gain after a particular session
Null hypothesis: There are no differences among the treatment
groups

e Alternative hypothesis: There is one (or more) mean differences
among the treatment groups



Repeated Measures ANOVA

Data: Cognitive training

setwd()
dir()

install.packages("readxl")
library("readxl|")

excel_sheets("RMANQOVA.xlIsx")

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

RMANOVAS$condition2 = factor(RMANOVA$condition, order = TRUE, levels =
c("8 days", "12 days", "17 days", "19 days"))
RMANOVA$subject2 = factor(RMANOVA$subject, order = FALSE)
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Statisticky popis dat

# Summary statistics by group

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

# Boxplot

library(ggplot2)
bp1 = ggplot(RMANOVA, 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= "1Q gain by the days of training") + theme(legend.position="none")



Repeated Measures ANOVA

F-test a F-Ratio

Funkce aov

e Because you're using repeated measures, you have to add a term
Error(wm$subject / wm$condition).

= This term tells R that you need a special error term since you are
working in a repeated measures design and the error term differs.

e So you add this term, saying that the subjects are measured repeatedly
across conditions.

# Apply the aov function
model <- aov(ig ~ condition2 + Error(subject2 / condition2), data =
RMANOVA)

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



Repeated Measures ANOVA

F-test a F-Ratio

Funkce ezANOVA
# ez package

install.packages("ez")
library("ez")

newModel <- ezANOVA(data = dataFrame, dv = .(outcome variable), wid = .
(variable that identifies participants), within = .(repeated measures
predictors), between = .(between-group predictors), detailed = TRUE, type =
2)

# Apply the ezANOVA function
model2 <- ezANOVA(data = RMANOVA, dv = .(ig), wid = .(subject2), within = .
(condition2), detailed = TRUE, type = 3)
model2


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

Repeated Measures ANOVA

F-test a F-Ratio

Multilevel approach

install.packages("nime")
library("nlme")

model3 = Ime(iq ~ condition2, random = ~1 | subject2/condition2, data =
RMANOVA, method = "ML")

summary(model3)


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

Repeated Measures ANOVA

Velikost uc€inku

r’z — ﬂ wg . dfeffect X (j\/l Seffect o AC[Serror)
SSt SStotal + A‘Issubjects
ss_cond = 196.1 dfeffect =3
ss_total = 196.1 + 297.8 MSeffect = 65.36
eta_sq <- ss_cond / ss_total MSerror = 5.22

SStotal = 196.1 + 297.8
MSsubjects = 9.242

Omega?2 = (dfeffect * (MSeffect -
MSerror)) / (SStotal + MSsubjects)


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3840331/

Repeated Measures ANOVA

Predpoklady pouZiti

Povaha proménnych

e "Zavisld" proménna kardinalni drovné méreni

Normalita rozloZeni zavislé proménné

e V ramci kazdé sledované skupiny
e Neparametricka alternativa - FriedmanUyv test

Sféricita
e Sphericity is the condition where the variances of the differences between all
combinations of related groups (levels) are equal

= Violation of sphericity is when the variances of the differences between all combinations of
related groups are not equal.

e The violation of sphericity is serious for the repeated measures ANOVA, with violation
causing the test to become too liberal (i.e., an increase in the Type | error rate)


https://www.r-statistics.com/tag/friedman-test/

Repeated Measures ANOVA

Predpoklady pouziti

Mauchy's test

# Define the iq data frame

iq <- cbind(RMANOVA$iq[RMANOVA$condition == "8 days"],
RMANOVAS$iqg[RMANOVA$condition == "12 days"],
RMANOVA$ig[RMANOVAS$condition == "17 days"],
RMANOVA$ig[RMANOVAS$condition == "19 days"])

# Make an mIlm object
mlm <- Im(iq ~ 1)

# Mauchly's test
mauchly.test(mlm, x =~ 1)
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Predpoklady pouziti

# Normalita rozlozeni

ggplot(data=RMANOVA, aes(RMANOVA$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’)

ggplot(RMANOVA, aes(x=iq, fill=condition2)) +
geom_histogram(position="identity", binwidth=1, alpha=0.5)
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Friedmanuyv test

friedman.test(iq ~ condition2 | subject2, data = RMANOVA)



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 poruseni predpokladu sféricity



Post-Hoc testy

Doporuceni podle Fielda (2012)

Not only does sphericity create problems for the F in repeated-measures
ANOVA, but also it causes some amusing complications for post hoc
tests

e The default is to have no adjustment and simply perform a Tukey LSD
post hoc test (this is not recommended).

e The second option is a Bonferroni correction (recommended for the
reasons mentioned above), and the final option is a Sidak correction,
which should be selected if you are concerned about the loss of power
associated with Bonferroni corrected values.




Post-Hoc testy

Tukey

# funkce glht

library(multcomp)

posthoc = glht(model3, linfct = mcp(condition2 = "Tukey"))
summary(posthoc)



Post-Hoc testy

Bonferroni

# Pairwise t-test

with(RMANQOVA, pairwise.t.test(iq, condition, p.adjust.method =
"bonferroni", paired = T))

# glht

summary(glht(model3, linfct=mcp(condition2 = "Tukey")), test =
adjusted(type = "bonferroni"))



Post-Hoc testy

# dunn.test

install.packages("dunn.test")
library("dunn.test")
dunn.test (x = RMANOVAS%iq, g=RMANOVA$condition2,
method="sidak", kw=TRUE, label=TRUE,
wrap=FALSE, table=TRUE, list=FALSE, rmc=FALSE, alpha=0.05)


http://link.springer.com/article/10.1023/A:1022238410461
https://en.wikipedia.org/wiki/%C5%A0id%C3%A1k_correction

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 podminky

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



Kontrasty

Name  Definition

Deviation
(first)

Deviation
(last)

Simple
(first)

Simple
(last)

Repeated

Helment

Difference
(reverse
Helmert)

Compares the effect of each
category (except first) to the
overall experimental effect

Compares the effect of each
category (exceptlast) to the
overall experimental efiect

Each category is compared to
the first category

Each category is compared to
the last category

Each category (except the first)
is compared to the previous

category

Each category (except the last)
is compared to the mean effect

of all subsequent categories

Each category (except the first) is
compared to the mean effect of

all previous categories

Contrast  Three Groups

2
3

w n w n w N w r

w n

VS.

VS.

VS.

VS.

VS.

VS.

VS,

VS.

VS.

(1.2.3)
(1,2,3)

(1,2.3)
(1,2.3)

(2,3

21

W N - W N -

-

N W & w

Four Groups

BB B BB B BB B BB G BB BB D BD D

(1234)
(1234)
(1234)
(1.23.4)
(1234)
(1.234)

H W N s s s A WLWN

(2.3, 4)
(3. 4)

(3.2,1)
(2,1)




Kontrasty

Priklad

# Helmertuv kontrast

options(contrasts = ¢("contr.helmert”, "contr.poly"))
contrasts(RMANOVA$condition2) <- "contr.helmert"

model3 = Ime(iq ~ condition2, random = ~1 | subject2/condition2, data =
RMANOVA, method = "ML")

summary(model3)


http://gribblelab.org/stats/notes/RepeatedMeasuresANOVA.pdf
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