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e R language & R-Studio IDE basics
e Descriptive statistics
e Moderation analysis in eye tracking studies
e Mixed-design Analysis of Variance (ANOVA) with interaction effect
® Pairwise comparisons
e Graphical representations of interaction effects
e Multiple regression with interaction effect
e Simple slopes analysis

e Visualization of interaction effect in regression

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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e R is a free software environment for statistical

computing and graphics with large worldwide
community.

e http://www.r-project.org/

e R Core Team (2015). R: A language and
environment for statistical computing. R

R language

Fle Edit Code View Project Workspace Plots Tooks Help

and EEEEE Foundation for Statistical Computing, Vienna,

) [somceonsave & /- * % sSource v | Ploade [ Sves _Simport Datasets  § Clear ANl
L] 1 11b y gYpl ot2) + Data "
o ts/formatelo dfamonds 53940 obs. of 10 varfables AU St rl a
4 view(dianonds Vaues "
z sunmary (dia m avesize 0.7979
7 summary(diamondsSprice clarity character (8)
8 avesize <- round(mean(diamondsicarat), 4 P ggplot (8]
9 clarity levels(diamondsiclarity.
10 Funcions
1 p qplot price format.plot(plot, size)
12 a aumna color- 1..-1 ty,
13 b “ca yhb Price”,
14 ni Ian-or\d ricing”
15 Files  Pots  Packages  Help P o |
. .
S e e RStudio is a free and open source Integ rated
Diamond Pricing
e - R Devel t Envi t (IDE) for R
- evelopment environmen or K.
x y z
min, 1 0,000 wmin. 1 0.000 win. : 0.000
15t Qu.: 4.710  1st Qu.: 4.720  1st Qu.: 2.910
Median : 5.700  Median : 5.710  wedian : 3.530
em HE N 73l ean 1 5.735 Mean : 3.539 - -
Hiwg et ML ® http://www.rstudio.com/ide/
ax. 1107 o wax. 5.900 Max.  :31.800 Price - - .
ry(diamonds Sprice. )
uin. 1st Qu. Median Mean 3rd Qu.
326 950 2401 3933 5324 18520
> 26 <- round(mean(diamondsscarat), 4)
aa 1 ty <- levels (aiamond sclarity)
n - qplo (-n price,
ata: diamonds. 010r = 1 ity,
lab- ‘carat” aba"

VY Pr e.
maine"0 lamondviinq)

>
> Ilormn plot(p, size=24)
>

Carat
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[ NON ] New File > Create Project
o | New Project... I
v @ l le .
v New Directory
Open File... $0 L Start a project in a brand new working directory >
Environme Open File in New Column... tc

Existing Directory

Recent Files > N
Associate a project with an existing working directory

& B |
R - . Open Project...

Open Project in New Session... Version Control

Checkout a project from a version control repository >

® L =

Recent Projects >

Import Dataset > 3

Start a new
projectin 4
steps

Directory name:

| LEAD-ME |
Create project as subdirectory of:
'E(‘ |~/Desktop |( Browse... )

I Create a git repository

R New Project

Create a new
&) R Package project in an empty

directory

R Shiny Web Application

R Package using Rcpp
("] Use renv with this project
R Package using RcppArmadillo

R Package using RcppEigen

vV VvV VvV VvV vV V| Vv

R Package using devtools

Open in new session i
[Jop (Create PrOJect) [ Cancel )

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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Outside e Add data folder into your working folder
RStudio

e Create ‘graphs’ folder in you working folder

{ > LEAD-ME

Name

@ analysis.R
> 07 data
© dataPrep.R
> I graphs
R LEAD-ME.Rproj

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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< LEAD-ME

[ XON )
o . @ &= ~ 1 | & || A Go to file/function -~ Addins ~
@‘J analysis.R = ]
& & [JSource on Save = O ]"f:, £ ~=Run %%  “Source v~ =
1 # load usefull packages
2 library(psych)
3 library(tidyverse)
4  library(afex)
5 1library(emmeans)
6 library(pastecs)
7
8

Complete
RStudio IDE

R script

ready for

L] L]
Stat I St I Ca | 8:1  (Top Level) = R Script =
Environment  History Connections  Tutorial — ]
anal SeS &% [ | 7 Import Dataset ~ | ‘IZOMiB"{ ELiSt"@'
y R ~ | 7} Global Environment ~ Q

Environment is empty

R environment
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LEAD-ME - RStudio

[R] LEAD-ME ~

Console Terminal = Jobs - -
(R R4.1.0 - ~/Desktop/LEAD-ME/
R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license()' or 'licence()' for distribution details.

Natural language support but running in an English locale
R is a collaborative project with many contributors.
Type 'contributors()' for more information and
'citation()' on how to cite R or R packages in publications.
Type 'demo()' for some demos, 'help()' for on-line help, or
'help.start()' for an HTML browser interface to help.
Type 'q()' to quit R.
. R console
Files Plots Packages Help Viewer |
© | New Folder | © Delete =|Rename = {3 More ~ c
() 44} Home - Desktop > LEAD-ME ®

A Name Size Modified
T .

O @ LEAD-ME.Rproj 205 B Jul 3, 2021, 1:05 PM
(] data
() @7 analysis.R 1078 Jul 3,2021, 1:10 PM

Files, Plots, Packages & Help

e —————————————————

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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lunch <- make.pizza(dough = “thin”,

sauce = “tomato”,
TalkingtoR main.ingredient = “mozzarella”,
doubleCheese = FALSE)

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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Ordering pizza (oops... analyses) with R

function arguments

object name  assignment sign function name .- e
................... " its parameter
Talkingto R | A
...... “df <- read. csv(ﬁle = "fitts sv")
P Y v

I want ... an object 'df’ ... made by .. readmg the csv file ... called “fitts.csv’

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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* All functions are stored in packages.
* Load packages to R memory to make its functions available

*There are packages for everything — you can download
them from Internet

libraries

functions

e Functions names are described in
packages’ help files

para meters

* All you will
find in the
‘help’ files

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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libraries
library(psych)

functions
describe(x, na.rm = TRUE, interp=FALSE,skew = TRUE, ranges = TRUE, trim=.1,

parameters type=3, check=TRUE, fast=NULL, quant=NULL,IQR=FALSE)

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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Searching for functions’ help: definition, arguments, examples of usage

Files Plots Plckages Viewer

edPRnladalc

=0

| ) read.csv| (x] | 1

R: Data Input ~

read.table {utils}

Data Input

Description

Reads a file in table format and creates a data frame from it, with cases corresponding to lines and variables to fields in the file.

Usage

read.table(file, header = FALSE, sep = "", quote = "\"'",

dec = ".", numerals = c("allow.loss", "warn.loss", "no.loss"),

row.names, col.names, as.is = !stringsAsFactors,

na.strings = "NA", colClasses = NA, nrows = -1,

skip = 0, check.names = TRUE, fill = !blank.lines.skip,

strip.white = FALSE, blank.lines.skip = TRUE,

comment.char = "#",

allowEscapes = FALSE, flush = FALSE,

stringsAsFactors = default.stringsAsFactors(),

fileEncoding = "", encoding = "unknown", text, skipNul = FALSE)
read.csv(file, header = TRUE, sep = ",", quote = "\"",
dec = ".", fill = TRUE, comment.char = "", ...)

read.csv2(file, header = TRUE, sep = ";", quote = "\"",
dec = ",", fill = TRUE, comment.char = "", ...)

read.delim(file, header = TRUE, sep = "\t", quote = "\"",

Aar = " " fi11 = TRUR ramment char = "' A

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)

R Documentation

| Q4 read|

rguments. s

read.csv
read.csv2
read.dcf
read.delim
read.delim2
read.DIF
read.fortran
read.ftable
read.fwf
read.socket
read.table
read.table.url
readBin
readChar
readCitationFile
readline
readLines
readRDS
readRenviron

ation

ame,




*UNIVERSITY O DS
OF WARSAW EUROPEAN COOPERATION
IN SCIENCE & TECHNOLOGY

Funded by the Horizon 2020 ‘"
Framework Programme of the ” S\NPS
European Union UNIVERSITY

-‘:4 LEAD-ME

Q

install.packages(pkgs = "ggplot2”, dependencies = TRUE)

if TRUE will install also all dependent packages

> library("ggplot2”, lib.loc="/Library/Frameworks/R.framework/Versions/3.2/Resources/library")
Restarting R session...
> install.packages("ggplot2")

% Total % Received % Xferd Average Speed Time Time Time Current
Dload Upload Total Spent Left Speed

]
I nSta I n I 2 ] ] ] ] ] ] 0 Wi S o o e e e e S 0 0 2608k ] 0 0 ] ]
Bismiriivm mnlerlive mmlE o 0 12 2608k 12 323k [} 0 1383k 0 0:00:14 0:00:01 0:00:13 183k 29 2608k

o 0 29 771k [’} 0 279 0 0:00:09 0:00:02 0:00:07 279k 54 2608k 54 1427k [/} 0 382k 0 0:00:06
1 0:00:03 0:00:03 382k 87 2608k 87 2291k ©  © 483k 0 0:00:05 0:00:04 0:00:01 483k100 2608k 100 2608k
I ra rles = to 0 sS0% @ 0:00:05 0:00:05 --:--:-- 606k
Files Plots | Packages | Help Viewer ) )
- The downloaded binary packages are in
o /var/folders/2y/0kb@bZxd7@s7dxp86zvrrctc@@0dgp/T//RtmpSItuRK/downloaded_packages
(pac ka ges) 2[Blmstall | @ Update i Packrat | (& :
Name Description e YT o k) ———
Wweka, dBase, ...
formatR Format R Code Automatically 1.2
Formula Extended Model Formulas 1.2-1
gam GCeneralized Additir~ *~~1- 10
- Install Packages
gdata Various R Program 1
p— . X Install from: ? Configuring Repositories
geepack Generalized Estimé  (pepository cRAN) n )

Packages (separate multiple with space or comma):
gpiorz 5 E|

Install to Library:
( /Library/Frameworks/R.framework/Versions/3.2/Resources/librar 4 ]

(V| Install dependencies

| 4 |[ Install ]| Cancel |

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)  eee— —
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Before using functions from the library we have to load them to the working memory.

library(ggplot2) > z el

B —

Loading

installed
libraries

> Library(‘ggplots”, Lib.Lloc="/L1brary/trameworks/K.tramework/versio
ns/3.2/Resources/library")

1 - ‘‘‘‘‘‘‘‘‘‘ v S —
( p a C ka g e S) Files Plots | Packages | Help Viewer ==
Glinstall @ Update g Packrat (& a
Name Descripion . Version
weka, asase, ... 7
~ formatR Format R Code Automatically 1.2
" Formula Extended Mgdef'f‘(‘)"l’mulas 1.2-1
~ gam Geng‘l_:a}ii’éa Additive Models 1.12
- gdata Vé‘;‘i‘ous R Programming Tools for Data Manipulation 2.16.1
"~ geepack . Generalized Estimating Equation Package 1.2-0
2 | ggplotz |- An Implementation of the Grammar of Graphics 1.0.1
" gmodels Various R programming tools for model fitting 2.15.4.1

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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e Some libraries contain other useful packages e.g., tidyverse

> library(tidyverse)

ocoskE
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. — Attaching packages tidyverse 1.3.1 —
Load|ng v ggplot2 3.3.4 ¥ PUFFE 0.3.4
|arge v t1.bb1e 3.1.2 i dpl)(r 1.0.6
: : v tidyr il ol B v stringr 1.4.0
||brar|es v readr 1.4.0 7 Torcats 0.5.1

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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O-l%pla- = =

@' dataPrep.R

# load us L
library(tidyverse)

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

21
1:1 (Top Level) &

<2 | | 7 Import Dataset ~
R ~ 7k Global Environment ~

A Go to file/function | ~ Addins ~

A & [JSource onsave | Q /-
1 packages

R script

Environment History Connections  Tutorial

N7 MmiB -

Environment is empty

R environment

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)

]

[—]
~=Run %%+ Source v =

R Script =

Console Terminal © Jobs -

(R R4.1.0 . ~/Desktop/LEAD-ME/

R version 4.1.0 (2021-05-18) -- "Camp Pontanezen"
Copyright (C) 2021 The R Foundation for Statistical Computing
Platform: x86_64-apple-darwinl7.0 (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license()' or 'licence()' for distribution details.

Natural language support but running in an English locale

R is a collaborative project with many contributors.
Type 'contributors()' for more information and
'citation()' on how to cite R or R packages in publications.

Type 'demo()' for some demos, 'help()' for on-line help, or
'help.start()' for an HTML browser interface to help.
Type 'q()' to quit R.

> R console

Files Plots Packages Help Viewer
© | New Folder | © Delete |Rename | {3 More -
) 42 Home - Desktop ~ LEAD-ME

A Name Size
T .
(] @] analysis.R 541B
O data
() ©] dataPrep.R 9308
(] [® LEAD-ME.Rproj 205 B

Files, Plots, Packages & Help

(R LEAD-ME ~

=0

Modified

Jul 3, 2021, 9:57 PM

Jul 3, 2021, 10:00 PM
Jul 3, 2021, 10:00 PM
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e Data frame is a quadratic table of data.
e Different columns can be of different classes (numeric, character, factor, etc.).
e All variables have to have the same length.

e This is similar to SPSS datasets or other spreadsheets

Data
frames

20 # Data frames

21 x <- rnorm(10) » numeric vector of random 10 values

22 y <- rnorm(10) » numeric vector of random 10 values

23 gender <- c(rep("male", 5), rep("female", 5)) wmms » character vector of 5 ,male” and 5 ,, female” values
24 gender <- factor(gender) » factor of gender

25 df <- data.frame(gender, x, y) » data frame with 3 variables: gender, x, and y

e— — When done you’ll see your data
< [ _#Import Dataset~ = ¥ (& = List~ |

W a frame in Environment tab +

Data ’ ’ ;

odf 10 obs. of 3 variables @ Jqformafzon c’ZbOUf s
dimensions

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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@JwsStats.R * | |dfx =
B | & | ¥ Filter Q
gender ~ x y

1 male 0.4065970 -0.9902092

2 male -1.6316729 0.1463223

3 male -1.3307214 -1.2361262

4 male 0.5639576 0.2127497

5 male -1.4330137 -1.0637937

6 female -0.8543549 -2.2069486

7 female 0.7830413 -1.3713988 »

8 female -0.3653962 -2.3687331

9 female 1.2194619 0.6200543

—
o

female 0.2741251 -1.7700039

Data frames

When you clic]%“your data frame name,
you will see its content in a new tab

Showing 1 to 10 of 10 entries

Environment  History =
& B | (®Import Dataset~ | & | & = List~
} Global Environment~ Q

Data {

odf 10 obs. of 3 variables r @

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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27 class(df) -~ »  Information about the object class
28 dim(df) - »  dimensions of data frame or matrix
Data frames 29 names(df) » names of variables in the data frame
& variables 30 str(df) »  structure of data frame and all its variables
31 head(df) -~ > displays first 6 rows of data frame
A set of » HeadCdr)
gender X Yy
useful = naesliam 1 male 0.4065970 -0.9902092
functions TGRS s MY B
L — — maLe -1. —de.
(?lo‘}dﬁo remember 4 male ©.5639576 0.2127497
all of them) 5 male -1.4330137 -1.0637937
6 female -0.8543549 -2.2069486
S — T
> str(df)
'"data.frame': 10 obs. of 3 variables:
$ gender: Factor w/ 2 levels "female","male": 2222211111
$ x : num 0.407 -1.032 -1.331 0.504 -1.433 ...
$y : num -0.99 0.146 -1.236 0.213 -1.064 ...

LEAD-ME Summer Training Schoomwarsewssozrts=gIoTy202T) —————
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e Calling/using a specific variable from the data frame can be done in two ways:

e referring to the name of the variable

dataFramesvariableName

36 df$gender

Data frames

> df$gender
[1] male male male male male female female female female female
Levels: female male

Calling the e S
variable

e referring to the index (number) of the column which stores the variable in the data
frame

dataFrame[row, column]
38 df[ ,1]

> df| ,1]
[1] male male male male male female female female female female
Levels: female male

e — e

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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e Objects are bricks, which you can use for the analyses (data frames, variables,
statistics results, functions, plots, etc.)

® Objects are stored temporarily in the R environment

e Objects can be loaded, eg. data frames or created by R

ObjectsinR

create the object
the list of available objects

X < T r. no r‘m ( 10) Environment History =0
~« A \ 4 < | (®Import Dataset- = & | & = List-
& 3 Global Environment - Q |
Data
object assignment function odf 10 obs. of 3 variables o
name sign definin Values
& ob'ectg g Factor w/ 2 levels "female","male": 2 12 1
J gender Factor w/ 2 levels "female","male": 2222211111
Kitty "Hello Kitty"
o Ord.factor w/ 3 levels "high"<"medium"<..: 3 2 1
’ X num [1:10] 0.109 -0.672 -0.142 -1.326 0.455 ...
remove tbe Ob]eCt y num [1:10] -0.418 -0.999 0.144 -0.5 0.372 ...
z logi [1:3] TRUE TRUE FALSE
rm(x)

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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Exemplary eye tracking project

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)



Climate change overlooked.
The role of attitudes and mood regulation
in visual attention to global warming

Anna Mazurowska
SWPS University of Social Sciences and Humanities, Warsaw, Poland

Research Advisor:

E UBU dr. Krzysztof Krejtz m SVVPS
UNIVERSITY

0OSRODEK BADAN OKULOGRAFICZNYCH

@ 2021 Symposium on Eye Tracking Research and Applications (ETRA'21), May 25-27
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Individuals with environmental concerns will be
more likely to place visual attention on images

I depicting negative consequences of climate
QRS change than individuals without such concerns,

where pro-environmental attitude is the
mediator.

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)



P k. Funded by the Horizon 2020 Yﬂ
.:‘ LEAD'ME . Framework Programme of the “ SVVPS
q

. S
UNIVERSITY o EDSt

OF WARSAW EUROPEAN COOPERATION
IN SCIENCE & TECHNOLOGY

Taan” European Union UNIVERSITY

e Participants:

e students of psychology at SWPS University (N = 48)
e Two stage online study:

e Stage 1: Eye tracking experiment with RealEye

e Stage 2: New Ecological Paradigm Scale (NEP) -
a measure of pro-ecological attitudes
(sensitivity to climate change)

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)



Experimantal procedure

Fixation point

Instruction:

"Please take a look at
the presented photos,
especially those that
seem to be the most
interesting".

self paced positive nature, neutral
and negative depiction
of consequences

of climate change

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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Pro-environmental attitude measurement:
New Ecological Paradigm Scale (Dunlap et al. 2000), e.g.:

¢"We are approaching the limit of the number of people the Earth can
support”.

¢"Plants and animals have as much right as humans to exist".

Questionnaire

Neither
Strongly agree nor Strongly
disagree Disagree disagree Agree agree
We are approaching the limit of the number of people the Earth can support O O O O O]
Plants and animals have as much right as humans to exist O O O ® O

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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Exemplary
recording
from
RealEye
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ey Negative:
& " | negatyw_pozar
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Preparing data for
—the analyses

read /[ filter [ select | mutate / join [ write

ensed under CCBY

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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— LonrtLrices ——

# read data frame x ggplot2::%+%()

df <- readI X ggplot2::alphe
¢ read_builtin {readr} read _csv(file, col _names = TRUE, col_types = NULL, " (
locale = default_locale(), na = c("", "NA"),
_ quoted _na = TRUE, quote = "\"", comment = "",
¢ read_csv_chunked {readr} trim_ws = TRUE, skip = 0, n_max = Inf, guess_max =
min(1000, n_max), progress = show_progress(), EC
¢ read_csv2 {readr} skip_empty rows = TRUE) %
¢ read_csv2_chunked {readr} | read csv() and read_tsv() are special cases of the general
Read data & read_delim {readr} | read_delim(). They're useful for reading the most common types ¢
(Top ) of flat file data, comma separated values and tab separated values,
¢ read_delim_chunked {readr} S PR ——— A—
frame from o | IR o Press F1 for additional help lc
2 e 1 o

file

# read data frame
df <- read_csv(file = "data/r)

all _data.csv data
@ all_data.Rda data
(] qualtrics.csv  data

] .DS_Store data

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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> df <- read csv(file = "data/realeye.csv")

— Column specification

cols(
ID = col_double(),
Read data aoi_id = col_character(),
frame from aoi_name = col_character (),
. aoi_size percents = col _double(),
file aoi_fixation_total _count = col _double(),

aoi_fixation_average duration_ms = col_double(),
aoi_fixation_ttff_ms = col _double(),

aoi_fixation_average_ total_time_spent_ms = col_double(),
aoi_fixation_ first fixation_average duration_ms = col double(),
notes = col_character ()

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)



Funded by the Horizon 2020
Framework Programme of the
European Union

%« UNIVERSITY
OF WARSAW

it SWPS

UNIVERSITY

% ccosE

= 2

LEAD-ME

EUROPEAN COOPERATION
IN SCIENCE & TECHNOLOGY

®|analysisR -~ | |df =
M 5| 7 Filter Q
F i rst | O O k at “ 1D aoi_id aoi_name aoi_size_percents aoi_fixation_total_count aoi_fixation_averag
1 56827 7499dfa7-a9bd-4el7-a26a-9a62a9200d1f negatyw_pozar 13.51776 7
the data 2 56827 c4d7557d-835a-496b-9757-be63a5a20754 neutral_igla 13.51776 7
3 56827 7a6fbl76-eed4-4ebc-871b-elbdc483d039 pozytyw_ocean 13.48463 1
4 63148 7499dfa7-a9bd-4el7-a26a-9a62a9200d1f negatyw_pozar 13.51776 11
5 63148 c4d7557d-835a-496b-9757-be63a5a20754 neutral_igla 13.51776 0
6 63148 7a6fbl76-eed4-4ebc-871b-elbdc483d039 pozytyw_ocean 13.48463 2
7 46018 7499dfa7-a9bd-4el7-a26a-9a62a9200d1f negatyw_pozar 13.51776 4
8 46018 c4d7557d-835a-496b-9757-be63a5a20754 neutral_igla 13.51776 0
9 46018 7a6fbl176-eed4-4ebc-871b-elbdc483d039 pozytyw_ocean 13.48463 2
10 45940 7499dfa7-a9bd-4el7-a26a-9a62a9200d1f negatyw_pozar 13.51776 13
11 45940 c4d7557d-835a-496b-9757-be63a5a20754 neutral_igla 13.51776 3
12 45940 7a6fbl176-eed4-4ebc-871b-elbdc483d039 pozytyw_ocean 13.48463 12
13 54370 7499dfa7-a9bd-4el7-a26a-9a62a9200d1f negatyw_pozar 13.51776 10
14 54370 c4d7557d-835a-496b-9757-be63a5a20754 neutral igla 13.51776 2

LEAD-ME Summer Training S=.

Showmg 1 to 13 of 6,026 entries, 10 total columns

T TT TN T T T T T

Environment History Connections Tutorial |
= 4 Import Dataset ~ % 344 MiB + 3 = List » | G
R ~ 7} Global Environment ~ Q

Data

© df 6026 obs. of 10 variables
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e There were three different types of AOI (positive, negative and neutral picture)

e Currently the data frame contains the following AOI names:

> unique(df$aoi_name)

[1] "negatyw_pozar" "neutral_igla" "pozytyw_ocean" "negatyw_lodowiec"

[5] "neutral_kosci" "pozytyw_gory" "negatyw niedzwiedz" "neutral_lyzeczki"

[9] "pozytyw las" "negatyw _podtopienia" "neutral_muszla" "pozytyw _morze"
Create AOI [13] "negatyw_susza" "neutral_zegar" "pozytyw_rzeka"

type
independent e We want to make AOI type variable which will be used as a factor in further analyses

variable e We will use the first element of unique AOI names as values of this new variable

e Technically we will split aoi_name variable into two columns by *_", creating new
“aoi_type” and “picture” variables

df <- df %>%
separate(aoi_name, sep = "_", into = c("aoi_type", "picture"))

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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e Sometimes you want to delete from your data frame some variables (columns)

A\

e This time we want to get rid off three variables "notes", “aoi_id", and “picture”

e Also we want to remove four subjects who were not following the instruction

df <- df %>%
select(-notes, -aoi_id, -picture) %>%

filter(ID !'= "61567" & ID!="64828" & ID'!'="66001" & ID != "54127")
Select

&
filter

e The list of new df variables names shows that the operation was successful

> names (df)

[1] "ID" "aoi_type"

[3] "aoi_size_percents" "aoi_fixation_total_count"

[5] "aoi_fixation_average_duration_ms" “aol_fixation ttff_ms”

[7] "aoi_fixation_average total time_spent _ms" "aoi_fixation_first _fixation_average duration_ms"

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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® Missing values are annotated with NA

® NAs are not welcomed

e Always try to find out why you have NAs in your data set

e This time NAs mean that a participant did not fixate on AOI
MiSSing e [t make sense to replace NAs with zeros

values

(NAS)
a special df <- df %>%

case replace_na(list(aoi_fixation_ttff ms = 0, aoi_fixation_average duration_ms = 0,
aoi_fixation_average total time_spent ms = 0,
aoi_fixation_first _fixation_average duration_ms = 0))

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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# read data file with additional variables
dq <- read_csv(file = "data/qualtrics.csv")

— Column specification —

“ a1 Q3 Q5 Q7 Q9 Qi1 Q13 Q15 ID
cols( 1 4 5 4 5 5 5 4 4 41428
Read new data 01 = eol double(), 2 4 5 2 5 4 5 3 2 64666
file with Q3 = col_double(), 3 4 4 4 5 4 4 2 4 32185
. . Q5 = col_double(), 4 2 2 4 2 5 4 3 3 65176
questlonnalre Q7 = col _double(), 5 4 4 4 5 3 5 5 5 45652
answers Q9 = col double(), 6 1 5 5 4 5 4 2 5 60466
Q11 = coT_doubIe(), 7 3 5 4 5 4 4 4 4 63148
Q13 = col double(), 8 3 4 4 4 4 4 5 4 45940
Q15 = col double(), 9 2 4 5 5 2 4 3 5 14539
iD= B8 aouble() 10 3 4 4 2 4 3 4 3 29236
) o 11 4 2 3 3 5 3 4 4 54619
12 4 4 3 4 2 5 5 4 46417
13 4 4 4 4 5 4 2 4 65905

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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e We need to join two data frames (with eye tracking data and questionnaire data)

e We will join to data frames by subject ID variable

# join two data frames by ID (subject ID variable)

n [ < s : : : — n n
Joining two d <- inner_join(df,dg, by = "ID")
data frames
. Environment History Connections Tutorial — O
by SU bJeCt <2 |5) 7 Import Dataset ~ ™ 383 MiB - | { — List ~ | @ -
ID R ~ 7k Global Environment ~ Q
Data
Od 2484 obs. of 10 variables 5
O df 6026 obs. of 8 variables i
©O dq 48 obs. of 3 variables 112

e Note that new data frame “d” has lower number of rows.

e It is due to the fact that not all subjects who participated in eye tracking study
completed the questionnaire.

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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e Questionnaire data contains answers from the New Ecological Paradigm (NEP)
questionnaire and subject ID

e The answers were on 1-5 Likert-type scale (the higher value the higher sensitivity to
climate change)

e We want to calculate one score of the sensitivity to climate change (NEP) which will be a
mean of all given answers

e Next, we want to perform median split on NEP score (low vs high sensitivity to climate
change) to use it as a factor in further analyses.

e We need also to set aoi_type as factor and make “neutral” value of it as a reference point
(important for statistical analyses)

e Last, we do not need all raw answers to each NEP question (they all starts with *Q").

d <- d %>%
mutate(NEP = rowSums(select(.,starts_with("Q")))) %>%
mutate (NEPsplit = cut(NEP, 2, labels = c("low", "high"))) %>%
mutate (aoi_type = factor(aoi_type)) %>%
mutate(aoi_type = relevel(aoi_type, ref = "neutral")) %>%
select(-starts_with("Q"))

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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e Save the entire data frame into a new file
e We can do it in several formats. The most useful are:
e .csv files (great for sharing even with those who do not use R)

e Data format (.Rda) - great for further use within R and hard drive space saver

# write the entire data base into RData file

Write data save(d, file = "data/all_data.Rda")
fl # or csv file
IHES write csv(d, file = "data/all_data.csv")
Files Plots Packages Help Viewer =
© | New Folder @ Delete |Rename = {3 More - (
(] 42 Home - Desktop > LEAD-ME - data R ’
A Name Size Modified
;

O D qualtrics.csv 1.1 KB Jul 3, 2021, 8:43 PM
) | realeye.csv 548 KB Jul 3, 2021, 9:18 PM
O @] all_data.Rda 24.5 KB Jul 3, 2021, 9:43 PM
[ all_data.csv 138.5KB  Jul 3, 2021, 9:44 PM

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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Descriptive statistics

With visualisations
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e It is good to have several R scripts for different purposes.

e We will create a new R script named “analysis.R”

Crea’_ce new e Start the script with useful libraries
R script
"analysis.R” © analysis.R -
S & | JSourceonSave @ O /- |
1 # load usefuh packages
2 library(psych)
3 library(tidyverse)
4 library(afex)
5 1library(emmeans)
6
7
8

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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e Reading RData format will automatically load data frame name

Read data # read data frame from RData format

frame of load("data/all_data.Rda")
Environment History Connections Tutorial

RData

format &2 |4 #ImportDataset ~ | W 113MiB » §

R ~ 7} Global Environment ~

Data
Od 2430 obs. of 10 variables

El s | 5/ Filter Q

“ ID aoi_type aoi_size_percents aoi_fixation_total_count aoi_fixation_average_duration_ms aoi_fixation_ttff_ms a
1 63148 negatyw 13.51776 11 155 520
2 63148 neutral 13.51776 0 NA NA
3 63148 pozytyw 13.48463 2 149 7384
4 45940 negatyw 13.51776 13 192 1106
5 45940 neutral 13.51776 3 150 747
6 45940 pozytyw 13.48463 12 173 4859
7 54370 negatyw 13.51776 10 145 767
8 54370 neutral 13.51776 2 137 540
9 54370 pozytyw 13.48463 9 151 1343

10 61567 negatyw 13.51776 2 157 2392

11 61567 neutral 13.51776 4 148 973

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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e Summary is a generic function used to produce summaries of the results of various

Describe model fitting functions.

data frame e The function invokes particular methods which depend on the class of the first

argument.

e When applied to data frame it returns basic descriptive statistics for all numerical
variables

> summary (d)

ID aoi_type aoi_size percents aoi_fixation_total _count aoi_fixation_average duration_ms aoi_fixation_ttff_ms
Min. :10564 Length:2430 Min. :11.97 Min. : 0.000 Min. :100.0 Min. 500
1st Qu.:41710 Class :character 1st Qu.:12.18 1st Qu.: 1.000 1st Qu.:144.0 1st Qu.: 1044
Median :55152 Mode :character Median :12.30 Median : 4.000 Median :162.0 Median : 1918
Mean :51814 Mean :12.46 Mean ) Mean $169.1 Mean : 3119
3rd Qu.:63148 3rd Qu.:12.80 3rd Qu.:10.000 3rd QU183 .0 3rd Qu:: 3998
Max . 167201 Max. :13.52 Max. 144 .000 Max. :583.0 Max. :14882

NA's 1486 NA's 1486

aoi_fixation_average total_time_spent ms aoi_fixation first fixation_average duration_ms NEP NEPsplit
Min. 100 Min. 100.0 Min. 255 125 low :1125
1st Qu.: 450 1st Qu.: 123.0 1st Qu.:3.750 high:1305
Median : 1048 Median : 143.0 Median :4.125
Mean 1492 Mean 163 .9 Mean Wl 143
3rd Qu.: 2020 3rd Quw: 179.0 3rd Qu.:4.500
Max . 213419 Max. :2051.0 Max. :5.000
NATs  na88 - NATs se Can be hard to read however
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The describe function in the psych package is meant to produce the most frequently
requested stats in psychometric and psychology studies, and to produce them in an easy
to read data.frame.

> describe(d[,4:8])

vars n mean sd median trimmed mad min max range skew kurtosis se
aoi_fixation_total_count 1 2430 6.78 7.42 4.0 5:50 5.93 0 44 44 1.52 2.34 0.15
. . aoi_fixation_average_duration_ms 2 1944 169.09 42.81 162.0 163.86 28.17 100 583 483 3.16 18.95 0.97
Descr|pt|ve aoi_fixation_ttff_ms 3 1944 3119.15 3063.71 1918.5 2495.53 1650.88 500 14882 14382 1.80 2.84 69.49
. . aoi_fixation_average_total_time_spent_ms 4 1944 1492.11 1536.47 1048.5 1230.19 1027.44 100 13419 13319 2.86 14.39 34.85
Stat|St|CS aoi_fixation_first_fixation_average_duration_ms 5 1944 163.92 79.41 143.0 151.01 35.58 100 2051 1951 8.71  169.99 1.80
of selected  KEEETT OO O SO PRURPRSRPRPRPOPRTE
variables The fast=TRUE option will lead to a speed up of about 50% for larger data sets
It is also easy to read!
> describe(d[,4:8], fast = TRUE)
vars n mean sd min max range se
aoi_fixation_total_count 1 2430 6.78 7.42 0 44 44 0.15
aoi_fixation_average duration_ms 2 1944 169.09 42.81 100 583 483 0.97
aoi_fixation_ ttff_ms 3 1944 3119.15 3063.71 500 14882 14382 69.49
aoi_fixation_average total_time_spent_ms 4 1944 1492.11 1536.47 100 13419 13319 34.85

aoi_fixation _first fixation_average duration_ms 5 1944 163.92 79.41 100 2051 1951 1.80
LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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# plot distribution of variable values with histogram

hist(d i _fixati durati : : : : .
1st(d3ael_f1xatlon gverage duration. s) # plot distribution of variable values with boxplot

boxplot(d$aoi_fixation_average duration_ms)
Histogram of df$aoi_fixation_average_duration_ms

o
o
o
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g : @
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w
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r T T T T T 1 | | :
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o
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df$aoi_fixation_average duration_ms

pect normality of distribution

Useful to identify outlying values

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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Moderation analysis
with ANOVA

Mixed-design Analysis of Variance (ANOVA)

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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e ANalysis Of VAriance generalizes t-tests to more than two groups.

e Tests variation among the means of several groups

e Provides a statistical test of whether or not the means of several groups are all
equal, or is there a difference between them?

Basic
concept of
ANOVA

e Null hypothesis
e Several populations have the same means

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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e Between group variability
e Differences between group means
e Within group variability / error variance

e Differences between each score in the sample and the sample mean

Variability of

e Between group variance can come from:

results and e The effect of V&

Its sources |
e Differences between group means — our expected effect

e Individual differences @

e Everyone is different, different motivations, reactions to tasks, etc.
e Measurement error @

e Nobody’s perfect — our studies neither, non standardised instructions

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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e Ratio of the between-groups variance (explained variability) to the within-groups
variance (unexplained variability)

between-groups variability
error variability

statistic =

F - ratio

e When the Fis beloworcloseto1 ...

e Reducing the error variability in the denominator of the equation will result
in a larger computed statistical value, thereby making it easier to reject the Null
hypothesis.

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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Usefull

libraries for
ANOVA
analysis

— Attaching packages ——
————— tidyverse 1.3.0 —

sl b
38
1
1

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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> names (d)

# read data frame from RData format (1] "1p"

load("data/all_data.Rda") [2] "aoi_type"
[3] "aoi_size_percents"
[4] "aoi_fixation_total_count™
[5] "aoi_fixation_average_duration_ms"
[6] "aoi_fixation_ttff_ms"
[7] "aoi_fixation_average total_time_spent_ms"
[8] "aoi_fixation_first_fixation_average duration_ms"

9] "NEP"
Load data ol “Nepspie

ID aoi_type aoi_size_percents aoi_fixation_total_count aoi_fixation_average_duration_ms F
63148 negatyw 13.51776 11 155
63148 neutral 13.51776 0 0
63148 pozytyw 13.48463 2 149
45940 negatyw 1351776 13 192
45940 neutral 13.51776 3 150
45940 pozytyw 13.48463 12 173
54370 negatyw 13.51.276 10 145
54370 neutral 13.51776 2 137

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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e To run ANOVA in R you have plenty of options.

e We are going to use the aov_ez() function within the afex package.

afex package provides convenience functions for analyzing
factorial experiments using ANOVA or mixed models. aov_ez(),
aov_car(), and aov_4() allow specification of between, within, or
mixed ANOVAs for data in long format.

library(afex)

Simple
function for
ANOVAINR

e Generic form of aov_ez() function

aov_ez(id = "PARTICIPANTS ID VARIABLE",
dv = "DEPENDENT VARIABLE",
data = "DATA FRAME",
between = "BETWEEN-SUBJECTS FACTOR",
within = "WITHIN-SUBJECTS FACTOR",
covariate = "BETWEEN-SUBJECTS COVARIATES",
type = "ERROR TYPE - DEFAULT SET TO 3")

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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e We want to test two hypotheses:
es S YP
hypotheses e In general, negative and positive pictures of environment will evoke longer fixation
about durations than neutral ones.
fixation e Negative and positive pictures of environment will evoke longer fixation durations

! than neutral ones BUT ONLY among people with high sensitivity to climate change.
duration J PeoP J 4 J

e sensitivity to climate change will be a moderator of the effect of picture valence

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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RUN ANOVA TEST
# fixation count dependent on aoi valence and NEP score
fit <- aov_ez(data = d, Data
id = "ID" ’ Subject ID variable
dv = "aoi_fixation average duration_ms", Dependent variable
within = "aoi type", Within-subject factor
between = "NEPsplit") Between-subject factor

Run two-way

mixed-design

ANOVA —______ PRINTANOVATEST RESULTS
print(fit)

Anova Table (Type 3 tests)

Response: aoi_fixation_average_duration_ms

Effect df MSE F ges p.value
1 NEPsplit 1, 42 1300.67 0.39 .005 D30
2 aoi_type 1.83, 76.89 546.00 10.54 *** .098 <.001
3 NEPsplit:aoi_type 1.83, 76.89 546.00 2 :59 + 026 .086
Signif. codes: 0 ‘***’ @0.001 ‘**’ 0.01 ‘*’ 0.05 ‘+7 0.1 * 1

Sphericity correction method: GG
LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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> print(em)
aoi_type emmean SE df lower.CL upper.CL

) ) neutral 127 4.19 102 118 135
_ em <- emmeans(fit, ~aoi_type)  pegatyw 141 4.19 102 133 150
Estimated pOZYytyw 148 4.19 102 140 157

Mmeans Results are averaged over the levels of: NEPsplit
and pairwise Warning: EMMs are biased unless design is perfectly balanced
Confidence level used: 0.95

comparisons
fora main |
ff f # post-hoc for main effect
e_ ecto pairs(em)
pICtUFG > pairs(em)
Va|ence contrast estimate SE df t.ratio p.value

neutral - negatyw -14.45 4.81 84 -3.003 0.0098
neutral - pozytyw -21.70 4.81 84 -4.510 0.0001
negatyw - pozytyw  -7.25 4.81 84 -1.506 0.2931

Results are averaged over the levels of: NEPsplit
P value adjustment: tukey method for comparing a family of 3 estimates

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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emmip(fit, ~ aoi_type)

Analytical

graph of the o
main effect c
:*§ 140 -
I
g 135~
130 -

neL;traI negétyw poz;(tyw
Levels of aoi_type
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em <- emmeans(fit, ~aoi_type:NEPsplit)

Estimated -

means fOl’ aoi_type NEPsplit emmean SE df lower.CL upper.CL

. . neutral low 134 6,12 1071 122 147

Interaction negatyw low 138 6.12 107.1 126 150

effect pozytyw low 150 6.12 107.1 138 162
neutral high 119 5.76 95.7 108 131
negatyw high 144 5.76 95.7 133 156
pozytyw high 147 5.76 95.7 136 158

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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> pairs(em, by = "NEPsplit")
NEPsplit = low:
contrast

neutral - negatyw

estimate SE df t.ratio p.value

-3.54 7.25 84 -0.488 0.8774
-15.48 7.25 84 -2.135 0.0890
0

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)

pairs(em, by = "NEPsplit") neutral - pozytyw
negatyw - pozytyw -11.95 7.25 84 -1.647 208
Pairwise NEPsplit = high:

. contrast estimate SE df t.ratio p.value
comparisons neutral - negatyw -25.36 6.32 84 -4.011 0.0004
.ft)r.tr]ea neutral - pozytyw -27.91 6.32 84 -4.414 0.0001

negatyw - pozytyw -2.55 6.32 84 -0.403 0.9144
InteraCtlon P value adjustment: tukey method for comparing a family of 3 estimates
effect . —

> pairs(em, by = "aoi_type")

aoi_type = neutral:

contrast estimate SE df t.ratio p.value

) ; ) | low - high 15.38 8.43 101 1.825 0.0709
pairs(em, by = "aoi_type")

aoi_type = negatyw:

contrast estimate SE df t.ratio p.value

low - high -6.44 8.43 101 -0.765 0.4463

aoi_type = pozytyw:

contrast estimate SE df t.ratio p.value

low - high 2.95 8.43 101 0.350 0.7267
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emmip(fit, NEPsplit ~ aoi_type)

150 -
Analytical
graph of the
Interaction
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effect $ |
1= NEPsplit
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o
g ~®- high
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> print(tab)

tab <- summary(em) aoi_type NEPsplit emmean SE df lower.CL upper.CL

neutral low 134 6.12 107.1 i) 147
negatyw low 138 6.12 107.1 126 150
pozytyw low 150 6.12 107.1 138 162
neutral high 119 5.76 95.7 108 131
negatyw high 144 5.76 95.7 133 156
: : pozytyw high 147 5.76 95.7 136 158
Publication
ready plot of
Interaction plo <- ggplot(tab, aes(x=aoi_ type, y=emmean, fill=NEPsplit)) +
ff t geom_bar (position=position_dodge(), stat="identity") +
€rrec geom_errorbar (aes(ymin=lower.CL, ymax=upper.CL),
width=.2, position=position_dodge(.9)) +
scale_y_continuous(name = "Average fixation duration (ms.)") +
scale_x _discrete(name = "AOI type",
labels = c("neutral"”, "negative", "positive")) +
scale_fill_manual(name = "NEP",

values=c("#999999", "#E69F00")) +

theme _minimal()

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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Saving the graph to the file with a code.
You can choose a wide variety of formats (jpg, png, tiff, pdf, eps, etc.)

Save the | -

print(plo)
gl’aph to ggsave(plot = plo, filename = "graphs/AverageFixationDuration NEP_AOI.jpg")
a file dev.off()

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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e We want to test two hypotheses:
es yp
hypotheses e In general, negative and positive pictures of environment will evoke more fixations
about than neutral pictures
fixation e Negative and positive pictures of environment will evoke more fixations than

Rl neutral pictures BUT ONLY for people with high sensitivity to climate change

e sensitivity to climate change will be a moderator for the effect of picture valence

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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RUN ANOVA TEST
fit <- aov_ez(data = d, Data

id = "1ID", Subject ID variable

dv = "aoi_fixation_total_count", Dependent variable

within = "aoi_type", Within-subject factor
RUI’] tWO' between = "NEPsplit") Between-subject factor
way mixed-
C|65|9n PRINT ANOVA TEST RESULTS

/\PQ(:)\//\ > print(fit)

Anova Table (Type 3 tests)

Response: aoi_fixation_total count

Effect df MSE F ges p.value
1 NEPsplit 1, 42 12.08 0.57 .005 .455
2 aoi_type 1.76, 74.09 12.19 23.08 *** _ 260 <.001
3 NEPsplit:aoi_type 1.76, 74.09 12.19 0.67 .010 .497
Signif. codes: © “***’ @Q.001 ‘**’ 0.01 ‘*’ 0.05 ‘+* 0.1 * 1

Sphericity correction method: GG
LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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em <- emmeans(fit, ~aoi_type)

> print(em)

Estimated aoi_type emmean SE df lower.CL upper.CL
o negatyw  8.16 0.507 126 7.15 9.16
palrwise pozytyw  8.50 0.507 126 7.50 9.50

comparisons
for main
effect

# post-hoc for main effect
pairs(em)

> pairs(em)

contrast estimate SE df t.ratio p.value
neutral - negatyw -3.971 0.706 84 -5.626 <.0001
neutral - pozytyw -4.312 0.706 84 -6.110 <.0001
negatyw - pozytyw -0.341 0.706 84 -0.484 0.8792

Results are averaged over the levels of: NEPsplit
P value adjustment: tukey method for comparing a family of 3 estimates

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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emmip(fit, ~ aoi_type)
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tab <- summary(em) .

aoi_type emmean SE df lower.CL upper.CL

neutral 4.19 0.507 126 318 5.:19
negatyw 8.16 0.507 126 7215 9.16
Publication pozytyw 8.50 0.507 126 7.50 9.50
ready plot of
the main
plo <- ggplot(tab, aes(x=aoi_type, y=emmean)) +
effect

geom_bar (position=position_dodge(), stat="identity") +
geom_errorbar (aes(ymin=emmean-SE, ymax=emmean+SE),
width=.2, position=position_dodge(.9)) +

scale_y_continuous(name = "Average fixation duration (ms.)") +
scale_x_discrete(name = "AOI type",
labels = c("neutral”, "negative", "positive")) +

theme_minimal()

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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Saving the graph to a file
You can choose a wide variety of formats (jpg, png, tiff, pdf, eps, etc.)

Save the

graph to a

file print(plo)
ggsave(plot = plo, filename = "graphs/fixationCount_AOI.jpg")
dev.off()

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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Moderation analysis
with linear regression

Mixed-design linear regression with continuous and nominal
predictors and interaction term

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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e In regression we are fitting a model to our data

Linear
regression categorical variable

e predicting values of the dependent variable from one or more independent variable

e not loosing variance if predictor is continous and does not need to be splitted into a

A

Y =a+bX +¢€

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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e Each predictor has its own regression coefficient
e For every extra predictor you include, another coefficient need to be estimated

e We are looking for linear combination of predictors that correlate maximally with the
outcome variable

|\/|U|tip|e e multiple regression formula with two predictors (no interaction term)

regression ~
without Y =a+ 1 X1+ P2Xo+ €
and with

Interaction e multiple regression formula with two predictors and interaction term

Y =a+ 51X1 + BoXo + B3 X1 Xo + €

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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library(emmeans)
library(1lme4)

Useful

|ibra ries Imez, provides functions for fitting and analyzing mixed models:
linear (Imer),

generalized linear (glmer), and
nonlinear (nlmer.)

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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e We want to test the following hypotheses:

e The more sensitive to climate change people are the longer fixation duration on the
environment pictures

Hypotheses

e Positive and negative pictures of environment will evoke longer fixation duration
than neutral ones

e Sensitivity to climate change will predict fixation duration differently while looking
at pictures of different valence (interaction hypothesis).

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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Longer form of full model definition

fit <- lmer(aoi_fixation_average duration_ms ~ NEP + aoi_type + |[NEP:aoi_type|+ (1 | ID),
3

data = d) - p ‘
Multiple / / / /

regression. Dependent variable Predictor1 Predictor2 Interaction of predictors

Random intercept for subjects
Model Data frame

definition

Shorter form of full model definition

fit <- 1lmer(aoi_fixation_average duration_ms ~|NEP*aoi_ typel+ (1 | ID),
data = d)

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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> anova(fit)
Type III Analysis of Variance Table with Satterthwaite's method

Model Sum Sq Mean Sq NumDF DenDF F value Pr(>F)
| NEP 2269 2269.4 1 42 0.3989 0.53107
results. aoi_type 35625 17812.5 2 1932 3.1312 0.04389 *
NEP:aoi_type 51223 25611.7 2 1932 4.5022 0.01120 *
Basic table Signif. codes: @ ‘***’ ©.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 * ’ 1

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)
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> summary (fit)

Linear mixed model fit by REML. t-tests use Satterthwaite's method ['lmerModLmerTest']

Formula: aoi_fixation_average_duration_ms ~ NEP + aoi_type + NEP:aoi_type + (1] ID)
Data: d

-‘:4 LEAD-ME

Q

REML criterion at convergence: 22769

Scaled residuals:

NOTE: In the report remember to provide all the values

Min 1Q Median 3Q Max
-2.2882 -0.1971 ©.2103 0.5200 5.7394 from the coefficients table: coefficient value, standard
I\/Iodel R . error, t-test value, degrees of freedom and p-value.
andom effects:
Groups Name Variance Std.Dev.
FESU|tS_ D (Intercept) 307.1 17.52
Residual 5688.8 75.42
Number of obs: 1980, groups: ID, 44
Detailed Fixed effects:
Estimate Std. Error df t value Pr(>|t])
(Intercept) 161.0240 31.1653 104.5102 5.167 1.15e-06 ***
table NEP -1.0629 0.9374 104.5102 -1.134 0.25946
aoi_typenegatyw -81.3558 32.7634 1932.0000 -2.483 0.01311 *
aoi_typepozytyw -31.8670 32.7634 1932.0000 -0.973 0.33085
NEP:aoi_typenegatyw 2.9503 0.9855 1932.0000 2.994 0.00279 **
NEP:aoi_typepozytyw 1.6500 0.9855 1932.0000 1.674 0.09424 .
Signif. codes: O “***’ @.001 ‘**’ @0.01 ‘*’ 0.05 *.” 0.1 ° * 1

Correlation of Fixed Effects:
(Intr) NEP a_typn a_typp NEP:_typn
NEP -0.992
ao_typngtyw -0.526 0.521
a_typpzytyw -0.526 0.521 0.500
NEP:_typngt 0.521 -0.526 -0.992 -0.496

LEAD-ME Summer Training Scho/NEF:-typpzy ©.321 -0.526 -5.496 -0.932 0.500

e e B A A i 2




. S
UNIVERSITY « EDSt

OF WARSAW EUROPEAN COOPERATION

d . Funded by the Horizon 2020
..Q LEAD-ME -: } Framework Programme of the Mﬁ S\NPS
" 59 European Union UN]VERS]TY

IN SCIENCE & TECHNOLOGY

em <- emtrends(fit, ~ NEP:aoi_type, var = "NEP")

Results of trends analysis

> print(em)

NEP aoi_type NEP.trend SE df lower.CL upper.CL

Trends 33 neutral -1.063 0.937 105 -2.9218 0.796

" 33 negatyw 1.887 0.937 105 0.0286 3.746
analysis for

)/ 33 pozytyw 0.587 0.937 105 =1.2718 2.446

Interaction

Degrees-of-freedom method: kenward-roger
Confidence level used: 0.95

Statistical comparison of slopes

> pairs(em)

contrast estimate SE df t.ratio p.value
32.9772727272727 neutral - 32.9772727272727 negatyw -2.95 0.986 1932 -2.994 0.0079
32.9772727272727 neutral - 32.9772727272727 pozytyw -1.65 0.986 1932 -1.674 0.2154
32.9772727272727 negatyw - 32.9772727272727 pozytyw 1.30 0.986 1932 1.319 0.3845

Degrees-of-freedom method: kenward-roger
LEAD-ME Summer Training School P value adjustment: tukey rn)ethod for comparing a family of 3 estimates

N 7
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plo <- emmip(fit, aoi_type ~ NEP, cov.reduce = range) +

Interaction geom _line(size=1.5) +
visualization scale_y continuous(name = "Average fixation duration (ms.)") +
! scale_x_continuous(name = "NEP") +
scale_color_manual(name = "AOI type",
labels = c("neutral”, "negative", "positive"),

Publication

ready theme_minimal() +
theme(legend.position = c(.85, .5))

values = c("#E69F00", "#0OOOFF", "#FFOOFF")) +

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)



d . Funded by the Horizon 2020 ) -

..Q LEAD-ME . } Framework Programme of the Yﬂ” SVVPS *8[: Iv\v’}iﬁéfv}{ LN EPECEE

" *i x X European Union UN]VERS]TY IN SCIENCE & TECHNOLOGY
__150
®
E
=
S
© i AOI type

S h -3 === neutral
c
AAS t e 8 === negative
©
g ra p h é w== positive
8, 130
o
e
<<
120
25 30 35 40
NEP
print(plo)
ggsave(plot = plo, filename = "graphs/fixationDuration_regression.jpg")

dev.off
LEAD-ME Summer Training Sciioul VlebSﬂ?N 2021 \5-Y JUly 2021
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require(interactions)
interact_plot(fit, pred = NEP, modx = aoi_type, interval = TRUE) +

: scale_y continuous(name = "Fixation count") +
Alternative scale_x_continuous(name = "NEP") +
plOt ofthe theme_minimal() +

theme(legend.position = ¢(.5, .1))

Interaction

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)



d . Funded by the Horizon 2020 - -
.:‘ LEAD-ME . Framework Programme of the Yﬂ” S\NPS *UNIVERSITY P COs t
q

OF WARSAW

* ok European Union UNIVERSITY IN SCIENCE & TECHNOLOGY
Alternative -
plot of i
. . .-----.;w'ﬁ—----'
interaction _ I
B Bpe===sssl s i
8 140 | : T
(with confidence 5 L i
intervals for slopes S e
and different - i
predefined line 120
types) aoi_type
=== neutral
== ' negatyw
25 30 ne Ry 35 40
NEP

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)



P P Funded by the Horizon 2020 M |\ & ) N
[ ] .Q LEAD-ME . Framework Programme of the ” S\NPS . » 81;1 k\v’iﬁéi@\v{ LN COs t
" * European Union UN]VERS]TY

* %

EUROPEAN COOPERATION
IN SCIENCE & TECHNOLOGY

e Prepare the data frames for the analysis
e Read/load data intoR

After this e Calculate new variables
WO rkshop e Prepare dichotomous factor with median-split

e Select variables and filter observations

you are able to
perform

e Merge two data frames
e Write data frame to afile
e Perform mixed-design ANOVA

e Read and interpret the results

mixed-design
ANOVA and

multiple e Estimate means

reg ression with ® Run pairwise comparisons (post hoc tests) for significant effects
interaction e Prepare publication ready bar graphs
effects e Perform mixed-design linear multiple regression analysis

e Read and interpret the results

e Perform trends (simple slopes) analysis
e Compare statistically simple slopes

e Prepare publication ready line graphs with confidence intervals

LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)



Framework Programme of the

#% LEAD-ME  Leading Platform for European Citizens, Industries, [ . [EESibieown
< Academia and Policymakers in Media Accessibility SRR European Union

Yﬂ” S\NPS *UNIVERSITY

UN]VERS]TY OF WARSAW

OOOOOOOOOOOOOOOOOOO
NNNNNNNNNNNNNNNNNNNN

It's your turn to
practice statistical
analysis during

hand-on sessions
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LEAD-ME Leading Platform for European Citizens, Industries,
Academia and Policymakers in Media Accessibility

Thank you!

Any questions?
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