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Statistical 
Analysis of Eye 
Tracking Data
Krzysztof Krejtz

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

Eye tracking in media accessibility research - methods, technologies and data analyses
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●R language & R-Studio IDE basics

●Moderation analysis in eye tracking studies

●Mixed-design Analysis of Variance (ANOVA) with interaction effect

●Pairwise comparisons 

●Graphical representations of interaction effects 

Agenda

2

3

Individuals with environmental concerns will be 
more likely to place visual attention on images 
depicting negative consequences of climate 
change than individuals without such concerns.

Hypothesis

4
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●Participants: 

● students of psychology at SWPS University (N = 48)

●Two stage online study: 

● Stage 1: webcam-based eye tracking experiment with 
RealEye

● Stage 2: New Ecological Paradigm Scale (NEP) – measure of 
pro-ecological attitude (sensitivity to climate change)Method

5

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

Fixation point Total 15 trials
in randomorder

2 sec

self paced

15 sec

2 sec

15 sec

AOI:
positive nature, neutral 
and negative depiction 
of consequences 
of climate change

Experimantal procedure

6

Exemplary
recording 
from 
RealEye
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LEAD-ME Summer Training School Warsaw 2021 (5-9 July 2021)

Areas of 
Interest
(AOI) 
definition

Neutral:
neutral_igla

Positive:
pozytyw_ocean

Negative:
negatyw_pozar

8
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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

9

R & R Studio Basics
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●R is a free software environment for statistical 
computing and graphics with large worldwide 
community.  

●http://www.r-project.org/

●R Core Team (2015). R: A language and 
environment for statistical computing. R 
Foundation for Statistical Computing, Vienna, 
Austria.

●RStudio is a free and open source Integrated 
Development Environment (IDE) for R.

●http://www.rstudio.com/ide/ 

R language 
and R 
Studio IDE
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Start a new 
project in 4 
steps

1 2

3 4

12
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●To keep everything in place create two folders in your working directory:

● ‘data’

● ‘graphs’

Outside 
RStudio

13

Complete 
RStudio IDE 
interface, 
ready for 
statistical 
analyses

R console

R script

R environment Files, Plots, Packages & Help
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Talking in R
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Talking in R

I want … an object `df’ … made by … reading the csv file … called `fitts.csv’ 

Ordering pizza (oops… analyses) with R

object name assignment sign function name function arguments
& 

its parameter

16
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libraries 

functions 

parameters
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library(psych)

describe(x, na.rm = TRUE, interp=FALSE,skew = TRUE, ranges = TRUE, trim=.1, 
type=3, check=TRUE, fast=NULL, quant=NULL,IQR=FALSE)

libraries 

functions 

parameters
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Using help

Searching for functions’ help: definition, arguments, examples of usage

19

Installing r 
libraries 
(packages)

if TRUE will install also all dependent packages

1

2

4

3

20
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Loading
installed
libraries
(packages)

1

Before using functions from the library we have to load them to the working memory.

2

21

●Some libraries contain other useful packages e.g., tidyverse

Loading 
large
libraries

22

Complete 
RStudio IDE 
ready for 
statistical 
analyses

R console

R script

R environment Files, Plots, Packages & Help
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●Data frame is a quadratic table of data. 

● In data frame different columns can have different classes (numeric, character, 
factor, etc.).

●All variables have to have the same length. 

● This is similar to SPSS datasets.

numeric vector of random 10 values
numeric vector of random 10 values
character vector of 5 „male” and 5 „female” values
factor of gender
data frame with 3 variables: gender, x, and y

When done you’ll see your data 
frame in Environment tab + 
information about its 
dimensions

Data 
frames

24
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Data frames

When you click your data frame name, 
you will see its content in new tab

25

Data frames 
& variables 

A set of 
useful
functions
(good to remember 
all of them)

information about the object class
dimensions of data frame or matrix
names of variables in the data frame
structure of data frame and all its variables
displays 6 first raws of data frame

26

●Calling/using the specific variable from the data frame can be done in two ways: 

● referring the name of the variable

dataFrame$variableName

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

● data.frames are tables so rows and columns have indices

dataFrame[row, column]

Data frames

Calling the 
variable

27

●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

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

the list of available objects
create the object

remove the object

assignm ent 
sign 

object 
nam e

function 
defining 

object

Objects in R

28
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Moderation analysis 
with ANOVA
Mixed-design Analysis of Variance (ANOVA)

29

●ANalysis Of VAriance 

●Generalizes t-tests to more than two groups. 

●Testing variation among the means of several groups

● 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 

30

●Null hypothesis

● Several populations have the same means

●Test hypothesis

Basic 
concept of 
ANOVA 

<latexit sha1_base64="GI2ocxXQ7nWd8Hri5fjUQzb4Xeo=">AAACBHicbZDLSsNAFIYnXmu9RV12M1gEVyUpRd0IRTcuK9gLtCFMppN26MwkzEyEErJw46u4caGIWx/CnW/jNA2irT8MfPznHM6cP4gZVdpxvqyV1bX1jc3SVnl7Z3dv3z447KgokZi0ccQi2QuQIowK0tZUM9KLJUE8YKQbTK5n9e49kYpG4k5PY+JxNBI0pBhpY/l2ZcATP3UyeAlzcn+onvl21ak5ueAyuAVUQaGWb38OhhFOOBEaM6RU33Vi7aVIaooZycqDRJEY4Qkakb5BgThRXpofkcET4wxhGEnzhIa5+3siRVypKQ9MJ0d6rBZrM/O/Wj/R4YWXUhEnmgg8XxQmDOoIzhKBQyoJ1mxqAGFJzV8hHiOJsDa5lU0I7uLJy9Cp19yzWuO2UW1eFXGUQAUcg1PggnPQBDegBdoAgwfwBF7Aq/VoPVtv1vu8dcUqZo7AH1kf3/9Vlw4=</latexit>µ0 = µ1 = µ2

<latexit sha1_base64="mCrJoYnIeZiIDqtKVclyRGj15JM=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCExVUlVAWMFC2OR6ENqo8hxndaq7QTbQaqizCz8CgsDCLHyBWz8DW6aAVqOZOncc+7V9T1BzKjSjvNtlVZW19Y3ypuVre2d3T17/6CjokRi0sYRi2QvQIowKkhbU81IL5YE8YCRbjC5nvndByIVjcSdnsbE42gkaEgx0kby7eMBT/zUyeBAkHuYF+7vop75dtWpOTngMnELUgUFWr79NRhGOOFEaMyQUn3XibWXIqkpZiSrDBJFYoQnaET6hgrEifLS/JQMnhplCMNImic0zNXfEyniSk15YDo50mO16M3E/7x+osNLL6UiTjQReL4oTBjUEZzlAodUEqzZ1BCEJTV/hXiMJMLapFcxIbiLJy+TTr3mntcat41q86qIowyOwAk4Ay64AE1wA1qgDTB4BM/gFbxZT9aL9W59zFtLVjFzCP7A+vwBWzeaEA==</latexit>

µ0 6= µ1 6= µ2
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●Between group variability

●Differences between group means

●Within group variability (error variability)

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

Basic 
concept of 
ANOVA 

32
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●Between group variance can come from:

● The effect of Independent Variable☺

● Differences between group means – our expected effect

● Individual differences ☹

● Everyone is different, different motivations, reactions to tasks, etc.

●Measurement error ☹

● Nobody’s perfect – our studies neither, non standardised instructions

Sources of 
variability

33

● Variation of results within groups or conditions.

● Due to:
● Measurement error 
● Individual differences 

Within-
group 
variance
(error 
variance)

G1 G2 G3
1,2,3,3,3,4 3,3,3,3,3,3 5,6,2,1,7,9

One of ANOVA assumptions is the similarity of variances  among the groups.

34

●We compare the two sources of scores’ variations using statistical F test. 

●We can check whether the observed differences are due to sampling error/chance or our 
Independent Variable.

●Ratio of the between-groups variance (explained variability)to the within-groups 
variance (unexplained variability)

●When the F is below or close to 1 …

● 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. 

F - ratio

35

Usefull
libraries for 
ANOVA 
analysis

36
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Load data

37

●To run ANOVA in R you have plenty of options. 

●We are going to use the one aov_ez() function within the afex package (mainly for its 
simplicity).

●Generic form of aov_ez() function

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.Simple 

function for 
ANOVA in R

38

●We want to test two hypotheses: 

● In general, negative and positive pictures of environment will evoke longer fixation 
durations than a neutral one

●Negative and positive pictures of environment will evoke longer fixation durations 
than a neutral one BUT ONLY for people with high sensitivity to climate change 

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

Test the 
hypotheses 
about 
fixation 
duration

39

Run two-way 
mixed-design 
ANOVA

Data 
Subject ID variable
Dependent variable 

Within-subject factor
Between-subject factor

RUN ANOVA TEST

PRINT ANOVA TEST RESULTS

40
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Estimated 
means and 
pairwise 
comparisons 
for main 
effect

41

Analytical 
graph of 
main effect

(not suitable 
for 
publication)

42

Estimated 
means for 
interaction 
effect

43

Analytical 
graph of 
interaction 
effect

(not suitable for 
publication)

44
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Pairwise
comparisons 
for 
interaction 
effect
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Publication 
ready plot of 
interaction 
effect

46

Publication 
ready plot of 
interaction 
effect

(bargraph with 
error bars
representing
confidence
intervals)

47

Save the 
graph to the 
file

Saving the graph to the file with a code.
You can choose a wide variety of formats (jpg, png, tiff, pdf, eps, etc.)

48
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●We want to test two hypotheses: 

● In general, negative and positive pictures of environment will evoke more fixations 
than a neutral one

●Negative and positive pictures of environment will evoke more fixations than a 
neutral one BUT ONLY for people with high sensitivity to climate change 

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

Test  
hypotheses 
about 
fixation 
count

49

Run two-
way mixed-
design 
ANOVA

Data 
Subject ID variable
Dependent variable 

Within-subject factor
Between-subject factor

RUN ANOVA TEST

PRINT ANOVA TEST RESULTS
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Estimated 
means and 
pairwise 
comparisons 
for main 
effect

51

Analytical 
graph of 
main effect

52
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Publication 
ready plot of 
main effect
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Publication 
ready plot of 
interaction 
effect

54

Save the 
graph to the 
file

Saving the graph to the file with a code.
You can choose a wide variety of formats (jpg, png, tiff, pdf, eps, etc.)
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Thank you!

Any questions?
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