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Fundamentals




Why measuring gaze behavior?

Eye-mind link hypothesis
The eyes look where the mind is engaged

Look = processing
Greater processing - longer look

Fatigue Attention Eye t ra C kl n g

Social *L

Cognitive load

processing Language:
) | Visual
S kb (reading)
. AN Auditory
visus < ™ Memory (spoken language)
processing
Multimodal
Engagement Decision-making

(audio-visual inputs)

Tobii, «The fundamentals of eye tracking» SVeTSigy,
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How does vision work?

Muscles to

move eye \
Lens
) /Ret'“a

Muscles to
\ '— adjustlens

=
Cornea \> o /

Optic nerve
to brain

Pupil

Fovea
area of highest visual
acuity

Fixations
brief stop of the eye to
process information

Saccades
rapid movements that
shifts the point of fixation

SNETSjy,
S* &y

: ﬁ
. 1]
LD
%
.



How does vision work?

Muscles to
move eye
Lens .
Retina
Pupil |\ / Muscles to
/\'— adjustlens / Fovea
/i Blind
Iris / spot

Cornea

Optic nerve
to brain

Fovea
area of highest visual
acuity

Fixations
brief stop of the eye to
process information

Saccades
rapid movements that
shifts the point of fixation
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How does vision work?

Muscles to
Lens e = ' F(.)vea .
- i area of highest visual
| / acuity
Pupil Muscles to \
A '— adjust lens \ ,Fovea
Fixations
TN | " brief stop of the eye to
| / e | process information
Iris A spot
Q & / Saccades
e rapid movements that
Optic nerve shifts the point of fixation
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How does vision work?

Muscles to
move eye
Lens
Retina
Pupil 1\ / Muscles to
\ = adjust lens / Fovea

Optic nerve
to brain

Fovea
area of highest visual
acuity

Fixations
brief stop of the eye to
stabilize the image on the
fovea

Saccades
rapid movements that
shifts the point of fixation
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How does an eye tracker work?

Pupil Center Corneal
Reflection (PCCR)

Infrared light is reflected by
the center of the pupil and
the cornea (glint)

Pupil minus corneal
reflection (p-CR)

Algorithms calculates gaze
by subtracting the glint
from the pupil center
position

Valtakari et al., 2021
Tobii, «The fundamentals of eye tracking»
iMotion, «Eye Tracking: The Complete Pocket Guide»




Choose your eye tracker

Screen-based Wearable

o

head-restricted set up head-boxed set up

Nystrom et al., 2025
Valtakari et al., 2021
https://www.tobii.com/products/

SOLAB



Choose your eye tracker

Screen-based Wearable

S

Dual setups?
Eye tracking in human interaction: Possibilities and limitations

Niilo V. Valtakari' - Ignace T. C. Hooge - Charlotte Viktorsson? - Par Nystrém? - Terje Falck-Ytter>* .

Nystrom et al., 2025 Rov S. Haseals!
https://www.tobii.com/products/ y >

Accepted: 28 November 2020 / Published online: 6 January 2021 gi\‘“'ersf!‘é)
© The Author(s) 2021 .
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How do eye trackers compare?

Screen-based Wearable
/o
]
Nystrom et al., 2025
\/ Precision; high data quality \/ Freedom of movement
X Restricted head movement X Lower precision; complex analysis

SNETSjy,
S* &y
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When is an eye tracker «good» for us?

Accuracy
closeness between actual and reported gaze position

Precision
consistency of repeated measurements

« Poor accuracy + Good accuracy + Poor accuracy » Good accuracy
* Good precision * Good precision * Poor precision * Poor precision

Kasneci et al,. 2024
» Good data!

Soiversy 5,
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When is an eye tracker «good» for us?

Always keep in mind your experimental condition.

Tobii Pro Spectrum User Manual

Sampling frequency | 60, 120, 150, 300, 600 or 1200 Hz (max. frequency de
ware version)

Precision 0.01° RMS* in optimal conditions (applying Savitzky-(
tings listed in the test report)

0.06° RMS* in optimal conditions (raw signal)

Accuracy 0.3° in optimal conditions
Binocular eye tracking | Yes
Eva tranlar latanmwu** Maoan latanms < D me at 12NNH=Z /ICN <« N 2D mel*

A good tracker for us minimizes errors in accuracy and precision
under our experimental condition.

How do we obtain good data quality ?

\waactwi@wlv

Dat:

aavice

dvice for data collection

pivers j{.;,/
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When is an eye tracker «good» for us?

7
A,

L
L]

Sampling rate
how many times per second gaze is recorded (Hz)

Sampling frequency (Hz)

3 1 .y
L) L) ]
€ >
1 interval
Sampling interval (ms)

30
60
120
250
300
600
1200

33.33
16.67
8.33
4
3.33
1.67
0.83

>

higher sampling rate

more detail
(fast eye movements)

\Z

large data files
more expensive

SNETSjy,
S* &y
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Data collection and analysis




Types of software

- Proprietary software (from manufacturers)

- External software for design/analysis (via SDK in PsychoPy,
MATLAB, Presentation, self-written scripts)

Software for Software for
Experiment design Data analysis

Tobii Tobii Pro Lab Tobii Pro Lab
SR Research Eye Link | Experiment Builder | Data Viewer
SMI Be Gaze

Open source OpenGaze (Pyhton)
iView X SDK (SMI)
OpenEyes

Gaze Parser

PyGaze (Python library)
EyeRecToo

Company

Adapted from
Roccaforte & D'Alesio, 2022
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Eye tracker calibration

Calibration

the process of adapting the eye tracker to the participant'’s
eyes to ensure accurate gaze data

~¥ Recordin g Participant ~

~ 101 101

Calibration accuracy: 0.10°

Calibration precision: 0.34°

Calibration accurac = 6.65°

Calibration precisio v 749°

Calibration accuracy: 0.05°

Lalibration precsiofp: U117

Kasnedi et al,. 2024
Tobii, «The fundamentals of eye tracking»
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Eye tracker calibration

Calibration

Consider your experimental condition:

Working with adults?
« aim for optimal values (close to 0°)
« values <1-2 are acceptable

Recording

Calib

ration accuracy: 0.10°

Calibration precisioh: 0.34°

Calibration accurac = 6.65°

Calibration precisio v 749°

Calib

Calib

ration accuracy: 0.05°

ration precisiofi: 0.11°

Participant ~

101

SNETSjy,
S* &y
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- D
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Eye tracker calibration

Calibration

Consider your experimental condition:

Working with infants and toddlers?

 prioritize participants’ attention over
perfect calibration

 prioritize a stable position within the
head box over achieving high accuracy

« Create an engaging calibration with
images, videos, and sounds

Want infant calibration tips?
‘ Webcam Eye Tracking for Infants and Toddlers | Labvanced

Labvanced
W 417 iscritti o~
Infant calibration in Tobii Pro Lab

Tobii A v
3860 iscritti =

https://www.youtube.com/watch?v=6m2n-L-Nzf4



https://www.youtube.com/watch?v=6m2n-L-Nzf4
https://www.youtube.com/watch?v=R0X3Bd8PKI0

Basic metrics

Gaze points: basic unit > x and y coordinates of eye
position, at a given moment (sampling interval)

¥ -+ t + + > 1
<€ >
1 interval 3906
397
Sampling frequency (Hz) I Samplinginterval (ms) 398
30 33.33
60 16.67 399
| 120 8.33 |
250 4 400
300 3.33
600 1.67 401
1200 0.83 l
Tobii, «The fundamentals of eye tracking»
gaze
point

SOLAB

time xPos yPos

4717

4725
4733
4742
4750
4758

(

-296
-298
-297
-298
-298
-298

43I
39
43
39
44
36

J

v
sampling interval

f

position on the screen

SNETSjy,
S* &y
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Basic metrics

Fixations: a series of gaze points close in time (100 - 300ms) and space -
extract detailed visual information

Saccades: eye movements between fixations - bring the fovea from one
point to the other

500 A

4504 fixation

400 A

350 1 saccade

300 4 \/\\,.

0 50 100 150 200 250 300 350 400

time ms Adapted from
Birawo & Kasprowski, 2022

pivers j@.,f
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Data analysis




Define Areas of Interest (Aol)

First step of analysis: define Areas of Interest

Trial s -
Look at the dog!

Areas of Interest
user-defined subregions of

9 ‘. 4. a displayed stimulus.

Extract separate metrics

for each AOI to evaluate

Aol Distractor Aol Target = the gaze behaviors in two

or more specific areas in
the same trial.

BabyLAB Potsdam/Arianna Colombani N




Eye tracking metrics

Roccaforte & D'Alesio, 2025




Eye tracking metrics

Saccade

The amount of tjm, that js takes to actually
move the eyes

The Number of Saccades counted Within ap
AQ1

Summeq duration of Tevisited time Spent
Within an AQp

Regression

Regression Path dur,.

The time ¢
hon/go—past time

Pent on the word itself ang an;
Prior parts of the Sentence before the readey
Moves past the Critical worq to the ri

Regression rate

The Number of Tegressiong Persecong,
line, or Paragraph ege.

Regression in

A regressive €ye movemeng that jg launcheq
from &iven interest area

The Proportion of
an AOI whep, first

Participantg who skipped
encountering it

The tota] Number of ¢;
e

Roccaforte & D'Alesio, 2025
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Eye tracking metrics

tion
earch ques

ics! > choose based on your res
cs!

Saccade

The amount of ¢

f time thag is takes to actually
move the eyes

The Number of Saccades counted Within ap
1

Time Spent for the first entering of 4 AQI
until Ieaving

Summeq duration
Within

incre-
set of
the on 4 the
eye ing between t ulus) an
sing r stim
an AQJ ‘e elap ¢ othe
ter The ime " ance (0 {lation
. i il diame 4 lumin L\P“ ail
Total time Spent wit, Pupl ased ing of p
reading tagk beginit
: aron latency
ST I

The tota] Number of visit

Dwejp rate

it of time
er unt

blinks P
er of

The nam®

id
eyelid
when the ?.IIP agam
gme froﬂ‘m itis fully
un

wh
Regression Path dur,.
tion/go—past time

er-
n display, O
of the scree
n
Regression rate

: ata
ation
- of fixa
jzatlo h la“dsca\pirs
id with a Smogiﬁe"eﬂt b ts (depideg
1ail din jons poin Jepicte
ixallomS & ¢ (dep
t of acca
The number of An ordered mnected bY S
€ number ¢, Tegressions per ircles) €O
m line, o Paragraph oy, by cird
. A regressive €Ye movemen; that |
Regression in m Predefined in;
Regression out

by lines)

€rest area
A regressive €ye movemeng that jg |
from 8iven intere

'St area

' | First-pagg skipping rate

The Proportion of
an AOI whep,

Participantg v,

0 skipped
first encountering it

Roccaforte & D'Alesio, 2025
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Eye tracking metrics

Many metrics! - choose based on your research question

Fixation
e time to first fixation

e first fixation duration

e gaze duration
Saccade

e saccade duration

e saccade count
Pupil
* pupil diameter

« pupil dilation latency




Pupillometry

Pupil dilation reflects mental processes.

Involuntary. Mostly respond to light variations.
When lighting is constant size reflects changes in cognitive processes.

Parasympathetic + Sympathetic +

Sphincter pupillae Dilator pupillae
muscle muscle

Locus coeruleus—> norepinephrine = dilation

™

arousal, attention, cognitive demands, etc...

SNETSjy,
S* &y
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Pupillometry

Pupil dilation is involuntary and reflects mental processes.

Interest

ISaIient stimulil

ICo&nitive load I

Physiological arousal

%

Covert visual attention

\

—
Working memory

Mental imagery /

Exploitation
Vs
exploration balance

SOLAB

ILanﬁuaEe comprehension |

Problem-solving

Emotional reactions

/

—
Stress response

\
Movement

Stimulus
emotional valence

Mental effort

surprise

| Attentional orienting I

In language studies:
« Syntactic complexity

(Schluroff, 1982; Just & Carpenter, 1993)
« Grammaticality violations

(Gutiérrez & Shapiro, 2010)

« Sentence comprehension

(Wright & Kahneman, 1971)

« Context integration

(Engelhardt et al., 2010)

adapted form
Tobii, “Eye Tracking for Pupillometry Insights”»
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Pupillometry

Fundamental info:
« Recorded with gaze data (same sampling rate)
« Highly sensitive to light — keep brightness constant

« Slower than gaze

« e.g.response to light increase: latency ~200 ms, peak 500-1000ms
 task-evoked response: delay: 200-300 ms, peak ~1200 ms (500-2000 ms)

Stimuli:

« Keep brightness and color constant

« Allow for 2-3 s window for the pupil response to unfold
- + 23 sintertrial interval - avoid carryover effects

« Eye position affects pupil size

« Physical responses (e.g. button press) affect pupil size

SSSSS




Pupillometry

Metrics and visualizations

Pupil
Pupil diameter Space The pupil size for the current position of the
eye
The time elapsing between the onset of incre-
Pupil dilation latency Time ased luminance (or other stimulus) and the
beginning of pupil dilation
02
015
€
£ 01
o
g .
E Q08 1
S .
S p—
o
0.05
0 500 1000 1500 2000

Time from stimulus onset (ms) Kadosh et al. 2018
0{\\,\' ersy, !‘.;5’,
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Pupillometry

Suggested reading

SOLAB

From pre-processing to advanced dynamic modeling of pupil data

Lauren Fink2( - Jaana Simola3#( - Alessandro Tavano®( - Elke Lange'
Bruno Laeng®?

Accepted: 20 February 2023
© The Author(s) 2023

. Sebastian Wallot®

Pupillometry

(with a focus on children and language)

Tom Fritzsche
University of Potsdam
tom.fritzsche@uni-potsdam.de

& BabyLAB

OXFORD

KENNETH HOL CUS NYSTROM

RICHARD ANDERSSON | RICHARD DEWHURST
HALSZKA JARODZKA | JOOST VAN DE WEIJER

AVETSjp.
ST

- IL]
CL D
e,
.

mdam
¢ .



Data visualization

€ISyz..
Sitg,
.
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.




Data visualization

Heat map:

« warm color = longer/more fixations

Heat map of a 5-point calibration screen

pivers jt‘;}
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Data visualization

Scan path:

e circle =fixation

« circle size = total fixation duration
« numbers = fixation order

Scan path of a 5-point calibration screen

pivers f!‘g}
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Practical advice for data collection

Maximizing calibration and data collection

Control the environment:

« Stable, moderate lighting (avoid sunlight and darkness)
« Neutral background

Control position:

« Minimize head movement
« Chin rest
« Comfortable setup with chair

trade-off between natural behavior and data quality




Practical advice for data collection

Working with infants and toddlers

Position:

« Siton baby chair

« Siton caregiver’s lap

« (Caregiver helps to stabilize

p LN N

BabyLAB Potsdam/Thomas Holzel

<o

https://www.tobii.com/solutions/ GWEISigg
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Practical advice for data collection

Working with infants and toddlers

Engagement:

« Keep tasks short (avoid repetition)

« Use colorful, audiovisual attention-getters

* Frame as game-like narrative with small rewards

find some
objects!

Want infant calibration ‘tips?

\ Infant calibration in Tobii Pro Lab

Tobii A
3860 iscritti -



https://www.youtube.com/watch?v=R0X3Bd8PKI0

Practical advice for data collection

Use large Areas of Interest (AQOIs)

Hand-drawn

Compensate for
head
movements and

: good
a less precise
and accurate
calibration
Voronoi
’ better!

Hessels et al., 2016

AVETSjp.
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Practical advice for data collection

Movement and data loss are inevitable...

Dalrymple, K. A., Manner, M. D., Harmelink, K. A., Teska, E. P., & Elison, J. T.
(2018). An Examination of Recording Accuracy and Precision From Eye 20% excluded toddlers
Tracking Data From Toddlerhood to Adulthood. Frontiers in Psychology, 1-12.

Hessels, R. S., Hooge, |. T. C., & Kemner, C. (2016). An in-depth look at 30% excluded infants
saccadic search in infancy. Journal of Vision, 16(8), 10.

Birmingham, E., Smith Johnston, K. H., & larocci, G. (2017). Spontaneous
Gaze Selection and Following During Naturalistic Social Interactions in
School-Aged Children and Adolescents With Autism Spectrum Disorder.
Canadian Journal of Experimental Psychology/Revue Canadienne De
Psychologie Expérimentale, 71(3), 243-257.

All eye-tracking data excluded

... but following the tips and planning carefully
will help keep data quality high.

e
° 3 W
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%
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http://doi.org/10.3389/fpsyg.2018.00803
http://doi.org/10.1167/16.8.10
http://doi.org/10.1037/cep0000131

Applications in language studies




Applications in language studies

Reading
Visual World paradigm

Preferential Looking paradigm




Applications in language studies

Reading
Visual World paradigm

Preferential Looking paradigm




Reading

Reading research shows how eye movements reflect multiple
levels of language processing.

single word
multi-word units
texts SENTENCE
WORD
Orthography
Phonology
Lexicon not only
Syntax lexical level
Semantics but higher-
order
processes

too

AVEIS e,
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Key variables in reading

Length

number of characters
=~ 14-15 to the right of fixation

Frequency
How often a word occurs in the language.

Predictability
How expected a word is in a given sentence context.
Measured with cloze tests («He mailed a letter without a

Orthographic familiarity, grammatical
category, semantic ambiguity, ...

»)

Roccaforte & D'Alesio, 2025
oﬁ‘wers 7 3,

B
. I
)
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Key variables in reading

Research showed different

« Fixation time: longer for long,
Typical reading measures: Iow-frequency, and
The duration of the first fixation made in an unpredICtable Words (eg. Just&

First fixation duration Time AOI Carpenter, 1980; Rayner & Duffy, 1986)

The sum of all fixations on a word prior to an

Gaze duration Time eye movement . o .
t0 another word - Skipping rate: higher for
Total reading time Time Total time spent within an AOI or spent for a S h @) r’t’ h | g h _fre q uen Cy’ an d

reading task

p FEd |Cta b | e WO rd S (e.g., Rayner, 1998)

The number of regressions per second, per

Regression rate Count .
line, or paragraph, etc.

The total number of times an interest area

Skip count Count | \vas skipped - Regressions: more frequent
for syntactically complex or
semantically unexpected

WO I’d S (e.g., Frazier & Rayner, 1982; Staub & Goddard,
2019

Roccaforte & D'Alesio, 2025

SNETSjy,
S* &y
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Reading Models

Reading model = formalized hypothesis about how attention shifts
and word recognition unfolds over time.

Serial models: Parallel models:
Words are processed Multiple words can be
one by one processed in parallel
E-Z Model SWIFT Model enger etai 2009

(Reichle et al., 2006)

OB1-Reader Model seieta, 209

Hybrid/ completion models:
Glenmore Model

(Reilly, Radach, 2003)

Different models make different assumptions about how words are processed.

SOLAB

Soiversy 5,

.
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Practical guidelines for a reading experiment

Linguistic parameters:

« Control length, frequency, predictability across condition:

» Use corpora to estimate frequency

» Collect cloze test data to determine predictability
(«He mailed a letter without a »)

- Match words for lexical category

l
Manipulate only the variable relevant to your research question

« Use filler trials to mask your manipulated variable

 Interleave experimental trials with simple questions to keep focus




Practical guidelines for a reading experiment

Visual parameters:

- Keep sentences on one line

- Add spacing to avoid overlapping saccades

- Leave margin between text lines

« Avoid AOIs at sentence edges or before punctuation
« Use monospace font (Courier New)

« Prefer -/ backgrounds to reduce eye strain

« Leave empty margins at screen edges




Applications in language studies
Applications )))))

Reading
Visual World paradigm

Preferential Looking paradigm




What is the Visual World Paradigm?

The Visual World Paradigm integrates auditory linguistic input with
visual stimuli, which can be either extralinguistic (e.g., pictures or
scenes) or linguistic (e.g., isolated words).

- Aim: study language comprehension as it unfolds (auditory language
processing)

Advantages: M |

—> There is a
« Natural direct link
e suitable for non-readers between
(e.g., children, special populations) @ @ auditory

processing and
visual attention.

Cooper, 1974




Spoken word recognition

How spoken word recognition unfolds over time.

«Pick up the beaker»

1.0

0.8
Target = beaker Fn
Cohort = beetle S
Rhyme = speaker 8 06
Unrelated = carriage o
Q.
0 04
©
X
i

Word recognition is incremental
Listeneres don’t wait until a word is finished.
Processing start immediately.

SOLAB

{ —®— Cohort (e.g., "beetle")

—®— Referent (e.g., "beaker")

—&—— Rhyme (e.g., "speaker")
Unrelated (e.qg., "carriage")

Average target offset

200 400 600 800
Time since target onset (msec)

adapted from Alopenna et al. (1998)

Images from M.Tanenhaus  °* f
* ’5‘ LD
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Other studies

The Visual World Paradigm has been used to study many aspects of.

language processing:

- Tanenhaus et al. (1995) — Real-time integration of linguistic and
visual information

« Altmann & Kamide (1999) — Predictive processing: listeners use
verb meaning to anticipate upcoming referents before they are
mentioned.

« Trueswell et al. (1999) — Syntactic ambiguity resolution: visual
context guides parsing and interpretation.

- Snedeker & Trueswell (2003) — Early integration of prosody:
intonational cues help disambiguate syntactic structure.




Applications in language studies

Reading
Visual World paradigm

Preferential Looking paradigm




The Preferential Looking Paradigm

One of the most used methods to study language comprehension in
infants and toddlers.

Basic assumptions:

« Where and how long a child looks reflects what they understand.
« Longer looks at the target vs distractor = comprehension

|
Ao
/

longer look at the
target = recognizes -
the word . @ﬁ@

Image adapted from Labvanced




The Preferential Looking Paradigm

Vocabulary comprehension
Infants as young as 6 months know the meanings of common nouns

Parent Hears E| “Do you see the X?” ﬂ
; parent’s “ on
Child Hears Do you see the X

Child Sees |Pictures on screen

1-1.5s 1.5-2.5s 3.5/4s

Trial Timeline

Bergelson & Swingley, 2012

AVEISje..
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The Preferential Looking Paradigm

Language Learning
An example with novel gestures learning (14-month-old infants).

Familiarization Test

Look at the Look at the
MUSCH! TIEP!

Gesture learning: Word learning

Where is
the TIEP?

Gesture
only

If infants learned the associations, they would look longer at the

correct referent —whether the cue is the word or the gesture.
BabyLAB Potsdam/Arianna Colombani

AVersjy.
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Practical guidelines

Start each trial with a fixation cross for consistent
gaze alignment

Look at the ball!
@ &

Counterbalance item position across trials

€ISyz..
Sitg,
.
I}
* g LD
.




Practical guidelines

Control object size and visual salience

v X
8

same size and salience different size and salience

€ISyz..
Sitg,
.
I}
* ’5‘ LD
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Practical guidelines

Use homogeneous images Generative Al tools (Leonardo.ai,
o style DALL-E, MidJourney) can help

* background
« color palette - salience

create your set of images

|
par |
Colombani et al., in review

same style, salience, and color palette




Practical guidelines
P sovicaions D000

Pre-test for naming agreement
« test with external participants

- use databases
e e.g.Snodgrass e Vanderwart (1980)
« e.g., Multipic (pufiabeitia et al., 2022).

couch?

sofa?

Dufabeitia et al., 2022

€ISyz..
Sitg,
.
I}
* g LD
.




Practical guidelines

Control the phonological parameter of the spoken words

+ Keep consistent o
CVC vs. CVC is easier to compare
« Syllable structure than CVC vs. CVCC

 Syllable count (prefer monosyllables)

Ball vs Sofa is easier to discriminate

« Onset: Different onsets help discrimination
than Ball vs Baby

and the linguistic parameters too

\ Practical guidelines for a reading experiment

Linguistic parameters:

Ed Ita Ud 10 fl l €S Sq target « Control length, frequency, predictability across condition:
words have consistent » Use corpora to estimate frequency

OnSEt/Offset aCross |te ms » Collect cloze test data to determine predictability

(«He mailed a letter withouta_____ »)

- Match words for lexical category
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Recommended readings




Recommended readings

Tobii's series «The fundamentals of eye tracking» :

The fundamentals of eye tracking part 1: The link between theory
and research question

RoyS. Hessels The fundamentals of eye tracking part 2: From research question
lgnace T.C. He tg gperationalization

lgnace T.C. Hooge - The fundamentals of eye tracking part 3: How to choose an eye tracker

Richard Andersson’ -

M Nystrém' @ - . .
R:;Z:jO,f:HZZ?ns .1 The fundamentals of eye tracking part 4: Tools for conducting an eye

tracking study

Diederick C. Niehorster The fundamentals of eye tracking part 5: The importance of piloting

Dan Witzner Hansen® -

Roy S. Hessels' @ - Diederick C. Niehorster?> - Marcus Nystrom? - Richard Andersson” - Gijs A. Holleman® -

Tobii's white papers: lgnace T.C. Hooge’

tobii

A complete guide
to the fundamentals
of eye tracking

Eye tracking for
pupillometry insights

SoMers; 5,

%am

.
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Recommended readings

Manuals and tutorials:
Attardo, S., & Pickering, L. (2023). Eye tracking in linguistics (First publishing). Bloomsbury

Academic.

Roccaforte, M., & D'Alesio, V. (2025). Tracciare la comprensione. Leye tracking nella ricerca

linguistica.

Kasneci, E., Gao, H., Ozdel, S., Maquiling, V., Thaqi, E., Lau, C., Rong, Y., Kasneci, G., & Bozkir, E.
(2024). Introduction to Eye Tracking: A Hands-On Tutorial for Students and Practitioners (No.
arXiv:2404.15435). arXiv.

¢

ye Tracking in Linguisti¢

Studi e Ricerche 8

Tracciare
la comprensione

L’eye tracking nella ricerca linguistica

© s

INTRODUCTION TO EYE TRACKING: A HANDS-ON TUTORIAL
FOR STUDENTS AND PRACTITIONERS

Enkelejda Kasneci
Technical University of Munich
enkelejda.kasneci@tum.de

Virmarie Maquiling
Technical University of Munich

virmarie.maquiling@tum.de

Yao Rong
Technical University of Munich
yao.rong@tum.de

A PREPRINT

Hong Gao
Technical University of Munich
hong.gao@tum.de

Enkeleda Thagqi
Technical University of Munich
enkeleda.thaqi@tum.de

Gjergji Kasneci
Technical University of Munich
gjergji.kasneciQ@tum.de

April 25, 2024

Suleyman Ozdel
Technical University of Munich
ozdelsuleyman@tum.de

Carrie Lau
Technical University of Munich
carrie.lau@tum.de

Efe Bozkir
Technical University of Munich
efe.bozkir@tum.de
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https://doi.org/10.13133/9788893773874
https://doi.org/10.48550/arXiv.2404.15435

Recommended readings

Video resources:
How to set a Preferential Looking experiment in Tobii Pro Lab:

Webcam Eye Tracking for Infants and Toddler (Labvanced):

Infant calibration in Tobii Pro Lab ;
Labvanced Blog:

How Do You See? Visual Structures & Pathway - Visual Cortex - Occipital Lobe:

What Can Our Eyes Tell Us About Language? Eye Tracking:

Suggested papers:

Conklin, K., & Pellicer-Sanchez, A. (2016). Using eye-tracking in applied linguistics and second
language research. Second Language Research, 32(3), 453-468.

Valtakari, N. V., Hooge, I. T. C., Viktorsson, C., Nystrom, P., Falck-Ytter, T., & Hessels, R. S. (2021).
Eye tracking in human interaction: Possibilities and limitations. Behavior Research Methods,

@, 1592-1608. e
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https://www.youtube.com/watch?v=j4jdD6q1D1Q
https://www.youtube.com/watch?v=6m2n-L-Nzf4
https://www.youtube.com/watch?v=6m2n-L-Nzf4
https://www.youtube.com/watch?v=6m2n-L-Nzf4
https://www.youtube.com/watch?v=6m2n-L-Nzf4
https://www.youtube.com/watch?v=6m2n-L-Nzf4
https://www.youtube.com/watch?v=R0X3Bd8PKI0
https://www.labvanced.com/content/research/en/blog/
https://www.youtube.com/watch?v=rozqChRO0zY
https://www.youtube.com/watch?v=uXx73W0uyCg
https://www.jstor.org/stable/26375858
https://doi.org/10.3758/s13428-020-01517-x
https://doi.org/10.3758/s13428-020-01517-x
https://doi.org/10.3758/s13428-020-01517-x
https://doi.org/10.3758/s13428-020-01517-x
https://doi.org/10.3758/s13428-020-01517-x
https://doi.org/10.3758/s13428-020-01517-x
https://doi.org/10.3758/s13428-020-01517-x

Thank you!

arianna.colombani@uni-potsdam.de

SNETSjy,
S* &y



mailto:arianna.colombani@uni-potsdam.de
mailto:arianna.colombani@uni-potsdam.de
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https://clmrnn.github.io/

Workshop Content

Fundamentals

Why measuring gaze behavior?

How does vision work?

How does an eye tracker work?
Choose your eye tracker

How do eye trackers compare?

When is an eye tracker «good» for us?

Data collection and analysis

Eye Tracker Calibration
Practical Advice for Data Collection
Types of Software

Basic Metrics - i i
Define Areas of Interest (AOls) Applications in Language studies

Eye Tracking Metrics gi
Data Visualization Rea !ng
Reading models

1
Pupillometry 2 - . .

3. Keyvariablesin reading
4. Practical guidelines for a reading experiment
5. What is the visual world paradigm?
6. Spoken word recognition
7
8
9
1

Sk whE

ONO kW R

Other studies

What do we measure?
. The preferential looking paradigm
0. Practical guidelines
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Introduction

- |IDEALAB PhD candidate in Linguistics and
Cognitive Sciences at the University of Potsdam
and Macquarie University Sydney

- Italian Sign Language interpreter and educator
for the deaf

« Research topic:
« gesture learning

" MACQUARIE
+ infancy > adulthood P University
« EEG, eye-tracking and behavioural o
measures N
More info (& workshop slides!): e Sy
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https://phd-idealab.com/
https://www.mq.edu.au/
https://clmrnn.github.io/

How do eye trackers compare?

Eye tracker Pros Cons
Screen-based « High data quality and precision |« Stationary and fixed in one position
» Report gaze directly on the « Head movement limited by the head
screen box - if participants move out, no
« Often integrated with a monitor data is captured
or can be mounted below a * Head box size varies by device
standard screen « Participants must remain seated in
« Widely used in lab-based front of the device

linguistic studies

Wearable « Freedom of movement « Generally lower data quality
« Suitable for real-world compared to screen-based systems
environments  More intrusive (need to wear
« Enable studies without screens glasses)

« Data analysis more complex

iMotions, 2018
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Predictive processing

Eye movements reveal incremental and predictive language
processing.

1.

verb offset
det onset
noun onset

Probability

—@—ecat cake
——-move cake
-O—eat other

-3 move other

= M W r B N ® © O

T

0 200 400 600 800 1000 1200 1400 1600 1800

Time from Verb Onset

«The boy will eat / move the cake»

Altman & Kamide, 1999
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What do we measure?

Metrics:

The proportion of total fixations that are di-
rected to an AOI, or the number of fixations
between AOIs and between

experimental groups

Proportion of fixations Count

The amount of time that is takes to actually

Saccade duration Time
move the eyes

The number of saccades counted within an
Saccade count Count AOIL

Areas of interest: Analysis window:
| 1.0 '
8 | of °| ©
) e = =
7 @ o o
: > c
z ]
2 51
o)
o 4
o
.3 A
" —@—eat cake
<] B move cake
: 1A -O—eat other
cer i : : ‘0”'””””.”H'H”I_”_'”—!:Il—nlaoyelqthgr
0 200 400 600 800 1000 1200 1400 1600 1800
Time from Verb Onset
Altman & Kamide, 1999
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The Preferential Looking Paradigm

Metrics:
Total fixation duration Time The summed duration of all fixations in an 9 P L — t.Otal.f Lxation fiuration to tar..g et
A0l total fixation duration to target+distracotr
Areas of interest: Analysis widow:

Where is the
MUSCH?

1.00

0.75

0.25

Proportion of Looking Time (PLT)

0.00
0 2000 4000

Time from video onset (ms)
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