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Eye Tracking basics

What is Eye Tracking?
Eye movements occur as almost instantaneous saccades
followed by fixations

▪ saccades → very fast (< 100 ms)

▪ fixations → 100 - 600 ms

An eye tracker is a device able to 
follow the user's eyes, to detect 
where the gaze is directed

it measures how infrared light is 
reflected by the cornea and by the 
retina through the pupil
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Eye Tracking basics

Where are you looking at?
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Eye Tracking basics 

The human eye
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Eye Tracking basics 

The human eye

Density distribution of rod and cone receptors 
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▪ Saccades

▪ Very rapid eye movements (10 ÷ 100 ms) to focus the area of 

interest on the fovea

▪ During saccades the eye is "blind"

▪ Smooth pursuit

▪ Only possible with moving targets

Eye Tracking basics

Eye movements
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Eye Tracking basics

Eye movements
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▪ Fixations

▪ Small "movements" to stabilize the observed target on the retina

▪ The eye is never still (there are always microsaccades)
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Eye Tracking basics

Eye movements
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Eye Tracking technology 

How does it work?

▪ Infrared (IR) or Near-Infrared (NIR) methods

▪ Eye detection: similar to the "red eyes effect" in
flash photos…

▪ on-axis light source → light pupil

▪ off-axis light source → dark pupil
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Eye Tracking technology 

Purkinje reflections
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Eye Tracking in practice 

Technologies
▪ 1st generation

▪ scleral contact lens/search coil

▪ electro-oculography (EOG)

▪ 2nd generation

▪ photo and video oculography (POG and VOG)

▪ 3rd generation

▪ pupil/corneal reflection (analogic)

▪ 4th generation

▪ pupil/corneal reflection (digital) + possible face tracking
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▪ Remote

▪ Wearable

Eye Tracking in practice 

Kinds of eye trackers
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Eye Tracking in practice 

Calibration
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Eye Tracking in practice

The Tobii 1750 Eye Tracker

▪ Old eye tracker (~ 2005)

▪ Components:

▪ screen

▪ infrared emitters

▪ videocamera

▪ Corneal reflection of infrared 
light

▪ Sampling rate: 50 Hz

December 2006: 
hardware + 
software  ̴
30,000 Euro
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Eye Tracking in practice

Cheaper solutions

Company acquired
by Oculus
(Facebook) in 
December 2016



Marco Porta - Eye Tracking Technologies and Applications

IBISC, Université d'Évry-Val-d'Essonne, 3rd June 2019

Eye Tracking in practice

Cheaper solutions
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▪ Gaze samples (e.g., 150 times a second)

▪ X and Y coordinates

▪ pupil size (left and right)

▪ Fixations

▪ X and Y coordinates

▪ start time

▪ duration

Eye Tracking in practice

Recorded data

r
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▪ Usability studies

▪ User "behavior inspection"

▪ Marketing

▪ Human-Computer Interaction (HCI)

▪ Psychology/Linguistics

▪ Soft biometrics

▪ Intelligent e-learning

▪ …

Eye Tracking applications

Uses of eye tracking 
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Website evaluation

Eye Tracking applications

Usability studies
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Information presentation 

e.g., browsing of large collections of images

Eye Tracking applications

Usability studies
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E.g., evaluating the driver's performance

Eye Tracking applications

User behavior inspection
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E.g., what do luthiers look at?

Eye Tracking applications

User behavior inspection
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Eye Tracking applications

Marketing
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Eye Tracking applications

HCI
Perceptive interfaces

▪ explicit communication

✓eye-based interaction for disabled 
users (assistive technology)

✓eye-based interaction 
to be used along with 
ordinary input devices (keyboard, 
mouse, etc.)

▪ implicit communication

✓e.g., emotional state, cognitive load, stress, tiredness, etc.

✓e.g., learning constraints: has the user read an important 
part of a tutorial?



Marco Porta - Eye Tracking Technologies and Applications

IBISC, Université d'Évry-Val-d'Essonne, 3rd June 2019

1

2

3p

1

2

3p

Eye Tracking applications

HCI

Eye writing: e.g., Eye-S
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Eye writing: e.g., Eye-S
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Eye Tracking applications

HCI
Pointer control: e.g., ceCursor
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Eye Tracking applications

HCI
Playing music: e.g., Netytar
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Eye Tracking applications

HCI
Cultural heritage: e.g., the Battle of Pavia exhibition
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Eye Tracking applications

Psychology/Linguistics

E.g., familiarity and face 
recognition

E.g., subtitling
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Eye Tracking applications

Soft biometrics

▪ Not related to methods that analyze static aspects 
of the eye (e.g., iris-based techniques)

▪ Focuses on approaches in which the way a person 
looks at some stimuli can provide useful biometric 
information (behavioral biometrics)

▪ Fixations and scanpaths

▪ Eye/gaze velocity

▪ Pupil size

▪ Oculomotor features
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Eye Tracking applications

Soft biometrics

E.g., looking at faces (GANT: Gaze ANalysis Technique
for human identification)



Marco Porta - Eye Tracking Technologies and Applications

IBISC, Université d'Évry-Val-d'Essonne, 3rd June 2019

Eye Tracking applications

Soft biometrics

E.g., looking at faces (GANT)



Marco Porta - Eye Tracking Technologies and Applications

IBISC, Université d'Évry-Val-d'Essonne, 3rd June 2019

Eye Tracking applications

Soft biometrics

E.g., looking at faces (GANT)



Marco Porta - Eye Tracking Technologies and Applications

IBISC, Université d'Évry-Val-d'Essonne, 3rd June 2019

Eye Tracking applications

Soft biometrics

E.g., looking at other kinds of static stimuli
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Eye Tracking applications

Soft biometrics

E.g., looking at dynamic stimuli
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Eye Tracking applications

Soft biometrics

E.g., Gaze PIN input



Marco Porta - Eye Tracking Technologies and Applications

IBISC, Université d'Évry-Val-d'Essonne, 3rd June 2019

Eye Tracking applications

Intelligent e-learning
Experimental evidences (from psychology)

▪ mental workload depends on the fluctuation of the rhythm 
of the pupil area

▪ pupil size and blink rate increase in response to task difficulty

▪ saccade occurrence rate and saccade 
length decrease with increased complexity 
of the task

▪ saccadic and blink velocity decrease with 
increasing tiredness

▪ …
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4
4

E.g., e5-Learning Project

Eye Tracking applications

Intelligent e-learning
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4
5

E.g., e5-Learning Project

Eye Tracking applications

Intelligent e-learning
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E.g., e5-Learning Project

Eye Tracking applications

Intelligent e-learning
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E.g., multiple answer tests

Eye Tracking applications

Intelligent e-learning
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E.g., multiple answer tests

Eye Tracking applications

Intelligent e-learning
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E.g., generally detecting understanding difficulties

Eye Tracking applications

Intelligent e-learning
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Eye Tracking applications

Intelligent e-learning
▪ Typical gaze sample features:

▪ Left/right pupil diameters

▪ Product/ratio/difference of pupil diameters

▪ Typical fixation features:

▪ Fixation count

▪ Fixation duration

▪ Scanpath length

▪ Saccades velocity

▪ Features "extended" with basic statistics

▪ e.g., Mean, Maximum, Minimum, Standard deviation, Median, 
Mad, Geometric Mean, IQR, Skew, Kurtosis, ...
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▪ The time seems ripe for a potential use of eye 
tracking as an "ordinary" technology

▪ Usability studies

▪ User "behavior inspection"

▪ Marketing

▪ Human-Computer Interaction (HCI)

▪ Psychology/Linguistics

▪ Soft biometrics

▪ Intelligent e-learning 

▪ Still open challenges (e.g., precision and need for 
calibration)

What's the future of Eye Tracking?

Conclusions
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Eye Tracking Technologies and Applications

Thank you!


