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Today

• Learn about eye-tracking 

• Hands (eyes) on eye-tracker



Eye-tracker: then



The first eye-tracking study



The first eye-tracking study



Eye-trackers: now



How does an eye-tracker work?

Tobii 1750



Raw Data
Timestamp 
[ms]!

Category! Pupil size 
R [mm]!

Pupil size 
L [mm]!

Point of 
regard X!

Point of 
regard Y!

...!

87542.5! Blink! 3! 2.9! 936.3! 691.7!

87575.7! Blink! 3! 2.8! 908.6! 639.5!

87609.2! Visual Intake! 3! 2.9! 873.7! 613.7!

87642.5! Visual Intake! 3! 2.9! 851.3! 608.9!

87675.8! Visual Intake! 3! 3! 828.5! 603.1!

87709.2! Visual Intake! 3! 3! 809.1! 613.9!

87742.3! Visual Intake! 3.1! 3! 794.1! 618.1!

87775.6! Visual Intake! 3.1! 3.1! 783.7! 627.1!

87808.8! Visual Intake! 3.2! 3.1! 771.4! 633.7!

87842.1! Saccade! 3.1! 3.2! 769.3! 651.5!

87875.3! Saccade! 3.2! 3.2! 767.7! 671.3!

87908.6! Saccade! 3.2! 3.2! 764! 679.8!

87941.8! Visual Intake! 3.2! 3.2! 759! 686.1!

87975.3! Visual Intake! 3.2! 3.2! 758.9! 690.9!

...! ...! ...! ...! ...! ...! ...!



Fixations and Saccades

Fixations 
 
120 -  1000 ms 
en général 200 -600 
± 3 fois par sec. 
 
 
Saccades  
 
sauts rapides de l’œil 
entre 40 et 120 ms 
 
Nous sommes aveugles 
pendant la saccade 

Fixations: when the eyes 
rest momentarily on a small 
part of screen, 120 - 1000 
ms

Saccades: when eyes jump 
rapidly from one part of the 
screen to another, 40 -  120 
ms



Accuracy and Precision
Accuracy: average difference between real position of the 
stimuli and the measured position of the gaze. 

Precision: ability of the eye-tracker to reproduce the same 
gaze measurement (variance)

Poor accuracy  
good precision

good accuracy  
poor precision

Good accuracy  
Good precision

Poor accuracy  
poor precision



“Eye-mind” Hypothesis
What I see is what I process



Applications

1. Marketing: what attracts our attention? 

2. Security: where are we paying attention? 

3. Research: education, cognition, perception… 

4. Groupware: quality of interaction.



1. Marketing



1. Marketing



2. Security



3. Research

1. Expert versus novice 

2. Task based performance 

3. Programming 

4. Massive Open Online Courses (MOOCs)



3.1 Expert versus Novice



3.1 Expert versus Novice



3.2 Task based performance



3.2 Task based performance

Solvers Non-solvers



3.3 Programming



3.3 Programming

Poor student

Good student



3.4 MOOCs

Poor student

Good student



4. Groupware

1. Gaze-dialogue coupling 

2. Dual eye-tracking



4.1 Gaze-dialogue Coupling

• Eye-voice span: time difference between what I see 
and what I say 

• Voice-eye span: time difference between what you 
say and what I see  

• Eye-eye span: time difference between what you 
see and what I see



4.1 Gaze-dialogue Coupling
Eye-voice span

Griffin, Z. M., and Bock, K. (2000). “What the eyes say about speaking.”

http://homepage.psy.utexas.edu/HomePage/Faculty/Griffin/Demos_files/d15r81_1sacc.mov


4.1 Gaze-dialogue Coupling
Voice-eye span

Allopenna, P. D., et. al., (1998). “Tracking the Time Course of Spoken Word 
Recognition Using Eye Movements: Evidence for Continuous Mapping Models”




4.1 Gaze-dialogue Coupling
Eye-eye span

Dale, R. et. al.,  (2007), “Art of conversation is coordination”



4.1 Gaze-dialogue Coupling
Gaze cross-recurrence



Gaze cross-recurrence

4.1 Gaze-dialogue Coupling



Gaze cross-recurrence

4.1 Gaze-dialogue Coupling



Gaze cross-recurrence

4.1 Gaze-dialogue Coupling



Gaze cross-recurrence

4.1 Gaze-dialogue Coupling



4.2 Dual eye-tracking

One task to complete. 

Two synchronised eye-trackers. 

Synchronised screen: actions, viewports…  

Peers can not see each other but can talk.



4.2 Dual eye-tracking

Good collaboration quality Poor collaboration quality

Example: pair-programming



4.2 Dual eye-tracking
Example: collaborative visual search



4.2 Dual eye-tracking

Good collaboration quality 
Low cross-recurrence

X-pixels X-pixels

Y-
pi

xe
ls

Y-
pi

xe
ls

Example: collaborative visual search

Poor collaboration quality 
High cross-recurrence



Eye-tracking and Learning Analytics

Learning Analytics: capture, compare, evaluate, intervene



Eye-tracking and Learning Analytics



Eye-tracking and Learning Analytics

1. Gaze-awareness: where am I looking? 

2. Gaze-contingency: where is the speaker looking?



1. Gaze Awareness
With-me-ness

1. Perceptual with-me-ness: how much do you follow 
the teacher’s explicit gestures? 

2. Conceptual with-me-ness: how much do you 
follow the teacher’s dialogues?



1. Gaze Awareness

42

Perceptual With-me-ness



1. Gaze Awareness

43

Entry time

Perceptual With-me-ness



1. Gaze Awareness

44

First Fixation Duration

Perceptual With-me-ness



1. Gaze Awareness

45

Revisits

Perceptual With-me-ness



1. Gaze Awareness
Conceptual With-me-ness



1. Gaze Awareness

47

With-me-ness

• Perceptual with-me-ness is correlated to learning 
gain. 

• Conceptual with-me-ness is correlated to learning 
gain. 

• What happens when we give students the 
feedback about their with-me-ness?



1. Gaze Awareness
With-me-ness



1. Gaze Awareness
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2. Gaze Contingency



2. Gaze Contingency
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2. Gaze Contingency
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2. Gaze Contingency



Number of seek-backs per minute
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2. Gaze Contingency



2. Gaze Contingency

• When the teacher’s gaze is displayed the video-
watching behaviour reflects low perceived difficulty. 

• Is gaze better than a pen pointer?



2. Gaze Contingency



2. Gaze Contingency



2. Gaze Contingency



Next?

• Take any of the contexts mentioned in the slides 
and design an eye-tracking experiment. 

• Eyes on eye-tracker. 

• Work on your project (recommended).


