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Today

* | earn about eye-tracking

 Hands (eyes) on eye-tracker



Eyve-tracker: then
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The first eye-tracking study
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The first eye-tracking study
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Estimate material circumstances
of the family

Surmise what the family had 4 Remember the clothes
been doing before the arrival worn by the people.
of the unexpected visitor.

3 min. recordings
of the same
subject

Remember positions of people and Estimate how long the visitor had
objects in the room. been away from the family.



Eye-trackers: now




How does an eye-tracker work”

Camera Tobii 1750



Raw Data

Timestamp Category Pupil size | Pupil size | Point of Point of

[ms] R [mm] L [mm] regard X 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




Speed pOSition

acceleration

Fixations and Saccades
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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)
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‘Eye-mind” Hypothesis

What | see is what | process

Estimate material circumstances
of the family

Surmise what the family had Remember the clothes
been doing before the arrival worn by the people.
of the unexpected visitor.

3 min. recordings
of the same
subject

Remember positions of people and Estimate how long the visitor had
objects in the room. been away from the family.



Applications

1. Marketing: what attracts our attention?
2. Security: where are we paying attention?
3. Research: education, cognition, perception...

4. Groupware: quality of interaction.
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2. Security

Conscious driving P3 Driving subconscious P11




3. Research

1. EXxpert versus novice
2. Task based performance
3. Programming

4. Massive Open Online Courses (MOOCSs)



3.1 Expert versus Novice




3.1 Expert versus Novice

Beginner



3.2 Task based performance




3.2 Task based performance

Solvers Non-solvers



3.3 Programming

public static int goolbaka ( int vv )

{
iNntc=0;
while (vv >=0)
{
vv /= 10;
C ++:
}

return c ;



3.3 Programming

public static int goolbaka ( int vv )

{
intc=0;
while (vv>=0) Poor student
{
vv /=10:;
C ++:
} * public static int goolbaka ( int vv )
return c ; {
} intc=0:
while (vw>=0)
{
vv /= 10;
Good student } SR .

return c ; _
) AN



3.4 MOOCs

The substitution model

This scheme of expression evaluation is called the substitution

model.

The idea underlying this model is that all evaluation does is reduce
an ex ! value.

I
e

o all expressions,

as they have no side Poor StUdent

The substitutj calculus, which gives a

foundat"n onal progr

" substitution model

This scheme of expression evaluation is called the substitution
model.

Good student

ASM|

SensoMotoric Instruments



4. Groupware

1. Gaze-dialogue coupling

2. Dual eye-tracking



4.1 Gaze-dialogue Coupling

* Eye-voice span: time difference between what | see
and what | say

* \oice-eye span: time difference between what you
say and what | see

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

1.
o —®— Relerent (e.g., "beaker") ’,“0“
—®&— Cohort (e.g., "Deetle”) )
—4&— Rhyme (e.q., "speaker”) o

>0 81— Unrelated (e.g., "carriage") J/
- —
-
L0 0.67
S ¢
—
Q.
c
O 04
= Average target offset
Lo
u i

0.21 ._'.

‘ g ’.A“t
0.0-< ———rlp——— T v
0 200 400 600 800 1000

Time since target onset (msec)

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

Cross Recurrence at different time lags
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Dale, R. et. al., (2007), “Art of conversation is coordination”



4.1 Gaze-dialogue Coupling

(Gaze cross-recurrence




4.1 Gaze-dialogue Coupling

(Gaze cross-recurrence
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4.1 Gaze-dialogue Coupling

(Gaze cross-recurrence

.




4.1 Gaze-dialogue Coupling

(Gaze cross-recurrence




4.1 Gaze-dialogue Coupling

(Gaze cross-recurrence

o




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
Example: pair-programming

. private_ boolean  checkForSum  (int p, b'lt i, Int iz lint i3

nivate olear nex Sum (int m )l nt| 2 ti3
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private  Int checkforWinner 0Ol private_|int checkForWinner ':‘Il »
for (int p l" prip++| for } nt &' - 0} pi :'| pe o)l
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for fint 13 2141 } < playersNumbers [pf sze () b 4 For (Int 13 rA 3| < playersNumbers [phsize () 13 ++)
if (checkForSum  (p, )1 '-L";:'> iliu'mbln'\u'v (piil )2
return rv + 1 return | ip +|1
retun |0 return O

p Ll;v-'.‘ i)

Good collaboration quality Poor collaboration quality



4.2 Dual eye-tracking

Example: collaborative visual search

QQQQQQ

eyoJo e
oyoJo®
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eyeoyole
efeoyole



4.2 Dual eye-tracking

Example: collaborative visual search

Y-pixels

Good collaboration quality Poor collaboration quality
Low cross-recurrence High cross-recurrence



Eye-tracking and Learning Analytics

Learning Analytics: capture, compare, evaluate, intervene

The
Learning

Analytics

Cycle




Eye-tracking and Learning Analytics



Eye-tracking and Learning Analytics

1. Gaze-awareness: where am | 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

Perceptual With-me-ness
I

Parameter and Return Types

Function parameters come with their type, which is given after a
colon

def power(x: Double, y: Int): Double =

If a return type is given, it follows the parameter list.
Primitive types areqasin Java, but are written capitalized, e.g:

Int 32-bit tegers
64-bit floating point numbers

Iean values true and false

42



1. Gaze Awareness

Perceptual With-me-ness
I

Parameter and Return Types

Function parameters come with their type, which is given after a
colon

def power(x: Double, y: Int): Double = ...

If a return type is given, it follows the parameter list.

Primitive types areqasin Java, but are written capitalized, e.g:

Int integers

4-bit floating point numbers

Iean values true and false Entry tlme

43



1. Gaze Awareness

Perceptual With-me-ness
I

Parameter and Return Types

Function parameters come with their type, which is given after a
colon

def power(x: Double, y: Int): DOUBEe = ...

If a return type is given, it folefis the parameter list

Primitive types are a Java, but are written capitalized, e.g:

Int 30t integers
64-bit floating point numbers

Boolbq» bdolean values true and false

First Fixation Duration

44



1. Gaze Awareness

Perceptual With-me-ness
I

Parameter and Return Types

Function parameters come with their type, which is given after a
colon

def power(x: Double, y: Int): DOUBEe = ...

If a return type is given, it fg®ws thf parameter list

-bit integers
e, 64-bit floating point AUMBErs

alues true antd false

Revisits

45



1. Gaze Awareness
Conceptual With-me-ness

Timet=

for ( |n++)

sum += array [i]; lime & =1
} for(inti=0;i<n;i++)
{
- Teacher: the iterator loops \ sum += ’ [']

Timet=2

Teacher: over the array | | for (inti=0:i<n;i++)

{
@= array [i;

}

Teacher: updating the sum



1. Gaze Awareness

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?

47



1. Gaze Awareness

With-me-ness
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Learning gain (normalised between 0 and 1)
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1. Gaze Awareness

With-me-ness
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2. Gaze Contingency




2. Gaze Contingency




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

30 -

10 - i i
0 -

Number of seek backwards per minute
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Video ID
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2. Gaze Contingency

 \When the teacher's gaze is displayed the video-
watching behaviour retlects low perceived difficulty.

e |s gaze better than a pen pointer?



2. Gaze Contingency

Cumulus Clouds

Low & Puffy




2. Gaze Contingency

Cumulus Clouds

Low & Puffy




Learning Gain

10

2. Gaze Contingency

n

n=15 n=14

1.No visual aid

I |
2.Pointer 3.Gaze

Experimental Conditions

Perceptual With-me-ness

0.1 0.2 0.3 0.4 0.5

0.0

| |
|

n=|14 n=l14

2.Pointer 3.Gaze

Experimental Condition




Next?

* Jake any of the contexts mentioned in the slides
and design an eye-tracking experiment.

 Eyes on eye-tracker.

* Work on your project (recommended).



