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http://www.dualeyetracking.org
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Eye track you 
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• Perceptual With-me-ness 

• Entry-time delay 

• First visit duration 

• Re-visits 

• Conceptual with-me-ness 

• Textual referencesPost-test
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Outline
Regulation Framework 

Example 1: Gaze 
Example 2: Clickstream 

Analytics Rationale
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Analytics = real-time “research” for action control

Advice 

Learners�, 
Teachers�, 

Systems� Actions 

Interaction 
Behavior 

Current State 

Desired State 

+

 
 
Diagnose  

 Input 

Jermann, P., Soller, A., & Muehlenbrock, M. (2001). - From mirroring to guiding: A review of the state of art technology for supporting collaborative learning



Lord, R. G., & Levy, P. E. (1994). Moving from Cognition to Action: A Control Theory Perspective.  
Applied Psychology: An International Review, 43(3), 335- 398.8



Time scales

Time Collaboration / CSCL MOOCs

10 days 
[1’000’000 sec]

Completing the course

1 day 
[100’000 sec]

Completing a week

3 hours 
[10’000 sec]

Doing assignments

15 minutes 
[1’000 sec]

Building a concept map Watching a video 
Doing a quizz 

100 sec 
[1000 fixations]

Understanding 
Interaction quality Writing a message

10 sec 
[100 fixations]

Dialogue Reading a message

1sec 
[10 fixations]

Grounding 
Referring



The challenge

Time Gaze Collaboration / CSCL

3 hours 
[10’000 sec]

15 minutes 
[1’000 sec]

Building a concept map

100 sec 
[1000 fixations]

Understanding 
Interaction quality

10 sec 
[100 fixations]

Dialogue

1sec 
[10 fixations]

Grounding 
Referring

100 ms 
[250 samples]

fixation

4ms 
[1 sample]

raw data



Dual Eye-Tracking    [2008-2013]



Kirsh&&&Maglio,&1994;&Underwood,&2005;&&Jermann,&P.,&&Nüssli,&M.@A.,&&&Li,&W.&(2010)&



Fixations, Saccades and Areas of Interest



Time scales

Time Gaze Collaboration / CSCL

3 hours 
[10’000 sec]

15 minutes 
[1’000 sec]

Building a concept map

100 sec 
[1000 fixations]

Understanding 
Interaction quality

10 sec 
[100 fixations]

Dialogue

1sec 
[10 fixations]

eye-voice span 
voice-eye span 

Grounding 
Referring

100 ms 
[250 samples]

fixation

4ms 
[1 sample]

raw data



Griffin and Bock (2000);  Allopenna et al., 2000; Jermann & Nüssli (2012)

1sec 
[10 fixations]

eye-voice span 
voice-eye span 

Grounding 
Referring



Cross-recurrence 
Daniel Richardson and Rick Dale (2005)

http://www.eyethink.org/eye-chat.html
http://www.eyethink.org/resources/movies/coordination/friends_example.mp4



Cross-recurrence



Cross-recurrence



Richardson & Dale (2005); Richardson, Dale, & Kirkham (2007); Jermann & Nüssli (2012)

Cross-recurrence in pair program understanding



Time scales

Time Gaze Collaboration / CSCL

3 hours 
[10’000 sec]

15 minutes 
[1’000 sec]

Building a concept map

100 sec 
[1000 fixations]

recurrence Understanding 
Interaction quality

10 sec 
[100 fixations]

Dialogue

1sec 
[10 fixations]

eye-voice span 
voice-eye span 

Grounding 
Referring

100 ms 
[250 samples]

fixation

4ms 
[1 sample]

raw data



http://www.youtube.com/watch?v=dumgo3gPM78http://www.youtube.com/watch?v=38qxsyNoAsI

100 sec 
[1000 fixations]

recurrence Understanding 
Interaction quality

http://www.youtube.com/watch?v=38qxsyNoAsI


Time scales

Time Gaze Collaboration / CSCL

3 hours 
[10’000 sec]

15 minutes 
[1’000 sec]

Building a concept map

100 sec 
[1000 fixations]

recurrence Understanding 
Interaction quality

10 sec 
[100 fixations]

focus!
similarity Dialogue

1sec 
[10 fixations]

eye-voice span 
voice-eye span 

Grounding 
Referring

100 ms 
[250 samples]

fixation

4ms 
[1 sample]

raw data



Attentional map

0.2 0.2 0.2 0.2 0.2

0.3 0.3 0.3

1

t=0

t=1

t=2

Subject A
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Attentional focus entropy = Σ p log(p) 

24
High focus = low entropy

Low focus = high entropy



Attentional similarity

0.2 0.2 0.2 0.2 0.2

0.3 0.3 0.3

1

t=0

t=1

t=2

similarity => 

0.3 0.3 0.3

0.3 0.3 0.3

1

Subject A Subject B

similarity = 1

similarity = 0



Attentional stability

0.2 0.2 0.2 0.2 0.2

0.3 0.3 0.3

1

t=0

t=1

t=2

stability => 

Subject A

stability = 1
1

stability = 0.6

stability = 0.2

t=3



Dialogue coding 
[ Program understanding ]

Level of abstraction

Syntactic level 
(OPR)

Abstract code 
(ACT)

World model 
(FUN)



OPR ACT FUN OPR ACT FUN OPR ACT FUN
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Do people speak about concrete operations (OPR) or general 
functionalities (FUN) ?

10 sec 
[100 fixations]

focus!
similarity Dialogue



Mirweis Sangin, Gaëlle Molinari, Marc-Antoine Nüssli



Dialogue Coding 
[Concept Mapping]

CMAP Tool functionality

COOP Organization

EXPLAN-C Giving explanations 
[C=ref to concept map]EXPLAN-K

NEGO-C Negociate knowledge 
[C=ref to concept map]NEGO-K

METACOG Evaluate process

M. Sangin. Peer Knowledge Modeling in Computer Supported Collaborative Learning. PhD thesis, Ecole Polytechnique Federale de Lausanne, 2009. 
!

Sangin, M., Dillenbourg, P., NüssliMarc-Antoine, & MolinariGaëlle. (2008). How learners use awareness cues about their peer's knowledge?: insights from 
synchronized eye-tracking data. In Proceedings of the 8th international conference on International conference for the learning sciences-Volume 2 (287–294).
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10 sec 
[100 fixations]

focus!
similarity Dialogue



Moving up the ladder
• Referencing as a basic mechanism of interaction  

=> Attending to references as a perceptual mechanism  
=> Linked to understanding and grounding  
=> Referencing reflects abstraction 

• Representation 
=> spanning across levels of psychological functioning  
(operation / action / activity). 

• Abstraction 
 => attentional maps and cross-recurrence are content independent  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MOOC  
Clickstreams
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http://cedegesrv2.epfl.ch:9000/
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Pattern ?



Can we obtain with clicks what we get with gaze ?

Time Clickstream MOOCs

10 days 
[1’000’000 sec]

Completing the course

1 day 
[100’000 sec]

Completing a week

3 hours 
[10’000 sec]

Doing assignments

15 minutes 
[1’000 sec]

Watching a video 
Doing a quizz 

100 sec 
[1000 fixations]

Writing a message

10 sec 
[100 fixations]

Reading a message

1sec 
[10 fixations]

click



Moving up the ladder …
Play

Play

Forward
Pause

PlPaSfSfPaSbPaPlSfSfSfaSbPa
PlPaSfSf!
   PaSfSfPa!
!      SfSfPaSb!
! ! !  ….!
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Moving up the ladder …



Video Dropout



Course dropout



Can we obtain with clicks what we get with gaze ?

Time Clickstream MOOCs

10 days 
[1’000’000 sec]

Completing the course

1 day 
[100’000 sec]

Completing a week

3 hours 
[10’000 sec]

Doing assignments

15 minutes 
[1’000 sec]

information 
 processing index

Watching a video 
Doing a quizz 

100 sec 
[1000 fixations]

patterns Writing a message

10 sec 
[100 fixations]

n-gram Reading a message

1sec 
[10 fixations]

click



Real-time “research” for action control

Time Gaze CSCL Clickstream MOOCs

10 days 
[1’000’000 sec]

Completing the 
course

1 day 
[100’000 sec]

action graph

3 hours 
[10’000 sec]

Completing a week 
Doing assignments

15 minutes 
[1’000 sec]

Building a  
concept map

information!
 processing index Watching a video

100 sec 
[1000 fixations]

recurrence Understanding 
Interaction 

quality
actions Reading a message

10 sec 
[100 fixations]

focus!
similarity Dialogue n-gram

1sec 
[10 fixations]

eye-voice span 
voice-eye span 

Grounding 
Referring click Click
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Physiological Measures

http://www.emotiv.com/http://www.apple.com/watch/



47

Did you know     + 
= 


