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MESURES OCULAIRES 



PRELIMINARY QUESTIONS TO EFRPS 

 Postulate: 

 Individual fixations are the « information units »? 

 

 Questions: Fixation properties 

1. Completeness: does this information unit reflect only 

what is fixated? 

 Or may be affected by previous or future processing? 

2. Equivalence: does every fixation convey the same 

processing? 

 Would it be possible to categorize fixations as attentional fixations, 

semantic fixations….? 

 



My dog bites the neighbour 

1. COMPLETENESS ? 

 Not really true: 

 Parafoveal processing from: 

 Previous processing  Spill-over effects 

 Later processing  Parafoveal previewing 

N-1 N N+1 



Scanpath from 

an information 

seeking task 

Last Fixation First Fixation 

2. EQUIVALENCE BETWEEN FIXATIONS? 



At least, two ways: 
• Statistical approach by crossing different variables: 

• Fixation duration and saccade amplitude (Velichkovsky et al. 
2002) 

• Fixation duration and number of progressive fixation (Kennedy et 
al, 1987) 

• MRA or Partial LS analyses crossing both qualitative and 
quantitative data (Marshall et al, 2002). 
 

• Physiological approach by integrating other measures: 
• fMRI and EMs (Brown, Vilis & Everling, 2008; FIBER project – 

Cornelissen et al) 
• MEG and EMs (Hari, Helsinki) 
• EEGs and EMs – EFRPs (Baccino & Manunta, 2005; Hutzler et al, 

2007;…) 
 
 
 

 

HOW TO DISENTANGLE DIFFERENT 

PROCESSES? 



ERPS/EEGS: ADVANTAGES 

N400 

P600 

Semantic incongruency 

Syntax processing 

Advantages: 

• Precise timing of 

activation/inhibition phases 

• Correlation component/function  

• Different measures of activity: 

latency, amplitude, scalp 

distribution,… 

latency 

amplitude 



EYE MOVEMENTS: ADVANTAGES 

Advantages: 

• High spatial (< 0.5°) and 

temporal accuracy (> 1Khz).  

• Natural conditions of viewing. 

• Pupil dilation. 

Time 

Fixation duration 

• Single Fixation/First Fixation 

• Gaze Duration 

• Progr./Regress. Fixations 

• Refixations 

Spatial 
Saccade size 

Scanpath length… 

Frequency 
Number of fixations, 

regressions,… 

Normal reader 



LIMITATIONS 

 Limitations EEG: 

 Stimuli are presented with unnaturally long 

intervals (> 500ms)  Late components analyses 

 Stimuli are presented isolated at one fixed position 

 To remove out any saccade effects 

 

 Limitations Eye-Movements 

 How to disentangle different processes (sequential 

or parallel) occurring during a fixation  



EYE-FIXATION-RELATED POTENTIALS 

(EFRPS): EYE-TRACKING BASED 

 Overcome difficulties related to:  

• Measuring ERPs/EMs in two separate sessions 

• EOG does not provide accurate fixation locations 



EFRPS TECHNIQUE 

EEG Monitor 

Synchronization Signal 
TTL Trigger 

EEG Amplifier 

Stimuli Display 

Eye-Tracker Electro-cap 

A B 

Participant 

EFRPs will result from 

the segmentation of 

the continuous EEG 

with markers such as 

fixation onset and 

offset. 

Fixation onset 



Advantages: 

 Precise time line of 

activation/inhibition 

sequence of EEGs occurring 

during any fixation  

allowing to investigate early 

components (attention, 

stress, perception, ..). 

 Natural conditions of 

presentation  allowing to 

use saccadic movements. 

 Categorizing fixations by 

using components analyses 

(PCA, ICA) 

EFRPS TECHNIQUE 



DISSOCIATION BETWEEN SPATIAL AND NON–SPATIAL 
PROCESSES  

Goal: Disentangling specific processes - spatial and non-spatial 

processes with EFRPs (i.e, at fixation level) 

 

N=12 

 

Within-Factors:  2 Spatial  X  2 Object 

• Spatial: Match/Non-Match 

• Object: Match/Non-Match 

  

40 items by condition 

 



Task: To press a mouse button whether the drawings were the same or 

not.   

Object 

Space 

Match 

Match Non-Match 

Non-Match 

DISSOCIATION BETWEEN SPATIAL AND NON–SPATIAL 
PROCESSES  



RESULTS (EFRPS) – TASK EFFECT 

Object: Larger P1 at occipital cortex 

Location: Larger P1 at parietal and centro-parietal 

cortex  

EFRPs were analyzed during the first four 

fixations. Eye-fixations evoked P1 and N1 

components that were maximal at the 

occipital, parietal, and centro-parietal 

recording sites.  The mean latencies of P1 and 

N1 were 68 ms and 122 ms, respectively 

Visual System: 

Ventral Pathway (What): occipito-temporal cortex 

(involved in recognition of object features...) 

 

Dorsal Pathway (Where): parietal cortex 

(involved in spatial processing of objects...) 

Task (P1 Amp) 



Associated 

Strength 
Semant. Asso. Non-Word 

Semant Non-

Asso. 

Low 
cheval – jument 

(horse-mare) 

cheval – tvsqrd 

(horse-tvsqrd) 

cheval – chaise 

(horse-chair) 

High 
jument – cheval 

(mare-horse) 

jument – tvsqrd 

(mare-tvsqrd) 

jument – chaise 

(mare-chair) 

 

 

•N=20 

•Fixation Duration (single) 

on 1st word 

PARAFOVEAL/FOVEAL EFFECTS 

Baccino, T., & Manunta, Y. (2005). Eye-Fixation-Related Potentials: Insight into Parafoveal 

Processing. Journal of Psychophysiology, 19(3), 204-215. 
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RESULTS: 0-300MS 

Grand Average according to electrode and association (Asso, non-Asso, non-Mot) 

Greater activation on 

occipital region (electrode 

O1). 

 

• P1: Ø 

 

• N1: Asso/Non-Asso > 

Non-mots (near sig.) 

 

• P2: Asso > Non-Asso 

 

• N2: Ø 



TIME LINE OF COGNITIVE PROCESSES 

OCCURRING DURING A FIXATION 

68 119 215 260 ms 
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AND FROM 2005, A GROWING NUMBER OF EXPERIMENTS 

USING EFRPS 



 

Thanks for your attention!  
 

 

 And come to visit us in Paris at LUTIN 

 http://www.lutin-userlab.fr/accueil/  
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