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Behavioral results 

EEG results 

Material and methods 

Analysis 
Data processing 

Regions of Interest (ROIs) 

Stimuli 
240 natural scenes 

(1024x768 pixels = 30x40°) 

Participants 
39 participants 

22 female and 17 male 

Age range: 20 – 36 (M=24.69; SD=3.49) 

Protocol 
Two conditions: 

- Free-Exploration 

- Visual Search 

Block design: 

- 60 scenes per condition 

The series of displays during one trial: 

Free-Exploration: (1) (2) (4) 

Visual Search: (0) → (4) 

Preprocessing: 

- Re-sampling of eye movement data at the frequency of the EEG signal (1200 Hz) 

- Synchronization of eye and EEG signals offline [Needleman & Wunsch, 1970] 

- Addition of specific triggers to eye movement and EEG data to indicate the 

location of each fixation  
 

EFRPs (Eye-Fixation Related Potentials): 

- Segmentation of EEG data into epochs from 500 ms before the scene onset to 

4000 ms after 

- Rejection of segments contaminated with blinks, muscular activity and/or non-

physiological artifacts  

- Correction of artifacts relating to ocular movements (IVA) [Phlypo, 2013] 

- EFRPs:      [-200 ms;700 ms] according to fixation onset 

                       Baseline : [-200 ms;-100 ms] 

Recordings 
Eye movements:  

SR Research 

Eyelink 1000 

EEG:  

32 active electrodes 

g.GAMMAsys  

gtec system 
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Definition of the ROIs: 

- Visual Search: the search object 

- Free-Exploration salient: one of the most fixated region of 

the scene that corresponds to an object (neither a face nor 

a text) 

- Free-Exploration non salient: one non salient region that 

does not corresponds to an object 
 

Fixations of interest: 

- Previous: the fixation preceding the first fixation in the ROI 

- Current: the first fixation in the ROI 

- Next: the first fixation after the first visit of the ROI 

ROIs for one scene 

Background 
 

Regions of Interest (ROIs): 

→ Free-Exploration: ROIs defined by the saliency of the scene (bottom-up) [Mannan, 1997] [Itti et al., 1998] 

→ Visual Search: ROIs defined by the task (top-down) [Torralba et al., 2006] [Castelhano et al., 2009] 

 

EEG: 

→ P300: positive component, over parietal areas, elicited when observers detect an infrequent stimulus [Sutton et al., 1965] [Polich , 2007] 

      → P3a: shorter latency and more frontal [Knight, 1996] 

      → P3b: associated with the final decision made on the status of the stimulus [Hansen & Hillyard, 1983] 

                   associated with discrimination, categorization, selection, matching processes and decision-making [Hruby & Marsaliek, 2003] 

Advantages of the co-registration of eye movements 

and EEG 
 

→ to access to the temporality of the processes involved during fixations 
 

→ to access precisely to the scene exploration across the scanpath 
 

→ to develop more ecological protocols (compared to the presentation of 

stimuli without allowing participants to move their eyes) 
 

→ to use directly eye movements recording by eyetracking to remove ocular 

artifacts  

 

Discussion 

Free-Exploration Visual 

Search Salient Non salient 

Size of the ROI (pixels) 
31,41 

(37,37) 

60,13 

(28,39) 

6,81 

(12,46) 

Rank of the first fixation 

in the ROI 

3,89 

(0,07) 

5,31 

(0,13) 

4,49 

(0,14) 

Saccade amplitude Fixation duration 

Main results: 

No significant difference for the 

duration of the first fixation in the ROI 

By fixation 

By ROI 

Previous Current Next 

Free-Exploration salient Free-Exploration non salient Visual search 

Significant difference between Free-

Exploration non salient and Visual Search  

Significant difference between Free-

Exploration and Visual Search  

Significant difference between the current 

fixation and the others but no significant 

difference between previous and next 

Topographic maps: from 300 to 500 ms after fixation onset 

EFRPs plot: Electrode Cz – Shaded areas: p < 0.01 (ANOVA for every time point) 

Rank of current fixation 

ROIs for Free-Exploration on the experimental 

saliency map (calculated by summing Gaussian 

of 1° on fixation locations) 

On the current fixation (first fixation in the ROI): 

- Late potential more positive for Visual Search than Free-Exploration 

- Difference started around 300 ms 
 

      → Might be the P300: modulation of the P3b reflecting the relevance of the fixated regions  

      → Overlaps with early potentials of the following fixation even if reduced by the jitter due to the 

variability of fixation durations 
 

On the previous fixation: 

Significant difference between Visual Search and Free-Exploration non salient around 200 ms 
 

       → Might be explained by the behavioral differences (saccade amplitude and fixation duration) 

       → Fixation preceding the first fixation in the ROI: parafoveal target selection? 

T-test:   *** p<0.001      **  p<0.01      *   p<0.05 


