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More elements flanking a target  
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Grouping trumps pooling and centroids 
in crowding 
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Grouping is a key factor in crowding:  

�‡ crowding decreases when target and flankers ungroup (a-c),  
�‡ crowding increases when target and flankers group (b-d). 

�d�Z�]�•���•�š�µ���Ç���Á���•���•�µ�‰�‰�}�Œ�š���������Ç���W�Œ�}�Ž���}�����^�W�Œ�}�����•�•���•���}�(���W���Œ�����‰�š�]�}�v�_���}�(���š�Z�����^�E�&������ 
        

http://lpsy.epfl.ch                                                                                                                                                                 corresponding author: mauro.manassi@epfl.ch 

Results 

These results cannot be explained by  
 

�‡ simple pooling models 
�‡ centroid hypothesis 

Introduction  
 

Vernier offset discrimination deteriorates when a vernier is flanked by neighbouring lines.  

Crowding can be explained by grouping 
 

�‡ Crowding decreases when target and flankers ungroup (a-b-f-g)  
�‡ Crowding increases when target and flankers group (c-d-e-h) 

When increasing the number of flankers: 
 

a) Performance improved, with small flankers. 
b) Performance improved, with long flankers. 

 
 
 
 

c) Performance deteriorated, with jittered flankers 
 
 
 
 
 
 
 

 
d-e) Performance deteriorated, when adding 2 or 10 red flankers.  
f-g) Performance improved, when adding 2-10 green flankers. 
 
 
 
h) Performance deteriorated, when adding a butterfly configuration   
wi with alternated colors. 
i-j) Performance improved, when adding only green and red flankers. 

Signals are averaged  within small spatio-temporal windows.  
Increasing the number of flanking elements deteriorates 
performance.  

                                     Spatial pooling hypothesis Centroid hypothesis 

Crowding strength is determined by the distance between 
the target and the centroids of the flankers.  
The farther away the centroids are, the weaker is crowding. 

These results can be explained by the centroid hypothesis  
but not by the pooling hypothesis 

Centroids shown by 

Each configuration was placed, with respect to the fixation point at an 
eccentricity of 4° (a-c) and 5° (d-j) in the right visual field. 

 
 
 

This result can be explained by the pooling hypothesis 
but not by the centroid hypothesis 

These results cannot be explained by the pooling hypothesis 

These results cannot be explained by the centroid hypothesis 
because  (d-f) and (e-g-h-i) have the centroids at the same 

position, but performance varies strongly. 

See Sayim, B., Westheimer, G., & Herzog, M. H. (2008) Contrast polarity, chromaticity, and stereoscopic depth modulate contextual interactions in vernier acuity.  
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