
The orienta�on-difference cue in figure-ground separa�on: border ownership and �ming

Conclusions

Mo�va�on
Figure-ground separa�on, a crucial 
component of  visual processing,  can be 
driven by differences in contrast, 
orienta�on, and other local cues.  We 
previously showed (VSS 2020) that the 
orienta�on cue has dis�nc�ve 
characteris�cs: figure-ground separa�on 
depends not only on the magnitude of the 
orienta�on difference, but also on 
whether the oriented component is 
present in the figure vs. the ground.  Here 
we show that this dependence is invariant 
with respect to convexity vs. concavity and 
determine how it evolves over �me. 

Each strip shows the textures generated 
by varying a second-order image 
sta�s�c over its range, from +1 to -1. 
These sta�s�cs determine correla�ons 
between pairs of checks that are 
adjacent horizontally (β_), or ver�cally 
(βI). In both cases, a random texture 
corresponds to a correla�on of 0.  

Methods

Tes�ng Details
Subjects: 3F; VA = 20/20  Condi�ons: 2-AFC design with 140 trials/block, 16-32 blocks/condi�on (94,080 total 
trials), Prac�ce: 1 hr/subj, feedback only with prac�ce. Binocular viewing at 1 m. S�muli: Contrast: 1.0, Check 
size: 9.8 min; Display size: 10.5 deg, Luminance: 81 cd/m2, Standard trial: two 500 ms presenta�ons followed by 
a 500 ms mask. For shorter presenta�ons, a blank interval separated the s�muli so that the total trial dura�on 
was unchanged.  Target structure: 5 circles randomly-placed = 25% of s�mulus area.  
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The square domain shows the texture space generated 
by varying both second-order sta�s�cs.  Within the 
darker blue rectangle, β_ and βI  have the same sign; 
within the lighter blue rectangle, β_ and βI  have 
opposite signs. When the image sta�s�cs have opposite 
sign, the texture is strongly oriented. The random 
texture is at the origin (both sta�s�cs equal to zero).  When figure-ground iden�fica�on is

driven by texture, image sta�s�cs in
figure and ground play different roles.
For oriented image sta�s�cs (the
“opposite-sign” condi�on), thresholds
are lower when they are present in
the figure, than when they are
present in the ground.
This asymmetry is driven by

border ownership, but not by
border shape.
 It is already present at 125 ms,

and amounts to a twofold
difference in threshold.

Which interval 
has the target?

or

21

Sample Trials and Task

Before each block, subjects were shown samples  of the targets with 
cartoons illustra�ng size and loca�on of circles. These are examples 
from the same-sign plane. Le�: circles are defined by nega�ve 
correla�ons; background by posi�ve correla�ons. Right: circles are 
defined by posi�ve correla�ons; background by nega�ve correla�ons.
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Results - previous work

We previously found that for opposite-sign image sta�s�cs, thresholds for 
figure-ground iden�fica�on were higher when correla�ons were present in 
the ground, than in the figure.  However, this experiment does not indicate 
whether border shape plays a role.
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Here we ask whether the figure-ground asymmetry seen above is dependent on border convexity.  
We compared thresholds for circular figures (le� column) with thresholds for figures of equal area 
but concave boundaries (“concstar”, middle column).  Thresholds were virtually iden�cal (right 
column), indica�ng that border ownership, and not border convexity, drove the asymmetry.

Borders 

Threshold
Determina�on

Threshold was taken to 
be the texture contrast at 
which frac�on correct was 
0.75, as determined by 
maximum-likelihood fits to 
Weibull func�ons.
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For the same-sign condi�on, no asymmetry was present 
at any dura�on. For the opposite-sign condi�on, the  
asymmetry increased slightly for s�mulus dura�ons of 
250 and 500 ms.

Here we probe the �me course of the figure-ground 
asymmetry, by varying the presenta�on �me of the 
two alterna�ve s�muli.

Dynamics 
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For same-sign correla�ons, 
the ra�o was very nearly 1, 

indica�ng an absence of 
asymmetry for all dura�ons.

  
For the opposite-sign        

correla�ons, the ra�o was 
nearly a twofold difference 
in threshold, and increased 
somewhat from a dura�on 

of 125 ms to 500 ms.
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We summarized figure-ground asymmetry by the 
ra�o of the thresholds for correla�ons in the ground 
to the thresholds for correla�ons in the figure. 
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