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BACKGROUND
 3D concavities violate figure/ground and 

part parsing rules ...

 … their local and global features are 
qualitatively different from convex 
equivalents ...

● Bounding contours of 2D aperture holes assigned to the background, 
not to the figural hole (Bertamini & Croucher, 2003)

● Spatial dimensions not integrated to form scale-invariant features in 3D 
concavities (Cate & Behrmann, 2010)

  
… they appear to recruit different cortical 
activity ...

● Anterior temporal pole and medial temporal lobe 
for concave; posterolateral occipitotemporal 
activation seen with convex absent for concave 
(Cate et al. SfN 2014).

● Although: neurophysiology and neuroimaging of 
shape from stereo reveal multiple regions in 
both ventral and dorsal cortical regions, e.g. 
Verhoef, Vogels & Janssen (2011), Vinberg & 
Grill-Spector (2007) 

 … but they convey similar figural shape.

● In both perception and memory (Nelson et al. 2001, 2014).

Hypothesis: Figural shape in 3D concavities 
is sparsely encoded as a disjoint set of 
oriented surfaces.

● Dorsal/Parahippocampal hypothesis: medial temporal cortex 
reconstructs 3D concave figural shape based on the output of parietal 
regions sensitive to surface orientation (Cate & Behrmann, 2010).

● . 

METHODS

RESULTS

● Lower performance overall for 3D 
concave letters

  
● Significantly less crowding as well

● Perhaps crowding acts on spatially 
independent subregions of 3D concave 
letters

●  Similarity patterns become more 
generic during crowding

● Pelli. Palomares & Majaj (2004) 
proposed absence of crowding when 
features not coarsely coded 

CONCLUSIONS

Minima of curvature (Hoffman & Richards, 1984) 
for convex and concave 3D regions

Part structure predicted 
for the concave region

Less crowding among 3D concave letters?

● Binary random dot stereograms were 
generated/presented using the Psychophysics 
Toolbox v. 3 (Brainard & Pelli 2007).

● Display background appeared with zero 
disparity; disparity of letter interior regions ramped 
linearly to a 1 pixel wide skeleton.  

● CRT display controlled via 3DPixx LCD glasses 
system (VPixx Technologies): 60 Hz/eye.

p < .05 
Bonferroni
corrected

ANOVA
(Repeated measures, Type III SS)

Depth: F
(1,18)

= 0.7 n.s.

Spacing: F
(1,18)

= 582.2

Depth x Spacing: F
(1,18)

= 10.8 p < .005
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● Young (18-21 y.o.) participants with normal 
stereo acuity viewed displays with either zero or 2 
flankers during separate trial blocks.  

● Letters appeared in both visual fields 
unpredictably with a duration of 150 ms.

● Keyboard responses indicated which letter (13 
possible) appeared 11° peripheral to a luminance-
defined fixation cue.  
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CONCAVE letter confusions become more evenly distributed with 
crowding.

CONVEX confusions become more clustered.

X Crowded
(5.5° spacing)

Uncrowded
(16.5° spacing)U The pairs of MDS solutions 

have been procrustes aligned

Axes show arbitrary units of 
MDS dimensions
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Symmetrized confusion rates 
used as similarity measure for 
multidimensional scaling (MDS)
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