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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)

 

 … but they convey similar figural shape.

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

Hypothesis: 3D holes recruit a secondary 
cortical shape pathway distinct from the 
ventral visual stream.

● Many shapes violate the visual system's heuristics for figure detection, 
but still provide a closed bounding contour in the 2D retinal image that 
provides a secondary-level figure cue.

● Dorsal/Parahippocampal hypothesis: in the presence of such a cue, 
medial temporal cortex reconstructs the figural shape based on the 
output of parietal regions sensitive to surface orientation (Cate & 
Behrmann, 2010).

Shape from stereo: neurophysiology and neuroimaging 
reveal multiple regions in both ventral and dorsal 
cortical regions.  

● Vinberg & Grill-Spector (2007) showed that LOC (fMRI; ventral stream) 
responds equivalently to shapes of aperture holes.

●  Verhoef, Vogels & Janssen (2011) showed that AIP (dorsal) – IT 
(ventral) LFP synchrony occurs during concave/convex shape 
discrimination in macaques. 

● Viewing 3D concave figures activates different 
cortical networks than solid-looking shapes

  
● Lateral occipital region responds significantly more 

to convex (solid-looking) than to concave figures

●  Left Anterior temporal pole region appears to 
correspond to human area TG and macaque area 
TGv, proposed as sources of top-down sensory 
signals (Ding, 2009; Kravitz, 2013).  

●  Schizoprenic patients are characterized by lack 
of depth inversion in the hollow face illusion 
(Dima et al., 2009; Keane et al., 2016)

●  Schizophrenia is correlated with reduced gray 
matter volume in area TG (Highley et al., 1999).
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CONCLUSIONS

METHODS

RESULTS

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

Part structure predicted 
for the concave region

Is changing the depth structure of a 
simple shape sufficient to activate 
non-ventral networks?

RANDOM DOT STEREOGRAMS

Trapezoidal prisms with frontoparallel surface for fixation 
  (stereo only; no monocular cues in actual stimuli)

PROPixx DLP projector (VPixx Technologies)
  120 Hz (60 Hz/eye)

DepthQ circular polarizing filter used with passive filter glasses 
in the scanner.

Gray scale images generated/presented using the 
Psychophysics Toolbox (v. 3; Brainard; Pelli (2007))

18' uncrossed

6' 

18' crossed

6' 

1
.2

1
 "

11
'

screen surface

~4º

STIMULUS CONDITIONS

3 concave            3 convex            4 flat (no figure) 

fMRI METHODS

3T Siemens TIM Trio 

Block Design

● RDS blocks alternated with baseline stimulus blocks

● Fixation task during all blocks: 
 discriminate brightness of fixation cross

Analysis:

● SPM8
 

● Disparity levels modeled as parametric modulations

● N = 20

 

baseline 
stimulus

Concave minus Convex: 
Left hemisphere temporal pole (BA 38)
                                                    MNI -38, 8, -22

Small volume correction performed using  AAL atlas 

superior temporal pole region as inclusive mask. 

cluster-level FWE p < 0.05, peak t = 4.20, k =25 in SPM8

Convex minus Concave: 
Bilateral lateral occipital (middle occipital gyrus)

FWE p < 0.05
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