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Efficient coding provides a concise account of key early visual properties, but can it explain higher-level visual 

function such as shape perception?  If curvature is a key primitive of local shape representation, efficient shape 

coding predicts that sensitivity of visual neurons should be determined by naturally-occurring curvature statistics,  

which follow a scale-invariant power-law distribution (Fig. 1).  To assess visual sensitivity to these power-law 

statistics, we developed a novel family of synthetic maximum-entropy shape stimuli1 that progressively match the 

local curvature statistics of natural shapes, but lack global structure.  We find that humans can reliably identify 

natural shapes based on 4th and higher-order moments of the curvature distribution (Fig. 2), demonstrating fine 

sensitivity to these naturally-occurring statistics2.  What is the physiological basis for this sensitivity?  Many V4 

neurons are selective for curvature3 and analysis of population response4 suggests that neural population sensitivity 

is optimized to maximize information rate for natural shapes2 (Fig. 3).  Further, we find that average neural response 

in the foveal confluence of early visual cortex increases as object curvature converges to the naturally-occurring 

distribution, reflecting an increased upper bound on information rate (Fig. 4, left).  Reducing the variance of the 

curvature distribution of synthetic shapes to match the variance of the naturally-occurring distribution impairs the 

linear decoding of individual shapes, presumably due to the reduction in stimulus entropy.  However, matching 

higher-order moments improves decoding performance, despite further reducing stimulus entropy (Fig. 4, right).  

Collectively, these results suggest that efficient coding can account for many aspects of curvature perception. 

 

 

Fig. 1 a) Natural (animal) shapes and synthetic maximum-

entropy control shapes that progressively match moments 

of the natural curvature distribution.  b-c) Corresponding 

curvature and curvature magnitude probability densities. 

Fig. 2 Human psychophysical thresholds for contour 

fragment length (number of turning angles) to discriminate 

natural from synthetic shapes with matched curvature 

statistics. 
 

   

Fig. 3 Correspondence between V4 population sensitivity (derivative 

of neural population response, black) and curvature magnitude 

probability densities of naturally-occuring stimuli (colour).   

Fig. 4 Mean channel response and shape 

decoding from multi-electrode array implanted in 

the foveal confluence of early visual cortex. 

References 

1. Elder, J. H., Oleskiw, T. & Fründ, I. Journal of Vision 18, 1–21 (2018). 

2. Frund, I. & Elder, J. H. in Computational and  Systems Neuroscience (COSYNE) (2015). 

3. Pasupathy, A. & Connor, C. E. Journal of Neurophysiology 86, 2505–2519 (2001). 

4. Carlson, E. T., Rasquinha, R. J., Zhang, K. & Connor, C. E. Current Biology 21, 288–293 (2011). 
 

a)

b)

c)

Curvature

Curvature Magnitude

Variance
Skew

Kurtosis

Variance
Skew

VarianceUnconstrainedNatural All

P
ro

b
ab

ili
ty

Introduction

References

World V1 Percept

Neu
ral 

res
pon

se 
(sp

ikes
/se

c)

0

5

10

15

20

25

0 20 40 60 80 100

Curvature (degrees)

     . entropy

Curvature (degrees)

101 102

Pro
bab

ility
 de

nsit
y 100

10-1

10-2

10-3

10-4

V4 population

curvature response

Natural objects

-2 0 2

-2

0

-1

Horizontal space (degrees) 

Ver
tica

l sp
ace

 (de
gre

es)
 

Shape stimulus

Question: are V4 neurons sensitive to the 

ecological statistics of natural object shape?

Dissociating local and non-local shape features

Responses to natural & curvature-matched shape

Natural

Unconstrained 

Local curvature-matched: All

Local curvature-matched: Variance

Natural object

shape (animals)

Local curvature matched

Variance +Skew +Kurt All

Natural 

objects 

(animals)

Res
pon

se 
(sp

ikes
/se

c)

0

0.2

0.4

0.6

Sam
ple

 SN
R

Channel-paired

t-test, p<.005

Monkey D

Nor
ma

lize
d re

spo
nse

4020

30 30 30

0 200 400 0 200 400 0 200 400

30

Evo
ked

 res
pon

se 
(sp

ikes
/se

c)

Time from stimulus onset (ms)
0 200 400

0

1

Perceptual sensitivity to local & non-local shape

60

Channel: 5

Channel: 85

40

0 200 400

Conclusions

Unconstrained

(Max. entropy)

curvature

distribution

Markov-Chain Monte Carlo (MCMC) shape sam-

pling to match natural local curvature statistics 
(Elder, Oleskiw, Fruend, 2018)

shape i shape i+1

Perceptual organization groups local orienta-

tion signals from V1 into shape percepts

Carlson et al., 2011

Optimally-encoded

curvature distribution

-Shape perception is sensitive to local and 

non-local shape features (Elder et al., 2018).
  

-V4 neurons are known to be tuned for local 

shape curvature (Pasupathy & Connor, 1999).
  

-Tuning of curvature-selective V4 neurons sup-

ports a sparse shape code (Carlson et al., 2011).
  

-At the population level, firing rate of V4 curva-

ture-selective neurons is consistent with opti-

mal tuning to ecological statistics of curvature 
(Fruend & Elder, 2015).
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encode natural object shape curvatures more efficiently than unconstrained 

(maximum entropy) shapes.
 

   2) We find a preferential neural response to natural curvatures: low activity 

for unconstrained shapes and high activity for natural shapes.  This is in op-

position to the prediction of Carlson et al. (2011).
  

3) Stimulus response variance relative to trial variability (signal-to-noise) is 

highest for natural shapes. 

4) Decoding accuracy increases between synthetic shapes matched in local 

curvature statistics. Unconstrained decoding performance due to increased 

stimulus entropy.  High accuracy decoding natural shapes suggests a non-lo-

cal feature representation not captured by existing V4 models.

Time from stimulus onset (ms)

V1
V4

V2

IT

Monkey A
Monkey B
Monkey C
Monkey D

Encoding local curvature: V4 models

Res
pon

se 
(sp

ikes
/se

c)

0

10

20

30

Angular position curvature (APC, Pasupathy & Connor, 2002)

Fitted APC model

Mo
del

 res
pon

se

-2 0 2
Horizontal space (degrees) 

-2

0

-1Ver
tica

l sp
ace

 (de
gre

es)
 

Curvatures:

Orientations:

0

2

4

6

8

Enc
ode

d in
form

atio
n (%

)

1 2 3 4 5

Model population size (# of units)
1 2 3 4 50

2

4

6

Cur
vat

ure
 en

trop
y (b

its) Pasupathy & Connor, 2002

Oleskiw et al., 2014

109 V4 single-units 152 V4/conf.

channels

1.0

0.5

0.0

-0.3

Angular position (degrees)
0 90 180 270 360

Cur
vat

ure

Example V4 neuron 109 V4 unit fits

Dorsal V4 & confluence array recordings in macaque 

Monkey C

Curvature

Angular position

152 channel fits

Shape stimulus

Experiment: choose fitted APC models
1.0

0.5

0.0

-0.3

Angular position (degrees)
0 90 180 270 360

Cur
vat

ure

Compute response to shape stimuli

Measure curvature at random location

Quantify mutual information between 

model responses and curvature

(KSG Estimator, Kraskov et al., 2004)

Mu
tua

l inf
orm

atio
n (b

its)

0

.1

.2

.3

1 2 3 4 5

Model population size (# of units)

Local curvature encoding

Unconstrained
Matched: Var.

Matched: All
Natural

109 V4 single-units

Unconstrained
Matched: Var.

Matched: All
Natural

Simultaneous recordings: decoding shape

Nor
ma

lize
d re

spo
nse

Stim
ulu

s ID

Array channel #

Unconstrained Matched: Variance Matched: All Natural
1

20
1 92

32 64 92

0

5

10

15

20

25

Many-channel

decoding

1 2 3 4 51 2 3 4 5

0

3

5

7

10

K-nearest

neighbors

Multi-class

SVM

Neural population size (# of channels)

Cla
ssif

icat
ion

 ac
cur

acy
 (%

) Single trial stimulus classification

(10-fold cross-validated)

Cla
ssif

icat
ion

 ac
cur

acy
 (%

)

 (# of channels)

Multi-class

SVM

5

10

15

20

25

Natural

Matched: All

Matched: Var.

Unconstrained

92-channels

Trial-shuffled

~20 trials per stimulus condition

Fruend & Elder, 2015

Channel: 5

Channel: 5

Time from stimulus onset (ms)

Average channel

response, n=92

Cla
ssif

icat
ion

 ac
cur

acy
 (%

)

Shape catagory

Unconstrained
Matched: Var.

Matched: All
Natural

Encoded stimulus entropy

Shape catagory

V4 neurons are tuned for local and non-local features of natural planar shape
Tim Oleskiw1,2, James Elder3, Gerick Lee1, Andrew Sutter4,2, Anitha Pasupathy5, Eero Simoncelli1,2, J. Anthony Movshon1, Lynne Kiorpes1, & Najib Majaj1

1New York University, 2Flatiron Institute, 3York University, 4Drew University, 5University of Washington 

Center for Neural Science

CNSNYU/

NYU
NEUROSCIENCE

Unconstr. Variance All

0
   

   
1

0
   

   
2

0
   

   
3

0

Introduction

References

World V1 Percept

N
e
u
ra

l 
re

s
p

o
n
s
e

 (
s
p
ik

e
s
/s

e
c
)

0

5

10

15

20

25

0 20 40 60 80 100

Curvature (degrees)

     . entropy

Curvature (degrees)

101 102

P
ro

b
a

b
ili

ty
 d

e
n
s
it
y

100

10-1

10-2

10-3

10-4

V4 population

curvature response

Natural objects

-2 0 2

-2

0

-1

Horizontal space (degrees) 

V
e

rt
ic

a
l 
s
p

a
c
e

 (
d

e
g

re
e

s
) 

Shape stimulus

Question: are V4 neurons sensitive to the 

ecological statistics of natural object shape?

Dissociating local and non-local shape features

Responses to natural & curvature-matched shape

Natural

Unconstrained 

Local curvature-matched: All

Local curvature-matched: Variance

Natural object

shape (animals)

Local curvature matched

Variance +Skew +Kurt All

Natural 

objects 

(animals)

R
e

s
p

o
n

s
e

 (
s
p

ik
e

s
/s

e
c
)

0

0.2

0.4

0.6

S
a
m

p
le

 S
N

R

Channel-paired

t-test, p<.005

Monkey D

N
o

rm
a

liz
e

d
 r

e
s
p
o

n
s
e

4020

30 30 30

0 200 400 0 200 400 0 200 400

30

E
v
o

k
e

d
 r

e
s
p

o
n

s
e

 (
s
p

ik
e

s
/s

e
c
)

Time from stimulus onset (ms)
0 200 400

0

1

Perceptual sensitivity to local & non-local shape

60

Channel: 5

Channel: 85

40

0 200 400

Conclusions

Unconstrained

(Max. entropy)

curvature

distribution

Markov-Chain Monte Carlo (MCMC) shape sam-

pling to match natural local curvature statistics 
(Elder, Oleskiw, Fruend, 2018)

shape i shape i+1

Perceptual organization groups local orienta-

tion signals from V1 into shape percepts

Carlson et al., 2011

Optimally-encoded

curvature distribution

-Shape perception is sensitive to local and 

non-local shape features (Elder et al., 2018).
  

-V4 neurons are known to be tuned for local 

shape curvature (Pasupathy & Connor, 1999).
  

-Tuning of curvature-selective V4 neurons sup-

ports a sparse shape code (Carlson et al., 2011).
  

-At the population level, firing rate of V4 curva-

ture-selective neurons is consistent with opti-

mal tuning to ecological statistics of curvature 
(Fruend & Elder, 2015).

20 30 40

Target length (segments)

4
0

0
0

2
0

0
0

0

N
o
is

e
 t

h
re

s
h
o
ld

 (
s
e
g
m

e
n
ts

)

Natural
Matched: All

p=.08 p<.01 p<.05

Fixation

Response:shape present

Yes/No

Stimulus

Non-local natural shape features

(Elder, Oleskiw, Fruend, 2018)
Unconstrained
Matched: Variance
Matched: All

T
h
re

s
h
o

ld
 f

ra
g

m
e

n
t 

le
n
g

th

0

10

20

30

Matched: AllNatural

vs.

n=3

Local curvature distribution statistics

(Fruend & Elder, 2015)

UnconstrainedNatural
vs.

Pasupathy A, Connor CE. Responses to contour features in macaque area V4. J Neurophysiol. 1999

Carlson ET, Rasquinha RJ, Zhang K, Connor CE. A sparse object coding scheme in area V4. Curr Biol. 2011

Pasupathy A, Connor CE. Population coding of shape in area V4. Nat Neurosci. 2002

Oleskiw TD, Pasupathy A, Bair W. Spectral receptive elds do not explain tuning for boundary curvature in V4. J Neurophysiol. 2014

Elder JH, Oleskiw TD, Fruend I. The role of global cues in the perceptual grouping of natural shapes. J Vis. 2018

Fruend, I & Elder, JH. Tuning of the visual system to the curvature of natural shapes. Cosyne 2015

Kraskov A, Stögbauer H, Grassberger P. Estimating mutual information. Phys. Rev. E 2004

E
v
o

k
e

d
 r

e
s
p

o
n

s
e

 (
s
p

ik
e

s
/s

e
c
)

Unconstrained
Matched: Var.

Matched: All
Natural

0

0

0

0

0

0 0

0

(successive distribution moments)

NaturalMatched: AllMatched: Var.Unconstrained

0

20

40

60

80

100
0

20

40

60

80

100

0 200 400 0 200 400 0 200 400

Time from stimulus onset (ms)
0 200 400

Response: which natural

Time

1) Information-theoretic analysis shows V4 models of local curvature tuning 

encode natural object shape curvatures more efficiently than unconstrained 

(maximum entropy) shapes.
 

   2) We find a preferential neural response to natural curvatures: low activity 

for unconstrained shapes and high activity for natural shapes.  This is in op-

position to the prediction of Carlson et al. (2011).
  

3) Stimulus response variance relative to trial variability (signal-to-noise) is 

highest for natural shapes. 

4) Decoding accuracy increases between synthetic shapes matched in local 

curvature statistics. Unconstrained decoding performance due to increased 

stimulus entropy.  High accuracy decoding natural shapes suggests a non-lo-

cal feature representation not captured by existing V4 models.

Time from stimulus onset (ms)

V1
V4

V2

IT

Monkey A
Monkey B
Monkey C
Monkey D

Encoding local curvature: V4 models

R
e

s
p
o

n
s
e
 (

s
p

ik
e
s
/s

e
c
)

0

10

20

30

Angular position curvature (APC, Pasupathy & Connor, 2002)

Fitted APC model

M
o

d
e

l 
re

s
p
o

n
s
e

-2 0 2
Horizontal space (degrees) 

-2

0

-1V
e

rt
ic

a
l 
s
p

a
c
e

 (
d

e
g

re
e

s
) 

Curvatures:

Orientations:

0

2

4

6

8

E
n

c
o

d
e

d
 i
n

fo
rm

a
ti
o

n
 (

%
)

1 2 3 4 5

Model population size (# of units)
1 2 3 4 50

2

4

6

C
u

rv
a

tu
re

 e
n

tr
o

p
y
 (

b
it
s
) Pasupathy & Connor, 2002

Oleskiw et al., 2014

109 V4 single-units 152 V4/conf.

channels

1.0

0.5

0.0

-0.3

Angular position (degrees)
0 90 180 270 360

C
u
rv

a
tu

re

Example V4 neuron 109 V4 unit fits

Dorsal V4 & confluence array recordings in macaque 

Monkey C

Curvature

Angular position

152 channel fits

Shape stimulus

Experiment: choose fitted APC models
1.0

0.5

0.0

-0.3

Angular position (degrees)
0 90 180 270 360

C
u
rv

a
tu

re

Compute response to shape stimuli

Measure curvature at random location

Quantify mutual information between 

model responses and curvature

(KSG Estimator, Kraskov et al., 2004)

M
u

tu
a

l 
in

fo
rm

a
ti
o

n
 (

b
it
s
)

0

.1

.2

.3

1 2 3 4 5

Model population size (# of units)

Local curvature encoding

Unconstrained
Matched: Var.

Matched: All
Natural

109 V4 single-units

Unconstrained
Matched: Var.

Matched: All
Natural

Simultaneous recordings: decoding shape

N
o

rm
a

liz
e

d
 r

e
s
p

o
n

s
e

S
ti
m

u
lu

s
 I

D

Array channel #

Unconstrained Matched: Variance Matched: All Natural
1

20
1 92

32 64 92

0

5

10

15

20

25

Many-channel

decoding

1 2 3 4 51 2 3 4 5

0

3

5

7

10

K-nearest

neighbors

Multi-class

SVM

Neural population size (# of channels)

C
la

s
s
if
ic

a
ti
o

n
 a

c
c
u

ra
c
y
 (

%
)

Single trial stimulus classification

(10-fold cross-validated)

C
la

s
s
if
ic

a
ti
o

n
 a

c
c
u

ra
c
y
 (

%
)

 (# of channels)

Multi-class

SVM

5

10

15

20

25

Natural

Matched: All

Matched: Var.

Unconstrained

92-channels

Trial-shuffled

~20 trials per stimulus condition

Fruend & Elder, 2015

Channel: 5

Channel: 5

Time from stimulus onset (ms)

Average channel

response, n=92

C
la

s
s
if
ic

a
ti
o

n
 a

c
c
u

ra
c
y
 (

%
)

Shape catagory

Unconstrained
Matched: Var.

Matched: All
Natural

Encoded stimulus entropy

Shape catagory

V4 neurons are tuned for local and non-local features of natural planar shape
Tim Oleskiw1,2, James Elder3, Gerick Lee1, Andrew Sutter4,2, Anitha Pasupathy5, Eero Simoncelli1,2, J. Anthony Movshon1, Lynne Kiorpes1, & Najib Majaj1

1New York University, 2Flatiron Institute, 3York University, 4Drew University, 5University of Washington 

Center for Neural Science

CNSNYU/

NYU
NEUROSCIENCE

Introduction

References

World V1 Percept

N
e

u
ra

l 
re

s
p

o
n

s
e

 (
s
p

ik
e

s
/s

e
c
)

0

5

10

15

20

25

0 20 40 60 80 100

Curvature (degrees)

     . entropy

Curvature (degrees)

101 102

P
ro

b
a

b
ili

ty
 d

e
n

s
it
y

100

10-1

10-2

10-3

10-4

V4 population

curvature response

Natural objects

-2 0 2

-2

0

-1

Horizontal space (degrees) 

V
e

rt
ic

a
l 
s
p

a
c
e

 (
d

e
g

re
e

s
) 

Shape stimulus

Question: are V4 neurons sensitive to the 

ecological statistics of natural object shape?

Dissociating local and non-local shape features

Responses to natural & curvature-matched shape

Natural

Unconstrained 

Local curvature-matched: All

Local curvature-matched: Variance

Natural object

shape (animals)

Local curvature matched

Variance +Skew +Kurt All

Natural 

objects 

(animals)

R
e

s
p

o
n

s
e

 (
s
p

ik
e

s
/s

e
c
)

0

0.2

0.4

0.6

S
a

m
p

le
 S

N
R

Channel-paired

t-test, p<.005

Monkey D

N
o

rm
a

liz
e

d
 r

e
s
p

o
n

s
e

4020

30 30 30

0 200 400 0 200 400 0 200 400

30

E
v
o

k
e

d
 r

e
s
p

o
n

s
e

 (
s
p

ik
e

s
/s

e
c
)

Time from stimulus onset (ms)
0 200 400

0

1

Perceptual sensitivity to local & non-local shape

60

Channel: 5

Channel: 85

40

0 200 400

Conclusions

Unconstrained

(Max. entropy)

curvature

distribution

Markov-Chain Monte Carlo (MCMC) shape sam-

pling to match natural local curvature statistics 
(Elder, Oleskiw, Fruend, 2018)

shape i shape i+1

Perceptual organization groups local orienta-

tion signals from V1 into shape percepts

Carlson et al., 2011

Optimally-encoded

curvature distribution

-Shape perception is sensitive to local and 

non-local shape features (Elder et al., 2018).
  

-V4 neurons are known to be tuned for local 

shape curvature (Pasupathy & Connor, 1999).
  

-Tuning of curvature-selective V4 neurons sup-

ports a sparse shape code (Carlson et al., 2011).
  

-At the population level, firing rate of V4 curva-

ture-selective neurons is consistent with opti-

mal tuning to ecological statistics of curvature 
(Fruend & Elder, 2015).

20 30 40

Target length (segments)

4
0

0
0

2
0

0
0

0

N
o

is
e

 t
h

re
s
h

o
ld

 (
s
e

g
m

e
n
ts

)

Natural
Matched: All

p=.08 p<.01 p<.05

Fixation

Response:shape present

Yes/No

Stimulus

Non-local natural shape features

(Elder, Oleskiw, Fruend, 2018)
Unconstrained

Matched: Variance
Matched: All

T
h

re
s
h

o
ld

 f
ra

g
m

e
n

t 
le

n
g

th

0

10

20

30

Matched: AllNatural

vs.

n=3

Local curvature distribution statistics

(Fruend & Elder, 2015)

UnconstrainedNatural
vs.

Pasupathy A, Connor CE. Responses to contour features in macaque area V4. J Neurophysiol. 1999

Carlson ET, Rasquinha RJ, Zhang K, Connor CE. A sparse object coding scheme in area V4. Curr Biol. 2011

Pasupathy A, Connor CE. Population coding of shape in area V4. Nat Neurosci. 2002

Oleskiw TD, Pasupathy A, Bair W. Spectral receptive elds do not explain tuning for boundary curvature in V4. J Neurophysiol. 2014

Elder JH, Oleskiw TD, Fruend I. The role of global cues in the perceptual grouping of natural shapes. J Vis. 2018

Fruend, I & Elder, JH. Tuning of the visual system to the curvature of natural shapes. Cosyne 2015

Kraskov A, Stögbauer H, Grassberger P. Estimating mutual information. Phys. Rev. E 2004

E
v
o

k
e

d
 r

e
s
p
o

n
s
e
 (

s
p

ik
e

s
/s

e
c
)

Unconstrained
Matched: Var.

Matched: All
Natural

0

0

0

0

0

0 0

0

(successive distribution moments)

NaturalMatched: AllMatched: Var.Unconstrained

0

20

40

60

80

100
0

20

40

60

80

100

0 200 400 0 200 400 0 200 400

Time from stimulus onset (ms)
0 200 400

Response: which natural

Time

1) Information-theoretic analysis shows V4 models of local curvature tuning 
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position to the prediction of Carlson et al. (2011).
  

3) Stimulus response variance relative to trial variability (signal-to-noise) is 
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4) Decoding accuracy increases between synthetic shapes matched in local 

curvature statistics. Unconstrained decoding performance due to increased 

stimulus entropy.  High accuracy decoding natural shapes suggests a non-lo-

cal feature representation not captured by existing V4 models.
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-Shape perception is sensitive to local and 

non-local shape features (Elder et al., 2018).
  

-V4 neurons are known to be tuned for local 

shape curvature (Pasupathy & Connor, 1999).
  

-Tuning of curvature-selective V4 neurons sup-

ports a sparse shape code (Carlson et al., 2011).
  

-At the population level, firing rate of V4 curva-

ture-selective neurons is consistent with opti-

mal tuning to ecological statistics of curvature 
(Fruend & Elder, 2015).
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1) Information-theoretic analysis shows V4 models of local curvature tuning 

encode natural object shape curvatures more efficiently than unconstrained 

(maximum entropy) shapes.
 

   2) We find a preferential neural response to natural curvatures: low activity 

for unconstrained shapes and high activity for natural shapes.  This is in op-

position to the prediction of Carlson et al. (2011).
  

3) Stimulus response variance relative to trial variability (signal-to-noise) is 

highest for natural shapes. 

4) Decoding accuracy increases between synthetic shapes matched in local 

curvature statistics. Unconstrained decoding performance due to increased 

stimulus entropy.  High accuracy decoding natural shapes suggests a non-lo-

cal feature representation not captured by existing V4 models.
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Markov-Chain Monte Carlo (MCMC) shape sam-

pling to match natural local curvature statistics 
(Elder, Oleskiw, Fruend, 2018)
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Perceptual organization groups local orienta-

tion signals from V1 into shape percepts
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-Shape perception is sensitive to local and 

non-local shape features (Elder et al., 2018).
  

-V4 neurons are known to be tuned for local 

shape curvature (Pasupathy & Connor, 1999).
  

-Tuning of curvature-selective V4 neurons sup-

ports a sparse shape code (Carlson et al., 2011).
  

-At the population level, firing rate of V4 curva-

ture-selective neurons is consistent with opti-

mal tuning to ecological statistics of curvature 
(Fruend & Elder, 2015).
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1) Information-theoretic analysis shows V4 models of local curvature tuning 

encode natural object shape curvatures more efficiently than unconstrained 

(maximum entropy) shapes.
 

   2) We find a preferential neural response to natural curvatures: low activity 

for unconstrained shapes and high activity for natural shapes.  This is in op-

position to the prediction of Carlson et al. (2011).
  

3) Stimulus response variance relative to trial variability (signal-to-noise) is 

highest for natural shapes. 

4) Decoding accuracy increases between synthetic shapes matched in local 

curvature statistics. Unconstrained decoding performance due to increased 

stimulus entropy.  High accuracy decoding natural shapes suggests a non-lo-

cal feature representation not captured by existing V4 models.
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