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Visual Object Recognition
Computational Models and Neurophysiological Mechanisms
Neurobiology 230. Harvard College/GSAS 78454

Class 1 [09/10/2018]. Introduction to pattern recognition [Kreiman]
Class 2 [09/17/2018]. Why is vision difficult? Natural image statistics. The retina. [Kreiman]
Class 3 [09/24/2018]. Lesions and neurological studies [Kreiman].
Class 4 [10/01/2018]. Psychophysics of visual object recognition [Sarit Szpiro]
October 8: University Holiday
Class 5 [10/15/2018]. Primary visual cortex [Hartmann]
Class 6 [10/22/2018]. Adventures into terra incognita [Frederico Azevedo]
Class 7 [10/29/2018]. High-level visual cognition [Diego Mendoza-Haliday]
Class 8 [11/05/2018]. Correlation and causality. Electrical stimulation in visual cortex [Kreiman]
Class 9 [11/12/2018]. Visual consciousness [Kreiman]
Class 10 [11/19/2018]. Computational models of neurons and neural networks. [Kreiman]
Class 11 [11/26/2018]. Computer vision. Artificial Intelligence in Visual Cognition [Bill Lotter]
Class 12 [12/03/2018]. The operating system for vision. [Xavier Boix]
FINAL EXAM, PAPER DUE 12/13/2018. No extensions.



How do we go from oriented lines to 
complex shapes?

Hubel and Wiesel 
(1959) J. Physiol. 
148: 574-591

Desimone et al (1984)
J. Neurosci. 4:2051-2062

?

Divide and 
conquer 
strategy: 
multiple small 
steps are 
required to 
solve a 
complex task



Adventures into terra incognita

Felleman and Van Essen. Cerebral Cortex 1991



The curse of dimensionality

Exhaustive exploration of the high dimensional image 
space is not possible with current techniques

225

possible 
images

25625

possible 
images



Response latency increases along the 
visual hierarchy

Each additional processing step 
takes ~15 ms

Schmolesky et al 1998



Receptive field size increases along the 
ventral visual stream

Wallis and Rolls 1997

Kobatake and Tanaka 1994



Receptive field size increases along the 
ventral visual stream

Freeman and Simoncelli 2013



Responses to illusory contours in area V2

von der Heydt, R., Peterhans, E., & 
Baumgartner, G. (1984). Science, 224, 
1260-1262.



Visual area V4

V4
V1

V2

TE

TEO

V4 lessions:
• moderate impairment in simple 2D shape discrimination
• Large deficit in 3D object recognition
• Loss of color constancy
• Deficits in the ability to detect less salient objects

V4 implicated in 
many visual functions



Neurons in V4 show color selectivity

Kusunoki M, Moutoussis K, Zeki S (2006) Effect of background colors on the tuning of color-
selective cells in monkey area V4. J Neurophysiol 95:3047-3059.



Probing the responses of V2 and V4 
neurons

Hegde, J., & Van Essen, D. C. (2007). A comparative study of shape representation in macaque 
visual areas V2 and v4. Cereb Cortex, 17(5), 1100-1116.



Varied responses along the ventral visual 
stream

Hegde, J., & Van Essen, D. C. (2007). A comparative study of shape representation in macaque 
visual areas v2 and v4. Cereb Cortex, 17(5), 1100-1116.



Increase in “complexity” of feature 
preferences along the ventral visual stream

Kobatake E, Tanaka K (1994) Neuronal selectivities to complex 
object features in the ventral visual pathway of the macaque 
cerebral cortex. J Neurophysiol 71:856-867.

Smax = maximum response to “simple stimulus”
MAX = max response to all stimuli 
Smax/MAX = 1 à “simple responses”
Smax/MAX = 0 à “complex responses”

Smax/MAX = 1 à “simple responses”
Smax/MAX = 0 à “complex responses”



Increase in “complexity” of feature 
preferences along the ventral visual stream

Kobatake E, Tanaka K (1994) Neuronal selectivities to complex object features in the ventral visual 
pathway of the macaque cerebral cortex. J Neurophysiol 71:856-867.



Neurophysiological recordings in the human 
brain

•Patients with pharmacologically intractable epilepsy
•Multiple electrodes implanted to localize seizure focus

•Targets typically include the temporal lobe (inferior temporal cortex, fusiform gyrus), medial 
temporal lobe (hippocampus, entorhinal cortex, amygdala and parahippocampal gyrus)

•Patients stay in the hospital for about 7-10 days
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Shape selectivity in human extrastriate visual cortex 

Liu et al. Neuron 2009



Responsive 

Selective

2205 electrodes
27 subjects

Jed Singer

Visual shape selectivity is largely focused along the 
ventral visual stream



Further reading

§ Connor, C. E., Brincat, S. L., & Pasupathy, A. (2007). Transformation of shape information in 
the ventral pathway. Curr Opin Neurobiol, 17(2), 140-147.
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