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Orientation selectivity changes in a regular 
manner across the surface of  V1

Hubel & Wiesel’s
“ice cube tray model”



Orientation 
maps in V1

(Blasdel 1992)



Direction selective cells in cat area 18 
(Ca++ imaging - Ohki, Chung, Ch’ng, Kara, Reid,  2005)



Cortical maps 
are Plastic

(monkey auditory 
cortex - Recanzone, 

Schreiner & Merzenich, 
1993)
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Kohonen’s algorithm



Kohonen’s algorithm applied to a 2D input array



Map conforms to topology of input data



Energy function:

Kohonen’s algorithm

Gradient descent:
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Traveling salesman problem
(‘Elastic net’ - Durbin & Willshaw 1987)

�wi = ⌘

 
X

µ

⇤µ(i) (⇠µ �wi) + (wi+1 � 2wi +wi�1)

!

<latexit sha1_base64="RA6hNB8aYnJAwhU1b6LrNYzqiPA="></latexit><latexit sha1_base64="RA6hNB8aYnJAwhU1b6LrNYzqiPA="></latexit><latexit sha1_base64="RA6hNB8aYnJAwhU1b6LrNYzqiPA="></latexit><latexit sha1_base64="RA6hNB8aYnJAwhU1b6LrNYzqiPA="></latexit>

E{wi} = ��
X

µ

log

"
X

i

exp(�|⇠µ �wi|2/2�2)

#
+



2

X

i

|wi+1 �wi|2
<latexit sha1_base64="ULwZ5+31p98xnv5aSyiqcwKUe9w="></latexit><latexit sha1_base64="ULwZ5+31p98xnv5aSyiqcwKUe9w="></latexit><latexit sha1_base64="ULwZ5+31p98xnv5aSyiqcwKUe9w="></latexit><latexit sha1_base64="ULwZ5+31p98xnv5aSyiqcwKUe9w="></latexit>

⇤µ(i) =
exp(�|⇠µ �wi|2/2�2)P
j exp(�|⇠µ �wj |2/2�2)

<latexit sha1_base64="rnaDjPS+xcGS6PH+NsXiz0af8+Y="></latexit><latexit sha1_base64="rnaDjPS+xcGS6PH+NsXiz0af8+Y="></latexit><latexit sha1_base64="rnaDjPS+xcGS6PH+NsXiz0af8+Y="></latexit><latexit sha1_base64="rnaDjPS+xcGS6PH+NsXiz0af8+Y="></latexit>



Ocular dominance columns
(Horton)



Model of ocular dominance column development
(Miller, Keller & Stryker, 1989)





Results

cortical map receptive fields



Simulation of monocular deprivation



Elastic net model of position and orientation map
(Durbin & Mitchison, 1990)

orientation map
position map



Joint map of orientation 
and ocular dominance 
demonstrates tradeoff 
between feature diversity 
vs. smoothness within 
each feature dimension
(from Blasdel 1992)



The cortical column: a structure without
a function

Jonathan C. Horton* and Daniel L. Adams

Beckman Vision Center, 10 Koret Way, University of California, San Francisco, CA 94143-0730, USA

This year, the field of neuroscience celebrates the 50th anniversary of Mountcastle’s discovery of the
cortical column. In this review, we summarize half a century of research and come to the disappointing
realization that the column may have no function. Originally, it was described as a discrete structure,
spanning the layers of the somatosensory cortex, which contains cells responsive to only a single
modality, such as deep joint receptors or cutaneous receptors. Subsequently, examples of columns
have been uncovered in numerous cortical areas, expanding the original concept to embrace a variety
of different structures and principles. A ‘column’ now refers to cells in any vertical cluster that share
the same tuning for any given receptive field attribute. In striate cortex, for example, cells with the
same eye preference are grouped into ocular dominance columns. Unaccountably, ocular dominance
columns are present in some species, but not others. In principle, it should be possible to determine
their function by searching for species differences in visual performance that correlate with their
presence or absence. Unfortunately, this approach has been to no avail; no visual faculty has emerged
that appears to require ocular dominance columns. Moreover, recent evidence has shown that the
expression of ocular dominance columns can be highly variable among members of the same species,
or even in different portions of the visual cortex in the same individual. These observations deal a fatal
blow to the idea that ocular dominance columns serve a purpose. More broadly, the term ‘column’
also denotes the periodic termination of anatomical projections within or between cortical areas. In
many instances, periodic projections have a consistent relationship with some architectural feature,
such as the cytochrome oxidase patches in V1 or the stripes in V2. These tissue compartments appear
to divide cells with different receptive field properties into distinct processing streams. However, it is
unclear what advantage, if any, is conveyed by this form of columnar segregation. Although the
column is an attractive concept, it has failed as a unifying principle for understanding cortical
function. Unravelling the organization of the cerebral cortex will require a painstaking description of
the circuits, projections and response properties peculiar to cells in each of its various areas.
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1. INTRODUCTION
Half a century ago, Mountcastle et al. (1955) made a
seminal observation while recording from cat somato-
sensory cortex.Theynoted that all cells in a given vertical
electrode penetration responded either to superficial
(skin, hair) or deep (joint, fascia) stimulation (figure 1). It
appeared that for a common receptive field location (e.g.
the cat’s foreleg), cells were segregated into domains
representing different sensory modalities. This discovery
ledMountcastle (1957, p. 430) tohypothesize ‘there is an
elementary unit of organization in the somatic cortex
made up of a vertical group of cells extending through all
the cellular layers’. He termed this unit a ‘column’. By
making multiple, closely spaced penetrations, Mount-
castle concluded that individual columns are no more
than 500 mm wide and ‘intermingled in a mosaic-like
fashion’. These blocks of tissue contain neurons whose
salient physiological properties are identical. The identi-
fication of the column has been considered a break-
through in neuroscience because it seems to simplify the

daunting task of understanding one of the most intricate
structures in biology: the cerebral cortex.

Mountcastle’s concept of the cortical column has
endured as a fundamental principle of brain organiz-
ation. Yet when one stops to ponder its significance, it
becomes apparent that neuroscience has no commonly
accepted definition of ‘column’. The term has been
used loosely by subsequent investigators to refer to
many different entities, some bearing only a vague
analogy to the modality-specific columns in the cat
somatosensory cortex. Here, we trace the evolution of
ideas about columns, challenge the notion that they are
essential processing elements within the nervous
system and review new insights regarding their for-
mation. Our review deals principally with the visual
cortex, where columns have been studied most
intensively, but draws freely upon examples from
other cortical areas to emphasize certain points.

2. MINICOLUMNS, COLUMNS AND
MACROCOLUMNS
Mountcastle proposed the cortical column based on
observations made by recording from single cells,
but he was influenced strongly by new ideas about the
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Although the column is an attractive concept, it has failed as a 
unifying principle for understanding cortical function. Unravelling 
the organization of the cerebral cortex will require a painstaking 
description of the circuits, projections and response properties 
peculiar to cells in each of its various areas.


