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HUBEL AND WIESEL: JOINT WORK. Their
work on the visual cortex opencd 2 new chopler in
our understanding of the mechanisms of the brain.
Iustarted when Duvid Hubel joined Torsten Wiesel
in Steve Kuffier's laboratory at Johns Hopkins in
1958, nnd continued for twenty years afier Kulller
moved his |aboratory to the ncurobiology depart-
ment of the Harvard Medical School, Their out-
standingly successful collaboration produced a
flow of impartant new discoveries year afler year,
and these will here be summarized under four
headings: the puttern selectivity of single cortical
neuroncs, their binocular conncctions, their ana-
tomicil arenngement, and their normnl and abnor-
mal development in early life.

Pattern selectivity. The striate corex (area 17, or
the primary visunl arca) containg some 10" cells,
and in 1960 many people felt that recording from
them just onc of o time would not reveal much
about how it all worked. But Hubel and Wicsel
cliamed that for each cell there was a specific
pattern of excitstion that would reliably exdte it,
and this obwiously had a major impact. They dis-
coverced that the most important characteristics of
the stimilus were its orentation, size, conbrast
{darker or brighter than the background), and
which eve it was delivered to. The idea of feature
detectors” was already a familiar one at that time
and examples were known in the frog retina and
arthropod visual systems, but theirs were the first
examples in the mammalion nervous sysicm, and
the implications were revolutionary. Instead of
thinking of the strate corlex as a struciure with
myriads of cells, cach taking part in the represen-
tuation of every visual image, one was forced fo
recognize that cach cell had its own specific
stimulus requirements, and that conseguently
when it became active it *said’ something specific
about the nature of the image in its own particular
part of the visual ficld. Not all their ideas about the
hierarchical connections of cells or the mechanisms
wherehy pattern selectivity was achieved have
stood the test of time, but theirs were the resulls
that put the idea of feature detectors ime the
psvehological literature.,

Binocularity. Cortical nearones ane the first cells
in the visual pathway that have neeess 1o informa-
tion from both eyes. Hubel and Wiesel found that
many of them could be activated through either
eye or both together, and that in such cases
the stimulus requirements were nearly the same,
regardless of which eye was used. In other cases the
vell eould be setivated only through one eye and
not through the other, and there were yei other
cells that eould be strongly netivated by one eye b
only weakly by the other. They plotted the num-
bers of cells of ench type as the 'ocular dominanve
histogram™, and this umed out 1o be a sensitive
ool for showing the influence of factors that dis-
turl the normal development of cortical connec-
tions. [1 ks, however, o potentially misleading tool,
for we now realize that the main significance of the
bineculsr connections of cortical neurones lies in
the small differences of alignment of the connec-
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nicns from each eye; this is what makey different
cells responsive to different disparities and hence
gives information about the distance of ohjects
from the eyes. The ocular dominance histogram
tells one pothing nbout this nspeet, and it is there-
fore wrong to deduce from a normal histogram that
the cortex v in o normal Tunctional state. Hubel
and Wiesel may possibly have been misled by this
when assessing the role of experience in formulat-
ing the properties of the mature cortex.

Anatomical arrangement of cortical cells. This 1=
the area of their greatest success, for they revealed
an orderly arrangement of cortical neurones, con-
stituting a microstructure,  thel was previously
unsuspected. They were forunate in thal many
new anatomical methods hecame available while
they were engaged in the task of mapping this
microstructure, but they were in the forelront in
developing these methods and demonstrating their
usefulness, The existence of a map of the viswal
ficld on the striate cortex was well known before
thiir work, but this map is only scourate fo dese
tances of aboot one millimetre on the cortical
surface, Each square millimetre containg some
gquarter million cells_and Hubel and Wicsel feund
first thit neurones were grouped oeconling 10
acular dominance, cach eve supplying irregulor,
alternuting strips of cortex about half o millimetre
wide. Orientation was also organized, lor the pre-
ferred orientation of seceessively recorded cells
tended 1o shift regularly through a small angle as
the recording clectrode moved across (he carlex, &
complete cycle ocourring every 4 1o 1 mm. 1t has
subscquently been shown ithat eells pocfernng o
particular spatial frequency (or size) arc also
clustered, as are those preferring particular col-
ours. The final details of the arrangement of the
cells according to their sclective propeifics is not
yet (1983) known, bur there scems litile doubt that
Hubel and Wiesel have sketched the skeleton of
this micToanatomy.

Development. The clinical facts of amblyoga
{poor sight not causcd by defects in the visual
system) have long sugpested that visual expenence
hos an important effect on the newral development
of the visual sysiem. As early as 1963 Hubel and
Wiesel published their first results on this problem,
showing that depriving a kitten of the use of one
eve by closing its eyelids has the effect of perman-
ently disrupting the connections that eye mitkes (0
the cortical neurones. This was shown by e bias
of the ocular dominance histogram towirds the eye
that continued in use, and they were alse able 1o
modify the histogrom by surgically induced
strabismus (squint), and by occluding each eye on
alternaie days; both of thess procedures leuve
many cells connected to each individual eye. but
cause a marked reduction in the aumber of cells
that reeeive connections from both of them, thus
showing that these connections requine associated
use of both eyes to become firmly established.
They later showed that these effects of deprivation
only occur up to about & weeks of age in the cat, or
6 months in the monkey.
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“This was the first demonstration of 2 critical or
sensitive period that has physiologically demon-
strable consequences and 1s caused by changes o
pormul sensory messages. Ihe resulls hive been
obtained consistent|y by many others and they are
among the most robust and well.confirmed find:
ings in a fickl where not all claims have been
substuntinted, 11 is interesting thot Hubel and
Wicsel have consistently argued that expencnce
does no more than preserve innately formed con-
nections, basing this on the apparently normal
responses dnd oodlar dominance histogrims found
in young, visually inexpenenced animals. Later
results have shiwn, however, that immature ad
inexpenenced cortical neurones lack the disparity
selectivity and fine spatinl resolution of adult colls,
and that the conex is therefore far from normal.
Hubel and Wiesel hiave thus provided some of the
best evidence for the effects of experience on the
cortex, while making some of the most dogmatic
statements on the predominance of ontogenetic
factors in delermining 015 propertics. (Sce also
VISUAL SYSTEM: EXVIRONMENTAL INFLUENCLS. )

Hubel amd Wiesels interpretations of thoir
results have alten been replaced by others which
they, the pioneers, have vigorously resisted, even
sor, their resulis themselves have an envisble re-
cord of reliability. Furthermore, they Teil the ficld
over o twenty-year period dunng which excep-
tionally rapid progress was made, It must be
added, however, that therr coninbulion cannob b
finally assessed, for there s as yet no confident
understanding of how the striate cortex helps
us 1o see the world around us, David Hubel,
Torsten Wiesel, and Roger Sperry received the
N&bcl prize for their work in neurophysiclogy, in
1951,
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