INVESTIGATING THE BRAIN
by Theodore }. Voneida
Consider, if you will, the amount of information to
which the brain is exposed at any given moment. As
you read this article, for example, the light-sensitive
elements in your retina are being bombarded by
visual stimuli which are then transformed into electrochemical nerve impulses and carried over highly
specific neural pathways to your brain. During their
passage and upon their arrival at the final cell station
of the visual system -the occipital cortex - they are
being processed in such a way that you will be able
to recall much of what you read at a later date. The
details will fade with time, but even several weeks or
months from now you will probably ~ e ~ n e m b sonieer
thing about what you are reading.
Consider also what has been happening to your
brain during the past hour. I t has received and pro-
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cessed auditory impulses of various sorts, a myriad of
odors, great numbers of tactile stimuli, and in all
probability some tastes. In addition to these, there
are the tremendous number of proprioceptive stimuli
which are constantly informing the brain of your
postural situation. Information entering the brain over
all these sensory systems - just as was the case with
vision - is subject to recall at any tune. In other
words, the brain has the capacity of storing in some
manner a great percentage of the information it receives.
This processing and storing of sensory signals is
only part of the story, for the brain is also the point
of origin for most of the motor information which
reaches your muscles. All animals are capable of
movement, but among these man alone is capable of
17

Dr. Voneidu gets
Vincent,

?ti$

fuvonte

test subject, ready
fur a training
session in the
perceptual integration problem.

the most ciedtive and v s i e d types of motor 'icthity.
The ability to play the piano 01 the violin; to write
or speak; the highl\ individualized facial expressions
which result from slight, almost imperceptible contractions of the facial iiiuscnlature - these are all
unique to man, and are based on motor impulses
which arise in the highly evolved cortex of the human
brain.
The brain is also responsible for your ability to project into the future; you can plan your activity to the
finest detail without moving a n~uscle.You can also
reflect on tile past, and mentally relive experiences
which inay have occurred years before.
It is not difficult to understand why so little is
hiown of brain inechanisnis when one considers the
extreme complexity of this small organ which plays
such a critical role in the interaction of each individual with hi5 environment. There are numerous approaches to the study of the brain, and valuable contributions are being made from widely divergent
fields of research. Techniques in neurophysiology
have evolved to the point where it is possible to record electrical activity from single nerve cells deep
in the awake, normally functioning brain. Methods
for exanlining the structure of the central nervous
system have been greatly refined, so that it is now
possible to examine nerve cells at
molecular level
with the electron microscope.
These developments have been accompanied by
numerous contributions from disciplines outside the
biological sciences, so that we now have a field of
study devoted to the ni-itheniatical and physical bases
of "iirtificial intelligence." The close working relationship which is developing between the biological,

ph\sical, and behavioral sdenres in the study of brain
mechanisms is exemplified by the Cdltech conference
of February 1960 on Cerebral Systems and Computer
Logic. A few lecture titles from this symposium may
serve to illustrate the point: "Mathematical Models of
Cerebral Systems;" "Problems of the Visual Physiology
and Anatomy of Amphibia;" and "Computing Principles and the Nervous System."
Numerous studies which utilize the biological approach are presently being carried out in our laboratory a t Caltech. Two such studies are described here.
The first involves primarily those methods which have
been developed in the field of behavioral sciences,
while the second is concerned more specifically with
neuroanatomical techniques.
The two halves of the vertebrate brain are extremely
similar, and are connected by numerous neural pathways called cornmissures. The largest of these, the
corpus callosum, has been shown to be responsible
for the transmission of highly integrated information
from one hemisphere to the other. ("Brain Mechanisms in Behavior" by Roger Sperry - E&S, May 1957.)
Some time ago Dr. John Robinson and I became interested in the interaction of the two hemispheres in
the performance of a problem involving visual perceptual integration. A training apparatus was used
(above) in which cats were taught to push open the
brighter of two doors in order to receive a food 1-eward. This comparison of light intensities is a relatively simple task, and a very common one, both for
cats and humans. Much of our everyday activity involves a comparison of two or more objects, followed
by a choice of the one beat suited to our needs iit
that moment. We have been attempting to investigate
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the means by which this comparison is made within
the central nervous 'system.
A brief look a t the normal anato.iiij of the ci-it7s
usual systeiii shows us that over 50 peiceni of tlie
nerve fibers from one eye go to the opposite half of
the brain, in other words, each hemisphere receives
information from both eyes. This means that a normal
animal can easily make an intr(11ie1nispheric comparison between two visual stimuli. What would happen
now if an animal were required to m a l e an interhemispheric comparison, first with the commissures
intact, then after cutting each of them in a stepwise
fashion? Suppose, for example, that the aossed 1 isual
fibers w r e sectioned, and that one of two visual
stimuli was presented to the left half of the brain,
while the otiiei was prr-sented to t h ~
riglit h'ilf In
order to solve the problem, a coinpari~onmust still
be made between the two, but the comparison must
now be made interhemispherically.

commissure

The problem of separating t h e inputs
comrnissure

In the actual experiment, the two visual stimuli
were separated by projecting one through a red filter,
and the other through a blue filter. The experimental
animal wore a mask with a red filter over one eye
and a blue filter over the other. The two filters were
chosen so that all the light passed by one was completely blocked by the other, and vice-versa. (Color
played no part in the training situation - the animals
were trained strictly on the basis of a brightness
comparison. ) Then the optic chiasm, containing the
crossed visual fibers, was sectioned. This meant that
all visual stimuli from one light source would now
go to the right half of the brain, and all from the
other would go to the left half. The first comn~issure
to be sectioned was the large corpus callosum, which
connects the two cerebral cortices. This resulted in
only a very slight, transient drop in performance level.
We continued to surgically separate the two halves
of the brain by sectioning each of the remaining commissural connections between the hemispheres. There
was no significant loss in the ability to perform this
task as long as only cortical commissures were sectioned. As soon as we began to section subcortical
connections - specifically, the posterior and tectal
corrimissures - a11 animals exhibited a severe fliictuation in performance. One day they would perform
without making any mistakes, the next day they would
perform at a chance level. Even animals with all the
commissures sectioned simultaneously were able to
perform at high levels of accuracy for short periods
of time.
Numerous controls were run, including one animal
with all the comrnissures sectioned, but with the
crossed visual fibers intact. This animal showed no
fluctuation in performance. When the optic chiasm
was finally sectioned, however, the fluctuation appeared.
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A diagrammatic series of transverse sections from the
front of the brain to the back, showing nioiit of the
connections between the two halves of the brain.
The fluctuation in the totally sectioned cases lasted
for long periods of time, but eventually- and this is
perhaps highly significant - the subjects were once
again able to perform consistently at high levels of
accuracy. This strongly suggests that areas not normally used for this type of interhemispheric communication are now being called into play, and are indeed
capable of functioning very efficiently in the absence
of the "proper" cross connections. Experiments are
presently being carried out to test these possibilities.
Behavioral studies are of limited use in the overall
analysis of brain mechanisms unless we know something as well about the central neural connections.
There is a vast anatomical literature pertaining to
interhemispheric connections, but surprisingly little is
known about the precise connections of the posterior
commissure. The general lack of information pertaining to this commissure, plus the specific interest
which arose from our behavioral study, provided the
continued on page 22
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