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Sitting on top of the evolutionary process is the human brain. Its vast
complexity, its capacity for complex problem solving, for inventiveness, for
everything we know and appreciate about human cognition represents the
finest achievement of the wondrous blind processes of selection that have
gone on for millions of years. Many scientists have approached trying to
gain clues to the understanding of the human brain’s special mechanisms of
action by studying other species. Fair game for this enterprise includes
comparisons between bugs and beasts of all types and kinds. Everything
from our genetic mechanisms to the capacity to sleep, to feel, to remember,
to transmit retinal information to visual cortex and a myriad of other
processes have all been enlightened by careful animal experimentation over
the years. Some have even seen in these studies so many similarities in
neural structures that proposals are commonly put forward that animals
have perceptual and cognitive process much like our own—indeed, a
consciousness much like our own. Such views are usually qualified by the
assertion that whatever differences do exist in conscious processes between
species can be easily explained by the greater size of the human brain.
Somehow having more neural cells is thought to produce a greater
computational capacity that in turn yields that special quality of human
conscious experience.

In fact, it is well known that the human brain is inordinately large after



2 GAZZANIGA

being corrected for body weight. Allometric considerations find the human
brain falling off the correlation line assessing body size and brain size. This
gigantic biologic organ weighing between 1,100 and 1,300 grams sits
magnificently on top of a small body, guiding its sensations, actions, and
desire for reproduction. These elements of human activity are indeed quite
cimilar to those seen in both near and distant evolutionary relatives sharing
many common brain mechanisms. Even basic dimensions of mental life,
as memory, attention, and visual perception, seem to share mecha-
\s and brain structures in common, certainly with other primates. As a
conscquence, the extra cortex in humans is viewed as critical for the higher
cognitive functions we enjoy.

Yet, there is this puzzle. We humans do not seem to need great quantities
of our huge cerebral cortex in order to carry out our intellectual activities.
A cardinal feature of split-brain research, for example, is that following
disconnection of the human cerebral hemispheres, the verbal 1Q of the left
hemisphere remains largely intact (Nass & Gazzaniga, 1987). Indeed, the
problem-solving capacity of the left hemisphere remains unchanged (Le-
Doux, Risse, Springer, Wilson, & Gazzaniga, 1977). Although there can be
deficits in recall capacity (Phelps, Hirst, & Gazzaniga, 1992), by some
performance measures the overall capacity to carry out problem solving
seems unaffected. In other words, isolating essentially half of the cortex
from the dominant left hemisphere causes no major change in intellectual
function of the left hemisphere. This finding represents strong evidence that
absolute cortical cell numbers have, at best, only a loose relation with
human intelligence.

Related to the notion of special circuitry is the fact that disconnected
right hemispheres are seriously impoverished in their ability to carry out a
varicty of computational tasks that the left would find easy to complete. In
studies done some years ago in a small group of split-brain patients
identified as having language capacities in each disconnected hemisphere,
we carefully examined the problem-solving ability of the disconnected right
and left hemispheres. Most commissurotomy patients do not have such
abilities in their right hemisphere; correlated with that absence is an
inability to carry out even the simplest perceptual and cognitive tasks. The
small group we examined with language-capable right hemispheres were
unable to make verbal inferences, solve spatial problems (Gazzaniga &
Smylie, 1984), or generate indirect antonyms (Gazzaniga & Miller, 1989), to
name a few of the tasks examined.

Although the right hemisphere remains superior for some activities such
as the recognition of upright faces (Gazzaniga, 1989), some attentional
skills (Mangun et al., 1992), and perhaps also emotional processes (Nass &
Gazzaniga, 1987), it appears to be lacking in its overall cognitive capacity.
In fact, it appears to be inferior to the mental capacities of a chimp.
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The idea of the importance of specialized circuits is central to the field of
human neuropsychology. Untold numbers of disease states have been
reported that suggest there are specific disorders following focal lesions or
long fiber-tract disconnections (Nass & Gazzaniga, 1987). Human brains
seem to house a constellation of special-purpose networks that are given
over to rather specific tasks. When that fact is considered in light of
evolutionary processes, it is hard to imagine it could be any other way. Why
would evolution leave to chance the building up of networks needed for
each human to survive from scratch with each birth? Surely it is advanta-
geous to be delivered into this world with as much original equipment as
possible. Millions of years of evolution would allow for exactly this kind of
thing; it seems more and more apparent that this is what has occurred
(Gazzaniga, 1992).

This evolutionary perspective on brain organization and cognition sug-
gests a number of important issues for cognitive neuroscientists (Gazzaniga,
1992). First, the implication is hard on everyday and classical ideas about
learning, with the underlying assumption that any neural network can learn
anything once inputs and outputs are specified. The evolutionary viewpoint
would argue for not only the critical implications of the importance of
specialized circuits but also the view that the human brain has a unique
structural organization supporting these specialized circuits. I review data
from my laboratory that is consistent with this view.

Second, the evolutionary view suggests that there should be some things
humans are poor at learning. If humans have specialized circuits committed
to performing particular traits, exposure to environmental stimuli to which
they had not adapted might require cognitive processes they do not possess.
There are many examples of such phenomena in the fields of language
learning and perceptual psychology (Gazzaniga, 1992). For present pur-
poses, these kind of data provide further evidence of the probability of
identifiable capacities the human cognitive system pOSSesses that other
animals do not possess. Furthermore, because these data reflect the
presence of specialized circuits, they should be found in one hemisphere or
the other. There are many such examples; I relate observations from studies
on the human capacity to make voluntary facial expressions (Gazzaniga &
Smylie, 1990).

SPECIALIZED CIRCUITS FOR HUMAN CAPACITIES

Accepting the view that the human brain has special circuits for carrying out
its various mental functions, one can consider the various levels of
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organization within the nervous system where this might appear. In what
follows, the argument is made that the cerebral cortex is the custodian of
new circuits critical for human cognitive processes. In this light, it is
commonly observed that the overall plan of the mammalian brain seems
quite similar among species. This is particularly true when comparing the
primate and human brain. One of the reasons comparative studies are
carried out is the belief that homologous brain structures may carry out
common functions in the primate and human. Yet, there are important
exceptions to this overall view. The human brain, quite simply, is different
from the monkey brain. There are any number of similar structures carrying
out different functions in the two species. Let me review work comparing
two structures that we have studied directly and indirectly in our labora-
tory —the anterior commissure and the superior colliculus—and relate
observations that emphasize the importance of studying the human brain
per se.

The animal literature clearly shows that the anterior commissure transfers
visual information. Although only the callosum was found to subserve
interocular transfer in cats, the anterior commissure was found to be
involved in visual transfer in chimpanzees (Black & Myers, 1964) and rhesus
monkeys (Gazzaniga, 1966; Sullivan & Hamilton, 1973). Taken together,
this kind of evidence provides strong reasons to believe the same might be
true for humans.

Prior to the development of magnetic resonance (MR) imaging, we
examined some palients who, by surgical description, had their anterior
commissure intact and their callosum fully sectioned. Many of these
patients transferred visual information. In an effort to account for this, we
proposed that the remaining anterior commissure could vary in the kinds of
information it could and could not transfer. We have now had the
opportunity to scan many of those supposedly split-brain patients. In fact,
the MR scans show the splenium had been spared in those cases where
transfer of visual information was possible, thus explaining the transfer of
information. In another series of patients, similar results were noted (Gates,
Leppik, Yap, & Gumnit, 1984). Every time there is evidence of transfer of
visual information that requires exact matching of stimulus features
following supposedly full commissurotomy, there has been sparing of the
splenium. This suggests that the anterior commissure, a structure that is
clearly able to transfer visual information in the monkey and chimp, does
not do so in the human.

The difference seen with fiber-tract systems is also apparent in more
nuclear structures such as the superior colliculus. In this case, there is clear
evidence from the monkey that this structure is crucially involved in the
control of eye movements. Wurtz and colleagues (Mohler & Wurtz, 1977),
for example, were able to demonstrate some years ago that primates with
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lesions of primary visual cortex were able to detect and direct their eyes in
response to visual stimuli presented in the scotoma. They suggested that the
superior colliculus, working either alone or in complementary fashion with
visual cortex, could carry out these functions within the scotoma. Others
have claimed that even higher order functions are possible following such
occipital lesions (Pasik & Pasik, 1971; Weiskrantz, Cowey, & Passingham,
1977). Although similar claims have been made for the human (Weiskrantz,
1990), we have not succeeded in demonstrating residual function following
lesions to primary visual cortex (Holtzman, 1984). More recently, we have
been able to carry out microperimetry of patients with occipital lesions
using an image stabilizer (Fendrich, Wessinger, & Gazzaniga, 1992; Wes-
singer, Fendrich, & Gazzaniga, 1991).

These studies have clearly shown that patients with so-called homono-
mous hemianopsia can have small islands of spared vision. In these islands,
there is visual function. In most of the scotoma, however, there is no visual
function, confirming the earlier work of Holtzman. In short, when visual
function is possible there seems to be spared visual cortex. This observation
was confirmed with MR brainprinting that revealed some intact primary
visual cortex. Overall, it suggests that the spared superior colliculus in the
human contributes in a different way to oculomotor functions.

The clear difference in function seen between monkey and human brains,
combined with possible new anatomical correlates supporting these differ-
ences, suggests a cautious note when attempting to compare the function of
similar brain structures across species. 1t suggests the arguments against
such cross-species comparisons are as crucial today as they were when
originally argued years ago.

/ith it established that the human brain has its own unique organization,
it would be interesting to see how much of this organization might be due
to genetic processes. For the past few years, we have been examining this
issue by studying the brains of monozygotic twins. Our initial findings
regarding the corpus callosum showed that this enormous fiber-tract system
was more similar in area and shape in monozygotic twins than in unrelated
twins (Oppenheim, Skerry, Tramo, & Gazzaniga, 1989). Using a new
method of assessing the cortical surface areas of the human brain (Jouandet
et al., 1989; Loftus, 1992), we have now studied the cortical surface of both
male and female monozygotic twins (Green et al., 1991; Tramo, Loftus,
Newton, & Gazzaniga, 1990; Tramo, Loftus, Thomas, Green, & Gazzaniga,
in prep.). Such twins look alike, talk alike, behave similarly, think similarly,
and so on. Are their brains alike? Normally there is great variation in the
gross morphology of the brain. Although all brains have a similar overall
plan, they vary tremendously in the details. Some brains have bigger frontal
lobes than others. The pattern in the visual appearance of the cortex is
called the gyral/sucal pattern. It varies, and that variation presumably
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reflects differences in underlying brain organization. Could it be that
monozygotic twins had brains that were more similar than not? The fact
that their overall cognitive skills are more alike would suggest a physical
basis for their more similar cognition.

Until recently, no one has had information on this crucial point. Our
laboratory has been working on quantifying MR images in a way that would
allow one to examine various regions in each half brain and to assess their
similarity in surface arca. In this technique, MR imaging is used to form
some S0 image slices of the brain, which are then reconstructed to make
maps of the human cerebrum. With the maps made, it is easy to measure the
cortical areas of the various major lobes of the brain, allowing us to
estimate surface area from the three-dimensional reconstruction of the
cortical surface itself. We have discovered that 15 regions in the left and 4
regions in the right hemispheres of females showed less variance in the twins
as compared to unrelated controls. For male twins, there were fewer areas
in the left and about the same number in the right hemisphere. Overall, we
can conclude that twin brains are more alike than unrelated brains. These
data also indicate that the development of left-hemisphere structures is
under considerably more genetic control for women than for men.

THE CASE FOR UNIQUE
HUMAN SYSTEM FUNCTIONING

If the human brain has unigue organizational features and appears to have
many of its major cortical surface areas specified by genetic mechanisms,
then it might also seem likely that there would be capacities humans could
engage in that other primates could not. The multitudinous new circuits in
the much larger human cerebrum carry out activities other species simply do
not possess. One such example of a human specialization is the capacity to
make voluntary facial expressions. This is a very palpable trait of humans
and casily accessible for study. It is not found in other primates including
the chimpanzee (Premack, personal communication).

There is a variety of beliefs about how the brain is organized to perceive
and produce facial expressions. In the perceptual domain, it appears that
the right hemisphere has special processes devoted to the efficient detection
of upright faces (Gazzaniga, 1989). Although the left hemisphere can also
perceive and recognize faces and can reveal superior capacities when the
faces are familiar, the right hemisphere appears specialized for unfamiliar
facial stimuli (Gazzaniga & Smylie, 1983). Interestingly, this pattern of
asymmetry for perceptual processes has also been shown for the rhesus
monkey (Hamilton & Vermiere, 1988).

We recently examined the brain mechanisms involved in carrying out
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facial expressions in split-brain human patients. Disconnecting the two
cerebral hemispheres allows the role the corpus callosum plays in control-
ling voluntary and involuntary expression to be assessed. It also allows
examination of the ability of each hemisphere to initiate facial expressions.
To understand the pattern of observed results, it is important to review the
known neural mechanism active in controlling both voluntary and involun-
tary facial expressions.

The pattern of innervation for the upper half of the face is different from
that of the lower half of the face, and the differences involve both central
and peripheral systems. The neural mechanisms involved in voluntary facial
postures are controlled by the cortical pyramidal system, whereas the
control of spontancous postures is managed by the extrapyramidal system.
This diversity of innervation is reported to be responsible for the preserva-
tion of symmetrical spontaneous facial postures in the presence of unilateral
damage to motor cortex. Patients with this lesion will evidence a contrala-
teral facial droop that will resolve when smiling spontancously. In this
instance, although the pyramidal input to the facial nucleus is destroyed,
the extrapyramidal input is not. It is also commonly reported that patients.
with extrapyramidal disease such as Parkinson’s disease will display a
masked face when at rest and then look more normal when smiling to
command.

In our study, we examined the capacity of each cerebral hemisphere to
initiate voluntary facial postures. Additional observations were made on
spontaneous expressions. The results reveal marked differences in the
capacities of each hemisphere to carry out commands, indicating that the
corpus callosum plays a critical role in the normal production of voluntary
symmetrical facial expressions. Examination of asymmetries in smiling to
command revealed that when the command to smile was lateralized to the
left hemisphere, the right side of the mouth dramatically commenced
retraction as much as 180 milliseconds before the left side responded. When
the command to “smile” was presented to the right hemisphere, none of the
patients were able to carry out the response. In another series of tests on
Cases JW and DR a lateralized drawing of a “happy face” or a “sad face”
found the right hemisphere performing at chance. On trials in which an
incorrect response had been made, say frowning to a happy face, JW was
nonetheless able to draw out a picture of the happy face stimulus with his
left hand. Additionally, no consistent asymmetries were noted on trials in
which the left hemisphere responded correctly to the command to “frown.”
Although there were occasional indications that the lower right half face
showed some earlier posturing, the overall bilateral response of the upper
half face masked any consistent pattern.

In previous studies we have demonstrated that the right hemisphere is
capable of producing involuntary or spontaneous responses such as smiling
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and laughing (Gazzaniga, 1970). In the present study spontaneous episodes
were video recorded and analyzed with the optical disc method. No
asvmmetries in the facial response pattern were observed. It therefore
appears that either hemisphere can generate spontaneous emotional events
and that, because there are no apparent asymmetries in the facial response,
different neural mechanisms are active for these expressions.

Most disconnected right hemispheres in split-brain patients are unable to
carry out verbal commands (Gazzaniga, 1970). In the present study the right
hemisphere failed not only when the command was printed out but also
when the command was a graphic that depicted either a “happy” or “sad”
face. Yet, many right hemispheres, including all three of the present cases,
have the capacity to carry out some kinds of commands. It can respond to
requests to move individual digits as well as make hand postures of all sorts
(Gazzaniga, Boger, & Sperry, 1967; Volpe et al., 1982). It can control the
upper facial muscles. Why, then, can it not respond to the command to
smile or frown?

As already reviewed, mental operations ranging from making simple
inferences to solving simple problems are all outside the cognitive range of
the right hemisphere. These kinds of observations emphasize the superiority
of the left hemisphere in interpreting events and its dominant role in
organizing responses to those events. In the present context, high-level
evaluative processes must be invoked to override a potentially spontaneous
facial expression such as smiling. Such processes appear to be possible only
in the left hemisphere; hence, that hemisphere appear to control voluntary
expression. This sort of “voluntary” control appears different and involves
more complex processes than those associated with making voluntary hand
or foot postures in response (o a cue. Therefore, where evaluations involve
more psychological aspects of a person’s expressions, the left hemisphere
appears dominant. Specialized circuits carry out specialized functions.

SPECIALIZED CIRCUITS
AND HUMAN CONSCIOUS EXPERIENCE

The human brain enables human conscious experience, and a working brain
sclentist always strives for insights into the nature of human conscious
experience. Some might view the human with all of its domain-specific
capacities, which have accumulated over millions of years of evolution, as
a denigrated view of who we are and what we accomplish. The human
yrain’s unique organization —its unique capacities for problem solving, for
language, for making voluntary facial expressions, for deception, and for
belief formation—empower a viewpoint of specific systems in the brain for
cnablement of these capacities. They can be lost through specific brain
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damage or can be isolated by disconnection procedures. The capacities must
reflect the actions of specific circuitry within the human brain.

Still, many other scientists believe the sensations we experience as human
conscious agents are the product of the vast computational power our huge
cerebral cortex must allow —with each person starting from scratch and
building up his or her own story over a lifetime. This mix of ideas generates
a difficult-to-state and fairly vague view that human conscious experience is
a “thing” that emerges from the human being’s information-processing
capacity. This view finds solace in the idea that neural networks can be
trained to do almost anything and that, given the right circumstance, good
cognition will follow.

My own view is that there is another way of looking at these issues. An
idea that builds on the realization that human consciousness, at its core, is
a feeling—a feeling about special capacities humans possess.

The modern human brain is a bundle of special-purpose systems allowing
people to communicate, evaluate facial expressions, make inferences,
interpret feelings, moods, and behaviors, and all the rest. Studying patients
with brain damage reveals how specific these capacities can be. One
capacity can go without the other. Each of these activities is managed by
neurons in ways that find scientists fundamentally ignorant. Millions of
neurons are churning away to produce these human talents. Yet, to define
that as consciousness is somehow missing the point. Consciousness is a
feeling about these specific capacities that are managed by specialized
circuits. My guess is that we are looking in the wrong wood pile for the
answer to the problem of human consciousness.

There are some obvious aspects of human consciousness that we always
lose sight of. First, one does not learn to be conscious! When the brain
starts to function, up it comes, just like steam out of a turbine. There is no
getting rid of it. The feeling of consciousness is not unlike other seemingly
unfathomable feelings like the feeling to survive. It is there. Oddly,
philosophers and biologists have not tortured themselves about under-
standing such feelings. Yet, it is surely no simpler to understand and know
the mechanisms about those feelings than to understand human conscious-
ness itself.

Second, the feeling of being conscious never changes in life. Let me
illustrate this with an anecdote. A few years ago, my 76-year-old father, a
physician of enormous intelligence and savvy, sat in his easy chair contem-
plating something or another doing so after years of strokes that were
slowly consuming his cerebral cortex. Mercifully, the strokes did not impair
his language and thought processes. He knew of my profession and the
kinds of issues that interested me. I asked him how he felt, to which he
replied, quite simply, “Mike, I feel 12. [ always have and I always will.” For
him, his consciousness was the same. The computational skills were
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vanishing just like they are for all aging brains, but the feeling of being
conscious never seems to go.

To put some neural hardware on this idea, modern brain science knows
that subcortical structures are heavily involved in the management of feel-
ing—of felt states. These systems change very little with aging. They stay
more insulate from the ravages of the cell death accompanying aging, and
it is these same brain areas that generate the feelings associated with the
specialized perceptual and cognitive capacities humans have accumulated
over millions of years. Consciousness is a feeling —a feeling about domain-
specific capacities that have accumulated over millions of years of evolution.

ACKNOWLEDGMENTS

Preparation of this chapter was aided by the Office of Naval Research
NO0014-89-J-3035, the Airforce Office of Scientific Research AFOSR-89-
0437, NIH Grants NINDS 5§ RO1 NS22626-06 and NINDS 5 PO1 NS17778-
09, and the James S. McDonnell Foundation.

REFERENCES

Black, P., & Myers, R. E. (1964). Visual functions of the forebrain commissures in the
chimpanzee. Science, 146, 799-800.

Fendrich, R., Wessinger, C. M., & Gazzaniga, M. S. (1992). Residue vision in a scotoma:
[mplication for blindsight. Science, 258, 1489-1491.

Gates, J. R., Leppir, 1. E., Yap, J. C., & Gumnit, R. J. (1984). Corpus callosotomy: Clinical
and electroencephalographic effects. Epilepsia, 25(3), 308-316.

Gazzaniga, M. S. (1966). Interhemispheric communication of visual learning. Neuropsycho-
logia, 4, 183-189.

Gazzaniga, M. S. (1989). Organization of the human brain. Science, 245, 947-952.

Gazzaniga, M. S. (1992). Nature’s mind. New York: Basic Books.

Gazzaniga, M. S., Bogers, I. E., & Sperry R. W. (1967). Dyspraxia following division of the
cerebral hemispheres. Archives of Neurology, 16, 606-612.

Gazzaniga, M. S., & Miller, G. A. (1989). The recognition of antonym by a language-enriched
right hemisphere. Journal of Cognitive Neuroscience, 1(2), 187-193.

Gazzaniga, M. S., & Smylie, C. S. (1983). Facial recognition and brain asymmetries: Clues to
underlying mechanisms. Annals of Neurology, 13, 536-540.

Gazzaniga, M. S., & Smylie, C. S. (1984). Dissociation of language and cognition: A
psychological profile of two disconnected right hemispheres. Brain, 107, 145-153.

Gazzaniga, M. S., & Smylie, C. S. (1990). Hemispheric mechanisms controlling voluntary and
spontancous facial expressions. Journal of Cognitive Neuroscience, 2(3), 239-245.

Green, R. L., Tramo, M. J., Loftus, W. C., Thomas, C. E., Brown, P. J., Weaver, J. B., &
Gazzaniga, M. S. (1991). Regional cortical surface area measurements in monozygotic twins

at for schizophrenia suggest a left hemisphere basis for the disease. Society for
Newuroscience Abstract, 17, 1455,

Hamilton, C. R., & Vermiere, B. A. (1988). Complementary lateralization in monkeys.
Science, 242, 206-220.

1. NEURONAL CIRCUITS VERSUS NEURONAL NUMBER 11

Holtzman, J. D. (1984). Interactions between cortical and subcortical visual areas: Evidence
from human commissurotomy patients. Vision Research, 24, 801-813.

Jouandet, M. L. Tramo, M. J., Herron, D. M., Hermann, A., Loftus, W. C., Bazell, S., &
Gazzaniga, M. S. (1989). Brainprints: Computer-generated two-dimensional maps of the
human cerebral cortex in vivo. Journal of Cognitive Neuroscience, 1, 88-117.

LeDoux, J. E., Risse, G., Springer, S., Wilson, D. H., & Gazzaniga, M. S. (1977). Cognition
and commissurotomy. Brain, 100, 87-104.

Loftus, W. C. (1992). Three dimensional minimal surface area reconstructions from planar
contours using dynamic programming (Tech. Rep. No. 100.2). Hanover, NH: Dartmouth
Medical School, Program in Cognitive Neuroscience.

Mangun, G. R., Gazzaniga, M. S., Plager, R., Loftus, W., Hiilyard, S., Luck, S. J., & Clark,
V. (1992). Monitoring the visual world: Hemispheric asymmetries and subcortical processes
in attention. Manuscript submitted for publication.

Mohler, C. W., & Wurtz, R. H. (1977). Role of striate cortex and superior colliculus in visual
guidance of saccadic eye movements in monkeys. Journal of Neurophysiology, 40, 74-94.

Nass, R., & Gazzaniga, M. S. (1987). Lateralization and specialization of the human central
nervous system. In F. Plum. (Ed.), Handbook of physiology (pp. 701-761). Bethesda, MD:
The American Physiological Society.

Oppenheim, J. S., Skerry, J. E., Tramo, M. J., & Gazzaniga, M. S. (1989). Magnetic
resonance imaging morphology of the corpus callosum in monozygotic twins. Annals of
Neurology, 26, 100-104.

Pasik, T., & Pasik, P. (1971). The visual world of monkeys deprived of striate cortex: Effective
stimulus parameters and the importance of the accessory optic system. In T. Shipley, & J.
E. Dowling, (Eds.), Visual processes in vertebrates (Vision Research Supplement No. 3, pp.
419-435). Oxford: Pergamon Press.

Phelps, E. A., Hirst, A., & Gazzaniga, M. S. (1992). Deficits in recall following partial and
complete commissurotomy. Cerebral Cortex, 1, 492-498.

Sullivan, M. U., & Hamilton, C. R. (1973). Interocular transfer and reversed and non-reversed
discrimination via the anterior commissure in monkeys. Physiological Behavior, 10,
355-359.

Thomas, C. E., Tramo, M. J., Loftus, W. C., Newton, C. H., & Gazzaniga, M. S. (1990).
Gross morphometry of frontal, parietal, and temporal cortex in monozygotic twins. Sociely
Jfor Neuroscience Abstract, 16, 1151.

Tramo, M. J., Loftus, W. C., Thomas, C. E., Green, R. L., & Gazzaniga, M. S. (in prep).
Monozygotic human brains are more similar for regional cortical surface area, Sorebrain
volume, and callosal size.

Volpe, B. T., Sidtis, J. J., Holtzman, J. D., Wilson, D. H., & Gazzaniga, M. S. (1982).
Cortical mechanisms involved in praxis: Observations following partial and complete
section of the corpus callosum in man. Neurology, 32, 645-650.

Weiskrantz, L. (1990). The Ferrier lecture, 1989. Outlooks for blindsight: Explicit methodol-
ogies for implicit processes. Proceedings of the Royal Society of London, Series B, 239,
247-278.

Weiskrantz, L., Cowey, A., & Passingham, C. (1977). Spatial responses to brief stimuli by
monkeys with striate cortex ablations. Brain, 100, 655-670.

Wessinger, C. M., Fendrich, R., & Gazzaniga, M. S. (1991). Stabilized retinal perimetry with
a hemianopic patient: Implications for blindsight. Society for Neuroscience, 17, 846.



