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INTRODUCTION 

There are two cerebral hemispheres. Each interconnects with the other 
through the corpus callosum and anterior commissure. These two structures 
have been studied in detail in recent years from both an anatomical and 
behavioral perspective. Both types of studies were primarily motivated by 
concerns that did not address the issue of the nature and logic of 
interhemispheric integration , the problem of what information and how 
information is communicated between the two hemispheres. Yet, the 
structure is of profound importance when considering such issues since it is 
one of the few identifiable input and output channels of the cerebral cortex 
that is easily accessible to experimental manipulation. The study of such a 
message system may well give clues to larger questions of how the cortex 
is functionally organized. However, since the well known lateralized and 
specialized processes of the human brain are unique and without precedent 
in other mammals, what the commissures convey and how they convey it 
most likely varies from one species to another. As we will see, this 
compounds the problems of cross-species comparisons and argues for limiting 
many interpretations of structure-function correlates to within-species 
observations. 

My own current interests center on the human brain , and here the recent 
observation that MR imaging (MRI), can verify the presence or absence of 
cortical commissures with great accuracy has provided new insights into the 
brain and behavioral correlates that the examination of this structure affords 
in humans. In what follows, I will review studies that suggest (a) the cerebral 
commissural system is highly specific in the kinds of information it transfers, 
(b) the commissural system can adapt to early injury , (c) the functional 
capacity of specific commissural zones varies among species, (d) the transfer 
of subcortical information is limited to crude spatial information and attentional 
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processes, and (e) a high degree of individual variation exists in the 
Iateralization of cortically specialized processes . Where possible I will try to 
relate the functional story to current anatomical knowledge. Rubbing these 
two disciplines together should, at some point, yield new insights into 
mind-brain relationships. 

SPECIFICITY OF COMMISSURAL FUNCTION 

Complete commissural section has been attempted in humans in an effort 
to limit the spread of epileptic activity between the cerebral hemispheres. 
In the California series both the anterior commissure and corpus callosum 
were presumed sectioned (Bogen et al. 1965). Twenty-five years of highly 
productive research has been carried out on a small group of patients from 
this series (Sperry 1968, 1974; Gazzaniga 1970). When interactions between 
the hemispheres have been noted, it has always been assumed that the 
information in question was being integrated subcortically. Until recently, 
similar assumptions have also been made in the East Coast series (Gazzaniga 
and LeDoux 1978). With the advent of MRI it has become possible to 
clarify earlier claims by verifying the extent of the surgical section ( Gazzaniga 
et al. 1984). When the surgery is planned to be limited to a specific 
commissural area or when surgical mistakes are made , a rare opportunity 
exists to systematically manipulate neuropsychological tests in an effort to 
determine the kinds of information that can be transmitted through the 
spared fiber systems. In this fashion, the degree and extent of specificity of 
commissural function can be explored. As a rule each patient becomes a 
unique entity to study. With this development the analysis of any data set 
requires taking into account the patient's overall neuropsychological status , 
medical history, and MR image. 

Studies on Sensorimotor Integration 

The sensorimotor capacities of two disconnection patients have recently 
been examined. Case E.B., a 26 year old female, underwent partial callosal 
section for intractable epilepsy in 1983 . The posterior one-half of the 
callosum was sectioned in one operation and the extent of the section was 
verified with MRI. Prior to her callosal surgery E.B. had undergone , at the 
age of 19, a right occipital resection in an earlier effort to control her 
epilepsy. This resulted in a left central hemianopia that has remained static . 
Because of the preoperative hemianopia , interhemispheric testing of visual 
function was not attempted; however, interhemispheric tests on tactile 
function were carried out. Preoperative testing of tactil e function was 
unremarkable . Postoperative ly , these tests revealed she was unab le to name 
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objects placed out of view in the left hand . Objects placed in the right hand 
out of view were easily named. She was also unable to transfer stereognostic 
information from one hand to another, thereby demonstrating that no tactile 
sensory information was being cross-communicated between the two 
hemispheres. Additionally, while her left hand was able to retrieve like 
items in a match-to-sample paradigm, she could not retrieve objects on 
verbal command with the left hand. The rest of her neurologic history is 
unremarkable and she currently enjoys good health . The second patient, 
case J . W., underwent full callosal section in two stages and the extent of 
his full section has been verified with MRI (Fig. 1). He is in excellent 
health , has been studied extensively, and a complete medical history as well 
as other neuropsychological tests are reported elsewhere (Gazzaniga et al. 
1985) . 

The capacity of each patient to carry out a simple tactile-motor task was 
assessed in much the same manner originally employed for split-brain 
patients (Gazzaniga et al. 1963) . In brief, each finger was touched lightly 
in either the proximal or distal phalanx. The within-hand task required the 
subject to touch the point of stimulation with the thumb of the same hand 
(Fig. 2). Subsequently, the between-hands condition was run. Here a point 
was stimulated in the same fashion on one hand and the subject was required 
to find the corresponding point on the opposite hand with the thumb of the 
opposite hand. The full task was carried out on several occasions in each 
patient over a period of years. The results reported here were collected two 
years after surgery on E.B. and five years after the final callosal surgery on 
J. W. The pattern of response capacity has not changed over either patient's 
postoperative course . 

Both patients responded easily and with high accuracy when stimulus and 
response were within-hand (Fig. 3). In the between-hand condition case 
J. W., the fully sectioned patient , was unable to cross-integrate the information 
in either direction , a result consistent with other fully sectioned patients. 
Case E .B. , however , the patient with only a partial section, showed a unique 
pattern of results. While she was able to cross-integrate information from 
the right hand to the left, she performed at chance when trying to cross
integrate information from left to right. 

These results confirm and extend earlier findings. The corpus callosum is 
active in the cross-integration of sensory and motor information. When the 
structure is completely sectioned, sensory information arriving and being 
processed in one hemisphere 's somatosensory cortex remains isolated to 
that hemisphere . Further, when information is transmitted to the opposite 
hemisphere , the present results suggest the transmitted information traverses 
over highly specific callosal pathways . In case E.B. it appears that the 
callosal surgery included fibers that were responsible for transmitting motor 
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Fig. 1-MRI of case J .W. showing the entire callosum has been successfully sectioned . 
Note the presence of the anterior commissure. 

information from the left hemisphe re to the right. At the same time the 
surge ry was not exte nsive enough to sectio n the fibers that we re respo nsible 
fo r a llowing integration of moto r information from right to left. 

Studies on Language and Commissural Specificity 

The present study includes two split-brain pati ents. J .W. , as already 
described , had undergone a complete callosa l section . Case V .P ., in whom 
MRI revealed spared callosal fibe rs, was studied in an atte mpt to dete rmine 
whethe r these remaining fibers we re capable of transmitting any kind of 
pe rceptual o r cognitive information. H er spared fibers were in the region 
of the splenium and rostrum of the callosum (Fig. 4) . In standard tests of 
pe rceptual interactions, ne ithe r patient showed any indication of pe rceptual 
information be ing transferred between the two hemisphe res (Holtzman 
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Stimulus Response 

LH-Stimulated RH- Response 

Fig. 2-The abil ity to locate with the thumb a point of stimulation on either the 
first or third phalanx of each finger within the same hand is tested in pseudorandom 
order. Subsequently, for the between-hands condition it is required that the thumb 
of the opposite hand locate the corresponding point of stimulation. 
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Fig. 4- Case V. P. had fibers inadvertently spared in the region of the splenium and 
rostrum . 

1984). Additional perceptual tests were given to V.P. A series of circles 
varying in size were presented to either the left or right hemispheres (within
hemisphere) or across the midline (between-hemispheres). Thus, on each 
trial two circles were presented and the task was to say "yes" they were the 
same or "no" they were different. When both circles were presented to the 
left hemisphere, V.P. scored 35/40 and when both were presented to the 
right hemisphere she scored 30/40. In the between-hemispheres condition, 
in which one circle went to each hemisphere, V.P. was at chance (45/80). 
The remaining fibers in V.P. seemed nonfunctional in this test of perceptual 
interaction. 

Since some of the remnant fibers were in anterior regions that might 
interconnect language areas, an extensive battery of tests was administered 
to examine the possible role of these fibers in language procdses. Results 
to date are intriguing but incomplete. In one set of studies the ability of 
these fibers to exchange semantic information was tested (Gazzaniga et al. 
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1984). In this series of tests a word was presented to one hemisphere and 
500 ms later a word was presented to either the same hemisphere or the 
opposite hemisphere. The various relations of lexical items were examined , 
e.g., insect-ant versus insect-fish, and the task was to say either "yes" they 
were related or "no" they were not. Both J. W. and V . P. showed excellent 
performance within each hemisphere but chance performance across the 
hemispheres. 

However, other tests on V.P., carried out in collaboration with Marta 
Kutas and colleagues, revealed a different picture. While the fully sectioned 
J.W. continues to show no interaction between the hemispheres, V.P. shows 
a different pattern of results (Gazzaniga, Van Patten , and Kutas, personal 
communication 1987). In this study a large set of carefully graded language 
stimuli comparisons were presented that varied orthographically and 
phonologically. In brief, V.P. performed a between-fields comparison in 
which she judged whether two words, one presented in each half visual 
field, did or did not rhyme. The stimulus pairs were divided into four 
experimental conditions on the basis of their phonological (i .e., rhyming 
(R +] versus nonrhyming (R-]) and orthographic (i.e ., look alike (L + ] 
versus nonlook alike (L-]) similarities as follows: 

1) R+L+ if words in pair rhymed and looked alike (e.g. , look-book , 
tire-fire); 

2) R+L- if words in pair rhymed but did not look alike (e .g., bake
ache, rule-tool); 

3) R-L+ if words in pair did not rhyme but looked alike (e.g ., near
pear , cough-dough) 

4) R-L- if words in pair neither rhymed nor looked alike (e.g. , shell
paths, keys-fort) . 

V. P. showed significantly greater than chance accuracy in one test 
condition. Only when the words in the two visual fields both looked and 
sounded alike (R + L+) was V.P. able to judge whether or not they rhymed. 
Thus, V.P. demonstrated no ability on this test to integrate information from 
the two visua l fields unless there was an overlap of both visual and phonemic 
information. One possible explanation for these results is that the remaining 
callosal fiber system seems to honor some domains of information but not 
others , a notion that is consistent with one last observation on V. P. 

In this test on case V.P. two vowels , AA (look and sound alike) , or a 
vowel and a consonant, AB (do not look or sound alike), or two consonants, 
BB, were presented in both a within and between visual field condition. 
The task was to simply respond "yes" if they were the same or " no" if they 
were different. In this test no interactions were seen between the two 
hemispheres. Within-hemisphere performance was near perfect. This suggests 
that somehow individual letters do not evoke enough dimensions of 
"richness," leading to some kind of redundancy that allows for interhemi-
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spheric interaction that is somehow supported through these remaining 
fibers . 

From the foregoing , it is clear that a patient with only splenial and rostral 
fibers spared was able to cross-compare information in only one of the four 
stimulus conditions, the condition in which words both looked and sounded 
alike . In sharp contrast, a patient with full callosal section responded on 
the interhemispheric comparison task at chance for all conditions . Addition
ally , the remnant fiber systems , that can support the interhemispheric 
comparison of words that look and sound alike , fail at communicating 
information when the stimuli are letters that look and sound alike. 
Unequivocal identification of the callosal areas crucial for the transfer is not 
yet possible since we have not been able to test a patient with either a 
similar rostral or splenial remnant intact while the other was absent, and 
who also has language capacities in the right hemisphere. Additionally, 
other tests a re currently being designed to e liminate possible issues concerning 
criteria diffe rence for relatedness judgements as opposed to sameness 
judgments . Nonetheless, since V.P . does not transfer visual or language 
information in any simple sense , the pattern of results suggests that the 
splenial (visual) and rostral (phonetic) fiber systems may uniquely combine 
parti al information in order to allow for correct judgments . Additionally, 
the present results raise the question of how specific information exchange 
can be for brain based language activities and how callosal fibers may or 
may not be activated as a function of the psychological dimensions of the 
stimuli used. 

COMMISSURAL PLASTICITY IN THE FACE OF EARLY BRAIN 
DAMAGE 

In recent years there have been several primate studies suggesting that early 
brain damage may create unique commissural connections that allow for 
different functions in the adult brain. Much as in the fashion reported by 
Goldman-Rakic in the monkey (1981) , early damage in the human might 
also allow for formation of aberrant interhemispheric connections that course 
through the remaining anterior commissure . She showed that, although a 
consequence of surgical manipulation, callosal fibers may exhibit some 
rearrangements of their connectivity: if the dorsolateral prefrontal cortex is 
removed from one hemisphere of the rhesus monkey at a sufficiently early 
developmental stage, callosal fibers originating from the contralateral 
principal sulcus will be found to innervate regions not normally receiving 
this callosal input. In support of this kind of mechanism, thalamic afferents 
have recently been shown to proliferate and make specific axospinous 
contacts on neurons in upper cortical layers three months following 
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deafferentation by callosotomy performed on one month old rats (Vaughan 
and Peters 1985). 

We have studied one case where this possibility has become apparent in 
the human brain . Case P .S., one of the original patients from the Wilson 
series, has now been studied for 11 years following his full callosal surgery 
in 1975. His medical history includes clinical notations of early left-sided 
brain abnormalities as evidenced by clinical EEG at the age of two . He was 
operated on at the age of 15 and postoperatively has shown an evolving 
course where interhemispheric communciation of a complex type is now 
possible (Gazzaniga et a!. 1982) . In 1984, MRI revealed a full callosal 
section. 

Case P.S. does not transfer sensory information between the two 
hemispheres. The simultaneous presentation of nonsense figures, one to 
each half brain, does not find him able to say whether or not the two are 
the same. This is also true for faces and circles of subtly different size as 
just described for case V.P. However , P .S. is now easily able to communicate 
to the opposite half brain the nature of any nameable stimulus whether it 
be a color, a shape, an object, or a word. Other tests have revealed that 
this coding ability is dependent on some kind of phonetic mechan ism , as 
P.S . can be easily foiled by using homonyms . Thus, the word " rows" 
presented to one hemisphere will find the other interpreting the transmitted 
message as "rose" just as frequently as " rows ." 

This explicit capacity has not been seen in any other full y sectioned 
callosal patient. The possibility remains that the anterior commissure in case 
P .S. has somehow responded to early cortical injury and established 
connections in temporal or other regions that would allow for this kind of 
unique capacity . In short, the plasticity that has been reported in the monkey 
brain may also be apparent in the human brain . 

INTERSPECIES VARIATION IN STRUCTURE-FUNCTION 
CORRELATES 

The MRI technique has also allowed for the sharpening of hypotheses about 
the commissura l areas that are critical for modality-specific inte rhemispheric 
communication in the human brain. Prior to being able to confirm the actual 
extent of callosal surgery in humans using MRI , it was necessary to depend 
on surgical notes . We now know that surgical estimates can be in error. 
Nonetheless , ten years ago surgical notes se rved as the basis for proposing 
certain ideas on commissural localization that now appear incorrect. For 
example, after presumed full callosal surgery on four patients, we observed 
that two could transfer vi sual information (Risse et a!. 1975) . Two other 
patients did not show transfer. In an effort to account for this we proposed 
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the remaining anterior commissure could vary in the kinds of information 
it was able to transfer. 

The animal literature clearly pointed the way to the conclusion that the 
anterior commissure could transfer visual information . It made perfect sense 
to believe that the same structure could transfer visual information in 
humans. 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 and Myers 1964) and rhesus monkeys 
(Gazzaniga 1966; Noble 1968; Sullivan and Hamilton 1973) . Taken together, 
there was strong evidence that the same might be true for humans. 

We now have had the opportunity to give an MR scan to one of those 
supposedly split patients (Fig. 5). It clearly showed that the splenium had 
been spared in the surgery , thus explaining the transfer of information. In 
another series of patients, similar results have been noted (Gates , personal 
communication) . Each time where 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 the anterior commissure, a structure that clearly is able to 
transfer visual information in the monkey and chimp, does not do so in the 
human. A similar point has been made by McKeever and colleagues (1981) . 

In searching for an explanation of this interspecies difference in function, 
only a few facts are known . In humans, the anterior commissure represents 
approximately 1% of the neural fibers that contribute to intercortical 
communication , compared to 5% in the rhesus monkey (Foxman et a!. 
1986). Thus , the human anterior commissure is proportionately much smaller 
in comparison to the corpus callosum and the extensive cortical territories 
it serves. In the monkey, between half and two thirds of the temporal lobe 
transfers information to the contralateral hemisphere exclusively via the 
anterior commissure . In the human, while the distribution is not fully known, 
it is thought to be much less. 

Additionally , appreciation for the role of the anterior commissure in 
interhemispheric integration in primates may have been underestimated 
because of the results obtained by earlier silver degeneration studies , which 
mapped only the terminal distributions of the anterior commissure (Zeki 
1973 ; Pandya eta!. 1971). The terminal fields were found only in the rostral 
portions of the temporal lobe and an assumption was made that the anterior 
commissural fields of origin homotopically overlapped the terminal fields. 
In recent years , the view has arisen that the anterior commissure projects 
to perhaps only the anterior third of the temporal lobe , in agreement with 
the earlier studies, while its field of origin extends much further caudally 
(Zeki 1973; Jouandet and Gazzaniga 1979; Jouandet eta!. 1984). Thus, the 
principle of homotopicality , which holds true for innumerable point-to-point 
projections between the hemispheres, does not appear to extend to the 
whole field distributions of the ce rebral commissures. 
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Fig. 5- MRI of case J . Kn . This patie nt was presum ed sp lit until MR imaging 
revealed a clearly intact splenium . The patient transfers visual but not tact ile information 
betwee n the two hemispheres. (Specia l th ank s to William Abe nd . M.D. of Ha rvard 
Medical School fo r ar ra nging this sca n .) 

Finally, there is much data to suggest a great interspecies va ri ation in the 
anatomy of the anterior commissure. For example, the misalignment of the 
anterio r commissural fields of origin and termination seen in primates is 
even more exagge rated in the cat , where an extensive neocortical field of 
o rigin projects contralatera lly to only paleocortical areas below the rhinal 
sulcus (Jouandet 1982). In short , the anterior commissure appears to have 
undergone very substantia l remodeling during the phylogeneti c evolution of 
mammalian species (Jouandet and Hartenste in 1983; Granger et al. 1985). 

The clear difference in functi on seen between monkey and human 
brains, combined with possible new anatomical correl ates supporting these 
diffe rences, suggests a cautious no te when attempts are made to compare 
the function of similar brain structures across species. It suggests the 
arguments against such cross-species comparisons are as crucial today as 
they were when o riginally presented . A simila r di ffere nce in function 
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between monkey and humans can be seen in that the superior colliculus is 
capable of cross-integration between the two half brains . 

REMAINING INTERHEMISPHERIC EXCHANGE: CALLOSUM 
SECTIONED HUMANS TRANSFER ONLY CRUDE SPATIAL 
INFORMATION 

Visual integration of any perceptual, color, or brightness information is not 
possible following full callosal section. At the same time , it has been determined 
that crude spatial information can be cross-integrated. In one set of 
experiments, a 4-point grid was presented to each visual field . On a given 
trial one of the positions on the grid was highlighted. In one condition of 
the task the subject moved his eyes to the highlighted point within the visual 
field stimulated. In the second condition the subject was required to move 
his eyes to the homologous point in the opposite visual field (Fig. 6). Split
brain subjects were able to do this easily, thereby suggesting some crude 
cross-integration of spatial information. Once again, however, if the task 
required the subject to respond to perceptual features, there was no 
interhemispheric integration. In these experiments the four spatial points 
were changed to four geometric shapes , each positioned differently in the 
visual fields. On each trial , target locations were defined by the type of 
geometric form to which the movement should be directed , rather than by 
the relative position in the grid. In this condition, eye movements made to 
a highlighted stimuli could be accurately carried out only within a half brain . 
These tests show that noncallosal systems are somehow active in the cross
integration of crude spatial information. Since similar findings have also 
been found in patients with the anterior commissure sectioned as well, it is 
presumed other brain structures are involved in the mediation of this 
information. 

Although these findings imply that representation of the ipsilateral 
hemifield is not completely eliminated by callosal transection , they do not 
necessarily imply that the availability of such information depends on 
interactions between cortical and subcortical structures. Consistent with the 
much reported blindsight hypothesis , ipsilateral representation could be 
provided directly via retino-collicular projections , independent of any cortico
collicular influence . The visual function reported to remain following cortical 
lesions in the monkey is consistent with this view (Keating 1975). If the 
human brain were similar, it would be expected that such ipsilateral 
representation would be unaffected by damage to the occipital cortex and 
that the performance on these tasks of a patient with occipital damage 
would be comparable to that obtained from the commissurotomy patients. 
This possibility was carefully examined by Holtzman (1984). The results of 
his studies reveal an important observation about cortical-subcortical 
interactions active in interhemispheric integration. 
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THERE IS COLLICULAR-CORTICAL INVOLVEMENT IN THE 
CROSS-I NTEGRATION OF SPATIAL INFORMATION 
FOLLOWING CALLOSAL SECTION 

399 

A nalys is of poss ible collicul ar function was carried out o n case B.H ., a 34 
yea r o ld woma n who had unde rgone surge ry for an A VM in the right 
occipita l lobe. Postope rati ve ly she had a de nse left homonymous he mi anopia. 
She performed quite accurate ly whe n required to localize targe ts in her 
perceptuall y intact ri ght visual fi e ld , whereas he r pe rformance did not exceed 
cha nce levels fo r eye moveme nts into he r pe rceptuall y blind left visual fi e ld . 
T hus, the re is no evide nce th at these ta rgets could be loca lized in a visual 
fi e ld re nde red blind by occipital damage eve n though he r supe rio r colliculus 
re ma ins e ntire ly intact. Therefore, the loca lization of visua l stimuli in the 
ipsil a te ra l he mifie ld appears to require intact occipital co rtices. 

T his kind of observa tion suggests that , co ntrary to monkeys, in humans 
simple spati al information canno t be ma naged by an intact co llicula r (or 
other midbra in) system in the absence of normal input from visual cortical 
a reas. Cross-integration of such info rmation is only possible whe n midbrain 
structures remain connected to co rti ca l processes, as is the case in the split
bra in pati e nt. 

INDIVIDUAL VARIATION IN LATERAL SPECIALIZATION 

It has been we ll established fo r dozens of yea rs that language processes can 
sometimes be managed in the ri ght hemisphere. While the left he misphere 
is usua ll y responsible for language, as has been established most e legantly 
by Milne r , there ca n be some va riation in this patte rn as evidence by these 

Fig. 6- T he uppe r exa mple de picts th e spa ti a l tests. On within -fie ld tri a ls (a) the 
eye moved to the stimulus th at was surro unded by the pro be. o n be twee n-fi e ld 
tr ia ls. and (b) the eye moved to the correspond ing stimulus in th e ot he r he mifi e ld . 
Each matr ix of 4 ··x··s subte nded 2X2 degree of visual angle: the nea res t edge of 
eac h matrix was 1.5 degree fro m the ver ti ca l me ridi an . On each t ria l th e ve rtica l 
offse ts of the matrices v;ri ed rando ml y in I deg ree steps. so th a t the ve rtica l positio ns 
of the mat ri ces we re unpredictab le fro m tria l to tri a l. 

The lowe r exampl e depicts the pe rce ptua l tests. On the within- field tri a ls (a ) the 
p robe appeared cente red in o ne of the a rrays and the eye moved to the co rrespo nding 
st imul us in th e fi e ld in which the pro be appea red , on be twee n-fie ld tri a ls . and (b) 
the eye moved to the co rrespo nd in g st imulus in the opposite fi e ld . Each matrix of 
4 fig ures subte nded 2X2 degree of visual angle: each fig ure within a matrix subte nded 
approx imate ly 0.25 degree of visual angle . T he nearest edge o f each matri x was 
1. 5 degree fro m the ve rtical meri d ian . The matri ces we re a lways positi oned 
symmet rica ll y about th e ho rizo nta l and ve rtical me ridi ans. On each tri a l. th e 4 
fig ures in each matri x we re rando ml y shuffled so tha t the positio n o f a pa rticul a r 
figure was un predictab le from tri a l to tria l. 
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right hemisphere cases (Milner et al. 1962) . In this context , it should come 
as no surprise that the cortical lateralization of other mental and cognitive 
skills might also vary . Additionally , in recent years there has been much 
evidence from cognitive psychology that mental processes are made up of 
components and that these components have identifiable and localized brain 
processes associated with them (Gazzaniga 1985) . Gaining evidence for this 
view is a frequent endeavor when studying patients whose cortical 
commissures have been sectioned. In the present study , a task requiring a 
sequencing capacity was studied in two patients , J. W. and V. P. 

In brief, subjects were presented with two 9-cell grids , one prese nted to 
each half visual field. On any given trial, a series of four of the nine cells 
was briefly highlighted with an "X" in pseudorandom order. After the 
stimulus sequence terminated, the subject was required to point with the 
hand , ipsilateral to the field of presentation, to each highlighted cell in the 
sequence presented. Thus , a stimulus appearing in the left field was 
responded to by the left hand and a stimulus appearing in the right field 
was responded to by the right hand (Fig . 7) . 

Case J. W. could perform the task with his left hemisphere but not his 
right. Case V. P., however , performed the task with her right hemisphere 
but not her left. This variation in hemispheric superiority on the task 
underlines how the overall cognitive composition of each hemisphere can 
vary . Additionally , the presence of one kind of skill does not necessarily 
predict the presence of another. This sequencing task was originally 
administered with the view that it might be a basic task that would correlate 

I :lxU · Stimulus 

• Response 

Fig. 7- Sequencing task. A sequence of four of nine cells is illuminated in eithe r 
the left or right visual field. The task is to retrace the sequence by pointing with 
the hand ipsilateral to the field stimulated. 
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with the left hemisphere 's superior linguistic skills. Clearly, the capacity for 
reproducing sequences functions independently of those processes . 

EVIDENCE OF HI-HEMISPHERIC INVOLVEMENT IN 
SPECIALIZED SKILLS 

Over the past 25 years of split-brain research it has been difficult to isolate 
what the potential costs to cognition might be by dividing the human cerebrum . 
Many earlier studies have shown there is no change in reaction time response 
to simple discriminations (Gazzaniga and Sperry 1966), in the capacity to 
form hypotheses (LeDoux et al. 1977); or in verbal IQ (Campbell et al. 
1981). There have been some reports that negative effects can be registered 
on memory function (Zaidel and Sperry 1974), while others have not 
confirmed this concern (LeDoux et al. 1977). There is data that hemispheric 
disconnection actually allows each half brain to function without perceptual 
interference from the other and thereby confers on the whole brain a 
supernormal capacity to apprehend perceptual information (Holtzman et al. 
1984). Taken together, while most prior studies have been carried out in 
the context that each half brain is an independently functioning system that 
operates no differently when separated than when connected, new studies 
are beginning to challenge this original view. The old working assumption 
was based on the kind of behavioral profile seen in the split-brain cases 
that possess language in each hemisphere. In this highly select and small 
group of subjects, each hemisphere seemed capable of responding in its 
own way to a wide variety of stimuli. 

But then there are the other cases where right hemisphere performance 
after surgery was poor to nonexistent. The question became whether such 
patients possess right hemisphere skills at all, or are those skills merely 
"locked in" after disconnection from the dominant left half brain. It is 
assumed that the perceptual capacity and engrams are there but there is no 
ability to operate on the perceptual capacity. We plan a large study on this 
issue and are encourgaed by some early results. Consider cases E.B ., D .R., 
and L.L. Each is different. 

Prior to split-brain surgery case E.B . was administered a number of tests 
including the nonsense wire figure test of Milner and Taylor (1972). This 
task is believed to tap into right hemisphere specialized systems. Case E.B. 
was able to perform the task with either hand when the objects were 
presented out of view. Her intact callosum appeared to assist in distributing 
the information arriving in her left brain from the right hand, over to the 
specialized system in the right hemisphere. At least, that is how we have 
come to think about these kinds of things . 

After the posterior half of the callosum was cut, E.B. was unable to name 
objects placed in the left hand in typical split-brain fashion. The fibers 
crucial for the interhemispheric transfer of tactile information had been 
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severed and as a result the right hand knew what the left did not. E .B. also 
proved to be without right hemisphere language . While she was able to find 
points of stimulation on the left hand by touching them with the left thumb , 
thereby demonstrating good right hemisphere cortical somatosensory function 
as already described , she was unable to retrieve with her left hand an object 
named by the examiner. This task is managed easily by patients with right 
hemisphere language . Most importantly , however, E .B. could no longer 
perform the wire figure task with either hand. 

Since E.B. could perform the task preoperatively it seems clear that the 
right hemisphere has the capacity to contribute to solving this kind of task 
when it is connected to the left. Disconnected from the left , it appears 
unable to function. Performance on this task with both hands was greatly 
impaired. As already mentioned, this kind of finding suggests the left 
hemisphere may normally contribute certain executive functions to specialized 
systems in the right brain. What was thought to be one integrated system , 
that is, the capacity to carry out these nonverbal tasks is actually the product 
of the interaction of at least two systems , each located in a different brain 
area . 

The same general finding was seen in the pre-versus postoperative scores 
on the Block Design test for E.B . as well as two other patients: cases D.R. 
and L.L. This test is considered to be a right hemisphere task although 
there are also several reports suggesting left hemisphere damage can cause 
deficits in performance of the task . Both patients underwent full callosal 
section . Case L.L. had a right temporal lobe resection prior to the callosal 
surgery , carried out in an effort to control his epilepsy. His callosal surgery 
was done in two stages. Case D.R. , a 39 year old woman , had her surgery 
carried out in one operation. Prior to surgery , each patient 's performance 
on the Block design subtest of the WAIS was fast and accurate , and well 
within the normal range . The preoperative tests were done with the right 
hand. Postoperatively , neither the left nor the right hand of either subject 
could perform the task with ease. The time needed to solve the simpelst 
patterns doubled and completion of the more difficult patte rns became 
impossible . Case L.L. revealed no other right hemisphere function except 
for the capacity to locate with the left hand a point of light flashed in the 
left visual field. He was unable to carry out the simplest pictorial or verbal 
match-to-sample test with the right hemisphere . Yet , it appears that 
preoperatively the right hemisphere, when connected to the left participated 
in the solving of the block design problem. Also , since the postoperative 
scores for the left hemisphere were down , the left hemisphere obvio usly 
benefited from processes located in the right half brain . 

Case D .R. had a more responsive right hemisphere. She was able to ca rry 
out match-to-sample tasks for lateralized visual but not verbal stimuli . Yet , 
when two geometric shapes were presented sequentially to the right 
hemisphere , she was unable to make a same/different judgment , the reby 
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indicating he r right hemisphe re was not capable of simple problem solving. 
A t the same time, the re is some evidence that D .R 's right hemisphe re 
understands some simple nouns. Yet , even with the far greater capacity to 
process info rmation within the right brain , neither the left hand nor the 
right could pe rform the block design test as well as the right hand had 
pe rfo rmed it preoperative ly. He re again we see evidence that the normal 
contribution of the right hemisphe re to solving such tasks can be realized 
only whe n it is connected to the left. And again , the left hemisphere was 
also benefiting from the right brain prior to the operation. 

For future surge ries, a more comprehensive pre- and postoperati ve battery 
of tests is planned. However , when the evidence to date is analyzed it 
suggests that dissociable facto rs are active in what appear to be unified 
mental acti vities . In short , one can begin to envision "executive controllers" 
acti ve in manipulating the data of specialized processing systems. These 
contro lle rs normall y tend to be late ralized in the left brain , and when the 
right brain becomes isolated from the ir influence its specific functions 
become hard to detect. 

SUMMARY 

Sectioning the ce rebral commissures fo r the control of epilepsy in humans 
has proved benefi cial to bo th the patient and to science. Complete section 
of the commissure pe rmits individua l examination of each separate half 
bra in. When fibe rs of the ca llosum a re spared , e ither by des ign o r 
in adve rtently, examination of how specific these cortical routes are in the 
kinds of functional information they transmit is possible. Studies in both 
these domains reveal variation in lateral specialization. Late ralized processes 
are sometimes in the left brain , sometimes in the right , and sometimes both 
half brains see m acti ve in supporting a particular function via the corpus 
callosum . A dditionally, the ca llosum appears to be highly specific in the 
kinds of info rmation it encodes. 
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