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The Role of the Corpus Callosum in Interhemispheric
Transfer of Information: Excitation or Inhibition?

Juliana S. Bloom!*3 and George W. Hynd2

The corpus callosum is the major neural pathway that connects homologous cortical areas of the
two cerebral hemispheres. The nature of how that interhemispheric connection is manifested is the
topic of this review; specifically, does the corpus callosum serve to communicate an inhibitory or
excitatory influence on the contralateral hemisphere? Several studies take the position that the corpus
callosum provides the pathway through which a hemisphere or cortical area can inhibit the other
hemisphere or homologous cortical area in order to facilitate optimal functional capacity. Other
studies suggest that the corpus callosum integrates information across cerebral hemispheres and thus
serves an excitatory function in interhemispheric communication. This review examines these two
contrasting theories of interhemispheric communication. Studies of callosotomies, callosal agenesis,
language disorders, theories of lateralization and hemispheric asymmetry, and comparative research
are critically considered. The available research, no matter how limited, primarily supports the notion
that the corpus callosum serves a predominantly excitatory function. There is evidence, however, to
support both theories and the possibility remains that the corpus callosum can serve both an inhibitory

and excitatory influence on the contralateral hemisphere.
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INTRODUCTION

The corpus callosum is the largest neural pathway
that connects the two cerebral hemispheres in mammals.
Consisting of between 200 and 800 million axon fibers
(Banich, 1995a), the primary function of the corpus cal-
losum is to provide a connection between homologous
cortical areas. Exactly how that connection is functionally
manifested is the topic of this review. Although most re-
searchers believe that the corpus callosum plays an impor-
tant role in the development of hemispheric asymmetry,
the question remains as to whether the corpus callosum
exerts an inhibitory or excitatory influence on interhemi-
spheric communication. A number of studies suggest that
the corpus callosum provides the pathway through which
each hemisphere can inhibit the other in order for one
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function to predominate. Other studies suggest that the
corpus callosum serves an excitatory function and inte-
grates information from both cerebral hemispheres. This
review examines what we know about the function of the
corpus callosum through studies of callosotomies, cal-
losal agenesis, language disorders, theories of lateraliza-
tion and hemispheric asymmetry, and related comparative
research.

The nature and function of the corpus callosum has
long been of interest. Not only is it an evident structure that
visibly connects the two hemispheres, but also alterations
in this structure are frequently noted in psychiatric and
developmental disorders. For example, abnormalities in
the size of the corpus callosum have been found in pa-
tients diagnosed with schizophrenia, autism (Egaas et al.,
1995), mental retardation (Schaefer and Bodensteiner,
1999), Down’s syndrome (Wang et al., 1992), Attention
Deficit Hyperactivity Disorder (Lyoo et al., 1996), devel-
opmental dyslexia (Duara et al., 1991; Hynd et al., 1995),
and developmental language disorders (Preis et al., 2000).
It is possible that abnormalities in cortical areas, found in
all these disorders, might be related to abnormalities in the
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size of the corpus callosum. In fact, deviant asymmetry of
cortical areas, possibly related to callosal abnormalities,
has been found in developmental dyslexia (Geschwind
and Galaburda, 1985; Hynd et al., 1995) and specific lan-
guage impairment (Shafer et al., 2000). The wide range
of disorders in which callosal abnormalities are found
underscores the importance of understanding the basic
nature of the development and function of the corpus
callosum.

THE CORPUS CALLOSUM

Callosal fibers are first found in human embryos at
10-11 weeks of gestation, and by 12-13 weeks a rudi-
mentary callosal plate can be seen (Gilles et al., 1983).
The corpus callosum first enlarges caudally then develops
rostrally. Myelination occurs relatively slowly over the
lifespan, with the process completing in puberty (Hellige,
1993). Myelination progresses caudally to rostrally, much
as the corpus callosum develops, from the splenium to the
genu and rostrum (Hynd et al., 1995).

It is recognized that the corpus callosum provides a
connection between homologous cortical areas (Hellige,
1993). Anterior areas of cortex are connected through
more anterior pathways; the same holds true for posterior
areas, etc. (Banich, 1995a). The most anterior portion of
the callosum is the genu, which connects the prefrontal
cortices on either hemisphere. The middle portions of the
corpus callosum, connect motor and somatosensory re-
gions. The caudal part of the body of the corpus callosum
connects cortex from the temperoparietal-occipital junc-
tion, as do portions of the splenium, the most posterior
section of the corpus callosum. The splenium also con-
nects dorsal parietal and occipital regions (Banich, 1995a;
Hellige, 1993) (Fig. 1).

There are two types of fibers in the corpus callosum.
Large diameter fibers mediate sensory-motor coordina-
tion whereas small diameter fibers connect association
areas. The small diameter fibers are more numerous and
individual differences in callosal size have been shown to
be a reflection of the small diametered type. It is these
small diametered fibers that are thought to be important in
maintaining the balance between excitation and inhibition
in the cerebral hemispheres (Yazgan et al., 1995).

Many have assumed that the corpus callosum func-
tions as a unitary body; this assumption, however, is not
necessarily valid. Banich (1995a) suggests that “different
types of information are sent over different sections of the
corpus callosum” (p. 431) and concludes that the callosum
is not a unitary body, but rather a collection of pathways
with the ability to act independently. Distinct areas exist
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Fig. 1. A mid-sagittal slice of the brain. The area containing the corpus
callosum, the large white C-shaped structure, is outlined.

which vary depending on the cortical destination and
the degree of myelination of the fibers. If “function fol-
lows form, then there are a variety of callosal functions”
(Chiarello, 1995, p. 177) and a variety of ways in which
interhemispheric communication can take place. These
ideas are interesting and challenge the concept that the
corpus callosum serves the sole function of “uniting” the
cerebral hemispheres. Research exploring these concepts,
however, is frought with challenges.

Considerations Regarding Research
on the Corpus Callosum

Examining the function of the corpus callosum re-
quires consideration of some assumptions and method-
ological problems, as pointed out by Banich (1995a). It
has been assumed in much of the literature that the size
of the callosum correlates positively with the number of
nerve fibers. Unfortunately, this is not necessarily true.
A lack of correlation between callosal size and the num-
ber of fibers has been found in rats and rhesus monkeys
and results for humans are ambiguous (Banich, 1995a).
Thus, one cannot assume that a larger callosum necessar-
ily indicates a greater number of nerve fibers. This finding
greatly complicates drawing conclusions about how cal-
losal size correlates to function. Does a larger callosum
mean more interhemispheric connections, as is typically
assumed? This assumption is not supported by research
at this time. Most of the articles reviewed for this work,
however, assume callosal size to be directly related to the
number of interhemispheric connections. This is a limit
of the literature in this field and therefore of this review of
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the literature. If possible, future research into the corpus
callosum needs to utilize a more direct measure of con-
nectivity other than callosal size, such as a measure of the
number of nerve fibers.

It is also important to keep in mind that although
the corpus callosum is the primary axonal pathway con-
necting the two cerebral hemispheres, subcortical com-
missures also exist. The anterior commissure connects
the hemispheres at the lateral striatal ridge, the region
of the amygdala, at 8—10 weeks’ gestation (Gilles et al.,
1983). At 10-11 weeks, a clear-cut hippocampal commis-
sure is found. Studies of patients with commissurectomies
have demonstrated that the integration of some aspects
of spatial attention and emotional information can occur
without cerebral commissures (Sperry et al., 1979), and
it is presumed this transfer of information occurs with
the subcortical commissures. Both of these structures de-
velop before the corpus callosum, and likely exist as an
interhemispheric pathway in both so-called “split-brain”
and callosal agenesis patients. The existence of additional
commissures in the brain is an important confound in
these studies and an important aspect to consider when
examining the role of the corpus callosum in interhemi-
spheric transfer of information. Although the corpus cal-
losum may mediate these commissures when intact, it
is important to the validity of future studies to research
the possible roles of subcortical commissures (Hellige,
1993).

Asymmetry

Research into the possible functionality of the cor-
pus callosum is grounded in research on lateralization of
function. The theories of callosal function outlined in this
review are based on the idea that the two cerebral hemi-
spheres are not identical either at an anatomic or functional
level. The role of the corpus callosum in asymmetrical
processing of information and possibly the development
of anatomic asymmetries is the subject of this work. A
brief discussion of what anatomic asymmetries exist is
therefore warranted.

Anatomic Asymmetry

Asymmetry has been found in fossil skulls of early
hominids (Corballis, 1983). LeMay (1984) found that a
Neanderthal fossil skull showed asymmetry of the Sylvian
fissure comparable to modern-day humans (Galaburda,
1995). The fossil skulls of Australopithecines, Homo ha-
bilis and Homo erectus have all shown asymmetry in the
perisylvian cortex. In addition, right-handedness has been
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postulated in the early hominids based on evidence that
their prey were killed by blows to their left side as if by
right-handed attackers and that their tools were more worn
on the right side (LeMay, 1984).

There is little doubt that anatomic asymmetries of
the brain occur in modern humans and other animals
(Galaburda, 1995). Although a great deal of individ-
ual variation occurs, certain asymmetries are consistently
found in most human brains. These asymmetries are found
at a gross morphological level and at a cellular level. For
example, the right frontal lobe is typically larger than
the left, whereas the left temporal lobe is typically larger
than the right (Hellige, 1993). The right hemisphere has
a greater level of myelination compared to the left hemi-
sphere (Buono, 1997). It is in the relative sizes of certain
brain structures, however, particularly those related to lan-
guage, that most morphological asymmetries occur. These
areas include the planum temporale, Sylvian fissure, and
inferior frontal cortex, which contains Broca’s area.

Broca’s area is demonstrably bigger in the left hemi-
sphere, although a great deal of individual variability
exists (Galaburda, 1995). The Sylvian fissure, which
borders this inferior frontal area, is more sharply curved
upwards and longer in the left hemisphere (Hellige,
1993; LeMay, 1984). This allows for the larger temporal
lobe in the left hemisphere. The bulk of language and
lateralization research, however, has been focused on
the planum temporale. In a seminal study, Geschwind
and Levitsky (1968) reported their findings on the
asymmetry of the planum temporale, an area that contains
auditory association cortices and is thought to be very
important in language. Of 100 postmortem brains, 65%
of the sample showed a longer left planum temporale,
11% showed a longer right planum temporale, and the
remaining 24% were symmetrical. These results were
highly significant, replicated by numerous subsequent
studies (Hynd et al., 1990; Larsen et al., 1990), and have
led to much speculation and research on the role of this
structure in language lateralization (Galaburda, 1995).

These anatomic asymmetries are relatively consis-
tent across individuals and might provide the structural
basis for the numerous functional differences in the hemi-
spheres. It is important to remember, however, that the
two hemispheres are much more the same than they are
different. As Galaburda stated, “there appears to be no
structure or chemical constituent that is present in one
hemisphere and not the other” (Galaburda, 1995, p. 52).

Functional Asymmetry

Asymmetry at a structural level is expressed in
asymmetries in function. Neurobiological asymmetries
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found in the language areas of the brain have been
related to lateralization of language function in imag-
ing studies (Larsen et al., 1990; Shaywitz et al., 1995),
demonstrating that a connection between anatomic and
functional asymmetries exist. Furthermore, Hughlings
Jackson’s notion that the left hemisphere is special-
ized for linguistic functions and the right hemisphere
for processing perceptual information has been validated
by split-brain studies and is now generally accepted
by the scientific community (Hellige, 1993; Lassonde,
1986).

One of the most widely researched of these func-
tional asymmetries is handedness. Humans are over-
whelmingly right-handed, and there is little question
that this preference is genetically determined (Lezak,
1995). Between 95.5 and 99.67% of right-handers have
left hemisphere language representation (Lezak, 1995),
and a much higher percentage of left-handed people
display language dominance in the right hemisphere
than right-handed people. In addition, despite consid-
erable confusion in the literature due to methodolog-
ical issues, it is reasonable to conclude that there is
a slightly higher incidence of nonright handedness in
disabled readers than the overall population (Beaton,
1985).

These two observations led to the theory that reading
disabilities are in part due to incomplete cerebral domi-
nance. If this is the case, the corpus callosum might play
arole in the development of such incomplete dominance
because hemispheric asymmetry develops in part as a re-
sult of interhemispheric connections (Hellige, 1993). The
possible role of the corpus callosum on the development
of both lateralization of function and possible anatomical
correlates will be examined shortly.

Another example of functional asymmetry has been
shown by the specialization of each hemisphere for certain
auditory stimuli, as has been shown in studies using the
dichotic listening task. In dichotic listening, competing
auditory stimuli are presented to both ears simultaneously.
When asked to repeat what they have heard, subjects with
left-hemisphere language lateralization are more accurate
in reporting verbal information presented to the right ear
(Bryden, 1988). This right-ear advantage has been taken
as evidence for the specialization of language to the left
hemisphere. A left-ear advantage has been shown to ex-
ist for nonverbal sounds, such as music, suggesting that
these sounds are more efficiently processed by the right
hemisphere (Bryden, 1988).

Although it is widely recognized that anatomic and
functional asymmetries exist, the question remains as to
whether or not the corpus callosum contributes its own
influence on the lateralization of function.

Bloom and Hynd

THE POSSIBLE FUNCTIONS
OF THE CORPUS CALLOSUM

Historical Perspectives

Despite the fact that the corpus callosum is the largest
fiber tract in the brain, its possible functions were not
widely studied until recently (Chiarello, 1995). Uncer-
tainty has surrounded the function of the corpus callo-
sum since the nineteenth century, when psychiatrists and
neurologists were debating the double-brain hypothesis,
the notion that the two sides of the brain function in-
dependently. Supporters of this position believed that a
unified consciousness was achieved through callosal con-
nections. The case studies of that time, however, did not
support this conclusion; patients afflicted by callosal le-
sions did not show any “split” in personality or conscious-
ness (Chiarello, 1995). Researchers continued to question,
however: if unified consciousness is not achieved via the
largest bundle of fibers connecting the separate cerebral
hemispheres, how is it achieved?

The discoveries of Dax and Broca concerning left
hemisphere dominance for language caused other re-
searchers to theorize that the left hemisphere was dom-
inant for all functions. Hughlings Jackson referred to
the left hemisphere as the “dominant” and “leading” one
and the right hemisphere as “nondominant” and “minor”
(Corballis, 1983). At this point in history, the degree and
role of interhemispheric communication in cerebral dom-
inance was largely unexplored.

The twentieth century saw the emergence of another
theory of cerebral lateralization. Based on his finding from
clinical studies that the left hemisphere is essential for vol-
untary motor movements on both sides of the body, Hugo
Liepmann postulated that the corpus callosum served as
the conduit through which the left hemisphere exerts con-
trol over the right hemisphere. Left brain domination had
been theorized before, but Liepmann expanded the theory
to include this new view of function of the corpus cal-
losum. This view was not held by all researchers of the
time, however. In fact, it was jokingly suggested a few
decades later that the sole function of the corpus callosum
was structural, namely to prevent the hemispheres from
sagging (Lashley, 1929, as reported in Beaton, 1985).

The latter half of the twentieth century saw a reemer-
gence of brain laterality research, driven in part by ani-
mal research and the practice of callosotomy (Harrington,
1995). In the 1950s and 1960s, Myers and Sperry demon-
strated the crucial role of the corpus callosum in the trans-
fer of information between hemispheres through animal
studies (Myers and Sperry, 1953; Myers, 1960; Sperry,
1958; Sperry et al., 1956). Later, many epileptic patients
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Fig. 2. Expected changes to corpus callosum size as the hemispheres becomes more lateralized according to the
theories of inhibition and excitation.

were treated with callosotomy, or the severing of the
corpus callosum. This procedure was done to prevent
intractable seizures from spreading to the other hemi-
sphere in the hopes that it would lessen the severity of the
seizures. These “split-brain” patients have been exten-
sively studied by Sperry and other researchers to deter-
mine the role of the corpus callosum in various cognitive
tasks (for reviews of this literature see Gazzaniga, 2000;
Sperry, 1974). Work with split-brain and intact monkeys
also contributed to the notion that the corpus callosum is
integral for interhemispheric transfer (Hellige, 1993).

Current Thought on Callosal Function

There is little question that the corpus callosum per-
mits interhemispheric transfer of information, but the na-
ture of how this occurs is under dispute. In the 1990s,
the two contrasting theories of interhemispheric interac-
tion were debated in the literature. Some believed the
corpus callosum serves an excitatory function, integrating
information across hemispheres; others postulated that the
corpus callosum serves as an inhibitory pathway.

Indiscussing this issue, it is important to keep in mind
the difference between inhibition at a neural level versus a
functional level. Excitation at a neural level simply means
that an increase in the firing rate of a neuron causes the
neuron on which it synapses to increase in firing as well.
Inhibition, conversely, occurs when an increase in the fir-
ing rate of one neuron causes the neuron that it synapses
upon to decrease firing. These differences are primar-
ily due to neurotransmitter and receptor differences. In-
hibitory neural connections are much more common in
the brain than excitatory connections due to the fact that
GABA, the most common neurotransmitter in the brain,
is almost exclusively inhibitory (Smock, 1999). Both
inhibitory and excitatory messages have been demon-
strated to travel through the corpus callosum (Lassonde,
1986).

Excitation versus inhibition is more difficult to ascer-
tain at a functional level, but Hellige (1993) defines it with
respect to the corpus callosum as “whether processing

that involves specific regions of one hemisphere tends to
activate or suppress processing in similar regions of the
other hemisphere” (p. 173). It is important to understand
that although connections between inhibition and exci-
tation at the neural and functional level may exist, they
are not mandatory. For example, a connection may excite
a group of neurons that inhibit another region, causing
an overall effect of inhibition. Thus, our interpretations
between inhibition and excitation from the neural to the
functional level must be cautious (Hellige, 1993). Un-
less otherwise specified, in this work we will be dis-
cussing inhibition and excitation at the functional level
(Fig. 2).

The validity of these two theories is best explored
by examining callosal size compared to functional and
anatomic laterality. In the case of the theory of inhi-
bition, if a larger corpus callosum can be expected to
transfer more inhibition and functional laterality is ac-
complished by inhibiting the contralateral hemisphere,
the size of the corpus callosum would be expected to
increase as asymmetry increases (Yazgan et al., 1995).
If the theory of excitation is correct, the size of the cor-
pus callosum would be expected to decrease as laterality
increased.

Theories of Inhibition

The theory that the corpus callosum inhibits activity
between hemispheres has been postulated by a variety
of researchers, including Cook (1984), and Kinsbourne
(1975), in many different forms. All of these theories
state that the corpus callosum aids in the development of
hemispheric asymmetry by providing a pathway through
which one hemisphere can inhibit the other to dominate a
given function (Hellige, 1993; Lassonde, 1986) (Tables 1
and 2).

Cook outlined the homotopic inhibition theory in
1984. This theory postulates that the corpus callosum con-
nects homologous areas of the cerebral hemispheres in an
inhibitory manner, and those areas connect to neighbor-
ing areas in the cortex in a mutually inhibitory fashion
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Table 1. Evidence Supporting the Theory of Inhibition
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Study

Subjects

Method

Results

Banich and Belder (1990)

Clarke et al. (1993)

Denenberg et al. (1986)

Dennis (1976)

Hynd et al. (1995)

Normal human adults

Normal human adults

Rats

Two congenitally acollosal
patients, ages 14 and 21
years

Children with dyslexia and
matched control subjects

Lexical-decision tasks

Dichotic listening tasks,
Magnetic Resonance
Imaging

Severing of the corpus
callosum

Tactile discrimination and
intermanual transfer tasks

Magnetic Resonance Imaging
scans were obtained and
correlated with diagnostic
group

Each hemisphere processed the
information independently
1. CC size unrelated to laterality

2. CC size negatively correlated with
ear accuracy

Resulted in an increase in muricide,
showing the inhibition is mediated
through the CC.

Inhibitory action of the CC is
essential during ontogeny.

1. The genu of the CC was smaller in
dyslexic children

2. Genu and splenium size were
significantly correlated with reading
achievement

(Cook, 1984). Hellige (1993) summarizes Cook’s theory
by stating:

Adjacent areas within a hemisphere are connected in a
mutually inhibitory manner, in something of a center-
surround fashion. As a result, when a small cortical
area in one hemisphere is inhibited (e.g., by callosal
fibers activated by the homologous area in the opposite
hemisphere), the immediately surrounding area becomes
more active. Thus, the corpus callosum tends to produce
mirror-image patterns of activation and inhibition in the
two hemispheres. (p.174)

This view is contrasted with other more standard theories
of commissural transfer of information, which suppose

that activity in one hemisphere will be duplicated in the
homologous area of the other hemisphere. In Cook’s the-
ory, however, activity in one hemisphere will reduce ac-
tivity in the homologous area in the other hemisphere
(Chiarello, 1995; Cook, 1984). Lateralization of func-
tion ensues from this inhibition, and Cook also theo-
rizes that hemispheric asymmetry develops via callosal
inhibition (Chiarello, 1995; Cook, 1984), which leads the
two hemispheres to become dominant for complementary
functions.

Kinsbourne (1975) proposed a slightly different
theory for the purpose of the inhibitory function of
the corpus callosum. In this view, activation in one

Table 2. Evidence Against the Theory of Inhibition

Study

Subjects

Method

Results

Chiarello et al. (1995)

Olk and Hartje (2001)

Watson et al. (1984)

Normal human adults: 192
college students

Normal human adults: 20
female and 20 male college
students

Two stump-tailed mazaques

Prime-target stimulus onset
asynchronies were used to
obtain equivalent priming of
subordinate meanings over
visual fields

Lexical decision task with
unilateral and bilateral
stimulation and response with
the right or left hand

Ablation of the frontal arcuate
gyrus alone or several months
after CC transection

Initial right hemisphere activation of
subordinate word meanings is not due to
homotopic callosal inhibition

Response time to visual stimulation in adults
inconsistent with inhibition of callosal
information

1. Neglect was significantly worse in
subjects with a CC transection

2. The authors concluded that the cerebral
hemispheres may be mutually excitatory or
compensatory
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hemisphere tends to cause a decrease in the activation of
the other hemisphere, and this asymmetry of activation is
mediated by the corpus callosum. The two hemispheres
are in a constant mutually inhibitory relationship with
each other. Also included in this theory is the notion
that the corpus callosum serves as an “inhibitory barrier”
between the hemispheres to prevent maladaptive cross
talk between the hemispheres for which a given function
is dominant (Kinsbourne, 1975, 1982; Kinsbourne and
Hiscock, 1977).

Kinsbourne’s ideas relate to another theory of inter-
hemispheric processing - that of metacontrol. In meta-
control, information presented to both hemispheres is
taken control of by one dominant hemisphere (Banich,
1995a). In language, for example, the dominant left hemi-
sphere would exert an inhibitory influence on the nondom-
inant right hemisphere so that the dominant hemisphere
would control the processing. Metacontrol was theorized
from studies of patients who had undergone callosotomies
based on the observation that one hemisphere dominated
responding, regardless of whether or not it was the hemi-
sphere specialized for the task (Banich, 1995a).

Evidence Supporting the Theory of Inhibition

There is some evidence to support the theory of an
inhibitory function of the corpus callosum. It is some-
times the case that the hemisphere that receives a stim-
ulus carries out all the processes necessary to respond
to it even with an intact callosum. In a series of lexical-
decision tasks where the stimulus was presented to either
but not both hemispheres, each hemisphere processed the
information independently, including the final decision
if the stimulus was a word or a nonword (Hellige, 1993).
Banich and Belder’s (1990) experiment demonstrated that
the hemispheres divide processing for complex tasks, ei-
ther by working in parallel or performing two distinct
actions simultaneously. Thus, it is possible that the cor-
pus callosum is inhibiting connections between the two
hemispheres to allow for more efficient intrahemispheric
processing.

Further evidence to support the theories of inhibition
comes from dichotic listening research. As has been noted,
in the dichotic listening paradigm, two contradictory
pieces of information are presented simultaneously into
each ear. The ears send projections to both the ipsilateral
and contralateral hemispheres, though the connections to
the contralateral hemispheres are stronger and faster than
connections to the ipsilateral pathways (Bryden, 1988).
Thus, subjects with a right-ear advantage for verbal in-
formation processing have this advantage because the in-
formation sent to the left-hemisphere language centers
overpowers the information sent to the right-hemisphere
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via less efficient and less powerful projections. But why
do these subjects not become confused by the contra-
dictory input? The corpus callosum might play a role in
inhibiting the interhemispheric processing occurring dur-
ing dichotic listening. In this particular case, the corpus
callosum might block information from the right auditory
cortex to the left auditory cortex so that instead of work-
ing together, those two cortical areas do not communicate
contradictory information to one another.

Despite these studies, evidence directly supporting
either Cook’s or Kinsbourne’s theories has been scarce.
Chiarello et al. (1995) did not find evidence to support an
inhibitory role of the corpus callosum in a study specifi-
cally designed to test Cook’s homotopic inhibition theory.
In this study, 192 right-handed college students were pre-
sented with verbal stimuli in a prime-target fashion using
onset asynchronies. Equivalent priming of subordinate
meanings over visual fields was obtained. The authors
suggest that this data rules out Cook’s homotopic inhi-
bition as the mechanism by which initial activation of
subordinate meanings occurs and challenges the theory in
general (Chiarello etal., 1995). While this is the only study
designed specifically to test Cook’s theory, the physiolog-
ical evidence substantiating the inhibitory action of the
corpus callosum is also scarce (Lassonde, 1986). It must
be considered, however, that these theories are relatively
new and few paradigms have been carried out with the
idea of explicitly testing them (Chiarello et al., 1995).

Theories of Excitation

Many other researchers focus on the corpus
callosum’s excitatory role in interhemispheric processing
(Galaburda, 1984; Galaburda et al., 1990a, 1990b;
Lassonde, 1986), which was suggested by Sperry in
1962 and developed by Berlucchi in 1981 and 1983
(Cook, 1984). The belief is that the corpus callosum
enforces integration of cerebral processing between
the two hemispheres (Galaburda and Geschwind,
1984; Lassonde, 1986; Lezak, 1995) and activates the
unstimulated hemisphere (Yazgan et al., 1995). Support
for the excitation hypothesis includes the effectiveness of
callosotomy in treating intractable epilepsy, evidence that
corpus callosum size is increased in individuals capable
of completing demanding tasks, evidence that corpus
callosum size in individuals with greater behavioral
laterality is reduced, and evidence that corpus callosum
size in developmental dyslexia is reduced.

Although initially a supporter of the theory of cal-
losal inhibition, in recent years Kinsbourne has con-
tributed to the body of evidence that supports the theory of
callosal excitation in that he and his colleagues have found
evidence that the corpus callosum plays an excitatory role
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during certain cognitive tasks (Yazgan et al., 1995). In
this study, 11 adult, right-handed subjects (nine men and
two women) participated in neuropsychological testing
and a structural MRI scan. Performance on measures of
behavioral laterality (dichotic listening, line bisection, and
turning bias tests) was significantly negatively correlated
with corpus callosum size. Specifically, behavioral later-
ality increased as the corpus callosum became smaller.
The authors suggest that the relationship between callosal
size and outcomes on tests of laterality “suggest that the
corpus callosum plays an excitatory role when subjects
perform these tasks” (Yazgan et al., 1995, p. 769). This
evidence supports the theory of functional excitation, as
one would expect laterality to be inversely correlated with
corpus callosum size.

Other supporters of the excitation hypothesis,
Galaburda and Geschwind (1984), postulated that more
symmetric brains have stronger interhemispheric connec-
tions, suggesting that the development of asymmetry is
related to a lack of excitatory connections between the
hemispheres. This would suggest that greater asymmetry
would be associated with a smaller corpus callosum, as has
been suggested by other researchers (Hopkins and Rilling,
2000; Preis et al., 2000). If this theory is correct, the size
of the corpus callosum should be smaller in individuals
with greater functional asymmetry, which is associated
with greater language ability. This has been shown to be
true in primates and cetaceans as will be discussed later in
this review. However, at this point it is appropriate to focus
on reading disabilities as a way to explore this theory of
callosal excitation.

Developmental Dyslexia, Functional Asymmetry,
and Corpus Callosum Size

The corpus callosum certainly plays an important
role in language in the intact brain, as language is
an extremely lateralized behavior, especially in males
(Shaywitz et al., 1995). The degree to which the lan-
guage areas of the brain are asymmetric distinguishes
dyslexic from nondyslexic brains (Galaburda, 1995). Gal-
aburda has theorized that developmental dyslexia is due
to a larger right planum temporale, and evidence for this
anatomical difference in dyslexics and normal readers is
substantial (Geschwind and Galaburda, 1985; Galaburda,
1995). Galaburda suggests that the larger right planum
temporale is interfering in the normal dominance of the
left planum temporale for language processing. The right
planum temporale is thought to be larger due to insuffi-
cient pruning, and Galaburda and colleagues (1990) also
suggest that increased callosal connections might also
be due to insufficient pruning. The interference of the
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right planum temporale on the left planum temporale’s
dominance for language may manifest itself through the
corpus callosum.

If Cook’s theory of homotopic inhibition is correct,
a larger right planum temporale would not interfere with
the phonological processing in the left planum temporale
since the corpus callosum would be inhibiting simultane-
ous activation of both regions. Support for Cook’s theory
would be found if individuals with developmental dyslexia
have a smaller callosum compared to normals, whereas
a larger callosum when compared to normals would
be expected to support the Galaburda and Geschwind
hypothesis.

While there has been conflicting evidence regard-
ing the size of the corpus callosum in developmental
dyslexia (Duara et al., 1991; Hynd et al., 1995, Preis
et al., 2000), most studies have found abnormalities in
size. These abnormalities are thought to be directly re-
lated to reduced cortical asymmetry. Hynd and colleagues
(1995) found that areas of the callosum were smaller in
dyslexics, supporting Cook’s homotopic inhibition theory.
Other researchers (Larsen et al., 1992), however, have
found larger corpus callosum in developmental dyslexia,
supporting the theory of callosal excitation. Preis and col-
leagues (2000) point out that the current results in studies
examining this issue are split evenly. Considering the fact
that research has found both larger and smaller corpus cal-
losi in individuals with dyslexia, it is possible that the cor-
pus callosum is not a relevant variable to reading ability.
Thus, despite the link of language and laterality, research
on language and language disorders leaves us no closer to
a conclusion about the functionality of the corpus.

A great many methodological issues remain to be
resolved in this line of research, including criteria for
inclusion in the clinical and control groups, the method of
measuring the corpus callosum and other relevant brain
structures, and variability within the imaging technology
that make results difficult to compare.

Evidence Supporting the Theory of Excitation

Integration between the two cerebral hemispheres,
as posited by the theory of excitation, may increase the
amount of cortex that can be devoted to a particular task,
which would assist with the processing of demanding
tasks (Yazgan et al., 1995). In fact, according to Yazgan
et al. (1995), there is some evidence that measures of
intelligence correlate positively with the size of the sple-
nium, which supports the idea that the corpus callosum
may assist in the processing of difficult tasks.

Most neuropsychologists conceptualize the corpus
callosum as a structure that integrates information from
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the two cerebral hemispheres through excitation. This is a
large part of the reason that callosotomies are performed
on patients with intractable epilepsy—the corpus callo-
sum is viewed as a conduit by which seizures in one
hemisphere propagate to the other hemisphere. Thus, the
effectiveness of callosotomies in treating epilepsy sup-
ports the theory that callosal connections are excitatory.
Although callosotomies are most often effective in dis-
rupting the spread of seizures from one hemisphere to
the other hemisphere, it has also been recognized that
seizure inhibition between hemispheres is disrupted by
the callosotomy as well (Roberts, 1999). This effect is
not as profound an effect as the improvement that oc-
curs after callosotomy (Roberts, 1999), but its existence
lends support to the theory that the corpus callosum
also provides functional inhibition between the cerebral
hemispheres.

Split-Brain Studies. Sergent noted that one surpris-
ing fact about split-brain patients is that, only a few years
after surgery, they seldom display confusion, hesitation,
or disassociation in their daily lives (Sergent, 1983). This
is quite remarkable considering the two halves of their
cerebral cortexes are functioning almost entirely inde-
pendently. Despite their seemingly normal functioning,
however, there are some clear signs of “disconnection
syndrome.” For example, these patients are unable to
compare sensory information presented to the different
hemispheres (Lassonde, 1986). They are unable to name
objects felt with the left hand, sounds heard with the right
ear, and odors perceived by only the right nostril (Crandall,
1985). In addition, Banich (1995a) determined from her
research on split-brain patients that the corpus callosum
is the critical channel for transferring information needed
to identify an item and determine its precise position in
space. Consequently, the disabilities split-brain patients
exhibit provide evidence that the corpus callosum is nec-
essary to communicate information to the contralateral
hemisphere. As information is being shared, not sup-
pressed, studies of split-brain patients support the theory
of excitation.

Limitations of Research on Split-Brain Patients.
There are some potential confounds that limit our ability to
draw clear conclusions from the split-brain studies. First,
all these patients had intractable epilepsy of a magnitude
so severe that it required invasive surgery. The epilepsy
could have caused or been caused by neurological abnor-
malities that could impact the results of split-brain studies.
A second and related issue is that most of these patients
were on high levels of antiepileptic medications prior to
or even after the callosotomy. These drugs could have
caused alterations in functioning as well, confounding
the results of the studies. Thus, our ability to conclude
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information from studies of patients who have undergone
commissurectomies is compromised by these and other
confounds.

Agenesis of the Corpus Callosum. Patients with con-
genital callosal agenesis typically exhibit specific linguis-
tic and visuospatial deficits and tend to be slower on
perceptual and language tasks (Chiarello, 1995; Lezak,
1995). These findings are consistent with the deficits
found in patients who had undergone callosotomies. As
with split-brain patients, the deficits are remarkably mild
considering the importance of interhemispheric commu-
nication. Normally these patients are identified only when
a comorbid condition requires structural imaging (Lezak,
1995).

Theories of callosal inhibition posit that functional
asymmetries occur in part due to one hemisphere in-
hibiting the activation of the other hemisphere for certain
tasks, such as language. This model for the development
of cerebral lateralization implies that in the absence
of a corpus callosum during development, normally
lateralized functions would develop in both hemispheres
(Lassonde, 1986). Research refutes this idea, however.
There has been no evidence to suggest that lateralized
functions are bilaterally represented in callosal agenesis,
and there is evidence that hemispheric specialization
continues to develop (Lassonde, 1986). Some researchers
have concluded that cerebral lateralization does not
develop, but is essentially ordained from birth (Hellige,
1993).

Limitations of Research on Patients with Callosal
Agenesis. Potential problems exist in interpreting the re-
sults of the literature on callosal agenesis as well. Acal-
losal patients often have other anomalies of brain mor-
phology, ongoing or static disease processes, and, often,
low intelligence (Hynd and Willis, 1988). Also, the brain
has developed without this structure, and the other com-
missures might have developed additional or stronger con-
nections. Acallosal patients are generally more functional
than split-brain patients because their brains were able to
make use of neural plasticity to compensate (Lassonde,
1986), although deficits in processing speed exist. In one
study, Lassonde found that acallosal subjects were able to
make interhemispheric comparisons as well as a control
group, but at a much slower rate (1986).

Comparative Studies

Much can be learned about the function of the corpus
callosum in the development of lateralization by compar-
ing corpus callosum size in species with different levels
of hemispheric asymmetry and individuals with varying
levels of functional lateralization.
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Gender Differences. Gender differences in the size
of the corpus callosum have consistently been reported
in the human literature (Oka et al., 1999) with females
having larger callosi relative to the size of their cortex.
It has been theorized that the larger corpus callosum per-
mits more interhemispheric communication with regards
to language. Furthermore, language functions are more
likely to be lateralized in males and more likely to be rep-
resented in both hemispheres in females. Functional MRI
studies, in fact, have shown unilateral activation in males
and more bilateral activation in females during phonolog-
ical processing tasks (Shaywitz et al., 1995).

Asymmetry in Primates. The types of asymmetries
that are found in humans have also been found in some
nonhuman primates, although to a lesser degree. Sylvian
fissure morphology has been found to be asymmetric in the
orangutan, baboon, and chimpanzee (Galaburda, 1984).
A preference for the right hand has also been found in
nonhuman primates (Corballis, 1983).

Hopkins and Rilling (2000) examined magnetic res-
onance images of the brains of 45 primates including
Old and New World monkeys, lesser apes, greater apes
and humans. The ratios of corpus callosum size to both
brain volume and neuroanatomical asymmetry were de-
termined for all species. Results showed both ratios were
significantly lower in humans than nonhuman primates,
and that brain asymmetry significantly predicted both.
Thus, the brains of nonhuman primates have larger cal-
losi compared to brain volume and less neuroanatomical
asymmetry when compared to humans. This comparative
study shows that as laterality increases across primates,
corpus callosum size decreases, supporting the excitation
hypothesis.

The authors concluded that “leftward brain asym-
metries may have evolved as a consequence of reduced
interhemispheric connectivity.” The authors posit that as
the brain grew larger in primate evolution, it became
more efficient to process information in smaller networks
and long-distance interhemispheric axonal projections go-
ing through the corpus callosum were pruned. Functions
became confined to single hemispheres, and laterality
emerged. This possible explanation for the evolution of
laterality and its relation to callosal size also supports the
theory of excitation.

Asymmetry in Dolphins. It is known that in dolphins
and other cetaceans, sleep alternates between the two
cerebral hemispheres. At any one time in the sleep cy-
cle, one hemisphere shows the electroencephalographic
signs of wakefulness and one shows the signs of sleep
(Rattenborg et al., 2000). This phenomenon implies a
tremendous amount of independence between the hemi-
spheres. If the corpus callosum produced an inhibitory
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effect on the hemispheres, one would expect that the
callosi of dolphins would be much larger than in that
of animals who experience sleep simultaneously in both
hemispheres. The opposite is true, however; the corpus
callosum of dolphins is smaller (Marino, personal com-
munication, 1996). This is further evidence to support
the Galaburda and Geschwind hypothesis that the corpus
callosum carries an overall excitatory and unifying effect
on the cerebral hemispheres.

EXCITATION OR INHIBITION?

Both theories of callosal function have support in the
literature. The theory of inhibition is supported by evi-
dence that the hemispheres divide processing for complex
tasks, which would likely be mediated by an inhibiting
corpus callosum, and dichotic listening research. Support
for the excitation hypothesis includes evidence that corpus
callosum size is increased in individuals capable of com-
pleting demanding tasks, the effectiveness of callosotomy
in treating intractable epilepsy, decreased corpus callosum
size in individuals with greater behavioral laterality, and
corpus callosum size in developmental dyslexia. Compar-
ative research, including the degree of laterality present
in nonhuman primates and dolphins, also supports the
theory of excitation. In consideration of the significant
methodological issues, studies of split-brain patients and
agenesis of the corpus callosum do not greatly contribute
to our knowledge regarding the theories of excitation and
inhibition at this time (Table 3).

The corpus callosum is not a single body (Chiarello,
1995), but a complex bundle of fibers with distinct com-
ponents that act separately. Banich’s work (1995a), in
particular, suggests that the corpus callosum cannot be
thought of as simply a passive conduit of information
transfer. Rather, it is an active body that aids in collab-
oration between hemispheres for certain computationally
demanding tasks.

It is likely that there is not just one method of inter-
hemispheric interaction, but several varieties that occur
depending on the processing demands of the task (Hellige,
1993) and the anatomic asymmetry that reflects the dom-
inance of the hemisphere for the task. Thus, the corpus
callosum may be inhibitory at times and excitatory at other
times, depending on the task. In some instances, it might
be more efficient for the hemispheres to operate indepen-
dently and in some instances interhemispheric communi-
cation might be necessary to complete the task. Banich
suggests that “interhemispheric processing is used more
when tasks are computationally demanding and require
multiple steps in processing” (Banich, 1995a, p. 438)
because it enhances the capacity of the brain to process
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Table 3. Evidence Supporting the Theory of Excitation

Study Subjects

Method Results

Adults who have
undergone
commissurectomies
and control subjects

35 adult humans MRI

Zaidel (1995)

Dorion et al. (2000)

Duara et al. (1991) Adults with dyslexia MRI

and matched control

subjects
Hopkins and Rilling (2000) 45 primates MRI
Rattenborg et al. (2000); Dolphins

Local and global visual recognition
tasks presented to each visual field

Dolphin brains are extremely
lateralized and independent as has

The CC is the critical channel for
transferring sensory information in
split-brain adults.

A decrease in CC size with increasing
hemispheric asymmetry in adult
males but not females.

Larger CC in developmental dyslexia
in children.

As laterality increases across primate
species, CC size decreases.

Dolphin CCs are smaller than brain
volume would predict.

been shown by their capacity for
unihemispheric sleep.

Yazgan et al. (1995) Adult humans

MRYI; dichotic word listening, line
bisection, and turning bias tests

Performance on measures of
behavioral laterality was significantly
negatively correlated with CC size

complex tasks. Therefore, a likely possibility is that the
degree to which the brain’s cerebral hemispheres pro-
cess information independently or together is a “relative
phenomenon rather than an absolute one” (Lezak, 1995).
Another point to consider is to what extent the benefits
of the transfer of information are offset by the potential
decrease in efficiency caused by collaboration between
the hemispheres (Hellige, 1993). This cost to benefit ratio
may play a part in when the corpus callosum inhibits
interhemispheric communication and when it serves an
excitatory function.

Furthermore, connections in the brain are extraor-
dinarily complex. Almost all callosal fibers are excita-
tory at a neurochemical level, but the functional effect
of those connections depends on other factors (Yazgan
et al., 1995). Although an individual callosal connection
can produce either a facilitatory or inhibitory effect, func-
tional inhibition or excitation can occur depending on the
neurotransmitters, receptors, and interneurons involved.
Excitation can function to produce inhibition, and “the
effects on behavior would not appear simply as inhibition
or excitation, but as changes in patterns of processing”
(Pribram, 1986).

In sum, although there is more evidence to support
the notion that the corpus callosum plays an excitatory
function in interhemispheric communication rather than
an inhibitory function, there is some evidence that inhibi-
tion occurs. It would be premature to abandon homotopic
inhibition as a mechanism of callosal functions (Chiarello,
1995) and it seems likely that it plays a role in the de-

velopment of lateralization of function and hemispheric
asymmetry. Given the anatomical heterogeneity of the
corpus callosum, the most likely conclusion based on cur-
rent evidence is that both inhibition and excitation occur
through callosal channels. Thus, the corpus callosum is
likely both inhibitory and excitatory in its function. Func-
tional inhibition or excitation may occur at different times
depending on the task or may even occur simultaneously.

Future studies are important in order to elucidate
under what conditions inhibition and excitation occur, if
both excitation and inhibition can occur at the same time,
and what role anatomical and functional asymmetries con-
tribute to each type of interhemispheric communication.
The role of the corpus callosum in the development of
functional asymmetry and further comparisons of callosal
size between highly lateralized species and less lateralized
species should also be researched further. Furthermore,
future research should utilize a more direct measure of
connectivity other than callosal size, such as a measure of
the number of nerve fibers.

Most researchers who conduct research on lateral-
ity do so under the assumption that the corpus callosum
works as a whole to unite the cerebral hemispheres and
are not aware of the possibility that the corpus callosum
may inhibit communication between hemispheres. In fact,
as has been illustrated in this review of the literature,
this structure is composed of distinct components that
act independently and may produce contralateral inhibi-
tion under some conditions. As long as there exists the
possibility that the assumptions underlying research are
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incorrect, the research is compromised. Thus, more re-
searchers need to be aware that the corpus callosum can
be a conduit for both excitation and inhibition between
the cerebral hemispheres.
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