Split-brain
This article is about the human brain condition. For the cerebral hemisphere of the primary somatosensory corphenomenon in computing, see Split-brain (computing). tex only contains a tactile representation of the opposite
(contralateral) side of the body; (2) For most humans, the
Split-brain is a lay term to describe the result when the speech-control center is on the left side of the brain; and
(3) Communication between the two sides of the brain is
corpus callosum connecting the two hemispheres of the
brain is severed to some degree. It is an association of inhibited. In the case that the speech-control center is on
the right side of the brain, the object must now be touched
symptoms produced by disruption of or interference with
the connection between the hemispheres of the brain. only with the right hand to achieve the same eﬀect.
The surgical operation to produce this condition results
from transection of the corpus callosum, and is usually
a last resort to treat refractory epilepsy. Initially, partial
callosotomies are performed; if this operation does not
succeed, a complete callosotomy is performed to mitigate the risk of accidental physical injury by reducing the
severity and violence of epileptic seizures. Before using
callosotomies, epilepsy is instead treated through pharmaceutical means. After surgery, neuropsychological assessments are often performed.

The same eﬀect occurs for visual pairs and reasoning. For
example, a patient with split brain is shown a picture of
a chicken and a snowy ﬁeld in separate visual ﬁelds and
asked to choose from a list of words the best association
with the pictures. The patient would choose a chicken
foot to associate with the chicken and a shovel to associate
with the snow; however, when asked to reason why the
patient chose the shovel, the response would relate to the
chicken (e.g. “the shovel is for cleaning out the chicken
coop”).

After the right and left brain are separated, each hemisphere will have its own separate perception, concepts,
and impulses to act. Having two “brains” in one body can
create some interesting dilemmas. When one split-brain
patient dressed himself, he sometimes pulled his pants
up with one hand (that side of his brain wanted to get
dressed) and down with the other (this side didn't). Also,
once he grabbed his wife with his left hand and shook her
violently. So his right hand came to her aid and grabbed
the aggressive left hand. However, such conﬂicts are actually rare. If a conﬂict arises, one hemisphere usually
overrides the other.[1]

“Scientists have often wondered whether split-brain patients, who have had the two hemispheres of their brain
surgically disconnected, are 'of two minds’" (Zilmer,
2001).

1 History
In the 19th century, research on people with certain brain
injuries made it possible to suspect that the “language
center” in the brain was commonly situated in the left
hemisphere. One had observed that people with lesions
in two speciﬁc areas on the left hemisphere lost their
ability to talk, for example. Research was pioneered by
Roger Sperry and his colleagues. In his early work on
animal subjects, Sperry made many noteworthy discoveries. The results of these studies over the next thirty
years later led to Roger Sperry being awarded the Nobel Prize in Physiology or Medicine in 1981. Sperry received the prize for his discoveries concerning the functional specialization of the cerebral hemispheres. With
the help of so-called “split brain” patients, he carried out
experiments, and for the ﬁrst time in history, knowledge
about the left and right hemispheres was revealed.[2] In
the 1960s Sperry was later joined by Michael Gazzaniga
a psychobiology Ph.D. student in his work on split-brain
research at Caltech in Pasadena, California. Even though
Sperry is considered the founder of split-brain research,
Gazzaniga’s clear summaries of their collaborative work
are consistently cited in psychology texts. In Sperry and
Gazzaniga’s, “The Split Brain in Man” experiment pub-

When split-brain patients are shown an image only in their
left visual ﬁeld (the left half of what both eyes take in (see
optic tract)), they cannot vocally name what they have
seen. This can be explained in three steps: (1) The image
seen in the left visual ﬁeld is sent only to the right side of
the brain; (2) For most people, the speech-control center
is on the left side of the brain; and (3) Communication
between the two sides of the brain is inhibited. Thus,
the patient cannot say out loud the name of that which
the right side of the brain is seeing. In the case that the
speech-control center is on the right side of the brain, the
image must now be presented to only the right visual ﬁeld
to achieve the same eﬀect.
If a split-brain patient is touching a mysterious object
with only the left hand, while also receiving no visual
cues in the right visual ﬁeld, the patient cannot say out
loud the name of that which the right side of the brain is
touching. This can be explained in three steps: (1) Each
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1 HISTORY

lished the Scientiﬁc American in 1967 they wanted to explore the extent to which two halves of the human brain
were able to function independently and whether or not
they had separate and unique abilities. They wanted to
examine how perceptual and intellectual skills were affected in someone with a split-brain. At Caltech, Gazzaniga worked with Sperry on the eﬀects of split-brain
surgery on perception, vision and other brain functions.
The surgery, which was a treatment for severe epilepsy,
involved severing the corpus callosum, which carries signals between the left-brain hemisphere, the seat of speech
and analytical capacity, and the right-brain hemisphere,
which helps recognize visual patterns. At the point of
which this article was written, only ten patients had undergone the surgery to sever their corpus callosum. Four
of these patients had consented to participate in Sperry
and Gazzaniga’s research. After the corpus callosum severing all four participants personality, intelligence, and
emotions appeared to be unaﬀected. The testing done
by Sperry and Gazzaniga showed however, the subjects
demonstrated unusual mental abilities. The researchers
created three types of tests to analyze the range of cognitive capabilities of the split-brain subjects. The ﬁrst was
to test their visual stimulation abilities, the second test
was a tactile stimulation situation and the third tested auditory abilities.

1.1

Visual test

The ﬁrst test started with a board that had a horizontal
row of lights. The subject was told to sit in front of the
board and stare at a point in the middle of the lights, then
the bulbs would ﬂash across both the right and left visual
ﬁelds. When the patients were asked to describe afterward what they saw, they said that only the lights on the
right side of the board had lit up. Next when Sperry and
Gazzaniga ﬂashed the lights on the right side of the board
on the subjects left side of their visual ﬁeld, they claimed
to not have seen any lights at all. When the experimenters
conducted the test again, they asked the subjects to point
to the lights that lit up. Although subjects had only reported seeing the lights ﬂash on the right, they actually
pointed to all the lights in both visual ﬁelds. This showed
that both brain hemispheres had seen the lights and were
equally competent in visual perception. The subjects did
not say they saw the lights when they ﬂashed in the left
visual ﬁeld even though they did see them because the
center for speech is located in the brain’s left hemisphere.
This test supports the idea that in order to say one has seen
something, the region of the brain associated with speech
must be able to communicate with areas of the brain that
process the visual information.

ing able to see (or hear) it. Placed in the right hand, the
isolated left hemisphere perceived the object and could
easily describe and name it. However, placed in the
left hand, the isolated right hemisphere could not name
nor describe the object. Questioning this result, the researchers found that the subjects could later match it from
several similar objects; tactile sensations limited to the
right hemisphere were accurately perceived but could not
be verbalized. This further demonstrated the apparent location (or lateralization) of language functions in the left
hemisphere.

1.3 Combination of both tests
In the last test the experimenters combined both the tactile and visual test. They presented subjects with a picture
of an object to only their right hemisphere, and subjects
were unable to name it or describe it. There were no verbal responses to the picture at all. If the subject however
was able to reach under the screen with their left hand to
touch various objects, they were able to pick the one that
had been shown in the picture. The subjects were also
reported to be able to pick out objects that were related
to the picture presented, if that object was not under the
screen.[3]
Sperry and Gazzaniga went on to conduct other tests to
shed light on the language processing abilities of the right
hemisphere as well as auditory and emotional reactions
as well. The signiﬁcance of the ﬁndings of these tests by
Sperry and Gazzaniga were extremely telling and important to the psychology world. Their ﬁndings showed that
the two halves of the brain have numerous functions and
specialized skills. They concluded that each hemisphere
really have functions of its own. One’s left hemisphere
of the brain is thought to be better at writing, speaking, mathematical calculation, reading, and is the primary
area for language. The right hemisphere is seen to possess capabilities for problem solving, recognizing faces,
symbolic reasoning, art, and spatial relationships.

Further research had continued by Roger Sperry up until his death in 1994 and Michael Gazzaniga still is researching the split-brain. Their ﬁndings have been rarely
critiqued and disputed, except today there is a wide belief that some people are more “right-brained” or “leftbrained”. In the mid 1980s a psychobiologist, Jarre Levy,
at the University of Chicago had set out and been in the
forefront of scientists who wanted to dispel the notion we
have two functioning brains. She believes that because
each hemisphere has separate functions that they must
integrate their abilities instead of separating them. Levy
also claims that no human activity uses only one side of
the brain. In 1998 a French study by Hommet and Billiard
was published that questioned Sperry and Gazzaniga’s
study that severing the corpus callosum actually divides
1.2 Tactile test
the hemispheres of the brain. They found that children
In a second experiment Sperry and Gazzaniga placed a born without a corpus callosum demonstrated that inforsmall object in the subject’s right or left hand, without be- mation was being transmitted between hemispheres, they

2.2

Functional plasticity

concluded that subcortical connections must be present
in these children with this rare brain malfunction. They
are unclear about whether these connections are present
in split-brain patients though. Another study by Parsons, Gabrieli, Phelps, and Gazzaniga in 1998 demonstrated that split-brain patients may commonly perceive
the world diﬀerently from the rest of us. Their study suggested that communication between brain hemispheres
is necessary for imaging or simulating in your mind the
movements of others. Scientist Morin’s research on inner
speech in 2001 suggested that an alternative for interpretation of commissurotomy according to which split-brain
patients exhibit two uneven streams of self-awareness; a
“complete” one in the left hemisphere and a “primitive”
one in the right hemisphere.[4]
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Hemispheric specialization

The two hemispheres of the cerebral cortex are linked
by the corpus callosum, through which they communicate and coordinate actions and decisions. Communication and coordination between the two hemispheres
is essential because each hemisphere has some separate
functions.[5] The right hemisphere of the cortex excels at
nonverbal and spatial tasks, whereas the left hemisphere
is more dominant in verbal tasks, such as speaking and
writing. The right hemisphere controls the primary sensory functions of the left side of the body. In a cognitive
sense the right hemisphere is responsible for recognition
of objects, timing and in an emotional sense it is responsible for empathy, humor and depression. On the other
hand, the left hemisphere controls the primary sensory
functions of the right side of the body and is responsible
for scientiﬁc and math skills, and logic.[6] The extent of
specialized brain function by an area remains under investigation. It is claimed that the diﬀerence between the
two hemispheres is that the left hemisphere is “analytic”
or “logical” while the right hemisphere is “holistic” or “intuitive.” [7] Many simple tasks, especially comprehension
of inputs, require functions that are speciﬁc to both the
right and left hemispheres and together form a one direction systematized way of creating an output through
the communication and coordination that occurs between
hemispheres.[8]

2.1

Role of the corpus callosum

The corpus callosum is a structure in the brain along the
longitudinal ﬁssure that facilitates much of the communication between the two hemispheres and its main function is in allowing for communication between the brain’s
right and left hemispheres. This structure is composed of
white matter that is composed of millions of axons that
have their dendrites and terminal buttons projecting in
both the right and left hemisphere. However, there is
evidence that the corpus callosum may also have some
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inhibitory functions.[9] Post-mortem research on human
and monkey brains show that the corpus callosum is functionally organized. It proves that the right hemisphere is
superior for detecting faces.[10] This organization results
in modality-speciﬁc regions of the corpus callosum that
are responsible for the transfer of diﬀerent types of information. Research has revealed that the anterior midbody transfers motor information, the posterior midbody
transfers somatosensory information, the isthmus transfers auditory information and the splenium transfers visual information.[11] Although much of the interhemispheric transfer occurs at the corpus callosum, there are
trace amounts of transfer via subcortical pathways.
Studies of the eﬀects on the visual pathway on splitbrained patients has revealed that there is a redundancy
gain (the ability of target detection to beneﬁt from multiple copies of the target) in simple reaction time. In a
simple response to visual stimuli, split-brained patients
experience a faster reaction time to bilateral stimuli than
predicted by model.[12] A model proposed by Iacoboni
et al.[13] suggests split-brained patients experience asynchronous activity that causes a stronger signal, and thus
a decreased reaction time. Iacoboni also suggests there
exists dual attention in split-brained patients, which is
implying that each cerebral hemisphere has its own attentional system.[14] An alternative approach taken by
Reuter-Lorenz et al.[15] suggests that enhanced redundancy gain in the split brain is primarily due to a slowing
of responses to unilateral stimuli, rather than a speeding
of responses to bilateral ones. It is important to note that
the simple reaction time in split-brained patients, even
with enhanced redundancy gain, is slower than the reaction time of normal adults.

2.2 Functional plasticity
Following a stroke or other injury to the brain, functional
deﬁciencies are common. The deﬁcits are expected to be
in areas related to the part of the brain that has been damaged; if a stroke has occurred in the motor cortex, deﬁcits
may include paralysis, abnormal posture, or abnormal
movement synergies.[16] Signiﬁcant recovery occurs during the ﬁrst several weeks after the injury. However, recovery is generally thought not to continue past 6 months.
If a speciﬁc region of the brain is injured or destroyed, its
functions can sometimes be transferred and taken over by
a neighboring region. There is little functional plasticity
observed in partial and complete callosotomies; however,
much more plasticity can be seen in infant patients receiving a hemispherectomy, which suggests that the opposite hemisphere can adapt some functions typically performed by its opposite pair. In a study done by Anderson, it proved a correlation between the severity of the injury, the age of the individual and their cognitive performance. It was evident that there was more neuroplasticity
in older children, even if their injury was extremely severe, than infants who suﬀered moderate brain injury.[17]
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In some incidents of any moderate to severe brain injury,
it mostly causes developmental impairments and in some
of the most severe injuries it can cause a profound impact
on their development that can lead to long-term cognitive
eﬀects. In the aging brain, it is extremely uncommon for
neuroplasticity to occur, “..olfactory bulb and hippocampus are two regions of the mammalian brain in which mutations preventing adult neurogenesis were never beneﬁcial, or simply never occurred” (Anderson, 2005).[17]

2.3

Corpus callosotomy

Corpus callosotomy is a surgical procedure that sections
the corpus callosum, resulting in either the partial or complete disconnection between the two hemispheres. It is
typically used as a last resort measure in treatment of intractable epilepsy. The modern procedure typically involves only the anterior 1/3 of the corpus callosum; however, if the epileptic seizures continue, the following 1/3
is lesioned prior to the remaining 1/3 if the seizures persist. This results in a complete callosotomy in which most
of the information transfer between hemispheres is lost.

CASE STUDIES OF SPLIT-BRAIN PATIENTS

patients with amnesia, suggesting that the forebrain commissures are important for the formation of some kinds
of memory. This suggests that posterior callosal sections
that include the hippocampal commissures cause a mild
memory deﬁcit (in standardized free-ﬁeld testing) involving recognition.[21]

2.5 Control
In general, split-brained patients behave in a coordinated,
purposeful and consistent manner, despite the independent, parallel, usually diﬀerent and occasionally conﬂicting processing of the same information from the environment by the two disconnected hemispheres. When two
hemispheres receive competing stimuli at the same time,
the response mode tends to determine which hemisphere
controls behavior.[22]

Often, split-brained patients are indistinguishable from
normal adults. This is due to the compensatory phenomena; split-brained patients progressively acquire a variety
of strategies to get around their interhemispheric transfer deﬁcits.[23] One issue that can happen with their body
Due to the functional mapping of the corpus callosum, a control is that one side of the body is doing the opposite
partial callosotomy has less detrimental eﬀects because it of the other side called the intermanual aﬀect.
leaves parts of the corpus callosum intact. There is little
functional plasticity observed in partial and complete callosotomies on adults, the most neuroplasticity is seen in 2.6 Attention
young children but not in infants.[18]
Experiments on covert orienting of spatial attention usIt is known that when the corpus callosum is severed that ing the Posner paradigm conﬁrm the existence of two
during an experimental procedure, the experimenter can diﬀerent attentional systems in the two hemispheres.[24]
ask each side of the brain the same question and receive The right hemisphere was found superior to the left hemitwo diﬀerent answers. When the experimenter asks the sphere on modiﬁed versions of spatial relations tests and
right visual ﬁeld/left hemisphere what they see the partic- in locations testing, whereas the left hemisphere was more
ipant will respond verbally, whereas if the experimenter object based.[25] The components of mental imagery are
asks the left visual ﬁeld/right hemisphere what they see diﬀerentially specialized: the right hemisphere was found
the participant will not be able to respond verbally but superior for mental rotation,[26] the left hemisphere supewill pick up the appropriate object with their left hand.[19] rior for image generation.[27] It was also found that the
right hemisphere paid more attention to landmarks and
scenes whereas the left hemisphere paid more attention
2.4 Memory
to exemplars of categories.[28]
It is known that the right and the left hemisphere have
diﬀerent functions when it comes to memory. The right
hemisphere is better at being able to recognize objects
and faces, recall knowledge that the individual has already learned, or recall images already seen. The left
hemisphere is better at mental manipulation, language
production, and semantic priming but was more susceptible to memory confusion than the right hemisphere.[20]
The main issue for individuals that have undergone a callosotomy is that because the function of memory is split
into two major systems, the individual is more likely to
become confused between knowledge they already know
and information that they have only inferred.[20]

3 Case studies of split-brain patients
3.1 Patient W.J.

Patient W.J.[29] was the ﬁrst patient to undergo a full corpus callosotomy in 1962, after undergoing ﬁfteen years
of convulsions resulting from grand mal seizures. He was
a World War II paratrooper who was injured at 30 years
old during a bombing raid jump over the Netherlands, and
again in a prison camp following his ﬁrst injury. After reIn tests, memory in either hemisphere of split-brained pa- turning home, he began to suﬀer from blackouts in which
tients is generally lower than normal, though better than in he would not remember what he was doing or where, and

3.3

Patient VP

how or when he got there. At age 37, he suﬀered his ﬁrst
generalized convulsion. One of his worst episodes occurred in 1953, when he suﬀered a series of convulsions
lasting for many days. During these convulsions, his left
side would go numb and he would recover quickly, but after the series of convulsions, he never regained complete
feeling on his left side.
Before his surgery, both hemispheres functioned and interacted normally, his sensory and motor functions were
normal aside from slight hypesthesia, and he could correctly identify and understand visual stimuli presented to
both sides of his visual ﬁeld. During his surgery in 1962,
his surgeons determined that no massa intermedia had developed, and he had undergone atrophy in the part of the
right frontal lobe exposed during the procedure. His operation was a great success, leading to a decrease in the
frequency and intensity of his seizures.

3.2

Patient JW

Patient JW[30] is a right-handed male who was 47 years
old at the time of testing. He successfully completed high
school and has no reported learning disabilities. He had
his ﬁrst seizure at the age of 16, and at the age of 25, he
underwent a two-stage resection of the corpus callosum
for relief of intractable epilepsy. Complete sectioning of
the corpus callosum has been conﬁrmed by MRI.[31] Postsurgical MRI also revealed no evidence of other neurological damage.
One of the experiments involving JW attempted to determine each hemisphere’s ability to perform simple addition, subtraction, multiplication and division. On each
trial, an arithmetic problem was presented in the center of the screen followed by a central cross hair. After studying the problem, a number posing as the answer was presented to each hemisphere exclusively by
JW’s vision ﬁxated on a central cross hair. Probes (stimuli) were then presented for 150 ms to either the left
visual ﬁeld/right hemisphere (LVF/RH) or to the right
visual ﬁeld/left hemisphere (RVF/LH). The position of
the probe fell outside any zone of naso-temporal overlap (binocular vision) to ensure that stimuli were perceived only by the hemisphere contralateral to the visual
ﬁeld of the stimuli. JW was instructed to press a certain
key if the probe was the correct solution and another key
if the probe was the incorrect solution. Results showed
that the eﬀects of visual ﬁeld was signiﬁcant with performance of the left hemisphere being better than that of the
right hemisphere; the left hemisphere correctly chose the
correct answer on all four arithmetic operations approximately 90% of the time while the right hemisphere was
at chance. These results suggest left hemisphere specialization for calculation.
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to images presented, by pressing a button. These images
were ranging from 0-100% “JW”, with the 0% images
being of Dr. Michael Gazzaniga, and the 100% images
being of J.W. himself. What researchers found supported
the idea that there are cortical networks in the left hemisphere that play an important role in execution of the selfrecognition process.

3.3 Patient VP
Patient VP[33] is a woman who underwent a two-stage
callosotomy in 1979 at the age of 27. Although the callosotomy was reported to be complete, follow-up MRI in
1984 revealed spared ﬁbers in the rostrum and splenium.
The spared rostral ﬁbers constituted ~1.8% of the total
cross-sectional area of the corpus callosum and the spared
splenial ﬁbers constituted ~1% of the area.[31] VP’s postsurgery intelligence and memory quotients were within
normal limits.[34]
One of the experiments involving VP attempted to investigate systematically the types of visual information
that could be transferred via VP’s spared splenial ﬁbers.
The ﬁrst experiment was designed to assess VP’s ability to
make between-ﬁeld perceptual judgements about simultaneously presented pairs of stimuli. The stimuli were
presented in varying positions with respect to the horizontal and vertical midline with VP’s vision ﬁxated on a
central crosshair. The judgements were based on diﬀerences in color, shape or size. The testing procedure was
the same for all three types of stimuli; after presentation
of each pair, VP verbally responded 'yes’ if the two items
in the pair were identical and 'no' if they were not. The results show that there was no perceptual transfer for color,
size or shape with binomial tests showing that VP’s accuracy was not greater than chance.

A second experiment involving VP attempted to investigate what aspects of words transferred between the two
hemispheres. The set up was similar to the previous experiment, with VP’s vision ﬁxated on a central cross hair.
A word pair was presented with one word on each side
of the cross-hair for 150 ms. The words presented were
in one of four categories: words that looked and sounded
like rhymes (e.g. tire and ﬁre), words that looked as if
they should rhyme but did not (e.g. cough and dough),
words that did not look as if they should rhyme but did
(e.g. bake and ache), and words that neither looked nor
sounded like rhymes (e.g. keys and fort). After presentation of each word pair, VP responded 'yes’ if the two
words rhymed and 'no' if they did not. VP’s performance
was above chance and she was able to distinguish among
the diﬀerent conditions. When the word pairs did not
sound like rhymes, VP was able to say accurately that
the words did not rhyme, regardless of whether or not
J.W. was further tested to determine after-eﬀects on his they looked as if they should rhyme. When the words did
self-recognition and familiar facial recognition.[32] He rhyme, VP was more likely to say they rhymed, particuwas tested in a study where he would respond yes or no larly if the words also looked as if they should rhyme.
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Although VP showed no evidence for transfer of color,
shape or size, there was evidence for transfer of word
information.[35] This is consistent with the speculation
that the transfer of word information involves ﬁbres in the
ventroposterior region of the splenium—the same region
in which V.P. had callosal sparing. V.P. is able to integrate words presented to both visual ﬁelds, creating a concept that is not suggested by either word. For example,
she combines “head” and “stone” to form the integrated
concept of a tombstone.

3.4

Kim Peek
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