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85 Split Decisions

GEORGE WOLFORD, MICHAEL B.

MICHAEL S. GAZZANIGA

Noitt-brain patients provide a fascmnating look at some
Gi e s surrounding consciousness. We briefly review past
sights gained from studying these patients. We
more detail some of the more interesting {to us) findings
v Laxt edition of this volurne, We conclude by suggesting a
mociie d version of signal detection theory that may shed some

rzlit onaspects of consclousness i these patients.
(o Lusness i the split brain
~: o-brain patients offer a unique perspective on some

> of conscious experience, and perhaps on the nature
nisciousness itself. Roger Sperryv once referred to the
~ “mwo separate realms of conscious awareness; two
senLoo percewving, thinking and remembering systems.”
Therwere carly fears that severing the callosum was a bad
idea and would lead w dire consequences. The operation
might create a person with the ultimate split personality, just
like hovinr two persons inside the same body. One of the big
early surprises was the seemingly complete absence of any
splitness in the consciousness or personality of these patients
Akelaius 1941 Gazzaniga, Bogen, and Sperry, 1962). Most
<0 Uie patients seemed blithely unaware that anything had
cnenzed in thelr mental processes, with the pleasant excep-
oo their seizures had lessened or even stopped. Why
I split-brain padents experience dual consciousness?
Posabiv consciousness is housed in neural tissue that is com-
pletely Lateralized to one hemisphere or the other. Perhaps
counsciousness is completely tied to language, and since
language 1s generally lateralized, consciousness is as well.
Perhaps the two hemispheres have worked out a division of
labor such that consciousness follows the task or materials
and that diflerent hemispheres are consciously aware at dif-
ferent imes. We will explore that final possibility later in this
chapter.
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The split-brain operation

Split-brain surgery is a treatment for certain types of

intractable epilepsy. Seizures in epilepsy are caused by an
abnormal electrical discharge that leads to a reverberating
or rhythmic discharge. In some individuals, the rhythmic dis-
charges recruit tissue in both hemispheres. The split surgery
involves severing all or part of the corpus callosum, the
major fiber tract connecting the two cerebral hemispheres,
and on occasion other forebrain commisures as well. The
corpus callosum is the largest fiber tract in the brain. The
human corpus callosum contains about 200 million axons,
originating from layer 2/3 pyramidal neurons (Abottiz et al.,
1992). The first reported use of splitting the corpus callo-
sum to control epilepsy was by Van Wagenen and Herren
(1940). Van Wagenen got the idea for the surgery by observ-
ing that one of his patients with severe seizures experienced
considerable relief after developing a tumor in his corpus
callosum. Based on that observation, he and his colleague
severed part or all of the callost in 10 patients and reported
considerable relief from seizures. They performed the
surgery on a second set of 14 patients as well. After a hiatus
of a couple of decades, the procedure was tried in a new
set of patients in California (Bogen and Vogel, 1962). The
behavior of these paticnts was studied extensively by
Gazzaniga and his colleagues (Gazzaniga, Bogen, and
Sperry, 1962, 1963, 1965). The treatment was effective in
reducing seizures in these patients. Overall there was about
a 60%—70% seizurc reduction in 80% of the patients.
However, there were serious complications in many of these
earlier cases. More than 50% of the early patients experi-
enced aseptic meningitis or hydrocephalus, often resulting
in death. Among other difficulties, the wall separating the
bottom of the corpus callosum from the ventricles is only
four cells thick in places and 1s easily punctured. D. H.
Wilson at Dartmouth perfected the use of microsurgery in
splitting the corpus callosum and revived the use of the pro-
cedure 1 controlling seizures (Wilson et al., 1977). Split-
brain surgery was never performed at a high rate and was
considered a treatment of last resort. The procedure is less
common today, with the availability of newer and better
pharmacological treatments coupled with advances in neu-
rolocation and more focused neurosurgery. Further, a higher
percentage of recent split-brain operations have involved
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onlva portion of the corpus callosum. In theory, patients
who have undergone a complete callosotomy form an ideal
populuton for studving the independent functioning of the
two hemispheres. In practice, only a relatively small per-
centage of these patients are appropriate for behavioral
stuclies. Al ot the panents have had a Jong history of severe
epileptic seizures. and many suffer from other cognitive
deficits. Although relatively rare, there are more split-brain
patients than there arc patients for many of the other nter-

esting brain anomalies.
Hemispheric asymmetries

Since at least the time of Broca, we have believed that some
behavioral functions such as language are lateralized in the
brain. Broca studied a patient who was paralyzed on the
right side and had lost the ability to speak. The man died
shortly thercafier, and his brain was preserved. Most of our
knowledge about hemispheric asymmetrics over the next
century came from studyving people with various types of
brain injuries. Researchers also examined hemispheric dif-
ferences in people without brain damage, using tachisto-
scoplc presentation to one visual field or the other. The
research on neurologically intact subjects confirmed much
of the patient work, but interpretation of the results
obtained in such subjccts is always clouded by the fact that
any information presented to a specific hemisphere can cross
to the other hemisphere at will, and that crossing takes only
a few milliseconds (Berlucchi et al,, 1971).

Split-brain patients provided an ideal environment for
studying these hemispheric asymmetries, because informa-
tion presented to a specific hemisphere more or less had to
stay there. Early studies with split-brain patients confirmed
that language was usually lateralized to the left hemisphere
and confirmed advantages in the right hemisphere for spatial
processing. There has been interesting evidence that pro-
cessing in the right hemisphere is relatively more literal, while
processing in the left is more constructive (Metcalfe, Funnell,
and Gazzaniga, 1993). Several studies over the last few years
have helped clarify those asymmetries. In this chapter, we will
focus on several new developments concerning the role of the
two hemispheres in attention and memory, and we will
present sonie ntriguing studies aimed at clarifving the precise
advantages of the right hemisphere in spaual processing.

Prrcerruarl ProcessivGg It has been known at least since the
time of John Hughlings Jackson (1874/1913), a contempo-
rary of Broca, that many perceptual processes are lateral-
ized to the right hemisphere. Current research has shown
that not all perceptual processing is superior in the right
hemisphere. The presence of asymmetries is quite specific
to both the particular stimuli and the particular task. tor
example, Corballis, Funnell, and Gazzaniga {2000a) found
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that both hemispheres of two split-brain patients (one with
a complete split, the other a partial split) could discriminate
two objects with diftferent identities equally well, but that the
right hemisphere performed better than the left hemisphere
in discriminating two identical objects with different spatial
locations. In subsequent studies they found that the right
hemisphere was better at line orientation and vernier
acuity, but that both hemispheres performed equally well in
size comparisons and luminance discrimination (Corballis,
Funnell, and Gazzaniga, 1999, 2000a).

Furthermore, Corballis and colleagues have suggested
that these hemispheric asymmetries in visuospatial process-
ing are not entirely due to hemispheric specializations for
particular types of sensory input but involve lateralization of
specific types of processing, such as visual grouping. One
piece of evidence for this idea involves the line motion effect.
This occurs when a line 1s presented briefly between two
squares. Just prior to the appearance of the line, one of the
squares flashes. To observers, it appears that the line is prop-
agating from the flashing square. Hikosaka, Miyauchi, and
Shimojo (1993) proposed a low-level visual process to explain
the effect in which the flashing square draws attention to the
location prior to the onset of the line. However, subsequent
researchers have demonstrated that changing the properties
of the stimuli can create quite different illusions (von Griinau
and Faubert, 1994; Tse, Cavanagh, and Nakayama, 1998).
For example, using a red line between a red and green square
will create the illusion that the red line is propagating from
the red square. In this case, the effect of apparent motion
must rely on visual grouping after the onset of the line. Cor-
ballis and colleagues found that the left hemisphere in a
split-brain patient was indifferent to the color manipulation
but that the right hemisphere almost always perceived the
line as moving away from the square with the matching
color (Corballis, Funnell, and Gazzaniga, 2000b; Corballis,
Barnett, and Corballis, 2004).

Corballis and colleagues reached similar counclusions
using paradigms involving the perception of subjective
figures by modal and amodal boundary completion
(Corballis et al., 1999). Modal completion can be solved by
relying solely on low-level visual processing. Two split-brain
patients were found to perform modal completion equally
well in both hemispheres. Amodal completion relies on
visual grouping to resolve the spatial ambiguity, since there
are no subjective contours, and, in this case, the right hemi-
sphere was superior to the lett. Corballis refers to this later-
alization of visual grouping in the right hemisphere as the
“right hemisphere interpreter” (Corballis, in press).

A recent study that is consistent with the idea of a right
hemisphere interpreter involves the perception of causality
using the Michotte task. Short movies were shown to patient
J-W., who had a complete split. Each movie showed one disk
moving toward a second disk and coming to a standstill when




it touched the second disk. The second disk then moved
away trom the first disk. To most observers, it would appear
that the moveraent of the second disk is caused by the frst
disk. However ¢ o Lhoree cnouch gup, either spatial or tem-
poral. is msered Berween the two circles, the motion of the

disks does ot aspear cuusally related. The left hemisphere

of asplr-brain it W, was inditferent to the manipu-
lation o e einide of the gap, but the right hemisphere
respeorises woene atfected by the magnitude of the gaps in an
app o wiion (Roser et al, in press).

D)ooz right hemisphere advantage for some forms
ot v osntal processing and evidence for a right hemi-
sproe rerpreter, there are some visual processes in which
the ot nemisphere has an advantage. For example, recent
ne roimaging studies have shown that mentally rotating an

' wotivates parietal and frontal regions in both hemi-
- - tut that imagining yoursell in a ditferent spatial per-
relative to an object may involve different parictal

vl regions located primarily in the left hemisphere

_«. Church, and Badre, 2002: Zacks et al., 2002,

i - and colleagues have tested this distinetion in a split-
ient using a paradigm in which an identical stimu-

bas v be mentally rotated or imagined from a different

perspeoctive. They found that while the right hemisphere
appearcd o be better at mental rotation, the left hemi-
sphere aopeared 1o be beter an perspective taking (Funnell,
Johnson. wnd Gazzaniza. 2001 .

For these relatively low-level perceptual paradigms, the
hemispheric asymmetries appear to be driven by top-down
processes. In contrast, manv hemispheric differences with
higher-order cognitive processes, such as attention and
memory, appear to be driven by specialization for stimulus
properties. Kingstone, Iriesen. and Gazzaniga (2000) per-
formed several fascinating studies on reflexive attention
using eve gaze direction in split-brain patients. As in the
Posner cuing paradigm, a schematic face was presented as
the cuc. The direction of the eves may point to a target, or
it may not. In the case of primary interest, the direction of
eye gaze was not predictive of the target location. Yet in the
right hemisphere, but not the left, the patient was faster to
respond to a target in the path of the eye gaze. This effect
was obtained with schematic faces and with eyes alone, but
not when the schematic faces were presented upside down
(figure 85.1). When the face was actually predictive of target
location or when the stimulus was a nonpredictive arrow,
both hemispheres showed a similar effect. These finding
suggest that reflexive joint attention is mediated by cortical
processes that are lateralized to the hemisphere responsible
for face processing, which in these two patients is the right
hemisphere. Parenthetically. this work with  split-brain
patients led o the surprising finding that nonpredictive
arroves didd orient attention in normatl subjects, a iinding that

Thns connter tooa basic assumption {and never explicitly

tested) in the field of attention since the start of the Posner
cuing paradigm in the 1970s (Kingstone et al., in press).

Memory  Hemispheric specialization in particular low-level
cognitive processes can aftect episodic memory formation,
the memory for real-world events, as well. Retrieving episodic
memories often involves decision processes that are affected
by avariety of influences, just like any other decision process,
and the underlying brain regions engaged during retrieval
can vary greatly from subject to subject, depending on indi-
vidual strategies (Miller et al,, 2001; Miller, Kingstone,
and Gazzaniga, 2002; Windmann, Urbach, and Kutas,
2002). The encoding of episodic memories, as opposed to
retrieval, appears to be clicit more consistent neural activa-
tions across subjects {for review, see Cabeza and Nyberg,
2000). Hemispheric asymmetries play a role in memory for-
mation, as evidenced by neuropsychological studies (Milner,
Gorkin, and Tueber, 1968; Milner, 1972) and more recently
by ueuroimaging studies (Tulving et al, 1994; Kelley
et al., 1998; Nyberg, Cabeza, and Tulving, 1998; Wagner
et al., 1998; Nyberg et al., 2000). However, many memory
researchers debate the nature of those asymmetries. Some
investigators have argued that episodic encoding is predom-
inantly a left prefrontal function and that episodic retrieval
1s predominantly a right prefrontal function (Tulving ct al.,
1994). Typically these neuroimaging studics rely on the
encoding and retrieval of familiar verbal material (Cabeza
and Nyberg, 2000). Other researchers have suggested that
hemispheric asymmetries, particularly episodic encoding, are
material-specific rather than process-specific. For example,
recent neuroimaging research has found predominantly right
hemisphere activations in the prefrontal cortex during the
encoding of unfamiliar faces (Kelley et al., 1998) and textures
{(Wagner et al., 1998). Nevertheless, proponents of a lateral-
ized episodic encoding region argue that the bulk of neu-
roimaging research, including some studies using nonverbal
material, is consistent with episodic encoding being pre-
dominantly a left hemisphere process (Nyberg, Cabeza, and
Tulving, 1998; Nyberg et al., 2000).

The testing of split-brain patients can play a role in resolv-
ing this debate. If encoding and retrieval arc predominantly
lateralized processes in opposite hemispheres, then split-
brain patients should have major memory impairment,
because the information is encoded in one hemisphere and
retrieved by the other and the two hemispheres are discon-
nected. Yet these patients demonstrate only minor deficits
in episodic memory (Zaldel and Sperry, 1974; LeDoux
et al., 1977; Phelps, Hirst, and Gazzaniga, 1991; Metcalfe,
Funnell, and Gazzaniga, 1995; see Viskontas, Zaidel,
Knowlton, 2003, for a recent case of a patient with more
severe impairments in autobiographical memory). Split-
brain patients perform normally on most recognition tests

vet often have slight impairments on free recall tasks that
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The graphs represent split-brain patient J.W.’s per-

Feere 85.1
formance. Two faces (upright or inverted) or two pairs of eyes were
presented concurrently to the left of a central fixation cross and to
the right of the cross. The task was to maintain central fixation and
to press a left-hand key when the target asterisk was presented to
the left visual field (right hemisphere) and a right-hand key when
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congruent incongruent

congruent incongruent

the target was in the right visual field (left hemisphere). Gaze dire
tion did not predict target location. The gaze effect {responding sig-
nificantly faster to a congruency between target location and gaze
direction than to an incongruency) was evident only in the right
hemisphere, and ounly for upright faces and eyes. Patent V. had
similar results (Kingstone, Friesen, and Gazzaniga, 2000}.



require additional recruitment of strategic resources (Phelps,
Hirst, and Gazzaniga, 1991 These findings 1n split-brain
patients suggest that activaions seen on neuroimaging
studics may indeed be material-specific rather than process-
specific, as suvzested by Kelley and colleagues (1998) and
Wagner and collcagues 11998).

We direcily tested this hypothesis by manipulating the
encoding of words and faces 1n each hemisphere of two
split-hruin patients. one with a complete split and the other
with «

vartial splic iMiller, Kingstone, and Gazzaniga, 2002).

It coiondic encoding 18 predominanty a left hemisphere
tuncuen tidependent of material tvpe, then only the left
hernpiere i these patents should benefit from more elab-

orate rncoding of words and faces. However, because lan-

quaee = preferentially lateralized to the left hemisphere and
e T essing is lateralized to the right hemisphere in these
patiens Gazzaniga, 2000), we hypothesized that the left
borecsprene o nathe vgbe wanld hene e o the deenpex

encoding of familiar words, and that the right hemisphere,

unfamiliar faces. Our hypothesis would work only if encod-
ing processes were available in both hemispheres.

As shown m figure 83.2, we found in both patients a sig-
nificant difference in recognition performance after deep
pro(',‘

ssing during encoding of words versus shallow pro-
cessing during encoding of words in the left hemisphere, but
no difference as a tunction of depth of encoding in the right
hemisphere. Unfamiliar faces vielded the opposite result.
There was a significant diflerence in recogniton perfor-
mance after deep encoding of faces versus shallow encoding
of faces in the right hemisphere, but no difference in the left
hemisphere. Our results clearly indicated that manipulations
of episodic encoding differentially affect the performance of
the hemispheres, depending on the type of material being
processed. Fach hemisphere seems to be fully capable of
supporting episodic memory, and some asymmetries seem to
be based on the type of material being processed. A more
recent fMRI study of normal subjects regarding hemi-
spheric asymmetries during encoding of faces (Wig et al., in
press), along with previous patient studies (Milner, 1972) and
sodium amytal studies (Kelley et al., 2002), demonstrate
functionally separable routes to memory within prefrontal
cortex that depend on both the intrinsic properties of the to-
be-remembered materials and on the specific cognitive oper-
ations required by the task.

Wig and colleagues (in press) also suggest that memoriza-
- tion of namable objects (materials with fluent access to both
verbal and pictorial codes) engages both hemispheres, and
that these materials are remembered better than materials
~ that have access to single codes—the “picture superiority”
effect (Paivio and Csapo, 1973).

We conducted a study (Cooney et al,, 2002) with a
split-brain patient using a simple full-field, nonlateralized

but not the left, would benefit from the deeper encoding of
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Freure 85.2  The top graph represents recognition performance
using words for the left and right hemispheres of split-brain patient
J-W., while the bottoin graph represents recognition performance
using unfamiliar faces. Gray bars represent a shallow level of pro-
cessing during encoding (for words: does the word contain the letter
a? for faces: 1s the face female?), and black bars represent a deep
level of processing (for words: does the word represent a living
object? for faces: is the face the face of a healthy person?). Both the
study and the test sessions were lateralized to one hemisphere. The
left hemisphere’s recognition performance improved significantly
after deep processing of words compared to shallow processing,
while the right hemisphere showed no improvement. In contrast to
word processing, the right hemisphere’s recognition performance
improved significantly afier deep processing compared to shallow
processing, but the left hemisphere’s recognition performance
did not. Patient V.P. had similar results (Miiler, Kingstone, and
Gazzaniga, 2002).
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presentation with responses collected separately for the right
and left hands. In three separate conditions, the patient
memorized words, namable objects, and unfamiliar faces.
Following the presentation of each stimulus set, the patient
was given a recognition memory test with responses for each
hand. Consistent with dual-coding predictions, when the
subject used the right hand, memory for namable objects
was no better than for words, and when the subject used the
left hand, memory for namable objects was no better than
for faces. These findings suggest that the picture superiority
effect results from the collective contribution of left and right

hemisphere brain regions during memorization.

Looking for paiterns

Gazzaniga and his colleagues have long argued for the exis-
tence of a structure in the left hemisphere referred to as the
interpreter. The interpreter was the process that tried to
make sense out of incomplete or ambiguous information.
The existence of such an interpreter has been demonstrated
in several experiments in which the left hemisphere appar-
ently “felt” the need to explain responses made by the left
hand under control of the right hemisphere (Gazzaniga,
2000). We recently developed a new technique for examin-
ing the existence and characteristics of the interpreter in the
left hemisphere (Wolford, Miller, and Gazzaniga, 2000). The
technique is quite simple and involves having the participant
guess which of two events will happen on the next trial. This
paradigm, referred to as probability guessing, was examined
extensively in the middle of the twentieth century. One
curious and easily replicable finding is that humans tend to
frequency match in this paradigm. Irequency matching
means that humans tend to guess the alternatives in the pro-
portion at which they have been presented in the past. So,
if the two alternatives are “left” and “right,” and left occurs
on 70% of the trials, participants will tend to guess “left”
about 70% of the time. Frequency matching Is curious
because it is nonoptimal and because animals from almost
every other species maximize the optimal strategy (Hinson
and Staddon, 1983). Maximizing is always guessing the most
frequent alternative.

The likely reason that humans frequency match is that
they believe there is a deterministic pattern, and they are
determined to find that pattern even when told there isn’t
one. Yellott (1969) provided a striking demonstration that
people were looking for patterns in these experiments. In his
experiment, a stimulus appeared either on the left or on the
right, on each trial, and subjects had to predict which light
would appear. The probability of the lights was varied across
blocks. Subjects matched the frequency of the actual pre-
sentations (frequency matching), changing when the fre-
quency changed. In the last block of 50 trials, the light
appeared wherever the subject predicted it would, regardless
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of the subjects’ guesses. Subjects continued to frequency
match during these last 50 trials. When Yellott stopped the
experiment and asked subjects for their impressions, they
overwhelmingly responded that there was a fixed patterrll
to the light sequences and that they had finally figured it
out. They proceeded to describe elaborate and complex

sequences of right and left choices that resulted in their
responses always being correct. These verbal reports support. .
the contention that subjects had been searching for fixed

sequences all along and were fooled into thinking they had <
succeeded. oy
We reasoned that if frequency matching results from
searching for patterns even when there are none, and if the
left hemisphere interpreter postulated by Gazzaniga is a
neural structure that tries to make sense of the world around
it, then there might be an inumate relationship between
frequency matching and the left hemisphere. To test this
hypothesis, we lateralized the probability guessing paradigm, -
presenting the stimuli to either the right or left visual field of
two split-brain patients and collecting the predictions from
the appropriate contralateral hand. We reasoned that if the s
interpreter were responsible for frequency matching, then
we should see frequency matching with left hemisphere
presentation  and maximizing with right hemisphere _
presentation. o
That is what we found. We replicated the paradigm using

patients with unilateral frontal brain damage, reasoning that
a patient with unilateral but widespread damage to the right
frontal cortex would perform similar to the left hemisphere
of a split-brain patient, and vice versa for a patient with uni- -
Jateral damage to the left hemisphere. As predicted, the
patient with unilateral left frontal damage maximized, but
the patients with unilateral right frontal damage frequency
matched. Figure 85.3 shows the data averaged across the two
split-brain patients and the patients with frontal lesions (see”
original article for individual graphs). o

Recognition of self

Various researchers have argued that the concept of self
is intimately related to consclousness (Kihistrom and Klein
1997; Turk et al., in press). Leaving aside the notion of con-
sciousness during visual perception as portrayed by Crick
and Koch (see Crick and Koch, this volume), the self as
agent seems to be a major part of much conscious experi-
ence. Is processing or awareness of sell really different from
other forms of semantic processing? Are there neural cir-
cuits specifically related to self processing? Could there be 2
connection between the left hemisphere interpreter and the
self? There have been interesting findings related to all three
of these questions over the last few years.

Many investigators, following the level-of-processin
tradition, have shown that sell-relevant processing leads tO :
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better subsequent memory than even deep semantic pro-

cessing see review by Lockhart and Craik, 1990). Some
investigators have argued that self-relevant processing 1s not
qualitativelv ditferent from other forms of semantic pro-
cessing “Kihlstrom and Klein, 1997). They argue that its
advantage comes trom increased familiarity with self and the
broader array of associations that are available. Kelley and
colleagues :2002! compared self-relevant processing to other-
relevant processing and to upper- and lowercase judgments.
They found that both self-relevant and other-relevant pro-
cessing produced greater activation in the left inferior frontal
cortex and in the anterior cingulate when compared to
case judgments, but there was no difference between self and
other in these regions. They did find one area, the medial
prefrontal cortex, in which self processing was substantially
higher in activation level than either other or case process-
ing. Taken together, these findings suggest that selt’ process-
ing is similar in some ways but qualitatively different in other
ways {rom deep semantic processing.

What about the possible relationship between the left
hemisphere interpreter and the processing of self? The find-
ings from Kelley and colleagues (2002) were ambiguous as
to laterality, and the medial prefrontal activation straddled
the midline. Given the smoothing algorithms used, the acti-
vation might have been bilateral or might have been later-
alized to one of the two sides. The previous literature has
been mixed with respect to the laterality of self processing
Using WADA tests, Keenan argued that the right hemi-

'

guessing the most frequent stimulus 70% of the time. Left hemi-
sphere presentations yielded frequency matching, but right hemi-
sphere presentations yielded maximizing or guessing the most
frequent stimulus most of the time. (The data, broken down by
individuals, are presented in Wolford, Miller, and Gazzaniga,

2000.)

sphere was more apt to remember having seen one’s self fol-
lowing presentation of morphed photographs in which the
self was part of the morph (Keenan et al., 2001). Of neces-
sity, perception and memory are confounded in a WADA
paradigm. Generally, face processing is better in the right
hemisphere (Kanwisher, McDermott, and Chun, 1997), but
not necessarily processing of one’s own face. Other studies
have shown a left hemisphere advantage for autobiographi-
cal memory and for pictures of one’s face (Conway and
Pleydell-Pearce, 2000).

In a recent study, Turk and colleagues (2002) examined
the perceptual recognition of self in a split-brain patient.
They presented morphs of the patient and one of three
familiar others to the patient, varying the percentage of self
in the morph. They went through each sequence of morphs
from 0% self to 100% self twice. On some sequences the
patient was asked to respond “yes” if he saw himself. On
other sequences, he was asked if he saw a particular famil-
iar other. They found a strong dissociation in that the patient
was more likely to identify the other familiar person in right
hemisphere presentations but substantially more likely to
identify himself in left hemisphere presentations. These
data do not necessarily resolve the ambiguity in the previous
literature, but they do suggest that the left hemisphere may
be biased to perceive one’s self. Such was not the case in the
right hemisphere.

The foregoing data do not necessarily speak to the
involvement of the interpreter, but the link between a
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structure that tries to make sense of the world and the per-
ception of self is compelling. Both appear to reside in the
left hemisphere, and a large part of making sense of the
world seems to involve thoughts about one’s self. Continu-
ing in the speculative vein, it is possible that consciousness,
the self, and the left hemisphere interpreter are intimately
connected. As compelling as these relationships seem to us,
we are going to do our best in the next couple of sections to

complicate the picture.

A two-stage signal detection model

We noticed an interesting aspect to the data on self percep-
tion presented by Turk and colleagues (2002) that was not
discussed by the authors. A reanalysis of the data confirmed
our impression and meshed with previous observations of
working with split-brain patients. The split-brain patient
went through each of the morphed sequences several times
using one of nwo response options. On one-half of the trials
the patient was instructed to respond “yes” if he saw himself
in the picture. On the other half of the trials he responded
“yes” if he saw the familiar other in the photograph. We
reanalyzed the data by adding together the number of ves
responses for a given morph stimulus across the two daffer-
ent response formats. For example, on one morph sequence
for the stimulus that contained 90% of the patient’s face,
the patient responded “yes” a sum of 110% of the time
(100% of the time when asked about sclf and 10% when
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asked about the familiar other) when the morph was pre-
sented to the left hemisphere, but only 73% of the time
(60% and 15%) when the morph was presented to the right
hemisphere. The average rate of yes responses across the
different morph fractions is presented in figure 85.4.

As the figure shows, presentations to the left hemisphere
were more likely to yield a yes response, regardless of morph
fraction or response required. We concluded that presenta-
tions to the left hemisphere are biased to yield a perception
of “self,” but they are also more likely to yield a yes response
in general (92% yes responses in left hemisphere vs. 72% in
the right). Treating different morphs as replications, this
difference was significant ({10) = 2.82, P=0.018).

We are suggesting that willingness to respond and bias .
for a particular response given that a response is made are |
separable parameters. This separability 1s not observable in
most paradigms, as the subject is forced to respond in most
paradigms. The separation between willingness to respond
and bias for a particular response seems well captured by a ‘

two-stage signal detection model. Subjects first decide to
respond, and once they have decided to respond, the tradi-
tional signal detection model would apply. In order to avoid ~
this possible confound, one would have to use a paradigm
that allowed a nonresponse on each trial. However, even in
paradigms that do not permit a nonresponse, we believe that
in some conditions, the subjects may essentially decide not
to respond, even though they hit a button. In those cases, - -
the subjects would choose responses with litde or no thought.
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Ficure 85.4 The graph represents the percentage of ves
responses summed over trials on which patient was asked to say
“ves” if’ he saw himsell’ and on trials in which he was asked to say

“yes” if he saw a familiar other as a function of percentage of self hemisphere.
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in the morphed image. If the patient always said yes in both™
response categories, the measure would sum to 200%. The graphf‘
shows that yes responses are significantly more common in the left



We present a rough idca of this model in the context of
@ recognition memory experiment requiring an old/new
response in which the test is presented to different hemi-
spheres on some scheduie. The tirst stage would be a deci-
sion about whether 1o bother uving. The subject might
decide that the task was o difficult in the right hemisphere
and wanld nor even o wy to decide whether the item was
old or new. T he subject would make that decision with prob-
abilie o [+ the subject chose not to try, then he or she would
make sorme response that required little thought or effort.
Sucls & resnonse might be pure guessing (50/50), persevera-
tol ot asingle response, and so on. If the subject chose to
uy sevontests n the left hemisphere), then he would assess
the positon ot the item on some dimension of strength and
respond “old™ il that strength exceeded a criterion value
and “no” otherwise, The decision o bother trying would be
bisedhonseveral factors such as the strength and quality of

- wvallable information. the context, the subject’s a priori

+outidence in being able to perform the task. and so on.

I most standard tasks, it is difficult or impossible to dis-
«ntangle the two processes with the usual data as collected,
A decision not to try in some conditions of a standard recog-
niion o judement paradigm would show up as a reduced
& and an altered eriterion, depending on the exact type of
low-eftort response that the subject chose to use. The para-
digm ot Turk and colleagues was unusual as it consisted of
what could be described as two separate go/no-go tasks, one
for each response option. By (‘umbining them, one obtains
an estimate of the willingness to respond. the first stage, and
m addition an estimate of the bias for or against the “self”
response in the two hemispheres once a decision to try is
made. To test the model systematically, one would need to
run a standard recognition or signal detection paradigm
and add the response option “don’t know” on each trial. The
“don’t know” responses would be excluded from the esti-
mation of the traditional signal detection parameters.

Our sense from testing split-brain patients in a number of
diverse paradigms is that it seerns that in many cases one
hemisphere defers to the other hemisphere. The responses
from the unfavored hemisphere look random and vield low
estimates of «. but we have the sense that the low sensitiv-
ity often reflects an unwillingness to try. For example, the
patient may believe that face recognition is the responsibil-
ity of the right hemisphere and may not try very hard on
faces presented to the left.

We replicated our probability guessing paradigm with
flumerous variations on one of the split-brain patients. The
typical result was frequency matching in the left hemisphere,
but the behavior of the right hemisphere was quite incon-
sistent. We observed maximizing, minimizing (both forms
of single-response perseveration), 50/50 responding, and
simple alternation. As a group, we would characterize these

responses as not wying with that hemisphere.

One of those probability guessing paradigms was partic-
ularly revealing. In addition to exploring new variables, one
reason we kept varying the paradigm was to keep our subject
from the depths of boredom. On one oceasion we used facial
hair as the event to predict. So the split-brain patient, J.W.,
was asked to predict on each tial whether the face that
would appear had facial hair or not. For the only time in our
lengthy series, the patient frequency matched with the right
hemisphere and responded randomly with the left hemi-
sphere. Our interpretation was as above. Faces were seen as
the purview of the right hemisphere, so only that hemi-
sphere took the task seriously.

The asymmetries discussed in this and in the preceding
sections have implications for the nature and location of con-
sciousness. There are undoubtedly specific modules in the
brain both for different types of processing and for different
types of stimuli. At least to some extent, these individual
modules seem to be related to conscious experience (Cooney
and Gazzaniga, 2003). The modular specificity of con-
sciousness 1s further indicated by awareness of one’s deficits
or the lack thereof. With certain types of brain damage, the
patient is fully aware of problems and bothered by them.
With other types of brain damage, there is little or no aware-
ness. A passage from Stuss and Alexander (2000) illustrates
this specificity: “This domain specificity is the reason why
impaired disorders of awareness within a specific module
can exist. For example, a lesion in the left posterior tempo-
ral lobe typically results in Wernicke’s aphasia (Benson,
1979) ... the patient is unaware of the comprehension
failure or the abnormal speech. If' damage occurs to the
right parietal lobe, the patient may neglect the left side with
total unawareness of this neglect (Heilman et al., 1985).” We
suggested earlier that for some tasks, a part of the brain
assumes that it is its job to handle that task. We now suggest
that when that occurs, that part of the brain is also respon-
sible for any awareness that accompanies the task.

ACKNOWLEDGMENTS  This work was supported in part by NIH
grant No. P50 NS17778-19, Section 5 {G.W.and M.M.). We thank
Paul Corballis, Margaret Funnell, Alan Kingstone, and Gagan Wig
for their contributions.

REFERENCES

Asorriz, F, A. B. ScrEBeL, R. S. Fisuer, and E. Zamzer, 1992,
Fiber composition of the human corpus callosum. Bram Res. 598:
143-153.

AkeLaTs, A. ], 1941, Studies on the corpus callosum: Higher
visual functions in each homonymous field following complete
section of the corpus callosum. Areh. Newrol. Prsychiatry 45:788.

Bexnson, D, 1979, Aphasia rehabilitation. Areh. Newrol. 36:187-189.

Bercucen, G., W, Heron, R. Hyman, G. Rizzorartr, C. Uwmira,
1971. Simple reaction times of ipstlateral and contralateral hand
to lateralized visual stimuli. Brain 94:419—449.

Bocew, J. E., and P |. Vocer, 1962, Cerebral commissurotomy in
man: Preliminary case report. Bull. L.A. Newrol. Soc. 27:169—179.

WOLFORD, MILLER, AND GAZZANIGA: SPLIT DECISIONS 1197



.
:
1
.
]
p

Caseza, R, and L. Nyserc. 2000. Imaging cognition. II. An
empirical review of 273 PET and tMRI studies. 7. Cogn. Neurosci.
12:1-47.

Conway, M. A, and C. W. Prevoeri-Prarcr, 2000. The con-
struction of autobiographical memories in the .s(,,lf memory
system. Psychol. Rev. 107:325-339.

Cooney, J., M. B. Miieer, M. S. Gazzaniea, and W. M. KeLLEY,
2002. Picture superiority and the role of the left and right hemi-
sphere during memory formaton. Paper presented at the annual
meeting of the Cognitive Neuroscience Society, San Francisco.

Cooney, J. W, and M. Gazzanica, 2003, Neurological disorders
and the stucture of human consciousness. Trends Cogn. Set. 7
161-165.

CorsarLis, P M., K. Barverr, and M. C. Corsacrris, 2004.
Line~-motion tllusions in the normal and divided brain. Unpublished
Mmanuscript.

CorsarLis, P M., R. FEnpricH, R. SHAPLEY, and M. S. GazzANIGA,
1999. Husory contours and amodal completion: Evidence for a
funcdonal dissociation in callosotomy patients. f. Cogn. Neurosct.
11:459-466.

Corsarrs, P M., M. G. Funnee, and M. 8. Gazzanica, 1999, A
dissociation between spatial and identity matching in calloso-
tomy patients. Neuroreport 10:2183-2187.

Corsarus, P M., M. G, Fos~ern, and M. S, Gazzanica, 2000a.
Hemispheric asymmetries for simple visual judgments in the split
brain. Neuropsychologia 40:401—410.

Corsarris, P M., M. G. Funnerr, and M. S. Gazzanica, 2000b.
An investigation of the line motion effect in a callosotomy
patient. Brain Cogn. 48:327-332.

Corsarris, P M. (in press). Visuospatal processing and the right-
hemisphere interpreter. Brain Cogn.

Funnerr, M. G, S. H. Jomnson, and M. S. Gazzaxica, 2001.
Hemispherie differences in egocentric and allocentric mental
rotation: evidence from fMRI and a split-brain patient. Paper
presented at the annual meeting of the Cognitive Neuroscience
Society, New York.

Gazzanica, M. S.; 2000. Cerebral specialization and interhemi-
spheric communication: Does the corpus callosum enable the
human condition? Brain 7:1293-1326.

Gazzanica, M. S, J. E. Bocen, and R. W, Sperry, 1962. Some
functional eftects of sectioning the cercbral commissures in man.
Proc. Nad. Acad. Sei. US.A. 48:1765-1769.

Gazzanica, M. S, J. E. Bocen, and R. W. Sperry, 1963. Lateral-
ity effects in somesthesis following cerebral commissurotomy in
man. Neuropsychologia 1:209-215.

Gazzanica, M. S, J. E. Bocen, and R. W. Sperry, 1965. Obser-
vations on visual perception after disconnexion of the cercbral
hemispheres in man. Brain 88:221-236.

Hewmax, Ko M., R.T Watson, and E. Varenstein, 1985, Neglect
and related disorders. In Cinical Neuropsychology, K. M. Heilinan
and E. Valenstein, eds. 2nd ed, New York: Oxford University
Press, pp. 245-294.

Hikosara, O., S. MivauvcHr, and S. Smmojo, 1993. Focal visual
attention produces itlusory temporal order and motion sensation.
Viston Res. 33:1219-1240.

Hinson, J. M., and J. E. R. Stappon, 1983, Matching, maximizing
and hill-climbing. 7. Exp. Anal. Behar. 40:321-331.

Jackson, J. H., 1874/1915. On the nature of the duality of the
bram. Bramn 38:80-103.

Kanwisher, N, J. McDermort, and M. M. CuHun, 1997.
The fusiform face arca: A module m human extrastriate
cortex specialized for face perception. J Newrosci. 17:4302—
4311.

1198 CONSCGIOUSNESS

Keenan, J. P, A. Neuson, M. O’Connor, and A. Pascavie-Lrong
2001. Self-recognition and the right hemisphere. Nuture 409:3()5i
Keieey, Wo ML, ID M. Mieziv, K B, MeDervotT, R. L. BuckNgg
M. E. Ramcaig, N. J. Conen, J. M. OLLvcER, E. AKBUDAK,
T. E. CoNnruro, A, Z. SNYDER, and S. E. PErerseN, 1998. Hcmji
spheric specialization in human dorsal frontal cortex and medial

temporal lobe for verbal and nonverbal memory encoding,
Newron 20:927-936. .

Keriey, W. M, J. G. Ojemany, Ro Do Werzer, C. P Dirpeyy)
C. J. Moran, D. T. Cross, J. L. Dowrine, J. W. MILLer, and
S. E. Perrsen, 2002. Wada testing reveals frontal lateralization
for the memorization of words and faces. 7. Cogn. Newrosci.
14:116-125. Bk

KristroM, J. F, and S. B. Krrin, 1997. Selt-knowledge and self-
awareness, dnn. MY, Acad. Sei. 818:4-17. s

Kmastone, A, C. K. Frmsen, and M. S. Gazzanica, 2000.
Reflexive joint attention depends on lateralized cortical conne
tions. Psychol. Sei. 11:159-166.

Kmvestone, A, D. Swmwek, J. Ristic, C. K. Friesen, and J. D,
Eastwoop (in press). Attention researchers! [ts time to pay
attention to the real world. Curr. Direct. Psychol. Sei. :

LeDoux, J. E., G. Russe, S. Serincer, D. H. Wison, and’
M. 5. Gazzanica, 1977. Cognition and commissurotomy. Brain’
110:87-104.

Locknart, R. S, and F 1. M. Crak, 1990. Levels of processing;
A retrospective commentary of a framework for memory
research. Cana. J. Psychol. 44:87-112.

MeTcALFE, J., M. FunngLr, and M. S. Gazzanica, 1995. Right-
hemisphere superiority: btudlcs of a split-brain patient. ngchol
Sci. 6:157-163.

Miier, M. B, T. C. Hanoy, J. CutLer, S. Inati, and G. L.
Worrorp, 2001. Brain activations associated with shifts in’
response criterion on a recognition test. In Cognitive Neuroscience
[special issue]. Can. . Exp. Psychol. 55:164 173.

Mieer, M. B., A, Kinasrong, and M. S. Gazzanica, 2002. Hcmx-\
spheric cncodmg asymmetries are more apparent than real
Cogn. Neurosct. 14:702-708. :

Muner, B., 1972. Disorders of learning and memory after tem-
poral lob(‘ lesions in man. Chn. Newrosurg. 19:421-446, :

Mirner, B., S. Corxkiy, and H. L. Teuskr, 1968. Further analys
of the hlppommpal amnesic syndrome: 14-year follow-up study
of H. M. Neuropsvchologia 6:215-234.

NYBERG, L., R. Caseza, and E. Turving, 1998. Asymmetric frontal
activation during episodic memory: What kind of specificity?
Trends Cogn. Sei. 2:419-420.

Nvsirg, L., R. Hagsm, E. Tuwving, R. Capeza, S. HOULE
J PLRSbO\I and A. R. Meclnross, 2000. Large scale neuro-;
cognitive networks underlying episodic meimnory. 7. Cogn. Veumx

12:163-173. :

Parvio, A., and K. Gsaro, 1973. Picture superiority in free rcca.ll'
Imagery or dual coding? Cagn. Psychol. 5:176-206. :

PueLps, E. A., W. Hirst, and M. S. Gazzanica, 1991. Deficits in’
recall following partial and complete commissurotomy. Ceré
Cortex 1:492--498.

Roser, M., J. FuceLsane, K. Dunear, P M. CorsaLLs, and o
M. S. (:Au ANIGA (In press). Understanding causality. Perccptloni
and inference in a split-brain patient. Nat. Newrosct.

Stuss, D. T., and M. P. ALExanDER, 2000. Executive functions an
the frontal lobes: A conceptual view. Psychol. Res. 63:289 -298..

Tsk, P, P Cavanacy, and K. Naravama, 1998. The role of parsmg
n hlgh -level motion processing. In High Level Motion Processi
Computational, Neurobwlogical, and  Psychophysical Perspectives,
Watanabe, ed. Cambridge, Mass: MIT Press, pp. 249-266.



Tuving, E., S0 Kaver, LN Cra, M. Moscovrren, and
S. Houwe, 149 Hemispherie encoding/retrieval asymmetry in
episodic memors: Posiiron emission tomography findings. Proc.
Natle deado >0 UL 0200 22000,

Turs. D J0 10 F Hearserion, Wo ML Kereey, M. G. FunseLL,
MLS Gavzravioas and C0NDNMacrag, 2002, Mike or me? Self-
reCOuTino Cspui-bram patent. Nat. Newroscr. 5:841-842,

Tuere. DT E HeariertoN, G0N Macrar, W, M. KeLLey, and
MoN Goszantoa i presst. Out of contact, Out of mind: The
disiritoco aie of self dane NE Acad. S

.. . Zamer, and B. J. Kvowrron, 2003. Severe

SOy Impairments in a commissurotomy patient.
: eclat the annual meeting of the Cognitive Neuro-
w1~ ..t New York.
Vas Woonns WO P and RY. Herren, 1940, Surgical division
ot comeossurad pathways i the corpus callosum: Relation to
spread ot an epileptic selzure. dreh. Newrol. Pyvehiatry 44:740-759.
vess GmeNac, Mooand o Favsert. 1994, Intraactribute and inter-
atribute moton mdocton, Preeption 23:913--928,

Wasyer: AL D, RUOA Pororaes, Lo Lo Erprimae, J. E. Desmosn,
GoHo Grover, and J. D, I Gasroeen, 1998, Material-specific
aateralization of prefrontal activation during episodic encoding
and retrteval. Newroreport 9:3711-3717.

oy

ViskoNTws L

L L

e

WOLFORD, MILLER, AND GAZZANIGA: SPLIT DECISIONS

Wic, G. S, M. B. Mireer, A, Kivestonm, and W, M. KerLey (in
press). Separable routes to human memory formation: Dissoci-
ating task and material contributions in prefrontal cortex. 7. Cogn.
Neurosct.

Wison, D. H., A, G. Reeves, M. GGazzaniea, and C. CULVER,
1977. Cerebral commissurotomy for control of intractable
seizures. Newrology 27:708--713.

Winpyany, S, TP Ureacs, and M. Kuras, 2002. Cognitive and
neural mechanisms of decision biases in recognition memory.
Cereb. Cortex 12:308-817.

Worrorp, G. L., M. B. MuLer, and M. Gazzanica, 2000. The
left hemisphere’s role in hypothesis formation. 7 Newrosci. 20:1-4,

WRraca, M., J. Cutren, and D, Babrg, 2002, Event-related FMRI
study of imaginal selt and object votations. Paper presented at
the annual meeting of the Cognitive Neuroscience Society, San
Francisco.

Yerrorr, J. L, Jr., 1969, Probability learning with noncontingent
success. J. Math. Pypchol. 6:541-575.

Zacks, J. M., J. M. Ovuincer, M. A, SuErAN, and B. TvERsky,
2002. A parametric study of mental spatial transformations of
bodies. Newrolmage 16:857-872.

Zawer, D., and R. W. Seerry, 1974. Memory impairment after
commissurotomy i man. Brain 97:263-272.

1199



