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Abstract

& Previous neuroimaging studies have claimed a left hemi-
sphere specialization for episodic ‘‘encoding’’ and a right
hemisphere specialization for episodic ‘‘retrieval.’’ Yet studies
of split-brain patients indicate relatively minor memory
impairment after disconnection of the two hemispheres.
This suggests that both hemispheres are capable of encoding
and retrieval. In the present experiment, we examined the
possible limits on encoding capacity of each hemisphere by
manipulating the ‘‘depth’’ of processing during the encoding
of unfamiliar faces and familiar words in the left and right
hemispheres of two split-brain patients. Results showed that
only the left hemisphere benefited from deeper (more

elaborate) encoding of familiar words, and only the right
hemisphere benefited from deeper encoding of unfamiliar
faces. Our findings are consistent with the view that
hemispheric asymmetries in episodic encoding are related
to hemisphere-specific processing of particular stimuli.
Convergent with recent neuroimaging studies, these results
with split-brain patients also suggest that these hemispheric
differences are not due to unique specializations in each half
brain for encoding memories, but rather, are due to
preferential recruitment of the synaptically closer prefrontal
cortex to posterior regions processing material-specific
information. &

INTRODUCTION

From neuroimaging studies and neuropsychological
studies, it is clear that hemispheric asymmetries play
a role in episodic memory. The nature of that asym-
metry, though, has recently been debated. Some inves-
tigators have argued that episodic encoding is
predominantly a left prefrontal function while episodic
retrieval is predominantly a right prefrontal function
(Tulving, Kapur, Craik, Moscovitch, & Houle, 1994).
Typically, these neuroimaging studies rely on the en-
coding and retrieval of familiar verbal material (Cabeza
& 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 reported right hemisphere activations in the pre-
frontal cortex during the encoding of unfamiliar faces
(Kelley et al., 1998) and textures (Wagner, Poldrack,
et al., 1998). Nevertheless, proponents of a lateralized
episodic encoding region argue that the propensity of
neuroimaging research, including some studies using
nonverbal material, suggests that episodic encoding
is predominantly a left hemisphere process (Nyberg,
Cabeza, & Tulving, 1998; Nyberg et al., 2000).

Despite the functional neuroimaging arguments that
episodic encoding is predominantly a left hemisphere
function, we propose that each hemisphere is fully
capable of encoding and retrieving episodes. This
stance is based on studies of ‘‘split-brain’’ patients
who have had their hemispheres surgically discon-
nected as a treatment for intractable epilepsy. If
encoding and retrieval are predominantly lateralized
processes in opposite hemispheres, then it follows
that split-brain patients should have catastrophic mem-
ory impairment. Yet these patients demonstrate only
minor deficits in episodic memory (Metcalfe, Funnell,
& Gazzaniga, 1995; Phelps, Hirst, & Gazzaniga, 1991;
LeDoux, Risse, Springer, Wilson, & Gazzaniga, 1977;
Zaidel & Sperry, 1974). These findings with split-brain
patients suggest that activations seen in neuroimaging
studies may indeed be material specific, as suggested
by Kelley et al. (1998) and Wagner, Poldrack, et al.
(1998). Convergent with this view, other studies sug-
gest that the prefrontal cortex and the medial tempo-
ral lobe act interdependently to enable episodic
encoding (Wagner, Schacter, et al., 1998; Moscovitch,
1972). That is, the prefrontal cortex is recruited to
enable encoding processes (being carried out in more
posterior regions) to a greater or lesser extent de-
pending on task demands or stimulus characteristics.
For instance, many neuroimaging studies isolate brain
activity during episodic encoding by contrasting the
shallow encoding of stimuli with deep, more elaborate,
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encoding of stimuli. Word processing and encoding of
verbal stimuli is known to involve structures posterior
to the prefrontal cortex in the left hemisphere of most

subjects (Milner, Corkin, & Tueber, 1968; Milner, 1972).
These structures are often not evident in these neuro-
imaging contrasts presumably because they operate to

a) Levels-of-processing for words b) Levels-of-processing for faces
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Figure 1. (a) This column represents recognition performance using words for the left and right hemispheres of split-brain patients. The first

row is the average of both patients, while the second row is Patient J. W. and the third row is Patient V. P. Gray bars represent a shallow
level-of-processing during encoding, and black bars represent a deep level-of-processing. The left hemispheres’ recognition performance

improved significantly after deep processing of words as compared to shallow processing, while the right hemisphere showed no improvement.

( b) This column represents recognition performance using faces for both hemispheres of both patients. In contrast to word processing, the right

hemispheres’ recognition performance improved significantly after deep processing, but the hemisphere’s recognition performance did not.
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the same extent in both the shallow and deep condi-
tions (see Schacter & Wagner, 1999 for discussion).
However, this contrast does typically produce strong
activations in the left dorsolateral prefrontal cortex
associated with more elaborate encoding. It may be that
the left prefrontal cortex is recruited to a greater extent
in the elaborate condition compared to the shallow
condition, and that it is lateralized to the left hemi-
sphere due to its proximity to more posterior hemi-
sphere-specific processing of particular verbal stimuli.

The present study tested these ideas by manipulating
the encoding of words and faces in each hemisphere of
two split-brain patients. If episodic encoding is predom-
inantly a left hemisphere function despite the type of
material, then only the left hemisphere in these patients
should benefit from more elaborate encoding of words
and faces. However, because language is preferentially
lateralized to the left hemisphere and face processing to
the right hemisphere in these patients (Gazzaniga,
2000), we hypothesized that the left hemisphere would
benefit from the deeper encoding of familiar words but
not the right, and that the right hemisphere would
benefit from the deeper encoding of unfamiliar faces
but not the left.

RESULTS

Results from Split-Brain Patients on Manipulating
the Encoding of Words

In this experiment, we directly manipulated the level of
encoding of word stimuli in each isolated hemisphere of
two split-brain patients, J. W. and V. P., using a lateral-
ized procedure for both the study and test phases. First,
it is important to note that both hemispheres for both
patients had no difficulty in performing the shallow and
deep encoding tasks. The shallow task required the
patient to determine whether the letter ‘‘a’’ appeared
in the word. The deep encoding task required the
patient to determine whether the word represents a
living object or not.

In the recognition task, both split-brain patients
showed a significant benefit in the left hemisphere
for deeper encoding of words, but showed no benefit
in the right hemisphere. Figure 1a illustrates the
recognition performance across several sessions for
both split-brain patients using corrected recognition
scores, while Table 1 shows all the hit rates, false
alarm rates, corrected recognition scores, and d 0 for
each hemisphere of both patients. J. W.’s recognition
performance in the left hemisphere increased signifi-
cantly from the shallow condition (35%) to the deep
condition (56%), while his performance in the right
hemisphere did not improve (shallow 24%, deep 20%).
Similarly, V. P.’s performance in the left hemisphere
increased from the shallow condition (28%) to the deep
condition (53%), while her performance in the right
hemisphere also did not improve (shallow 37%; deep
29%). In a repeated-measures ANOVA, there was a
significant two-way interaction between hemisphere
and level-of-processing [F(1,14) = 14.31, p = .002].
(Each patient’s session was considered a case with
proportion correct as the dependent measure. Patient
was considered a between-subjects variable, while hemi-
sphere [left or right] and level-of-processing [shallow or
deep] were considered within-subjects variables.) Over-
all, there was a significant difference between the left
hemisphere and the right hemisphere [F(1,14) = 7.66,
p = .015], but no significant difference between patients
[F(1,14) = .24, p = .631], nor did patient interact
significantly with other variables (all F’s < 2.15; all
p’s > .16). As for the depth of processing, overall, there
was no significant difference between deep encoding

Table 1. Levels-of-Processing for Words in Each Hemisphere of Two Split-Brain Patients

Patient Hemisphere Condition Hit Rate False Alarm Rate Corrected Recognition d 0a

J. W. Left Shallow 73% 38% 35% 0.92

Deep 84% 28% 56% 1.55

Right Shallow 65% 41% 24% 0.63

Deep 67% 47% 20% 0.51

V. P. Left Shallow 60% 32% 28% 0.72

Deep 72% 19% 53% 1.46

Right Shallow 78% 41% 37% 1.01

Deep 86% 57% 29% 0.92

aAverage d 0 across testing sessions.

Table 2. Levels-of-Processing for Faces in Normal Subjects

Hit Rate
False

Alarm Rate
Corrected

Recognition d 0

Shallow 69% 34% 35% 0.91

Deep 82% 30% 52% 1.45
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and shallow encoding [F(1,14) = 1.35, p = .265].
However, critical to our hypothesis was the difference
in depth of encoding for each hemisphere. Therefore,
each hemisphere was analyzed separately. Indeed, there
was a significant difference between deep encoding and
shallow encoding in the left hemisphere [F(1,14) = 6.24,
p = .026], but not in the right hemisphere [F(1,14) =
.88, p = .363].

Results from Normal Subjects on Manipulating the
Encoding of Faces

Levels-of-processing effects are normally thought to
occur only with familiar word stimuli, although Bower
& Karlin (1974) published a study showing increased
recognition performance following a deep level of en-
coding faces (is the face likeable/honest?) compared
with a shallow level of encoding (is the face male?).
Before we tested the separate hemispheres of split-brain
patients, we wanted to ensure that our methods for
manipulating the level of encoding unfamiliar faces
could produce improved recognition in normal subjects
using a full-field presentation. The shallow encoding task
required subjects to determine whether a face was
female or not. The deep encoding task required subjects
to determine whether a face was the face of a healthy
person or not. As shown in Table 2, normal subjects’
recognition performance increased significantly from
the shallow condition (35%) to the deep condition
(52%) [F(1,16) = 10.31, p = .005] using corrected
recognition scores in a repeated-measures ANOVA.

Results from Split-Brain Patients on Manipulating
the Encoding of Faces

Since face processing is known to be lateralized to the
right hemispheres in these patients, we hypothesized
that the right hemisphere would benefit from the
elaborate encoding of unfamiliar faces, but not the left.

The left and right hemispheres for both patients did
not make any mistakes in determining whether the face
was female or male. The deep encoding task (is the face
the face of a healthy person?) was subjective, but
neither hemisphere appeared to have difficulty in mak-
ing the judgment.

In contrast to the left hemisphere benefit for words,
the right hemisphere of both patients showed a signifi-
cant benefit for deeper encoding of unfamiliar faces, but
not the left (Figure 1b and Table 3). There was no
improvement from the shallow condition (25%) to the
deep condition (27%) in the left hemisphere of Patient
J. W. Yet there was a significant improvement from the
shallow condition (24%) to the deep condition (50%) in
the right hemisphere. Similarly, in the left hemisphere of
V. P., there was no improvement from the shallow
condition (�4%) to the deep condition (�6%). Yet, in
the right hemisphere there was a significant improve-
ment from the shallow condition (�12%) to the deep
condition (37%). (Interestingly, Patient V. P. was at
chance in recognizing faces in all the conditions except
the deep condition in the right hemisphere, despite the
fact that she did not have any trouble with the encoding
tasks.) As indicated by these results, there was a signifi-
cant two-way interaction in a repeated-measures ANOVA
between hemisphere and level-of-processing [F(1,4) =
11.46, p = .028]. Overall, there was a significant main
effect for hemispheres [F(1,4) = 13.11, p = .022] and
levels-of-processing [F(1,4) = 47.22, p = .002]. Although
there was also a significant difference between patients
[F(1,4) = 48.33, p = .002], patient did not interact
significantly with hemisphere [F(1,4) = 0.56, ns] or
level-of-processing [F(1,4) = 3.33, ns]. As with the
words, each hemisphere was analyzed separately. In
the left hemisphere, there was no difference between
the shallow condition and the deep condition across
patients (F < 1) and there was no significant interaction
between patient and level-of-processing [F(1,4) = 0.107,
ns]. However, in the right hemisphere, there was a

Table 3. Levels-of-Processing for Faces in Each Hemisphere of Two Split-Brain Patients

Patient Hemisphere Condition Hit Rate False Alarm Rate Corrected Recognition d 0a

J. W. Left Shallow 71% 46% 25% 0.64

Deep 81% 54% 27% 0.78

Right Shallow 83% 59% 24% 0.75

Deep 88% 38% 50% 1.47

V. P. Left Shallow 46% 50% �4% �0.10

Deep 36% 42% �6% �0.17

Right Shallow 38% 50% �12% �0.32

Deep 52% 15% 37% 1.09

aAverage d 0 across testing sessions.
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significant difference between deep encoding and shal-
low encoding [F(1,4) = 54.34, p = .002]. Clearly, there
was a difference between patients in overall recognition
performance in the right hemisphere but the interaction
did not reach significance [F(1,4) = 5.83, p = .073].
These results confirmed our hypothesis that only the
right hemisphere benefits from more elaborate encod-
ing of unfamiliar faces.

DISCUSSION

The foregoing results with split-brain patients add to
the growing volume of neuroimaging studies on the
hemispheric asymmetries of episodic encoding, and
allow for a new perspective on the Hemispheric
Encoding/Retrieval Asymmetry (HERA) model that epi-
sodic encoding is predominantly a left prefrontal ac-
tivity while episodic retrieval is predominantly a right
prefrontal activity (Tulving et al., 1994). The HERA
model, unique in that it was based solely on functional
neuroimaging data, has made important contributions
to the field of cognitive neuroscience in realizing the
role of the prefrontal cortex in episodic encoding and
retrieval. At the same time, the present study suggests
that recent formulations of the HERA model, which
argue for the notion that across stimulus domains
encoding is a left hemisphere process, are not correct
(Nyberg, Cabeza, & Tulving, 1996, 1998; Nyberg et al.,
2000). The data also invalidate the less extreme view
that while both hemispheres are capable of encoding
and retrieval, across stimulus domains encoding is
predominately a left hemisphere process. Neither of
these stances can be reconciled with our finding that
the effects of stimulus encoding differed in their
lateralization based on the nature of the stimulus, with
the encoding effects for word stimuli preferentially
lateralized to the left hemisphere and the encoding
effects for face stimuli preferentially lateralized to the
right hemisphere.

Our data, however, are entirely consistent with the
formulation of HERA as originally put forward by Tulv-
ing et al. (1994). Here, Tulving’s model was limited
solely to the encoding and retrieval effects of word
stimuli. Our finding that the levels-of-processing effects
for words stimuli were lateralized to the left hemi-
sphere agrees with the HERA model as it was con-
ceived initially.

An important contribution of the HERA model, and
subsequent neuroimaging studies, is the emphasis on
the involvement of the prefrontal cortex in memorial
processes. The prefrontal cortex appears to be recruited
to ‘‘elaborate on material’’ or to ‘‘work with’’ informa-
tion in order to enhance its memoriability. Our data
with split-brain patients suggest that which prefrontal
cortex is recruited may depend on the lateralization of
more posterior processing. In recent years, it has been
argued that fewer synaptic connections are important in

enhancing the timing and efficiency of processing
(Cherniak, 1994). In this regard, not only is there a
significant wiring cost as one ascends the phylogenetic
scale (Allman, 1999), but there is a decrease in inter-
hemispheric connections as compared to intrahemi-
spheric connections (Rilling & Insel, 1999). This
perspective on cerebral processes could mean that
encoding and retrieving hemispheric-specific informa-
tion might call upon hemisphere-specific memory sys-
tems. Of course, split-brain patients have disconnected
hemispheres and are, therefore, limited to which pre-
frontal cortex can be recruited for additional processing.
Importantly, however, we have conducted neuroimag-
ing studies that suggest that recruitment by proximity
happens in the normal brain as well (Miller, Kingstone,
Corballis, Groh, & Gazzaniga, 1999). These findings are
consistent with the view that each hemisphere manages
locally the extended processes associated with its spe-
cialized skills.

Conclusion

The prefrontal cortex may be a component of a larger
network supporting episodic memory (Nyberg et al.,
2000; Milner, Squire, & Kandel, 1998; Wagner, Schacter,
et al., 1998; Moscovitch, 1972). The unique benefit of
studying split-brain patients to test competing hypoth-
eses of prefrontal asymmetries is that this approach
provides behavioral measures from the isolated hemi-
spheres. Our results indicate that manipulations of
episodic encoding differentially affect the performance
of the hemispheres depending on the type of material
being processed. We maintain that each hemisphere is
fully capable of supporting episodic memory, and that
the recruitment of a system is based on the type of
material being processed.

METHODS

Subjects

Two callosotomy patients (J. W. and V. P.) participated
in Experiments 1 and 3. Both patients underwent full-
stage callosotomy surgery approximately 20 years ago.
Patient V. P. does have some sparing in the rostrum
and splenium of the corpus callosum, although no
transfer of information was evident in these experi-
ments. Both patients have average intelligence and
score within the normal range on standard memory
tests. For more descriptive information on these pa-
tients, see Gazzaniga, Nass, Reeves, & Roberts (1984).

Seventeen Dartmouth College undergraduate stu-
dents participated in Experiment 2 in exchange for
course credit in an Introductory Psychology class.
Their ages ranged from 18 to 22 years old. Subjects
gave informed consent in accordance with guidelines
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set by the Human Subjects Review Committee at Dart-
mouth College.

Experiment 1

Twelve sessions for Patient J. W. and 4 sessions for
Patient V. P. were run in a 2-year period. All words used
in the experiment were concrete nouns, for which J. W.
and V. P. have previously demonstrated left and right
hemisphere comprehension. Each study/test session
consisted of a study phase in which 16 words were
presented to the left visual field (LVF) and 16 words
were presented to the right visual field (RVF). During
the test phase, 24 words were presented to the LVF
and 24 words were presented to the RVF. Each set of
24 words was composed of 16 old words and 8 new
words. Words were presented tachistoscopically for 150
msec, randomly to the left or right of a fixation point,
in order to maintain lateralization. There was a 10-min
interval between study and test during which the
patients were engaged in an unrelated cognitive task.
There were two study/test blocks for each session.
During one study phase, the patients were engaged
in a shallow, perceptual task during encoding (does the
word contain the letter ‘‘a’’?). During the other study
phase, they were engaged in a deep, semantic task
during encoding (does the word represent a living
object?). The order of the study conditions alternated
between sessions. The test in both cases was a yes/no
recognition test. In both the study and test phases, the
patients responded by pointing with their hand ipsilat-
erally to the visual field of the presentation. They
pointed to either ‘‘yes’’ or ‘‘no,’’ also presented tachis-
toscopically, with ‘‘yes’’ appearing randomly in the
upper field on half the trials and in the lower field
on the other half.

Experiment 2

Prior to testing split-brain patients on a levels-of-
processing for unfamiliar faces, we tested normal sub-
jects using the same stimuli and procedures (except full
field) to ensure that we could get a levels-of-processing
effect. These data were not used as a control for
Experiment 3 since the more appropriate control of
the right hemisphere of a split-brain patient is the
patient’s left hemisphere. The procedures were identi-
cal to the ones used in Experiment 1 (and Experiment
3) except in the following ways. The faces were not
lateralized. They were presented at the center of the
computer screen. There were 32 faces presented during
the study phase, and 48 faces presented during the test
phase (32 old and 16 new). The encoding tasks were
identical to Experiment 3. Nine of the subjects engaged
in the shallow encoding block first, and 8 subjects
engaged in the deep encoding block first. Instead of
responding by pointing to ‘‘yes’’ or ‘‘no’’ on the screen,

the subjects responded by pressing designated keys on
the keyboard.

Experiment 3

This experiment was comprised of 3 sessions with J. W.
and 3 sessions with V. P. The procedures were identical
to Experiment 1 except that unfamiliar faces were used
instead of words. The faces were photographs of Dart-
mouth undergraduate students from the shoulder up
and with a neutral facial expression. The encoding tasks
were also different from the ones with words. For the
shallow condition, the patients’ task was to answer
whether the face was female. For the deep condition,
their task was to respond whether the face was the face
of a healthy person.
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