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Background: Patients with schizophrenia demonstrate
poor verbal memory, ascribed to impaired prefrontal and
hippocampal function. Healthy adults can increase recall
accuracy following encoding interventions, such as item
repetition and the formation of semantic associations. We
examined the effects of these interventions on both mem-
ory performance and retrieval-related hippocampal activ-
ity in healthy adults and patients with schizophrenia.

Methods: Twelve patients with schizophrenia and twelve
healthy control subjects participated. During study, sub-
jects counted either the number of meanings or T-junc-
tions in words seen only once or repeated four times. At
test, O15–positron emission tomography scans were ac-
quired while subjects completed word-stems with previ-
ously studied items.

Results: Control subjects recalled more words overall,
but both groups demonstrated similar performance bene-
fits following deeper encoding. Both item repetition and
the use of a semantic encoding task were associated with
memory retrieval–related hippocampal recruitment in
control but not schizophrenic participants. Patients with
schizophrenia demonstrated greater activation of prefron-
tal cortical areas during word retrieval.

Conclusions: Despite a lack of hippocampal recruitment,
patients with schizophrenia showed intact modulation of
memory performance following both encoding interven-
tions. Impaired hippocampal recruitment, in concert with
greater prefrontal activation, may reflect a specific deficit
in conscious recollection in schizophrenia. Biol Psychi-
atry 2003;53:48–55 © 2003 Society of Biological Psychi-
atry
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Introduction

Memory impairment is an often unrecognized but
debilitating aspect of the schizophrenia syndrome

(Aleman et al 1999). As memory performance is the best
predictor of overall psychosocial well-being in patients
with schizophrenia (Green 1996; Green et al 2000),
understanding the neural basis of memory dysfunction is
critical in effecting better functional outcomes for patients
with this disorder.

Although the neural underpinnings of impaired memory
in schizophrenia are incompletely understood, most evi-
dence implicates aberrant activity in two brain regions
critical for normal memory: the hippocampus and the
dorsolateral prefrontal cortex (Weiss and Heckers 2001).
Our previous work, for example, demonstrated impaired
recruitment of the hippocampus in schizophrenic patients
performing a word-stem retrieval memory paradigm
(Heckers et al 1998). This study examined the impact of a
dual encoding manipulation (item repetition and perform-
ing a semantic encoding task) on subsequent recall success
and retrieval-related hippocampal activation. Control sub-
jects showed a substantial benefit in memory retrieval
following this combined encoding manipulation, with
nearly a three-fold increase in memory retrieval. Patients
with schizophrenia, though showing some improvement in
memory after deep encoding, did not benefit as much from
this intervention. In the control subjects, the improved
memory retrieval following deep encoding was associated
with greater activity in the right hippocampus. Patients
with schizophrenia failed to recruit this region, instead
showing greater activation in prefrontal cortical areas. We
interpreted the lack of hippocampal recruitment as a sign
of impaired conscious recollection of deeply encoded
words, and the greater prefrontal activation as evidence of
greater retrieval effort, used as a compensatory mechanism
to improve memory performance.

The present study aimed to examine further these
deficits in modulation of memory performance and hip-
pocampal activity. Our previous study combined two
encoding manipulations to produce a “high recall” and
“low recall” condition. The high recall condition consisted
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of items encoded four times while performing a semantic
task (counting the number of meanings of the word),
whereas the low recall condition consisted of items seen
only once, encoded using a perceptual task (counting the
number of T-junctions that occur within a word). We
created a novel 2 � 2 factorial design, to create four
distinct levels of recall success. By teasing apart the two
encoding manipulations used in the previous experiment,
we were now also able to specifically examine the effect
of a semantic encoding task on memory recall in schizo-
phrenia; this is of particular interest given the known
deficits in the use of associative encoding seen in this
disorder (Brebion et al 1997; Chan et al 2000; Ragland et
al 2001). Using this design, we recently found that healthy
control subjects improved recall performance following
both word repetition and the use of a semantic encoding
strategy, and that these increases in recall accuracy are
associated with greater hippocampal activation (Heckers
et al 2002). We hypothesized that patients with schizo-
phrenia would not benefit as much from these encoding
manipulations and would not demonstrate the normal
pattern of retrieval-associated hippocampal recruitment.

Methods and Materials

Subjects
Twelve male patients with DSM-IV–defined schizophrenia were
recruited from the outpatient Psychotic Disorders Clinic of the
Massachusetts General Hospital. All diagnoses were confirmed
using the Structured Clinical Interview for DSM-IV (SCID; First
et al 1995), administered by clinic psychiatrists. The mean
duration of illness was 23 (SD � 9) years. All patients were
taking a stable dose of antipsychotic medication (four on con-
ventional neuroleptics [mean dose equivalent to 384 mg of
chlorpromazine], eight on atypical neuroleptics) and were not
withdrawn from their medication for the purposes of the study. In
addition, four of the patients were taking anticholinergic medi-

cation (benztropine or trihexyphenidyl) at the time of the study
participation. Patients were excluded if they had a history of
significant neurologic illness (seizure disorder, head trauma,
stroke) or met criteria for alcohol or other substance abuse within
the previous 3 months.

Twelve age-matched male subjects, recruited via advertise-
ment from the local community, served as a control group.
Control subjects were free of any Axis I psychiatric condition, as
determined by SCID (administered by APW) and did not have a
history of major medical or neurologic illness. None of the
control subjects was taking psychotropic medication.

There were no significant differences in age, mean parental
education level, or socioeconomic status between the patient and
control groups (Table 1). Control subjects had attained higher
levels of formal education, though this did not reach statistical
significance (p � .056). Estimated intelligence quotient (IQ), as
determined by the North American Adult Reading Test (Blair
and Spreen 1989), was significantly greater in the control
subjects (112 � 12) than in the patients with schizophrenia (98
� 13) [t(22) � 2.79, p � .05].

Before enrollment of subjects, the protocol was approved by
the Institutional Review Board of the Massachusetts General
Hospital and the Central Office Research Review Committee of
the Commonwealth of Massachusetts, Department of Mental
Health. Informed, written consent was obtained from all partic-
ipants, following a complete description of the study.

Experimental Design

All subjects underwent eight positron emission tomography
(PET) scans while inhaling [15O] CO2 gas. An Apple G3
Powerbook computer (Apple Computer, Cupertino, CA) pre-
sented the stimuli within a 6-inch � 6-inch area in the center of
the screen, positioned approximately 50 cm from the prone
subject. Scans 1 and 8 served as a “low-level” baseline, consist-
ing of simply viewing a “white noise” visual image of scattered
dots (Martin 1999). During scans 2 and 7, subjects were asked to
complete 20 three-letter word-stems into the first word that came
to mind (“active baseline”) by responding verbally. Word-stems

Table 1. Characteristics of Schizophrenia and Control Subjects

Schizophrenia
(n � 12)

Control
(n � 12) t p

Age (y) 47.8 (6.1) 48.8 (10.5) .29 ns
Mean parental education (y) 12.8 (2.7) 12.7 (1.5) �.09 ns
Education (y) 12.1 (3.4) 14.9 (3.5) 2.02 .056
Socioeconomic statusa 2.6 (.9) 2.7 (.8) .11 ns
Estimated IQb 98 (13) 112 (12) 2.79 �.05
Positive and Negative Syndrome Scale 58.5 (9.6) — — —
Scale for the Assessment of Negative Symptoms 38.3 (8.6) — — —
Simpson-Angus Rating Scalec 3.1 (3.3) — — —
Abnormal Involuntary Movement Scaled 2.6 (1.0) — — —

Values are given as means (SD). Statistical comparisons used Student’s t test. IQ, intelligence quotient.
aMeasured using the Hollingshead index.
bMeasured using the North American Adult Reading Test.
cAssesses extrapyramidal symptoms.
dAssesses tardive dyskinesia.
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appeared in all capital letters, in a 72-point Geneva font, and
were presented for 5 sec apiece.

Scans 3–6 comprised the word-stem retrieval memory para-
digm. Before scans 3 and 5 there was a study period, during
which subjects were presented with a randomized list of 100
target words: 20 words presented once and 20 words presented
four times. In one block, subjects were asked to count the number
of meanings of the words presented in quadruplicate (semantic
encoding) and count the number of T-junctions (defined as a
perpendicular crossing within individual letters) in the words
presented only once (perceptual encoding). In the other study
block, the instructions were reversed, thereby producing four
separate conditions in a 2 � 2 factorial design: Semantic 4�,
Semantic 1�, Perceptual 4�, and Perceptual 1�. Word lists
were rotated among the four conditions (and two active base-
lines) in a counterbalanced fashion. The order of the scanned
recall sessions was also counterbalanced across subjects.

Each word was presented for 5 sec, and responses (number of
T-junctions or meanings) were given verbally by the subject.
During the subsequent memory retrieval tasks (scans 3–6)
subjects were asked to complete a three-letter word stem with a
target word by responding verbally during a 5-sec period.
Subjects were encouraged to provide an answer, giving their
“best guess” if uncertain.

PET Scan Acquisition
Positron emission tomography scans were acquired with a
Scanditronix PC4096 (General Electric, Milwaukee, WI) 15-
slice, whole-body tomograph. The slice geometry consisted of
contiguous slices with center-to-center distance of 6.5 mm (axial
field equal to 97.5 mm) and axial resolution of 6.0 mm full-width
half maximum (FWHM). Images were reconstructed using a
computed attenuation correction and a Hanning-weighted recon-
struction filter set to yield 8.0-mm, in-plane, spatial resolution
FWHM. Additional corrections were made to account for photon
absorption, scatter, and dead-time effects.

Subjects were positioned in the scanner with an individually
molded thermoplastic mask to minimize head motion. Head
alignment was made relative to the canthomeatal line to ensure
maximal coverage of prefrontal areas and complete coverage of
the medial temporal lobes. Transmission measurements were
made using an orbiting pin source. Subjects underwent 1-min
scans inhaling [15O] CO2 gas delivered via a facemask posi-
tioned snugly over the nose and mouth 30 sec after the initiation
of the task. Each scan was followed by a 10-min washout period.

Data Analysis
Memory performance was analyzed using a repeated-measures
analysis of variance (ANOVA), with diagnosis (schizophrenia
vs. control) as a between-subject factor and encoding task
(semantic vs. perceptual) and item repetition (4� vs. 1�) as
within-subject factors.

Positron emission tomography images were analyzed using
statistical parametric mapping (SPM 99, Wellcome Department
of Cognitive Neurology, London, UK). Images were realigned
and transformed into standard Talairach space, then smoothed

using a two-dimensional, 15-mm, FWHM Gaussian filter.
Planned contrasts followed the 2 � 2 factorial design described
above: within-group analyses assessed the main effects of repe-
tition (4� vs. 1�) and encoding task (semantic vs. perceptual)
and between-group analyses assessed the group � condition
interactions. We employed a random-effects model, with statis-
tical parametric maps thresholded at an uncorrected p � .001 (z
� 3.09) for the a priori regions of interest in the hippocampus
and prefrontal cortex. Statistical significance in all other voxels
outside these a priori defined regions was set at a p � .05,
corrected for multiple comparisons.

Results

Behavioral Performance

Control subjects recollected a significantly greater per-
centage of words (mean across all conditions � 53 �
14%) than the patients with schizophrenia (41 � 10%)
[main effect of diagnosis: F(1,22) � 5.9, p � .05].
Repetition of study items at encoding significantly im-
proved subsequent recall in both groups [main effect of
repetition: F(1,22) � 135.8, p � .0001]. Similarly, the use
of a semantic (as compared with perceptual) encoding task
increased recall accuracy in both groups [main effect of
encoding task: F(1,22) � 37.7, p � .0001]. The repetition
of study items had a greater impact on subsequent recall
when engaging a semantic, as compared with perceptual,
encoding task [F(1,22) � 24.5, p � .0001]. There were no
significant diagnosis � encoding condition interactions
(i.e., patients showed similar modulation of performance
across task conditions as the control subjects) (Figure 1).

To assess whether simple inattention or failure to
engage in encoding processes might account for the
overall performance discrepancy between the two groups,

Figure 1. Behavioral data. Improved word-stem cued recall
accuracy scores (means � SD) in both patients with schizophre-
nia (gray lines) and control subjects (black lines) following
repeated (4�) word encoding and the use of a semantic (as
compared to perceptual) encoding task.
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we compared the accuracy of counting the correct number
of T-junctions. Accuracy scores for the patients with
schizophrenia (78 � 16%) were not significantly different
from those in control subjects (85 � 18%) [t(22) � 1.01,
p � .32]. We also examined the potential confounding
effects of medication status on memory performance.
Neither medication class [atypical vs. conventional: t(10)
� 0.98, p � .35) nor anticholinergic status [positive vs.
negative: t(10) � 0.12, p � .9] had an effect on overall
recall accuracy.

PET Data

CONTROL SUBJECTS. In the control group, the use of a
semantic encoding task (as compared with a perceptual
task) during encoding resulted in greater retrieval-related
regional cerebral blood flow (rCBF) in the right posterior
hippocampus (Montreal Neurological Institute [MNI] co-
ordinates: 26, �28, �6; z � 3.49) (Table 2). Word
repetition during encoding resulted in greater rCBF during
subsequent recall in the left anterior hippocampus (�32,
�16, �16; z � 3.44). Similar hippocampal activation was
observed when word retrieval after semantic and repeated
encoding was compared with the active baseline task of
lexical retrieval (right hippocampus: 30, �24, �8, z �
4.06; left hippocampus: �32, �18, �12, z � 3.11). In
control subjects, therefore, the significant improvement in
recall accuracy following each type of encoding manipu-
lation was associated with hippocampal activation.

SCHIZOPHRENIA SUBJECTS. Unlike the control sub-
jects, patients with schizophrenia did not demonstrate
significant hippocampal activation during word retrieval
after repeated or semantic encoding, even when statistical
thresholds were extended down to p � .05, uncorrected.
Instead, semantic encoding resulted in greater retrieval-
associated rCBF in the left inferior frontal gyrus (Brod-
mann’s area [BA] 47) and anterior medial prefrontal

cortex (BA 10) (Table 2). Repetition of items during
encoding led to greater rCBF in the right prefrontal cortex
during memory retrieval (Table 2).

BETWEEN-GROUP ANALYSIS. Word-stem completion
following semantic encoding was associated with greater
retrieval-related rCBF increases in the right medial tem-
poral lobe in the control subjects (28, �12, �6; z � 3.64)
(Table 3). Similarly, greater hippocampal activity in con-
trol subjects was evident when word-stem completion
following semantic encoding was compared with activity
during the active baseline task (44, �22, �10; z � 3.44)
(Table 3, Figure 2). Patients with schizophrenia, on the
other hand, demonstrated greater activation than control
subjects in the left and medial prefrontal cortex (Table 3).

There were no significant regions of differing activity
during the retrieval of words that were encoded repeatedly
as compared with those viewed only once. When com-
pared with the active baseline condition, retrieval of
repeatedly presented words was associated with greater
bilateral activation of the dorsolateral prefrontal cortex in
control subjects (Table 3). Analyses of both contrasts did
reveal greater left hippocampal activation in the control
subjects, but these were not significant at the predeter-

Table 2. Brain Regions Showing Significantly Increased
Activity during Retrieval

Region (Brodmann area) Z score

Coordinates

x y z

Main effect of encoding task: semantic � perceptual
Control subjects

Right hippocampus 3.49 26 �28 �6
Schizophrenic subjects

Left prefrontal cortex (47) 3.48 �44 30 �16
Left prefrontal cortex (10) 3.29 �6 60 �2

Main effect of repetition: 4� � 1�
Control subjects

Left hippocampus 3.44 �32 �16 �16
Schizophrenic subjects

Right prefrontal cortex (9/10) 3.31 4 58 16

Table 3. Significant Group Differences of Brain Activity
during Retrieval

Region (Brodmann area) Z score

Coordinates

x y z

Between-group comparison: semantic � perceptual
Control � schizophrenic

Right medial temporal lobe 3.64 28 �12 �6
Schizophrenic � control

Frontal pole (10) 4.33 �2 62 �6
Left prefrontal cortex (47) 3.85 �50 30 �4
Left orbitalfrontal cortex (11) 3.66 �14 44 �20
Left prefrontal cortex (47) 3.20 52 48 �8

Between-group comparison: semantic � baseline
Control � schizophrenic

Right hippocampus 3.44 44 �22 �10
Left prefrontal cortex (47) 3.37 �38 32 �2

Schizophrenic � control
Left orbitalfrontal cortex (11) 3.43 �10 40 �24
Frontal pole (10) 3.27 4 68 �14

Between-group comparison: 4� � 1�
Control � schizophrenic

No regions of statistical significance
Schizophrenic � control

No regions of statistical significance
Between-group comparison: 4� � baseline

Control � schizophrenic
Right prefrontal cortex (47) 3.34 48 30 �2
Left prefrontal cortex (47) 3.22 �40 30 �8

Schizophrenic � control
No regions of statistical significance
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mined statistical threshold of p � .001 (4� vs. 1�: �34,
�24, �6, z � 2.63; 4� vs. Baseline: �28, �20, �12, z
� 2.51). No brain regions were significantly more active
in schizophrenic subjects than in control subjects follow-
ing item repetition at encoding.

To examine whether these between-groups differences
were related to the medication status of the schizophrenia
cohort, we ran simple regression analyses of the change in
hippocampal blood flow versus chlorpromazine equiva-
lents at the right (28, �12, �6) and left (�34, �24, �6)
loci described above. At neither location was rCBF change
correlated with medication burden (right hippocampus: df
� 3, r � .44, p � .56; left hippocampus: df � 3, r � .39,
p � .61). Similarly, using unpaired t tests, there was no
difference in hippocampal modulation at these loci sub-
jects on atypical versus conventional neuroleptics [right
hippocampus: t(10) � 0.50, p � .63; left hippocampus:
t(10) � �0.63, p � .54]. Finally, there was no difference
in hippocampal modulation in these regions in patients on
or off anticholinergic medications [right hippocampus:
t(10) � 0.45, p � .66; left hippocampus: t(10) � 0.07, p
� .95].

Discussion

Here we show that both item repetition and the use of a
semantic encoding task were associated with memory
retrieval–related hippocampal recruitment in control, but
not schizophrenic participants. In the control group, the
retrieval of repeatedly presented study items was associ-

ated with greater left anterior hippocampal activity,
whereas the retrieval of items encoded via a semantic task
was associated with recruitment of the right posterior
hippocampus. Between-groups analyses indicated that
both areas of activation were significantly greater in
control than schizophrenic subjects, though only the right
hippocampal region met a priori threshold criteria for
statistical significance.

These findings replicate, in a completely novel cohort,
our previous work highlighting the important role of the
hippocampus in mediating depth of encoding effects on
recall accuracy (Heckers et al 1998; Schacter et al 1996a,
1996b) and extend a growing literature indicating aberrant
hippocampal/temporal lobe activity in patients with
schizophrenia (Ganguli et al 1997; Hazlett et al 2000;
Heckers et al 1998; Medoff et al 2001; Ragland et al 1998,
2001; Tamminga et al 1992). The novel experimental
design of the current study also revealed that item repeti-
tion and the use of a semantic encoding task result in
distinct patterns of greater retrieval-related hippocampal
activity during subsequent word retrieval. Although we are
cautious about implicating encoding-based interventions
in the changes in blood flow measured at retrieval, it is of
potential significance that abnormal hippocampal recruit-
ment in schizophrenia appeared to be more substantial
following semantic (as compared with perceptual) encod-
ing. This finding suggests a disruption of the neural
circuitry responsible for making meaningful associations
between items in patients with schizophrenia.

Figure 2. Greater modulation of blood flow in control subjects in the right hippocampus during recall after semantic encoding
compared to active baseline. The region of significant activity (p � .001, uncorrected) is mapped onto a template structural magnetic
resonance image of a single subject. The box plots indicate the mean, quartile distribution, and range of the change in right hippocampal
regional cerebral blood flow (�rCBF) following semantic encoding versus active baseline. C � control, S � schizophrenia.
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Despite demonstrating impaired hippocampal recruit-
ment during the retrieval of deeply encoded items, patients
with schizophrenia nevertheless show a similar pattern of
recall benefit across the various depth of encoding condi-
tions. Although contrary to our initial hypothesis, which
suggested that schizophrenic patients would not show
intact modulation of memory performance, this finding is
consistent with prior work indicating that patients with
schizophrenia can benefit from encoding interventions to
improve subsequent memory (Bauman 1971; Koh and
Peterson 1978; Koh et al 1976). This intact ability to
modulate performance via the use of simple encoding
strategies may have important ramifications for clinical
improvement of the cognitive deficits in schizophrenia.
For example, repeated presentation of material, or encour-
aging the use of semantic (meaning-based) encoding of
to-be-remembered items may lead to substantial improve-
ment in cognitive performance and overall functioning.
Indeed, similar arguments were recently put forth in a
review of cognitive remediation for schizophrenia (Kurtz
et al 2001). It is of further potential importance that this
cohort was able to improve performance despite an overall
lower estimated IQ than that of the control group. This
suggests that such benefits are not limited to a “high-
functioning” segment of the schizophrenia population.

It is intriguing that schizophrenic subjects were able to
increase recall accuracy without the hippocampal recruit-
ment seen in the control subjects. Two potential explana-
tions seem most likely. First, the hippocampus is only one
component of a cortical network subserving memory
retrieval (Buckner and Koutstaal 1998; Fletcher et al
1997). Of particular interest have been the roles of the
anterior and dorsolateral prefrontal cortices in memory
retrieval, and the interaction of these areas with the medial
temporal lobe system (Buckner and Wheeler 2001; Buck-
ner et al 1998; Nolde et al 1998). Although not showing
evidence of hippocampal recruitment, the patients with
schizophrenia do show retrieval-related activation of the
left ventral prefrontal cortex (BA 47) and anterior ventral
prefrontal cortex (BA 10) during word retrieval following
both methods of deep encoding. This region of left
prefrontal cortex has been associated with greater depth of
encoding in a number of studies, including both encoding
and retrieval (Buckner et al 1999; Otten et al 2001;
Ranganath et al 2000). These prefrontal regions may be
engaged in a compensatory retrieval process in the schizo-
phrenic subjects. Further work to better understand the
relationship between memory-related activity of the hip-
pocampus and prefrontal cortex in schizophrenia will be
critical to evaluate such a mechanism.

A second explanation of the findings suggests that the
hippocampal activation seen in control subjects is linked

not only to the number of items remembered, but to how
they are remembered. More specifically, in previous stud-
ies in healthy adults, words recollected following deep
encoding are more likely to be “consciously” recollected
(i.e., with awareness of the study episode and contextual
details) rather than retrieved on the basis of simple
familiarity or a “gut sense” (Gardiner 1988; Rajaram
1993). Indeed, these studies demonstrate that the superior
recall of deeply processed items is due entirely to differ-
ences in conscious recollection (Blaxton and Theodore
1997). Importantly, recent work by Eldridge and col-
leagues demonstrates that retrieval-based hippocampal
activation is due solely to the retrieval of items associated
with conscious recollection (but is not related to familiar-
ity-based recollection) (Eldridge et al 2000). The greater
hippocampal activity during retrieval of deeply encoded
items seen in the control group of the current study may
similarly be related to this type of conscious recollection.
Several studies have now demonstrated a deficiency of
conscious recollection, with a tendency toward familiarity-
based memory in patients with schizophrenia (Besche-
Richard et al 1999; Danion and Rizzo 1998; Danion et al
1999; Heckers et al 1998; Huron et al 1995; Kazes et al
1999). The lack of hippocampal activation in schizophre-
nia could then be interpreted as impaired conscious recol-
lection (Heckers et al 1998), whereas the ability to
increase recall accuracy relies more on greater item
familiarity. Although we did not record the “remember/
know” judgments used to distinguish conscious from
familiarity-based recollection (Tulving 1985), and there-
fore cannot examine this hypothesis using the current data,
further evaluation of this intriguing explanation seems
warranted.

As in our previous reports (Heckers et al 1998, 1999),
the patients in this study were chronically ill male patients
with a moderate degree of positive and negative symp-
toms. Given the relatively small sample size of this
neuroimaging study, we felt it important to study a fairly
homogeneous sample and therefore recruited all-male
cohorts. This of course may limit the generalizability of
our results: further examination of the nature of episodic
memory in female patients with schizophrenia is needed to
further evaluate the potential role of gender in mediating
these effects.

All patients were taking neuroleptic medication, and
four of the 12 were taking anticholinergic medication.
Differences in memory performance or cerebral activation
between these patients and the unmedicated healthy con-
trol group may therefore be confounded by this factor.
Prior work on the impact of medication status on episodic
memory has been mixed, though most recent studies report
no significant effect (Goldberg and Weinberger 1996;
Mortimer 1997) or even slight cognitive benefit, particu-
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larly with atypical medications such as clozapine (Hagger
et al 1993; Keefe et al 1999; Stip 1996). Indeed, with-
drawal of neuroleptic medication may even adversely
affect memory performance (Gilbertson and van Kammen
1997). Most (Berman et al 1986; Miller et al 1997;
Ragland et al 2001), but not all (Medoff et al 2001), prior
studies demonstrate no effect of medication status on
prefrontal or medial temporal rCBF in schizophrenia.
Concerns about this medication effect are somewhat as-
suaged by our analyses, which indicate no significant
differences in memory performance or hippocampal rCBF
modulation based on medication class (atypical vs. con-
ventional antipsychotic) or the use of anticholinergic
medication; however, a study of our word retrieval para-
digm in a neuroleptic-naı̈ve population would be neces-
sary to rule out the potential confound of treatment with
neuroleptic medication.

Patients with schizophrenia, although showing the per-
formance benefits of deeper encoding, do not demonstrate
the greater levels of hippocampal activity seen in control
subjects. The inability to appropriately modulate hip-
pocampal activity following deep encoding, particularly in
relation to the use of a semantic encoding task, may be
offset by greater activity in other regions known to be
important for normal memory, including the anterior and
dorsolateral prefrontal cortices. Alternatively, the lack of
hippocampal modulation may reflect a qualitative, rather
than quantitative, deficit in memory retrieval in patients
with schizophrenia. The failure of hippocampal recruit-
ment not withstanding, the fact that patients with schizo-
phrenia were able to appropriately modulate performance
following encoding intervention may have important im-
plications for attempts at cognitive remediation in this
population.
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