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Abstract

Backround: Learning deficits are prominent among patients with chronic schizophrenia and are associated with poor
everyday functioning. Little is known, however, about the brain physiology underlying these difficulties with encoding new
information. Purpose: The purpose of the current study was to compare the brain response during novel picture encoding
between patients with chronic schizophrenia and healthy individuals using functional magnetic resonance imaging (fMRI).
Methods: Nine middle-aged patients with DSM-III-R or DSM-IV schizophrenia and 10 age- and education-comparable healthy
individuals were studied. Using fMRI, the blood oxygenation level dependent (BOLD) signal was measured during novel
picture encoding (experimental condition) and during presentation of a repeated picture (control condition). Encoding-related
brain response was examined in both groups and compared between the patient and comparison groups in each voxel within
four bilateral search regions (fusiform gyrus, parahippocampal gyrus, hippocampus, and inferior frontal gyrus). Results: Despite
comparable subsequent ability to recognize the presented pictures, patients with schizophrenia showed abnormal encoding-
related brain response in regions of the hippocampus and parahippocampal and fusiform gyrii compared to healthy individuals.
In medial temporal regions, patients showed greater BOLD response during the control condition (repeated picture) than during
the experimental condition (novel pictures). Conclusion: Abnormalities of the medial temporal brain systems examined in this
study may underlie learning deficits in schizophrenia. Further research is needed to illuminate the role of these brain
dysfunctions in poor everyday functioning and their amenability to treatment.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction schizophrenia (Saykin et al., 1991). Patients with
schizophrenia have difficulty learning new informa-

Deficits in learning and memory are among the tion in both visual and verbal modalities, and such
most prominent neuropsychological dysfunctions in deficits are strongly related to poor functional out-

come (Green et al., 2000). Poor learning has been
* correlated with the size of medial temporal and
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DeLisi et al., 1991). Such correlative designs, while
suggestive, do not provide direct evidence that func-
tional deficits of temporal and frontal regions are res-
ponsible for impaired learning among patients with
schizophrenia.

Functional neuroimaging studies have directly com-
pared brain activation between patients with schi-
zophrenia and comparison subjects during recall or
recognition memory. Although these studies, using
a variety of tasks, have been fairly consistent in de-
monstrating abnormalities among the patients, they
have shown divergent patterns of regional deficits
that include frontal, temporal, hippocampal, thalamic,
cerebellar, and parietal abnormalities (Andreasen et
al., 1996; Busatto et al., 1994, 1995; Crespo-Facorro
et al., 1999; Ganguli et al., 1997; Gur et al., 1994;
Heckers et al., 1998, 1999; Ragland et al., 1998;
Wood and Flowers, 1990). Studies combining encod-
ing and retrieval have more consistently found abnor-
mal striatal, frontal, and temporal metabolism
(Shihabuddin et al., 1998; Hazlett et al., 2000) and
abnormal frontal, temporal, and parietal blood flow
(Fletcher et al., 1998) among patients with schizo-
phrenia.

To our knowledge, no published study has exam-
ined differences in brain activation between patients
with schizophrenia and healthy individuals specifi-
cally during encoding of new information. Neuro-
imaging studies of encoding-related activation in
healthy individuals have implicated the prefrontal
cortex and parahippocampal and hippocampal cortices
(Nyberg et al., 2000). Medial temporal activation has
been especially apparent during encoding of complex,
novel pictures in contrast to encoding of a repeated
picture (Stern et al., 1996; Gabrieli et al., 1997;
Constable et al., 2000). Thus, encoding tasks, partic-
ularly those involving picture stimuli, appear to be
useful behavioral assays of brain activity in regions
that are hypothesized to be impaired in schizophrenia.
The present study compared the brain activation of
patients with chronic schizophrenia to healthy com-
parison subjects of similar age during a picture-encod-
ing task using functional magnetic resonance imaging
(fMRI). We hypothesized that patients would have less
activation than healthy subjects in both medial tempo-
ral and prefrontal cortical regions, whereas brain
response in visual processing areas (e.g., the fusiform
gyrus) would be equivalent between the groups.

2. Methods
2.1. Subjects

Patients were recruited from the Intervention
Research Center on Psychosis in Older Adults (IRC)
at UCSD. Thirteen patients with DSM-III-R or DSM-
IV schizophrenia (SZ), as determined by the SCID
(Spitzer et al., 1990, 1994) and diagnostic consensus
by staff psychiatrists, were studied. Subjects had no
history of major neurologic illness or head injury, no
current substance abuse or dependence, and no abnor-
malities on structural magnetic resonance imaging as
rated by a neuroradiologist. Four patients with schiz-
ophrenia were excluded from further analysis due to
excessive motion (i.e., motion parameters greater than
2.5 standard deviations (S.D.) of the comparison sub-
ject distribution). Of the nine remaining subjects, five
were women and all were right-handed with a mean
(standard deviation) age of 54.5 (5.9) years, mean
education of 12.8 (1.3) years, and a mean duration of
illness 0f 27.3 (10.6) years. All were stable outpatients
at the time of study, with a mean score 0f 29.8 (7.8) on
the Brief Psychiatric Rating Scale (Overall and Gor-
ham, 1962). All patients were medicated; five on
atypical antipsychotic medications, two on both atyp-
ical and typical medications, and two on only typical
antipsychotics.

Ten healthy comparison subjects, recruited from
the IRC and from hospital staff, met the same ex-
clusion criteria as the patients and had normal struc-
tural magnetic resonance imaging scans [mean age:
61.9 (12.9) years; mean education 13.4 (1.0)]. Two of
the HC subjects were women and all were right-
handed. There were no significant differences be-
tween the patient and HC groups on gender o2 ()=
3.25, NS), age (#(17)=—1.56, NS), or education
(t(17)=—-1.19, NS).

All subjects were paid for their participation and
gave written informed consent to participate in the
study, which had been approved by the UCSD Human
Subjects Committee.

2.2. Behavioral task
The task involved an alternating control

(“REPEAT”) and experimental (“ENCODE”") block
design based on the Stern et al. (1996) task. Each block
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consisted of six trials, composed of picture presen-
tation (2500 ms) and an intertrial interval (500 ms). A
3-s warning screen reminded the subject of which type
of block was to follow. During eight ENCODE blocks,
subjects memorized novel, colored, complex photo-
graphs. To ensure that subjects remained oriented to
the stimuli, subjects pressed a response key as quickly
as possible when each picture appeared and held the
key until the picture disappeared. During 10 REPEAT
blocks, subjects saw the same complex picture (a
photograph of autumn leaves) on every trial. Subjects
pressed a response key each time this picture was
presented, but were told that their memory for this
picture would not be tested. Thus, both the REPEAT
and ENCODE blocks were designed to involve motor
responses and visual processing, whereas the
ENCODE blocks also involved encoding processes.
Additionally, four blocks of fixation baseline trials
were presented (“FIXATE”). The picture stimuli were
presented to the subjects using an LCD projector,
back-projected onto a screen at the subjects’ feet.
Motor responses were made using a fiber-optic button
box and were recorded by the MicroExperimental
Lab2 software package (Psychological Software Tools,
Pittsburgh, PA).

2.3. Scanning procedure

High-resolution anatomical images were collected
in a Siemens Magnetom 1.5 T magnet using the
magnetization-prepared rapid acquisition gradient
echo (MPRAGE) protocol (180 sagittal slices, I mm
thickness, 1 X 1 mm in-plane resolution, TR=11.4
ms, TE=4.4 ms, flip angle=10°). One hundred fifty-
six whole brain images of blood oxygen level depend-
ent (BOLD) signal intensity were collected during
performance of the picture-encoding task using a
gradient-recalled echoplanar imaging (EPI) sequence
(20 axial slices, 7 mm thickness, 3.44 X 3.44 mm in-
plane resolution, TR =3000 ms, TE=40 ms, flip
angle =90°).

2.4. Performance measures

The percentage of picture stimuli to which subjects
responded with a button press and their response times
were recorded during scanning for 15 of the 19 sub-
jects (6 SZ and 9 HC). Approximately 10 min after

completion of the imaging task, all subjects partici-
pated in a forced-choice recognition memory task in
which the 48 presented stimuli were each paired with a
visually dissimilar foil. Recognition data were lost for
one SZ patient due to equipment failure.

2.5. Image analysis

Images were analyzed using the Analysis of Func-
tional Neurolmages (AFNI) software package. Each
individual’s image time series was motion-corrected
using a three-dimensional iterated, linearized, weigh-
ted least-squares method with Fourier interpolation.
The images were aligned to the image for which the
median amount of translation (in three planes) and
rotation (around three axes) required across time points
to correct for motion was minimized. The translation
and rotation indices at each time point were saved for
use as covariates in the individual-subject statistical
analysis. In addition, each subject’s data were assessed
for the degree of stimulus-correlated motion by exam-
ining the correlation between the stimulus reference
function and the six motion indices.

At each voxel in the motion-corrected image, a re-
gression model was tested with signal intensity across
the image time series as the dependent variable. The
predictor variables were (1) a set of shifted trapezoidal
reference functions representing the contrast between
the ENCODE and REPEAT conditions, (2) the degree
of in-plane and rotational motion, and (3) a linear
trend. The fit coefficient for the best-fit, shifted (up to 6
s) trapezoidal reference function was the measure of
functional contrast used in subsequent analyses.

In order to constrain the number of within- and be-
tween-group comparisons, encoding-related brain res-
ponse was examined in both groups and compared
between SZ and HC in each voxel of four bilateral
search regions: hippocampus, parahippocampal gyrus,
inferior prefrontal cortex (Brodmann’s Area [BA] 44/
45), and fusiform gyrus. These search regions were
selected based on previous studies of healthy individ-
uals demonstrating their involvement in encoding of
novel information (Nyberg et al., 2000; Stern et al.,
1996; Gabrieli et al., 1997; Constable et al., 2000).
Coordinates for and the extent of each search region
were determined using the Talairach Daemon software
(Lancaster et al., 2000). The search regions were used to
mask each subject’s three-dimensional dataset of fit
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coefficients which had been transformed into stand-
ardized atlas space (Talairach and Tournoux, 1988),
resampled into 4 X 4 X 4 mm cubic voxels, and blurred
with a 7-mm FWHM Gaussian filter. To test hypotheses
about group differences, we compared the mean fit
coefficient between groups in all voxels within each
search region (two-sample #-test). Clusters of brain
response were considered reliably different from zero
within groups or reliably different between the two
groups if they consisted of at least seven contiguous
voxels, each with a f-value >2.459 (p < 0.025). This
threshold and cluster volume combination was found to
protect a search-region-wise p = 0.059 in a Monte Carlo
simulation (AlphaSim, AFNI software package). The
inter-subject variability at each voxel within the search
regions also was examined and compared between
groups, using an F-test of the ratio of the variances
(Ferguson, 1981). To help interpret between group
effects, we identified areas of significant BOLD res-
ponse within each group by comparing the fit coeffi-
cients at voxels within each search region to zero
(single-sample #-test). For the statistical maps of brain
response presented in the figures, the magnitude of
between or within group effect was expressed as eta”
and given a valence based on the directionality of the
effect (range=— 1.0 to + 1.0). Eta® was chosen as the
measure of effect size over other measures because its
values are easily interpreted as the proportion of var-
iance accounted for by the factor of interest. Eta® is the
ratio of the sums of squares of the factor of interest (e.g.,
group membership) over the total sums of squares and is
easily transformed to other common statistics such as
the Student’s r-test (eta®=t2/(t*+(n, +ny, — 2)), where

n, and ny, are the number of subjects in groups a and b,
respectively).

Several analyses were conducted post hoc in order
to aid interpretation of the observed group differences.
First, the task-related response of every voxel in the
brain was compared between groups. Clusters were
considered significant if they contained 13 contiguous
(within a 4-mm radius) voxels (832 mm® volume) that
each exceeded a threshold of r=2.462 (p <0.025).
Second, the contrast of ENCODE vs. FIXATE was
compared between groups in a control region (primary
visual cortex, BA 17) in order to explore the specific-
ity of observed differences to encoding-related brain
regions and to address the potential concern that
methodological or broad physiological factors influ-
enced the between-group findings (Callicott et al.,
1998). Third, within the clusters found to be signifi-
cantly different between patients and controls, the
magnitude of the contrast between the FIXATE con-
dition and the ENCODE and REPEAT conditions was
examined. Finally, correlations between brain
response and recognition memory task performance
also were computed for each voxel in the search
regions. A full discussion of the correlation findings
is presented elsewhere (Eyler Zorrilla et al., 2002).

3. Results
3.1. Behavioral performance

During scanning, schizophrenia patients and healthy
comparison subjects were equivalent in their perform-

Table 1

Areas of significant brain response in healthy comparison subjects during picture encoding

Direction of Cluster ~Hemisphere  Brain region Subregion Volume  Coordinates” of Eta® mean

response (in pl) maximum intensity ~ (S.E.M.)

voxel

ENCODE >REPEAT 1 L Fusiform gyrus BA 19 and 37 12608 30L, 49P, 161 0.72 (0.01)
2 L BA 18 704 22L, 89P, 161 0.59 (0.03)
3 R Fusiform gyrus BA 19 and 37 11776 30R, 57P, 121 0.70 (0.01)
4 L Parahippocampal gyrus BA 36 5952 26L, 45P, 81 0.62 (0.01)
5 R Parahippocampal gyrus BA 30 and 36 7744 18R, 37P, 01 0.67 (0.01)
6 L Hippocampus Anterior 1088 34L, 21P, 161 0.60 (0.02)
7 R Hippocampus Posterior 640 26R, 33P, 41 0.67 (0.03)
8 R Brodmann’s Areas 44/45  BA 45 576 S0R, 19A, 128 0.60 (0.04)

S.E.M. =standard error of the mean; BA=Brodmann’s Area; L=left, R =right, A=anterior, P=posterior, I =inferior, S=superior.

# From Talairach and Tournoux (1988).
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Healthy Comparison Subjects

E +0.50 Encode > Repeat
i

0.00

-0.50 Repeat > Encode
M .00
Etaf2

Schizophrenia Subjects

Encode > Repeat

Repeat > Encode

Fig. 1. Magnitude and direction of brain response to the task in all voxels within the search regions overlaid onto axial slices of an average
anatomical image in Talairach and Tournoux (1988) space (slices span from 27 inferior to 21 superior in 4-mm increments). Color scale represents
effect sizes for the group-wise difference between conditions (Encode vs. Repeat) as measured by eta® (signed to reflect the direction of the
contrast). Images are not thresholded; see Tables 1 and 2 for areas of significant activation. (A) Healthy control participants. (B) Schizophrenia
patients.
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Table 2

Areas of significant brain response in schizophrenia patients during picture encoding

Direction of response ~ Cluster ~ Hemisphere  Brain Region Sub Region Volume  Coordinates® of Eta® mean
(in ul) maximum intensity  (S.E.M.)
voxel
ENCODE > REPEAT 1 L Fusiform gyrus BA 37 832 38L, 53P, 8I 0.54 (0.01)
2 R Fusiform gyrus BA 19 and 37 2112 30R, 49P, 81 0.57 (0.01)
3 L Parahippocampal gyrus  BA 19 448 26L, 49P, 41 0.52 (0.01)
4 R Parahippocampal gyrus  BA 19 1600 30R, 49P, 01 0.61 (0.01)

S.E.M.=standard error of the mean; BA=Brodmann’s Area; L=left, R =right, A=anterior, P= posterior, I=inferior, S =superior.

# From Talairach and Tournoux (1988).

ance of the orientation task, as indexed by the percent-
age of picture stimuli to which they pressed the button
[mean (standard deviation): SZ 94.8% (8.6); HC
86.1% (25.1); #(13)=—0.80, NS], and by the mean
reaction time for the button presses [SZ: 609 (175) ms;
HC: 576 (192) ms; #(13)=—0.34, NS]. After scan-
ning, no significant difference was found between SZ
and HC groups in subjects’ ability to recognize picture
items presented during scanning [mean percent cor-
rect: SZ 72.9% (17.1); HC 76.8% (11.1); #(16)=0.59,
NSI.

3.2. Brain response to the encoding task

Within the search regions, HC showed several
areas of significant positive response (Table 1; Fig.
1A). The BOLD response was greater during encoding
of novel pictures than during presentation of a
repeated picture in large, bilateral regions of the fusi-
form gyrus (BA 18, 19, and 37), extending to the
parahippocampal gyrus bilaterally, and into the hippo-
campus. Encoding-related response was observed in a
small region of BA 45 on the right in the frontal lobe
as well.

Table 3

Like the HC subjects, SZ patients showed several
areas with greater brain response to novel than
repeated pictures (Table 2; Fig. 1B). Bilateral regions
of the fusiform gyrus (BA 19 and 37) were observed
to be active, as were bilateral regions in the parahip-
pocampal gyrus.

3.3. Differential brain response to the encoding task
in SZ vs. HC

No significant group differences in stimulus-cor-
related motion were observed (HC median corre-
lations=—10.07 to 0.03; SZ median correlations=
—0.04 to 0.05; Mann—Whitney U’s ranged from 25
to 38, all p>0.05). Likewise, the 9 SZ patients and 10
HC subjects studied did not significantly differ in the
amount of in-plane or rotational motion during the
scan as measured by the sum of squared deviations of
each image from the base image.

Within the search regions examined, the encoding-
related brain response of HC subjects was greater than
that of SZ whenever a group difference was found
(Table 3; Figs. 2 and 3). In clusters within the fusiform
gyrus search region, HC showed a large positive re-

Areas of significant differential brain response in patients vs. comparison subjects during picture encoding

Cluster Hemisphere Brain Region Sub Region Volume Coordinates® of Eta® for HC — SZ
(in pl) maximum intensity contrast mean
voxel (S.EM.)

1 L Fusiform gyrus BA 37 1216 54L, 61P, 201 0.38 (0.02)

2 L BA 20 640 34L, 45P, 201 0.30 (0.01)

3 R Fusiform gyrus BA 20 640 34R, 41P, 161 0.30 (0.01)

4 L Parahippocampal gyrus BA 20 1472 34L, 9P, 201 0.32 (0.01)

5 R Parahippocampal gyrus BA 30 448 14R, 37P, 4S 0.34 (0.03)

6 L Hippocampus Anterior 704 34L, 9P, 201 0.33 (0.02)
S.E.M.=standard error of the mean; BA=Brodmann’s Area; L=left, R =right, A=anterior, P= posterior, I =inferior, S =superior.

# From Talairach and Tournoux (1988).
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34 Left

54 Left

Fig. 2. Clusters of significant difference between healthy comparison subjects and schizophrenia patients for encoding-related brain response
overlaid on rendered mean anatomical images sliced in the sagittal plane at the left or right Talairach coordinates indicated below each image.
Numerals correspond to the cluster number indicated in Table 3. Color scale represents effect sizes for the control — schizophrenia difference in
fit coefficient as measured by eta” (signed to reflect the direction of the contrast).

sponse (i.e., greater signal intensity during novel
pictures than during repeated pictures), whereas SZ
showed either a small positive response or no differ-
ence in signal intensity between the two conditions. In
the hippocampus and parahippocampus, the brain
response of SZ and HC was different in direction.
Whereas HC showed a positive response, SZ showed
a negative response (i.e., lower signal intensity during
novel pictures than during repeated pictures). No
group differences in magnitude of brain response were

observed within the BA 44/45 search region. In
addition, there were no significant differences in
inter-subject variability of BOLD response between
the groups in any of the search regions. All F-values
to test ratios of variances were less than the critical
values required for a two-tailed test at p=0.05.
Compared to a whole brain analysis, the a priori
search region approach has greater power to detect
small between-group differences because it decreases
the number of voxels compared. A limitation of this
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Fig. 3. Mean + S.E.M. fit coefficient of schizophrenia patients (SZ) and healthy comparison subjects (HC) in each cluster found to differ

significantly between groups (see Table 3). BA=Brodmann’s Area.

approach is that other brain regions in which large
differences between groups exist may be overlooked.
Thus, we conducted a post hoc whole brain analysis to
explore other potential areas of difference between HC
subjects and SZ patients. This revealed several areas
outside of our a priori search regions in which HC
subjects showed greater encoding-related brain res-
ponse than SZ subjects. Specifically, significant bet-
ween-group differences were found in temporal lobe
(bilateral BA 20 and left BA 37), medial frontal gyrus
(right BA 8), anterior cingulate (left BA 32), bilateral
middle frontal gyrus (BA 6), left inferior parietal
lobule (BA 40), and left occipital lobe (BA 18). As
in the search region analysis, these differences arose
primarily due to strong negative brain responses
among SZ patients in the frontal and temporal clusters.
No regions were found in which the brain response of
SZ patients was significantly greater than that of HC
subjects (full data available upon request).

In both the search region and whole brain analyses,
large portions of the temporo-occipital cortex and
smaller areas within the parahippocampal cortex were
found to show significant encoding-related positive

response in both HC and SZ subjects to a statistically
equivalent degree. As a more stringent test of the
hypothesis that group differences were specific to
regions thought to be dysfunctional in schizophrenia
and to address the potential concern that methodolog-
ical factors led to the findings of group differences, we
conducted additional between-group comparisons in
primary visual cortex (BA 17)—an area whose con-
tribution to the encoding task should not differ be-
tween groups. Analysis of the response of voxels
within BA 17 revealed a strong positive bilateral re-
sponse to the ENCODE condition compared with the
FIXATE condition for both the HC and SZ groups,
with no significant clusters of group difference ob-
served (data available upon request).

In order to understand more fully the finding of a
positive brain response among HC subjects and a
negative brain response among SZ subjects in the
medial temporal search regions, the mean fit coeffi-
cients for the contrasts between the FIXATE condition
and the ENCODE and REPEAT conditions were ex-
amined in these clusters. In each of the clusters, the
pattern of positive brain response in HC subjects and
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negative response in SZ subjects also was seen when
the ENCODE condition was compared to the more
unstructured baseline task. Specifically, SZ patients
had smaller signal change in the ENCODE condition
when compared to the FIXATE condition while HC
subjects generally had positive fit coefficients for the
ENCODE vs. FIXATE contrast. The magnitude of the
contrast between the REPEAT and FIXATE condi-
tions, however, was small and generally similar bet-
ween the two groups.

The importance of group differences in brain
response to cognitive differences between the groups
was explored by examining the correlation between
individual differences in encoding-related brain
response and subsequent recognition memory per-
formance (Eyler Zorrilla et al., 2002). In medial tem-
poral regions, the SZ patients with the most negative
contrast between the ENCODE and REPEAT condi-
tions performed the most poorly on the subsequent
recognition memory test. Surprisingly, the opposite
relationship was seen in HC subjects. The HC subjects
with the largest positive hippocampal and parahippo-
campal response during encoding were those who later
remembered the fewest number of items (see Eyler
Zorrilla et al., 2002, for a full discussion).

4. Discussion

Patients with schizophrenia showed abnormal brain
response during the encoding of novel pictures com-
pared to HC subjects, even though SZ patients were
attending to the task to the same degree as HC subjects
(as evidenced by equivalent latency and accuracy of
button-presses to the stimuli in the scanner) and later
were able to recognize the pictures just as well. Within
the regions examined, group differences in brain re-
sponse were found in the medial temporal lobe and in
areas of the fusiform gyrus. In parahippocampal and
hippocampal search regions, clusters were identified
in which SZ had a lower brain response compared to
HC subjects because of a smaller response to novel
than repeated pictures. Such negative responses also
were observed when the signal during novel picture
encoding was contrasted to that during a fixation
baseline. Similar results were seen in other frontal
and temporal lobe clusters in a post hoc whole brain
analysis.

The interpretation of negative brain responses
(sometimes called deactivations) in fMRI studies is
difficult, and these findings are therefore often ignored.
Because the BOLD signal is a relative measure, a
negative correlation with the stimulus input function
has two possible explanations: a decrease in blood flow
to the region during the experimental condition com-
pared to the baseline condition, or an increase in blood
flow to the region during the baseline condition com-
pared to the experimental condition. We consider the
latter possibility first. Increased blood flow during a
baseline task compared to an experimental task is likely
to be the result of imperfect cognitive subtraction, that
is, unique information processing demands in the base-
line task that are not present in the experimental task. In
the present study, a negative brain response was
observed among SZ patients compared to two different
baseline tasks. If the negative response was the result of
a failure of cognitive subtraction, it would mean that
patients were engaging in cognitive processes that
required both frontal and temporal lobe regions while
viewing a repeated picture and a fixation point, but not
while encoding novel pictures. While some have
argued that memory processes are active during resting
or undemanding baseline conditions (Andreasen et al.,
1996; Binder et al., 1999), it seems unlikely that these
systems would be more engaged than during an explicit
encoding condition, even in patients with learning
dysfunction. Still, further research is needed to rule
out such an explanation completely.

The negative brain response among SZ patients is
more likely the result of a true decrease of the hemo-
dynamic response during the experimental task, per-
haps as a result of decreased metabolic requirements
due to inhibitory influences. This apparent underac-
tivity of medial temporal regions was not accompanied
by significant overactivity in other brain regions, how-
ever. Still, the areas exerting such influences may have
been distributed and thus difficult to detect with the
powerful, but spatially limited search region analysis,
or with the less powerful whole brain approach. The
negative response may thus reflect aberrant functional
connectivity of the medial temporal lobes with other
regions that resulted in dampening of the normal re-
sponse in these areas among SZ patients.

Brain activation in medial temporal regions among
HC has been attributed to binding of associated fea-
tures to facilitate storage and later retrieval (Cohen et
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al., 1999). The aberrant brain response of SZ patients
in this region may therefore reflect a dysfunction of
these binding mechanisms. The hippocampus also is
known to be involved in novelty detection (Dolan and
Fletcher, 1997). Underactivity of this region among SZ
thus might be related to decreased novelty processing
compared to healthy individuals. Contrary to our
hypothesis, SZ also showed decreased brain response
to novel pictures compared to HC in some areas of the
fusiform gyrus search region, perhaps indicating a
failure of SZ to process the visual features of the
stimuli as richly as HC. BOLD response was not
different between groups in primary visual cortex,
however, suggesting that SZ abnormalities were spe-
cific to higher cognitive processes involved in novel
picture encoding. Finally, no significant between
group differences were found in the BA 44/45 search
regions, but other frontal areas of difference were seen
in a post hoc whole brain analysis. This suggests that
frontal abnormalities in schizophrenia are less prom-
inent in encoding-related inferior regions than in
regions (such as BA 6, 8, and anterior cingulate) that
have been implicated in working memory and atten-
tional processes.

In the face of aberrant brain responses in regions
known to be important for learning new information,
how were patients able to perform adequately on the
subsequent recognition memory test? It is unlikely
that they did so through compensation by other neural
systems since no regions were found to be more active
among SZ patients than HC subjects. More likely, SZ
patients encoded the items at a superficial level that
was adequate for familiarity judgments but would not
have supported more demanding recall or recognition
tasks. The idea that the SZ patients in this study had
unrevealed visual encoding deficits is supported by
the fact that they were impaired as a group on a
clinical test of visual recognition memory (Heaton et
al., 1991) both compared to age- and education-
matched norms and to a subset of the HC subjects
(data not shown). Moreover, patients’ scores on the
post-scan recognition memory test correlated highly
with their scores on the more difficult clinical test
(r=0.66). Thus, while our simple recognition test
apparently was sensitive to stable individual differ-
ences in visual recognition abilities and showed that
patients were attending to the pictures at least to a
minimal degree, it may not have been adequate to

explore the depth of subjects’ encoding. A more
difficult recognition memory test with visually similar
foils might have demonstrated a group deficit.

Our findings of medial temporal dysfunction
among SZ patients are consistent with previous stud-
ies that examined correlations between cognitive func-
tioning and both resting metabolism and structural
abnormalities (Maher et al., 1995; Seidman et al.,
1994; Goldberg et al., 1994; DeLisi et al., 1991;
Nestor et al., 1993). The locations of between-group
differences in the present study also are similar to
those found with previous neuroimaging tasks that
examined encoding and retrieval at the same time
(Shihabuddin et al., 1998; Fletcher et al., 1998;
Hazlett et al., 2000). Fletcher et al. (1998) reported
abnormalities of fronto-temporal connectivity, in
which SZ patients showed lower frontal brain response
but abnormally high temporal response. While our
finding of a negative brain response among patients
compared to HC subjects may suggest abnormal func-
tional connectivity during encoding, we did not ob-
serve overactivation of the temporal cortex. This dis-
crepancy may be due to task differences, as we imaged
only during learning and used pictures rather than
verbal stimuli.

Though typical of many neuroimaging studies, the
sample size within each group was relatively small,
limiting power to detect small differences between the
two groups. We attempted to mitigate this problem by
restricting the search areas in the a priori analyses to
those regions hypothesized to be important for learn-
ing new information, but caution is still warranted in
interpreting the lack of significant differences in any of
the areas examined. In addition, although post hoc
whole brain analyses and examination of a control
region suggest that group differences were most prom-
inent in fusiform, temporal and frontal regions, our
study cannot rule out important group differences in
additional brain regions. The conclusions of the
present study are limited to currently medicated, mid-
dle-aged, chronic schizophrenia patients who have a
long history of psychotropic drug use. Further, such
patients are known to have decreased volume of
temporal and frontal cortices, which could have influ-
enced the magnitude of the observed BOLD response
in our search regions. It seems unlikely, however, that
volumetric differences could completely explain the
negative brain response found among SZ patients or
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the altered patterns of correlation with later perform-
ance. Keeping these limitations in mind, our results
suggest that abnormal functioning of medial temporal
regions underlies encoding performance in some
patients with schizophrenia. However, future research
is needed to confirm and generalize these findings and
to understand their implications for patients’ everyday
functioning.
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