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Objective: Patients with schizophrenia
improve episodic memory accuracy when
given organizational strategies through
levels-of-processing paradigms. This study
tested if improvement is accompanied by
normalized frontotemporal function.

Method: Event-related blood-oxygen-
level-dependent functional magnetic res-
onance imaging (fMRI) was used to mea-
sure activation during shallow (percep-
tual) and deep (semantic) word encoding
and recognition in 14 patients with
schizophrenia and 14 healthy compari-
son subjects.

Results: Despite slower and less accurate
overall word classification, the patients
showed normal levels-of-processing ef-
fects, with faster and more accurate rec-
ognition of deeply processed words.
These effects were accompanied by left

ventrolateral prefrontal activation during
encoding in both groups, although the
thalamus, hippocampus, and lingual gy-
rus were overactivated in the patients.
During word recognition, the patients
showed overactivation in the left frontal
pole and had a less robust right prefrontal
response.

Conclusions: Evidence of normal levels-
of-processing effects and left prefrontal
activation suggests that patients with
schizophrenia can form and maintain se-
mantic representations when they are
provided with organizational cues and
can improve their word encoding and re-
trieval. Areas of overactivation suggest re-
sidual inefficiencies. Nevertheless, the ef-
fect of teaching organizational strategies
on episodic memory and brain function is
a worthwhile topic for future interven-
tional studies.

(Am J Psychiatry 2005; 162:1840–1848)

Individuals with schizophrenia have selectively im-
paired verbal episodic memory (1) against a background
of more generalized cognitive dysfunction (see reference 2
for exception). Memory impairments appear to be due
more to encoding and retrieval deficits than to long-term
storage problems (3–5). Less consistent impairments on
recognition than on free recall have led some researchers
to stress the importance of encoding over retrieval (6, 7),
although a recent meta-analysis (8) found moderate ef-
fects on recognition and large effects on free recall, sug-
gesting that both stages of memory processing are dis-
rupted. It is important to determine the stage of memory
impairment in schizophrenia, as this information can
help target pharmacological and behavioral interventions.
An inherent limitation of neuropsychological testing is
that encoding cannot be independently assessed because
retrieval is required to obtain performance indices.

This limitation can be overcome by neuroimaging, which
can be used to assess brain function during both stages of
task performance. In previous positron emission tomogra-
phy (9) and functional magnetic resonance imaging stud-
ies (10), we found that right anterior prefrontal activation
during recognition was equal in patients and comparison
subjects, suggesting that associated episodic retrieval
mechanisms were relatively intact. In contrast, there was
prominent left prefrontal underactivation and bilateral

temporal-limbic overactivation during encoding and re-
trieval. Patients’ self-reports suggested that these fron-
totemporal abnormalities might have been due to dif-
ferences during encoding, with patients relying on rote
rehearsal rather than on more effective semantic organiza-
tional strategies (10). To explore the role of semantic pro-
cessing, encoding strategies were directly manipulated in a
recent behavioral study (11), in which we found that pa-
tients showed the same benefit as healthy comparison
subjects from semantic versus perceptual encoding (i.e.,
levels-of-processing effect) on recognition speed and ac-
curacy. This study demonstrated that providing a semantic
strategy improves patients’ performance. The purpose of
the current study was to determine if providing this strat-
egy also normalizes brain function during both stages of
memory processing, or if there are residual abnormalities
that cannot be explained by encoding strategies.

In the current study, we again employed a levels-of-pro-
cessing technique. In this paradigm, Craik and Lockhart
(12) found that as information processing moves from
shallow perceptual processing to more elaborative seman-
tic-associative encoding, the strength of the memory trace
increases. This increase results in a levels-of-processing
effect in which retrieval is better when it follows deep pro-
cessing. Because this paradigm provides participants with
explicit encoding instructions, the need to generate orga-
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nizational strategies is reduced. Although the paradigm
can be used with verbal and nonverbal stimuli, the current
study used words, and participants were required to deter-
mine if the words were presented in uppercase or lower-
case letters (shallow) or if words were concrete or abstract
(deep). Functional neuroimaging in healthy volunteers
has demonstrated that deep versus shallow word process-
ing is accompanied by increased prefrontal and hippo-
campal activation, with left ventrolateral prefrontal effects
during encoding and right anterior prefrontal activation
during retrieval (13–15).

Imaging of episodic memory in schizophrenia has re-
vealed abnormalities in many of these same prefrontal
and hippocampal regions (16). Levels-of-processing para-
digms are well suited to test the hypothesis that fronto-
temporal abnormalities during memory performance
may be due to patients’ failure to adopt a semantic encod-
ing strategy. However, relatively few experiments have
been performed. Heckers and colleagues (17, 18) asked
patients to study word lists under shallow and deep condi-
tions and measured blood flow during cued-recall word-
stem completion. Although recall was lower in patients,
both groups benefited similarly from deep encoding. Be-
tween-group comparisons revealed greater right hippo-
campal activation in the comparison subjects and greater
prefrontal activation in the patients. Hippocampal re-
sponse was blunted because of patient overactivation
during baseline and shallow retrieval. A subsequent
functional magnetic resonance imaging (fMRI) study ex-
amined participants during encoding and tested recogni-
tion outside the magnet (19). Although both groups in this
study benefited equally from deep processing, the pa-
tients showed decreased left prefrontal and increased left
superior temporal activation for deep versus shallow
words. Thus, there is evidence of both under- and over-
activation of temporal-limbic and prefrontal cortex re-
gions depending on stage of processing, and no study has
examined encoding and retrieval in the same group of
subjects.

The subjects in the current study underwent fMRI dur-
ing word encoding and recognition in a levels-of-process-
ing paradigm. As noted previously, when we examined this
paradigm behaviorally (11), we found unimpaired levels-
of-processing effects on recognition accuracy, suggesting
that semantic processing was sufficiently intact for pa-
tients to benefit from organizational cues. This back-
ground provided support for our first hypothesis that left
ventrolateral prefrontal activation to deep versus shallow
words is unimpaired in patients during word encoding.
Based on previous findings (9–11), we also hypothesized
that patients do not show impairments in the right anterior
prefrontal cortex during retrieval of words that had under-
gone deep versus shallow processing. If these hypotheses
were supported and residual differences in temporal-lim-
bic function during encoding or recognition were found,
these results would suggest the presence of other informa-

tion processing abnormalities that are not due to top-
down frontally mediated organizational processes.

Method

Participants

Participants were 14 patients with schizophrenia (two female)
and 14 healthy comparison subjects (one female) from the
Schizophrenia Research Center at the University of Pennsylvania.
One comparison subject who developed a psychiatric illness, one
noncompliant patient, and one patient with excessive movement
were excluded. Groups did not differ in age (comparison subjects:
mean=31.4 years, SD=6.5; patients: mean=35.1 years, SD=8.0), ed-
ucation (comparison subjects: mean=14.1 years, SD=1.8; pa-
tients: mean=13.3 years, SD=2.7), parental education (compari-
son subjects: mean=14.3 years, SD=2.4; patients: mean=13.3
years, SD=2.9), or reading level, as measured by the National
Adult Reading Test (20) (comparison subjects: mean level=29.9
years, SD=9.2; patients: mean level=27.9 years, SD=7.5). All com-
parison subjects and all but two patients were right-handed. The
comparison subjects underwent a standard evaluation (21), in-
cluding administration of the Structured Clinical Interview for
DSM-IV Axis I Disorders—Non-Patient Edition (22), and the
Structured Clinical Interview for DSM-IV Axis II Personality Dis-
orders (23). They had no history of illness affecting brain function
or any major psychiatric illness in first-degree relatives.

The psychiatric evaluation for patients included clinical as-
sessment; structured interview (24); history obtained from family,
care providers, and records; and scales for measuring symptoms
and functioning administered by investigators trained to a crite-
rion reliability of 0.90 (intraclass correlation). All patients had a
DSM-IV diagnosis of schizophrenia established in a consensus
conference based on all information available and had no history
of any other disorder or event that might affect brain function. Pa-
tients were mildly to moderately ill according to Scale for the As-
sessment of Negative Symptoms (SANS) (25) (mean score=27.4,
SD=15.6, range=2–62), Scale for the Assessment of Positive Symp-
toms (SAPS) (26) (mean score=18.1, SD=13.4, range=0–48), and
Brief Psychiatric Rating Scale (BPRS) (27) (mean score=30.5, SD=
8.0, range=18–43). All patients were receiving medication; three
received typical antipsychotics, 10 received atypical antipsychot-
ics, and one received both typical and atypical antipsychotics. Av-
erage daily doses were 415.0 mg/day in chlorpromazine equiva-
lents (SD=85, range=160–500) of typical antipsychotics and 20.9
mg/day in olanzapine equivalents (SD=1.4, range=5.0–45.0) of
atypical antipsychotics. No patient was receiving anticholin-
ergics. The patients’ mean age at illness onset was 20.6 years (SD=
3.1), and the mean duration of illness was 14.6 years (SD=9.4). Af-
ter complete description of the study to the subjects, written in-
formed consent was obtained.

Tasks

Images were acquired during four conditions: word encoding,
letter N-back, word recognition, and source monitoring. N-back
and source monitoring results will be reported separately. Encod-
ing and recognition tasks utilized a previously described levels-
of-processing paradigm (11). Words were randomly assigned to
four shallow and four deep blocks of 10 words each. During shal-
low encoding, participants made a left button press for uppercase
letters and right button press for lowercase letters. During deep
encoding, a left button press was made for concrete words and
right button press was made for abstract words. Shallow and deep
blocks were alternated in pseudorandom order with no more
than two block repetitions in a row. Words were presented for 3
seconds each with “jittered” interstimulus intervals of 0–9 sec-
onds to permit event-related analysis. Visual fixation cross-hairs
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appeared between stimuli. Instructions (e.g., “press if the word is
concrete or abstract”) appeared for 6 seconds, followed by 6 sec-
onds of cross-hairs during block transitions. Abbreviated instruc-
tions remained visible (Figure 1) to reduce working memory de-
mands. Images from the 12-second instruction periods were not
included in the analysis. Task time was 12.5 minutes.

For recognition, 40 target stimuli (20 uppercase, 20 lowercase)
from the encoding task were randomly chosen (20 shallow, 20
deep) and mixed with 20 novel stimuli (10 uppercase, 10 lower-
case) matched for length, frequency, and concreteness. The 40
remaining targets were reserved for source monitoring. Words
were presented for 3 seconds with “jittered” interstimulus inter-
vals of 0–12 seconds. Participants were instructed to press a left
button if the word was a previous target (“old”) and a right button
if it had not been presented (“new”) and to guess if unsure. Ab-
breviated response instructions remained visible, and fixation
cross-hairs appeared between stimuli. Total task time was 6.5
minutes.

Tasks were triggered by the scanner and coupled to image ac-
quisition by using Power Laboratory (28) on a Macintosh com-
puter (Apple, Cupertino, Calif.). Stimuli were rear-projected to the
center of the visual field by using a Power Lite 7300 video projec-
tor (Epson America, Long Beach, Calif.) and viewed through a
mirror mounted on the head coil. Responses were recorded with
a nonferromagnetic keypad (FORP, Current Design Inc., Philadel-
phia). Practice was given, and all participants understood the in-
structions and use of the keypad.

Image Acquisition

Data were acquired on a clinically approved 3-T Siemens Trio
Scanner (Siemens USA, Malvern, Pa.). A 5-minute magnetization-
prepared, rapid acquisition gradient echo image was acquired for
anatomic overlays of functional data and spatial normalization
(29). fMRI was acquired with blood-oxygenation-level-dependent
(BOLD) imaging  (30) by using a 36-slice whole-brain, single-shot
gradient-echo, echo-planar sequence (TR/TE=3000/30 msec, field
of view=240 mm, matrix=64×64, slice thickness/gap=3/0 mm).

Data Analysis

Percentage of correct responses and median reaction time (in
milliseconds) were calculated to index classification accuracy
and speed. Because the sampling distribution of a proportion
does not satisfy normality assumptions, arcsine transformation
(31) was applied to percentage scores. During recognition, re-
sponses were scored as correct “old” responses to targets, correct
“new” responses to novels, incorrect “new” responses to targets,
and incorrect “old” responses to novels. Recognition discrim-
inability and response bias were calculated according to the Two-
High Threshold Theory (32). Recognition discriminability
assesses recognition accuracy, and response bias was categorized
as liberal or conservative (response bias >0.5=“liberal” bias; re-
sponse bias <0.5=“conservative” bias). Reaction time for correct
responses was used to index psychomotor speed. Group differ-
ences were tested by entering response bias and recognition dis-
criminability into separate two (patient, comparison subject) by
two (shallow, deep) multivariate analyses of variance (Proc GLM)
(SAS Institute, Cary, N.C.) (33) with repeated measures for the sec-
ond factor. Analysis of variance was used to decompose any sig-
nificant interactions and test component recognition scores for
group differences.

fMRI data were preprocessed in SPM2 (Wellcome Department
of Cognitive Neurology, University College, London) and MEDx
(version 3.43) (Sensor Systems, Inc., Sterling, Va.) by using stan-
dard procedures (10). In SPM2, images were motion-corrected to
the median image with trilinear interpolation. The resulting trans-
lational motion parameters did not differ between groups (F=0.81,
df=1, 26, p=0.37) or tasks (F=0.13, df=1, 26, p=0.72). In MEDx, im-
ages were selectively scaled (34) to the mean of voxels not signifi-
cantly correlated (p<0.01) with the task, band-pass filtered (0.016–
0.125 Hz), and spatially smoothed (8 mm full width at half maxi-
mum, isotropic).

Subject-level statistical analyses were performed by using the
general linear model in SPM2. Condition events were modeled
with a canonical hemodynamic response function. For encoding,

FIGURE 1. Word Presentation During the Shallow and Deep Word Encoding Tasksa

a Encoding stimuli included a representation of the three-button response pad to remind participants when to make a left button press (con-
crete or uppercase) or a right button press (abstract or lowercase) when the word is presented. During recognition (not illustrated) a left but-
ton press was made for a previously seen “old” word, and a right button press was made for a “new” word that was not part of the encoding
list. In both tasks words were presented for 3 seconds followed by a visual fixation cross-hair that was presented for 0–9 seconds during en-
coding and 0–12 seconds during recognition (jittered interstimulus interval).
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there were four event types: correct shallow, correct deep, inter-
block instructions, and errors. For recognition, there were four
event types: correct shallow, correct deep, correct novel, and er-
rors. Contrast maps were obtained through linear contrasts of
event types.

Statistical analysis was completed for each individual in their
own stereotaxic space, and contrast maps were Talairach-trans-
formed in two steps by using MEDx. First, a least-squares surface
registration algorithm (35) was used to coregister the median
image to the structural image. Coregistration parameters were
applied to individuals’ contrast maps. Second, a nonlinear trans-
formation into Talairach space was performed based on com-
missural landmarks identified by a trained investigator.

Group-level random-effects analyses were performed in SPM2
for within- and between-group comparisons. Within-group anal-
yses were accomplished by entering whole brain contrasts for
comparison subjects and patients separately into one-sample t
tests. Between-group analyses were completed with inclusive
masks in SPM2 to restrict contrasts to voxels with above-thresh-
old responses for either group. The resulting contrast maps were
entered into two-sample t tests. SPM{T} maps were transformed
to unit normal distribution SPM{Z}. Significance thresholds were
based on spatial extent (k) and peak height (u). We used a height
threshold corresponding to an uncorrected p value of 0.005,
which required a minimum of eight voxels in a cluster, resulting in
corrected probability of p<0.05 (36).

Results

Performance

As previously noted (11), patients were slower and less
accurate than comparison subjects in classifying words

during encoding (F=5.99, df=1, 26, p<0.05). There was also
a main effect of level-of-processing (F=29.63, df=1, 26,
p<0.0001) and interactions between test variable and lev-
els-of-processing (F=29.58, df=1, 26, p<0.0001) and test
variable and diagnosis (F=6.0, df=1, 28, p<0.05). Across
groups, healthy participants were more accurate (F=8.67,
df=1, 26, p<0.05) but slower (F=29.61, df=1, 26, p<0.0001)
in performing shallow versus deep word classification
tasks. As Table 1 shows, although patients were slower dur-
ing both conditions, differences in classification accuracy
were significant for shallow encoding and approached sig-
nificance for deep encoding. Thus, the patients showed
normal levels-of-processing effects on word classification
speed and accuracy but were slower and less accurate
than the comparison subjects in word classification.

Recognition results replicated previous findings of un-
impaired levels-of-processing effects. Both groups had
better discriminability after deep encoding (F=79.65, df=1,
26, p<0.0001), with no effect of diagnosis (F=0.69, df=1, 26,
p=0.41) or any interaction of diagnosis with levels-of-pro-
cessing (F=1.59, df=1, 26, p=0.22). When response bias was
examined, main effects were found for levels-of-process-
ing (F=36.38, df=1, 26, p<0.0001), and no main effects (F=
0.53, df=1, 26, p=0.47) or interactions (F=3.81, df=1, 26, p=
0.06) were found for diagnosis. Our previous finding of a
more conservative bias in patients after deep encoding
was not replicated. As Table 1 shows, no group differences
were found in component recognition scores.

TABLE 1. Performance During Word Encoding and Recognition Tasks in Patients With Schizophrenia and Healthy
Comparison Subjects

Patients (N=14) Comparison Subjects (N=14) Analysis

Task and Performance Measurea Mean SD Mean SD F (df=1, 26) p
Shallow word classification

Correct button presses 34.57 5.93 38.93 1.27 9.05 0.006
Reaction time (msec) 1513.50 291.94 1271.43 227.11 6.00 0.02

Deep word classification
Correct button presses 33.00 7.24 37.00 2.32 3.55 0.07
Reaction time (msec) 1339.36 346.09 1080.29 261.18 5.00 0.03

Shallow recognitions
Discriminability scoreb 0.25 0.13 0.25 0.16 0.01 0.92
Response bias scoreb 0.18 0.12 0.16 0.08 0.14 0.71
True positive (correct “old” responses) 7.43 3.08 7.21 3.40 0.03 0.86
False negative (incorrect “new” responses) 9.86 3.88 12.43 3.30 3.57 0.07
Reaction time (msec) 1478.50 369.94 1326.89 297.78 1.43 0.24

Deep recognition
Discriminability score 0.51 0.20 0.61 0.23 1.34 0.26
Response bias score 0.29 0.20 0.39 0.23 1.44 0.24
True positive (correct “old” responses) 13.07 3.95 14.71 5.25 0.87 0.36
False negative (incorrect “new” responses) 5.43 3.63 4.50 4.29 0.38 0.54
Reaction time (msec) 1407.75 305.59 1203.00 369.61 2.55 0.12

Distractor word detection
True negative (correct “new” responses) 13.79 4.95 15.14 2.44 0.85 0.37
False positive (incorrect “old” responses) 4.93 4.27 4.29 2.09 0.26 0.62

a The Shallow/Deep Word Encoding and Recognition Task (11), adapted for event-related functional magnetic resonance imaging, was used to
test word encoding and recognition. The test consisted of 40 shallow and 40 deep target words from a standard word list. During encoding,
participants judged whether words were in uppercase or lowercase letters (shallow) or if they were abstract or concrete (deep) and made a
left or right button press every time a word was presented. The recognition task combined 20 shallow and 20 deep target stimuli with 20
novel stimuli, and participants were required to press a left button to indicate that the word was from the encoding list (“old”) or a right but-
ton if it was not from the encoding list (“new”).

b Recognition discriminability (recognition accuracy) and response bias were calculated by using the Two-High Threshold Theory (32). A higher
discriminability score indicates greater accuracy. A response bias >0.5 was considered a liberal bias; a response bias <0.5 was considered a
conservative bias.
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Given that a growing literature suggests that atypical an-
tipsychotics may have beneficial effects on cognition (37),
we also performed an exploratory analysis to determine if
performance differences existed between patients receiv-
ing typical (N=3) versus atypical (N=11) antipsychotic
medication. Two-sample t tests were performed to detect
any medication subgroup differences in the performance
measures reported in Table 1. Tests were also performed
on demographic and clinical variables. The analyses re-
vealed that the patients who were taking typical antipsy-
chotics performed worse during deep word classification
and deep recognition tasks. Compared to the patients tak-
ing atypical antipsychotics, the patients taking typical an-
tipsychotics had slower classification speed (t=3.61, df=11,
p<0.005), lower recognition discriminability (t=–4.26, df=
11, p<0.005), fewer true positive responses (t=–3.22, df=11,
p<0.05), more false negative responses (t=3.76, df=11,
p<0.005), and slower reaction times during deep recogni-
tion (t=3.09, df=11, p<0.01). There were no demographic
(age, education, parental education) or clinical differences
(duration of illness, BPRS total score, SAPS total score) be-
tween medication subgroups except that the group receiv-
ing typical antipsychotics had more severe negative symp-
toms, as measured by the SANS (t=3.77, df=9.9, p<0.005).
Of these results, only the differences in deep recognition
discriminability and reaction time survived a Bonferroni
correction for multiple comparisons.

Task-Related BOLD Change

Word encoding. Table 2 presents results for correct deep
minus shallow word classification. As Figure 2 (upper
panel) shows, both groups activated the left inferior frontal

gyrus. Activation was restricted to the ventrolateral pre-
frontal cortex in the comparison subjects (Brodmann’s
area 47), but in the patients it extended from Broca’s area
(Brodmann’s area 44) to the ventrolateral prefrontal cortex
(Brodmann’s area 47) (peak voxel-level coordinates: x=–52,
y=22, z=–0; z score=3.86). The comparison subjects also ac-
tivated the frontal pole (Brodmann’s area 10) and insula. In
the patients, additional activation was seen in the tempo-
ral-limbic and posterior regions, including left parahip-
pocampal (Brodmann’s area 36) and superior temporal gyri
(Brodmann’s area 22), right caudate tail, and cerebellum.

Between-group contrasts did not reveal any areas of
greater activation in the healthy participants. Areas of
greater activation in the patients included the left thala-
mus and lingual gyrus (Brodmann’s area 19) (Figure 2,
lower panel). Greater thalamic activation extended to the
hippocampus (peak voxel-level coordinates: x=–32, y=–42,
z=–4; z score=3.37).

Word recognition. Table 3 presents results for successful
recognition of deep versus shallow targets. As Figure 3 (up-
per panel) shows, the right dorsolateral prefrontal (Brod-
mann’s area 9) and visual association (Brodmann’s area 18)
areas were activated in the healthy comparison subjects. Al-
though the visual association regions (Brodmann’s area 18)
were also activated in the patients, the right dorsolateral
prefrontal cortex was not activated in the patients. How-
ever, between-group contrasts did not reveal any areas of
greater activation in the comparison subjects. Reanalysis at
a lower threshold (p<0.1, corrected) confirmed that task-re-
lated activity could be visualized in the right dorsolateral
prefrontal cortex of the patients (peak voxel-level coordi-
nates: x=56, y=22, z=8; z score=2.54; Brodmann’s area 45/46)
at a less conservative threshold. In between-group con-
trasts, there were no areas of greater activation in the com-
parison subjects, but the patients showed greater activation
in the left frontal pole (Brodmann’s area 10) (Figure 3).

Discussion

The current results supported our first hypothesis and
showed that when organizational demands are reduced,
patients can engage the left ventrolateral prefrontal cortex
(Brodmann’s area 47) during semantic versus perceptual
encoding and produce a normal levels-of-processing ef-
fect on word recognition. As reported previously (11),
words were recognized more quickly and accurately after
deep processing in both groups. Although no differences
were found between groups in left ventrolateral prefrontal
cortex function, the activation patterns were not identical,
and our second hypothesis was not fully supported. Dur-
ing encoding, the patients were slower and less accurate in
classifying words, and they showed left hemispheric over-
activation in the thalamus, hippocampus, and lingual gy-
rus. During recognition, activity in the right prefrontal cor-
tex was above threshold only for the comparison subjects,
although no significant difference between groups was

TABLE 2. Local Cluster-Level Maxima of Blood-Oxygen-Level-
Dependent fMRI Signal Change During Correct Deep Minus
Shallow Word Encoding in Healthy Comparison Subjects
and Patients With Schizophreniaa

Estimated
Brodmann’s

Area
z 

Scoreb

Coordinatesc

Group and Region x y z
Comparison subjects (N=14)

Left inferior frontal gyrus 47 3.99 –40 30 –12
Left superior frontal gyrus 10 2.90 –20 46 0
Left insula 13 3.09 –40 14 16

Patients (N=14)
Left inferior frontal gyrus 44 3.96 –44 10 28
Left parahippocampal gyrus 36 4.11 –36 –34 –12
Left superior temporal gyrus 22 2.85 –52 –54 16
Right caudate gyrus 3.77 20 –38 16
Right cerebellum 2.99 4 –62 –24

Patients > comparison sub-
jects
Left thalamus 3.78 –8 –30 4
Left hippocampus 3.37 –32 –42 –4
Left lingual gyrus 19 3.34 –32 –58 –4

a Values were calculated during word encoding for correctly classi-
fied words.

b Peak activation in a cluster of at least eight voxels in which the dif-
ference in signal change exceeded an extent- and threshold-cor-
rected p value of 0.05.

c Coordinates from the stereotaxic atlas of Talairach and Tournoux
(29).
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found when the results for the two groups were directly
contrasted. The patients also showed overactivation of the
left frontal pole during retrieval. These results indicate
that patients can engage the left prefrontal cortex during
semantic processing and argue against a static lesion
model of hypofrontality (38). However, in the patients, re-
sidual patterns of temporal-limbic overactivation during
encoding and less robust right anterior prefrontal activa-
tion during retrieval suggest the presence of other infor-
mation processing difficulties during both stages of mem-
ory processing that are independent of top-down frontally
mediated semantic organizational control.

The left ventrolateral prefrontal cortex was activated dur-
ing encoding in both groups. This region is consistently as-
sociated with depth of processing (39). As noted by Kubicki
and colleagues (19), primate studies show that the ventro-
lateral prefrontal cortex receives its largest input from pos-
terior and temporal lobe regions (40), supporting its role in
maintenance and activation of episodic information in
working memory. However, the notion that the region’s role

is limited to semantic working memory was recently chal-
lenged by Otten and colleagues (15), who found the ex-
pected left ventrolateral prefrontal cortex activation for
deep versus shallow encoding. However, they also found
that ventrolateral prefrontal cortex activation predicted
successful word recognition regardless of encoding condi-
tion. These findings suggest a more general role for the ven-
trolateral prefrontal cortex. In the current study we did not
investigate retrieval success because too few events would
have resulted if we followed recommendations (15) to limit
analysis to words that were recognized with a high level of
confidence. However, in the context of the analyses that
were performed, the results seem to support the conclusion
that the left ventrolateral prefrontal cortex facilitates depth-
of-processing in both groups by activating and maintaining
semantic representations in working memory.

Left hemisphere overactivation during encoding suggests
a residual disturbance in distributed mnemonic or seman-
tic processing in schizophrenia. Group comparisons re-
vealed overactivation in the patients in the left hemisphere

FIGURE 2. Brain Images Showing Similarities and Differences Between Comparison Subjects (N=14) and Patients With Schizo-
phrenia (N=14) in Blood-Oxygen-Level-Dependent fMRI Signal Change During Correct Deep Minus Shallow Word Encodinga

a In the upper panel statistical parametric maps are surface-rendered on smoothed brain images to illustrate similarities in left inferior frontal
activation in the patients (red color) and the comparison subjects (green color). Overlapping activation is illustrated in yellow. In the lower
panel statistical parametric maps are rendered on coronal slices to illustrate greater activation in the patients, versus the comparison sub-
jects, in left lingual gyrus (y=–58), hippocampus (y=–42), and thalamus (y=–30). Between-group contrasts showed no areas of significantly
greater activation in the comparison subjects versus the patients. Colored areas indicate a difference in signal change that exceeds a thresh-
old corresponding to a corrected p value of 0.05.
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in the thalamus, hippocampus, and lingual gyrus during
encoding and in the frontal pole during retrieval. Left tem-
poral hyperactivity has been documented in previous stud-
ies of schizophrenia (41), and evidence of more diffuse pa-
tient activation is consistent with previous findings (10). In
an earlier study, we speculated that parahippocampal over-
activation could be explained by a model of disrupted or re-
versed functional connectivity of prefrontal and temporal-
limbic structures (42). It is notable that prefrontal activation
was reduced, consistent with the reversal hypothesis. Simi-
lar reversals were seen in levels-of-processing studies, with
lowered prefrontal and increased superior temporal activa-
tion during encoding (19) and increased prefrontal and re-
duced hippocampal activity during cued recall (17, 18).

Unlike previous studies, the current study found evi-
dence of hippocampal overactivation during encoding de-
spite unimpaired left prefrontal response. This dissocia-
tion of prefrontal and temporal-limbic function does not
fit the classic reversal model and suggests that hippocam-
pal hyperactivity may be independent of top-down pre-
frontal control. It is possible that overactivation reflects re-
duced inhibition of lexical networks in schizophrenia.
Inclusion of left-handers does not appear to be responsi-
ble, as overactivation in the patients was also found when
data for the two left-handed patients were removed. A
number of studies have demonstrated increased semantic
associative priming in schizophrenia, especially when
symptoms of formal thought disorder are present (43).
During semantic processing, patients may have experi-
enced increased spread of activation (44), resulting in
functional overactivation. In an exploratory analysis we
directly tested the role of thought disorder by using a two-
sample t test in SPM2 to contrast patients with (N=6) and
without thought disorder (N=8) as measured by the SAPS
(analysis available on request). We did not find any sub-
group differences in the BOLD response to deep correct

encoding minus shallow correct encoding in the hippo-
campus or other areas of patient overactivation even at a
liberal significance threshold of p<0.01 (uncorrected).
However, the range of thought disorder was restricted in
the current group of subjects, and a more robust test of the
role of thought disorder in hippocampal overactivation
during semantic processing will require testing of patients
with a wider range of thought disorder.

During recognition testing, semantic processing ap-
peared sufficient to support robust levels-of-processing ef-
fects on performance. However, activity in the right pre-
frontal cortex was not as robust in the patients, suggesting
possible differences in retrieval strategies. Although both
groups activated the right visual association areas, only the
comparison subjects produced above-threshold effects in
a right prefrontal region traditionally associated with epi-
sodic retrieval (45). This group difference appeared to be a
matter of degree, as right prefrontal activity was seen in the
patients at a lower threshold and no difference between
groups was found in a direct contrast. Nevertheless, the
less robust right prefrontal activation in the patients may
be due to the patients’ relying more on a sense of familiar-
ity than on episodic knowledge during retrieval (46). The
increased spread of activation in the patients during se-
mantic encoding might result in a less secure memory
trace, leading to greater reliance on familiarity effects.

Previously we found a more conservative response bias in
patients after deep encoding and concluded that this re-
sponse may reflect problems in source monitoring (11). Al-
though we did not replicate this finding in the current study,
the patients’ response bias for deep words was in a more
conservative direction. Lack of group differences may have
been due to reduced power because of the smaller number
of subjects. Analysis of fMRI data acquired with source
memory probes will permit direct examination of memory
trace and retrieval strategies.

Several concerns raised by the current study should be
considered. Unlike previous studies (17, 18), we did not find
evidence of hippocampal activation in the comparison
subjects. Our ability to detect hippocampal overactivation
in the patients argues against a problem in fMRI sensitivity.
A likely explanation is that the recognition task did not
require subjects to make a conscious recollection of the
memory event, which likely reduced hippocampal de-
mands (47). A future study employing recognition and re-
call probes may help resolve this issue. Our results were also
inconsistent with those of a study that found attenuated left
ventrolateral prefrontal cortex response in patients with
schizophrenia (19). It is unclear whether this discrepancy is
due to the patients’ heterogeneity or to differences in exper-
imental design and analysis procedures. One design differ-
ence is that the previous study required more frequent al-
ternation between encoding conditions. Greater response
alternation demands may have increased frontal lobe acti-
vation in the patients during shallow encoding and ac-
counted for the lack of differences between conditions.

TABLE 3. Local Cluster-Level Maxima of Blood-Oxygen-Level-
Dependent fMRI Signal Change During Correct Recognition
of Deep Versus Shallow Target Words in Healthy Compari-
son Subjects and Patients With Schizophreniaa

Group and Region

Estimated
Brodmann’s

Area
z 

Scoreb

Coordinatesc

x y z
Comparison subjects (N=14)

Right middle frontal gyrus 9 5.79 44 14 40
9 4.07 48 26 32

Right lingual gyrus 18 4.35 4 –86 –8
Patients (N=14): 

right precuneus 18 3.48 –4 –66 28
Patients > comparison 

subjects: left middle 
frontal gyrus 10 3.15 –32 50 0

a Values were calculated during word recognition for correctly iden-
tified targets.

b Peak activation in a cluster of at least eight voxels in which the dif-
ference in signal change exceeded an extent- and threshold-cor-
rected p value of 0.05.

c Coordinates from the stereotaxic atlas of Talairach and Tournoux
(29).
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We studied patients who were taking medication, and the
patients were more closely matched to comparison subjects
than in many of our previous studies. These factors limit the
generalizability of the results to more acutely ill and
thought-disordered patients. However, the approach also
helped control potential confounding variables and ensured
that the patients were able to complete the study. It is un-
likely that medication explains the current fMRI results, as
previous studies have not found medication effects on pre-
frontal or mesial temporal function (10, 17, 18) (see refer-
ence 48 for exception). However, in an exploratory analysis,
a subgroup of patients receiving typical neuroleptics (N=3)
did appear to have more severe negative symptoms and
worse performance during semantic encoding and recogni-
tion, compared to patients receiving atypical neuroleptics
(N=11). This finding is consistent with the notion that atypi-
cal neuroleptics may have beneficial cognitive effects (37)
and argues for larger-scale studies that can test the effect of
typical versus atypical medications on fMRI activation. Fi-
nally, the finding that recognition memory and left prefron-
tal function can be restored in clinically stable patients holds
promise for remediation efforts. A worthy goal is to develop
interventions to facilitate patients’ use of organizational

strategies during initial encoding and to test if these inter-
ventions improve memory and functional outcome.
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