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Objective: Memory impairment has been
well documented in schizophrenia. In a
previous study, the authors investigated
patterns of brain activity during episodic
encoding and recognition of words in re-
mitted, stable schizophrenia outpatients
being treated with novel antipsychotics.
The same procedure was used in this study
to investigate unmedicated patients during
an acute episode of schizophrenia.

Method: Functional magnetic resonance
imaging was used to study regional brain
activation in 10 unmedicated patients
experiencing an acute episode of schizo-
phrenia and 10 healthy comparison sub-
jects during performance of a modified
version of the words subtest of War-
rington’s Recognition Memory Test.

Results: Despite intact recognition perfor-
mance, patients with schizophrenia

showed reduced activation of anterior pre-
frontal, posterior cingulate, and retrosple-
nial areas relative to comparison subjects
during word encoding. During word recog-
nition, reduced activation was found in the
patients’ dorsolateral prefrontal and lim-
bic/paralimbic regions. On the other hand,
higher metabolism in bilateral anterior
prefrontal cortices was observed.

Conclusions: The results suggest that dif-
ferent neural pathways are engaged during
episodic encoding and recognition of
words in patients experiencing an acute
episode of schizophrenia relative to
healthy comparison subjects. Furthermore,
acute psychosis may prevent practice ef-
fects, reflected in a failure to engage brain
regions associated with successful episodic
memory retrieval in healthy subjects.

(Am J Psychiatry 2003; 160:1802–1808)

Previous research indicates that verbal learning and
memory deficits are among the most severe cognitive def-
icits observed in schizophrenia patients (1, 2). In a previ-
ous functional magnetic resonance imaging (fMRI) study
of outpatients with remitted schizophrenia, we found
attenuated frontotemporal activation during episodic
encoding and recognition of words relative to healthy
subjects (3). However, it needs to be considered that all pa-
tients investigated in this study were treated with second-
generation antipsychotics, which are believed to have
beneficial effects on cognitive functioning (4). Further-
more, only patients who had been clinically stable for a
period of at least 6 months were included in the study. To
address these limitations, we investigated activation pat-
terns in unmedicated patients during an acute episode of
schizophrenia.

Despite neuropsychological evidence that schizophre-
nia patients are impaired in the encoding of verbal infor-
mation (5), we hypothesized that recognition memory for
words would be preserved (6). Given previous neuroimag-
ing research (7, 8), we further hypothesized that unmedi-
cated patients with schizophrenia would fail to engage
dorsolateral prefrontal and limbic/paralimbic regions
during the performance of a verbal memory task and that
they would instead recruit nonspecialized brain systems.

Method

Participants

Originally, 20 German-speaking male patients with schizo-
phrenia were recruited from the inpatient units of the Depart-
ment of Psychiatry of Innsbruck University Clinics while they
were experiencing psychotic symptoms (i.e., hallucinations, de-
lusions, thought disorder). Unfortunately, there was a large num-
ber of unexpected dropouts (50%): five patients did not tolerate
the MRI procedure, and an additional five patients had to be ex-
cluded from the statistical analysis because of excessive move-
ment (exceeding 0.4 voxels). This led to a final sample of 10 pa-
tients. All of them fulfilled ICD-10 criteria for schizophrenia. Six
patients were experiencing their first episode of the illness and
were neuroleptic naïve; four had suffered from at least two epi-
sodes of schizophrenia (range=2–4 episodes) and were experienc-
ing an acute exacerbation of positive symptoms due to noncom-
pliance with antipsychotic medication.

Except anxiolytics of benzodiazepine derivatives, which were
paused on the day of the study, none of the patients received any
psychotropic medication at the time of the study. Patients were
investigated within 1–2 days after admission to the inpatient unit.
They were followed longitudinally, and the diagnosis of schizo-
phrenia was confirmed 6 months after participation in this study
through diagnostic conference and thorough medical record re-
view. In addition, the Positive and Negative Syndrome Scale (9)
was given on the day of the study to evaluate symptom severity.
Ratings were completed by psychiatrists belonging to a trained
research team. All patients were physically healthy at the time of
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the study, and none had a history of head trauma, serious medical
illness, or substance abuse. The comparison subjects were 10
German-speaking, age- and sex-matched healthy male volun-
teers. They had no history of substance abuse or other medical,
psychiatric, or neurological disorder that might affect central ner-
vous system function. All participants were right handed, as mea-
sured with the Edinburgh Handedness Scale (10), and signed in-
formed consent forms in accordance with the Ethics Committee
of the Medical Faculty of Innsbruck University. In order to guar-
antee task understanding and to make our data comparable to
those of our previous study (3), all subjects performed the words
subtest of Warrington’s Recognition Memory Test (11) 15 minutes
before scanning.

Cognitive Task

During fMRI scanning, encoding and recognition conditions
were tested by using a modified version of the words subtest of
Warrington’s Recognition Memory Test. Originally, this task con-
sists of one-syllable, high-frequency words presented at a rate of 3
seconds each. For the encoding task, the subjects are presented
with a list of 50 common words and are instructed to indicate
whether they like or dislike the item represented by each word.
Recognition is subsequently assessed by asking the subject to
choose the target word when presented in a forced-choice proce-
dure and paired with a similar distractor item.

fMRI Examination 

A blocked periodic design was used in which a 40-second rest
condition was followed by an activation condition of equal
length. During both the encoding and the recognition tasks, the
cycle of alternation between conditions was repeated three times
in the course of 4 minutes each. The resting baseline reference
task was a standard condition during which subjects were in-
structed to lie still and remain quiet with their eyes open (12).
During this condition, a blank white screen appeared. The acti-
vation condition consisted of a modified version of the words
subtest of the Recognition Memory Test. The stimulus material
was projected on a computer screen placed in front of the MRI
scanner. Stimuli were presented at a rate of 3 seconds each and
were visible to the participant by means of an angled mirror
placed above the head coil. Words were centered on the screen
and presented as black block letters against a white background.
During the encoding task, subjects were instructed to press one
of two keys with their right index or middle finger to indicate
whether the item was more “pleasant” or “unpleasant.” This task
used all 50 items out of the original test. The recognition task
consisted of 25 of the 50 items that were studied during the en-

coding task and 25 distractor items, which were presented in ran-
dom order. Subjects pressed one of two keys to indicate whether
or not they had seen the word during the encoding task. Re-
sponses were recorded by hand and were classified as correct or
incorrect.

Scanning Procedures and Analysis

fMRI was performed on a 1.5-T scanner (Magnetom VISION,
Siemens, Erlangen, Germany) (gradient rise time=300 µsec, 25
mT/msec) by using a circularly polarized head coil (field of view=
250 mm). For functional imaging, a T2-weighted, single-shot,
echo-planar sequence was used (echo time=64 msec, echo spac-
ing=1.64 msec, field of view=250 mm, matrix=64×128, slice thick-
ness=3 mm, voxel dimension=2.94×1.95×4.5 mm3, flip angle=
90°). A total of 120 blood-oxygen-level-dependent contrast-sensi-
tive images with an interslice gap of 0.5 mm were acquired at each
of 15 planes parallel to the intercommissural line (13, 14). Rest
conditions were alternated with activation conditions, each con-
sisting of 10 images at 4-second intervals (repetition time). Before
each time series, five dummy images were collected to reach
scanner equilibrium. These images were excluded from the fol-
lowing analyses.

Image analysis was performed offline on a SPARC Ultra 1 work-
station (Sun Microsystems, Santa Clara, Calif.) by using MATLAB
and SPM 99 statistical parametric mapping software (15–17). The
60 volume images of each task were automatically realigned to the
first image of the time series to correct for head movement be-
tween scans. Low-frequency artifacts assumed to arise from car-
diorespiratory and other cyclical components were removed with
high-pass filtering (0.5 cycle/min) of the time series. The func-
tional data sets from each subject were slightly smoothed with a
Gaussian filter with a root-mean-square radius of 4×4×9 mm (for
the x, y, and z axes, respectively) to suppress high-frequency noise
in the images and to improve signal-to-noise ratio. The alternating
periods of rest and activation were modeled by using a simple,
smoothed, delayed half-sine-wave reference vector to take into
account the delayed cerebral blood flow (CBF) changes after stim-
ulus presentation. Significantly activated voxels were searched for
using the “general linear model” approach for time-series data.
For this, we defined a design matrix comprising contrast testing
for significant activation during the activation versus rest condi-
tion. The within-group t statistics were expressed as standardized
z scores in final projection maps and thresholded at p<0.05, cor-
rected for multiple comparisons (18, 19), with at least eight contig-
uous voxels activated. Anatomical location of the activated foci
was assigned with the aid of the atlas of Talairach and Tournoux
(20). In a final processing step, we performed group analyses and
subtracted “activation minus rest in patients” from “activation mi-
nus rest in comparison subjects” and vice-versa, thresholded at
p<0.05, corrected for multiple comparisons.

TABLE 1. Demographic and Clinical Characteristics of Un-
medicated Patients in an Acute Episode of Schizophrenia
and Healthy Comparison Subjects

Characteristic

Patients With 
Schizophrenia 

(N=10)

Comparison 
Subjects
(N=10)

Mean SD Mean SD
Age (years) 30.9 7.5 29.2 6.7
Education (years) 12.6 3.9 14.9 3.5
Duration of illness (months) 52.5 61.7
Positive and Negative Syndrome 

Scale
Positive subscore 21.4 7.9 — —
Negative subscore 19.3 7.5 — —
Global subscore 40.0 11.5 — —

Edinburgh Handedness 
Inventory scorea 19.8 0.6 18.8 1.9

a Higher score indicates greater right-handedness.

TABLE 2. Brain Regions Showing Greater Activation During a
Word Encoding Task in 10 Healthy Subjects Relative to 10 Un-
medicated Patients in an Acute Episode of Schizophreniaa

Brain Region 
and Hemisphere

Brodmann’s
Area

Coordinates

t Scorex y z
Frontal: right 10 24 53 6 5.79

24 53 –3 5.10
Cingulate

Left 31 –12 –31 35 5.30
Right 23 20 –56 16 6.47

Parietal: left 30 –10 –52 11 5.21
Occipital: left 18 –16 –69 20 5.18
a Brodmann’s areas and Talairach and Tournoux coordinates are

estimated; t scores represent peak activation in the cluster.
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Group comparisons with respect to behavioral data (age, years
of education, task performance) were performed by using the
Mann-Whitney U test.

Results

The demographic characteristics of the study group are
summarized in Table 1. There was no significant differ-
ence between groups in terms of age, years of education,
or task performance. Recognition levels were high for both

groups (comparison subjects: mean=91.2% correct [SD=
5.5]; patients: mean=77.2% correct [SD=22.6]).

Word Encoding

Regarding frontal lobe activation, comparison subjects
showed effects in bilateral ventrolateral (bilateral Brod-
mann’s area 44, right Brodmann’s area 47) and anterior (bi-
lateral Brodmann’s area 10) regions and in the left anterior
cingulate (Brodmann’s area 32). Effects were also seen in the
sensorimotor cortex (bilateral Brodmann’s area 6, left Brod-
mann’s area 4), in the left angular gyrus (Brodmann’s area
39), and in the left lenticular nucleus. In patients, activation
was detected in the left precentral gyrus (Brodmann’s area
6) and in the left precuneus (Brodmann’s area 31).

Differences in task-related activation were examined by
subtracting the CBF values of patients from those of healthy
subjects (Table 2, Figure 1). The comparison group had rel-
atively greater activation in the right anterior prefrontal
cortex (Brodmann’s area 10), bilateral posterior cingulate
(left Brodmann’s area 31, right Brodmann’s area 23), left
retrosplenial area (Brodmann’s area 30), and left cuneus
(Brodmann’s area 18). The subtraction of activation values
of healthy subjects from those of patients yielded no signif-
icant differences.

Word Recognition

Word recognition activated a widespread area in both
hemispheres. The comparison subjects showed bilateral
ventrolateral (bilateral Brodmann’s area 47, right Brod-
mann’s areas 44 and 45) and left-hemisphere dorsolateral
(Brodmann’s area 46) and dorsal (Brodmann’s area 8) pre-
frontal activations. Further effects were found in left sen-
sorimotor (Brodmann’s areas 4, 6, 2, and 40) regions, bilat-
eral anterior cingulate (Brodmann’s area 32), bilateral lateral
temporal cortices (left Brodmann’s area 21, bilateral Brod-

FIGURE 1. Differences in Brain Activation During a Word Encoding Task Between 10 Healthy Subjects and 10 Unmedicated
Patients in an Acute Episode of Schizophreniaa

a Colored areas exceed a corrected p value of 0.05 with eight or more contiguous voxels activated. For localization of activation, see Table 2.

Comparison Subjects Minus Patients

TABLE 3. Brain Regions Showing Greater Activation During
a Word Recognition Task in 10 Comparison Subjects Rela-
tive to 10 Unmedicated Patients in an Acute Episode of
Schizophreniaa

Brain Region 
and Hemisphere

Brodmann’s
Area

Coordinates

t Scorex y z
Frontal

Left 46 –44 26 15 7.76
–36 31 7 5.36

9 –38 8 33 6.19
8 –4 20 45 6.08
4 –30 –27 51 5.85

Right 9 12 42 18 5.72
Cingulate: right 32 6 21 36 5.81

23 12 –50 19 5.66
Insula

Left –40 1 17 5.45
Right 36 14 16 5.75

Occipital
Left 19 –34 –89 8 9.45

–20 –64 7 5.72
17 –16 –77 12 7.97

Right 19 32 –84 21 5.80
44 –75 24 5.37

18 6 –69 16 6.84
8 –79 21 6.29

18 –91 13 5.99
20 –73 7 5.93

a Brodmann’s areas and Talairach and Tournoux coordinates are es-
timated; t scores represent peak activation in the cluster.
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mann’s area 22), left precuneus (Brodmann’s areas 7 and 19),
and bilateral occipital cortices (bilateral Brodmann’s area 18,
right Brodmann’s areas 19 and 17). Additional effects were
detected in the left thalamus and subthalamic nucleus and
in bilateral lenticular nuclei. In patients, activation was seen
in bilateral anterior (Brodmann’s area 10) and dorsolateral

prefrontal (Brodmann’s area 9) regions, in bilateral precen-
tral gyri (Brodmann’s area 6), and in the left ventrolateral
prefrontal cortex (Brodmann’s area 44). In addition, activa-
tion was found in the right anterior cingulate (Brodmann’s
area 32), the right primary auditory cortex (Brodmann’s area
41), left precuneus (Brodmann’s area 7) and inferior parietal
lobule (Brodmann’s area 40), bilateral occipital cortices (bi-
lateral Brodmann’s area 18, left Brodmann’s area 17, right
Brodmann’s area 19), in the left thalamus, bilateral subtha-

lamic nuclei, and in the left lenticular nucleus.

When subtracting the activation values of patients from
those of healthy subjects, the comparison group had rela-
tively greater activation in bilateral dorsolateral prefrontal
cortices (bilateral Brodmann’s area 9, left Brodmann’s area
46), left dorsal prefrontal (Brodmann’s area 8) and motor
(Brodmann’s area 4) regions, right cingulate gyrus (Brod-
mann’s areas 32 and 23), bilateral insula, and in bilateral
occipital cortices (bilateral Brodmann’s area 19, left Brod-
mann’s area 17, right Brodmann’s area 18) (Table 3, Figure
2). On the other hand, patients with schizophrenia showed
a greater activation in bilateral anterior prefrontal cortices
(Brodmann’s area 10) and in the left Brodmann’s area 6 rel-
ative to comparison subjects (Table 4, Figure 2).

Direct comparisons of the same task between patients
and healthy subjects revealed the same activation pat-
terns as the task minus rest comparisons.

FIGURE 2. Differences in Brain Activation During a Word Recognition Task Between 10 Healthy Subjects and 10 Unmedi-
cated Patients in an Acute Episode of Schizophreniaa

a Colored areas exceed a corrected p value of 0.05 with eight or more contiguous voxels activated. For localization of activation, see Tables 3
and 4.

Patients Minus Comparison Subjects

Comparison Subjects Minus Patients
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Discussion

This study examined the neural correlates of episodic
encoding and recognition of words in unmedicated,
acutely ill individuals with schizophrenia. During encod-
ing, patients with schizophrenia showed a failure to en-
gage frontal, posterior cingulate, and retrosplenial re-
gions. Recognition on the other hand was associated with
reduced activation in dorsolateral prefrontal and limbic/
paralimbic (cingulate, insula) regions, despite intact rec-
ognition performance relative to healthy subjects. In con-
trast, a higher metabolism in bilateral anterior prefrontal
cortices was observed in schizophrenia subjects.

The areas activated by these two tasks in healthy volun-
teers have been described previously (21–33). During rec-
ognition, relatively lower activity was seen in the patients’
dorsolateral prefrontal cortex. This region has been asso-
ciated with verbal working memory in healthy individuals
(34), and correspondingly, impairments of working mem-
ory and executive functions in schizophrenia have been
associated with decreased blood flow in dorsolateral pre-
frontal cortex (35). Our finding of reduced activation in
this region in patients might, therefore, be related to im-
paired working memory in schizophrenia. On the other
hand, recognition levels were comparable in both groups.
This finding is in agreement with our previous study in
clinically stable schizophrenia patients treated with sec-
ond-generation antipsychotics (3). We suggest that, de-
spite acute psychosis, our patients’ working memory
abilities permitted successful encoding and that reduced
dorsolateral prefrontal activation among our patient group
may represent executive difficulties.

Our finding of reduced activity in the patients’ anterior
prefrontal, posterior cingulate, and retrosplenial cortices
during encoding seems surprising at first sight, since these
areas have mainly been associated with episodic memory
retrieval (36). However, when interpreting our data, one
has to consider that in the current study all material was fa-
miliar, since all subjects had already performed the words
subtest of Warrington’s Recognition Memory Test before
scanning. As the primary scope of this study was to look for
differences of functional networks employed to process the
tasks in question and not to look for cognitive differences
between patients with schizophrenia and healthy compar-

ison subjects, this procedure was chosen in order to guar-
antee task understanding. Obviously, we have to assume
retrieval processes, which might have occurred while the
participants performed the encoding task in the scanner.
Consequently, our finding of relatively greater right ante-
rior prefrontal activation during the encoding task in the
comparison group may represent retrieval processes. Ac-
cordingly, our finding of enhanced activity in bilateral an-
terior prefrontal cortices among the schizophrenia group
during the recognition task may refer to retrieval success
(37). We speculate that the relatively small time period be-
tween the encoding and recognition tasks during scanning
enabled our patients to maintain the encoded information
in working memory and to engage retrieval processes.
Since we did not observe such findings in remitted patients
with schizophrenia (3), acute psychosis may have pre-
vented practice effects in the present patient group. This
hypothesis agrees with our finding of greater posterior
midline activation in the comparison group during the en-
coding task, which has also consistently been associated
with successful episodic memory retrieval (36).

Reduced activation was also found in the anterior cin-
gulate of patients during performance of the recognition
task. Disturbances in this brain region have been reported
in patients with schizophrenia during several cognitive
tasks (8, 38–41). Next to its participation in an “attentional
system,” this structure has been proposed to contribute to
the recognition of newly learned material (42). Further-
more, the anterior cingulate has been said to play a prom-
inent role in the executive control of cognition (43). The
lack of anterior cingulate activation in our patient group
may therefore reflect an attentional deficit on one hand
and executive difficulties on the other.

Patients also showed reduced bilateral insula activation
during the recognition task. This structure has been associ-
ated with semantic encoding, short-term storage of audi-
tory-verbal material, and internal phonological processing
of written words in healthy individuals (44–46). Deficits in
insular activity of schizophrenia patients have also been
previously reported by other groups (8, 47). However, our
finding should be viewed with caution given the fact that
comparison subjects did not show insular activation dur-
ing the within-group analysis. Still, our results underscore
the importance of this structure for the pathophysiology of
schizophrenia.

The current study has several limitations. First, we have
studied a small group of subjects, and all subjects were
male. Gender differences in the functional organization of
the brain for working memory have been shown in healthy
individuals (48), while in schizophrenia, further studies are
needed to elucidate the impact of gender on memory per-
formance and brain activation. Second, the current study
included patients with schizophrenia who were at different
stages of the illness (first-episode and multiple-episode
patients), and only the first-episode patients were neuro-
leptic naive. We cannot exclude an influence of previous

TABLE 4. Brain Regions Showing Greater Activation During
a Word Recognition Task in 10 Unmedicated Patients in an
Acute Episode of Schizophrenia Relative to 10 Comparison
Subjectsa

Brain Region 
and Hemisphere

Brodmann’s
Area

Coordinates

t Scorex y z
Frontal

Left 10 –8 51 1 9.39
6 –44 –5 25 5.86

Right 10 12 51 6 7.18
16 47 –2 7.07

a Brodmann’s areas and Talairach and Tournoux coordinates are es-
timated; t scores represent peak activation in the cluster.
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antipsychotic exposure on the cerebral activation pattern
in the multiple-episode patient group, even though they
were free of antipsychotics at the time of study. Third, all
subjects had already carried out the task before scanning.
Activation patterns observed in our group may therefore
be different from those that would have emerged without
this test run. On the other hand, use of a prescan test may
eliminate artificial findings resulting from mere differences
in being able to follow test procedures between study
participants.

Last, we chose to contrast encoding and recognition
with a resting baseline reference condition rather than
performing serial subtractions of increasingly complex
reference tasks (49) and were therefore not able to control
for nonmemory functions. This procedure might be re-
sponsible for the lack of visual cortex activation for the
task versus rest comparisons for both patients and com-
parison subjects during the encoding task, since subjects
may have used visual imagery to rehearse the presented
words, which would have canceled out visual activation
during the presentation of the words. However, the use of
active reference conditions has the potential limitation of
confounding the interpretation of activation effects if cog-
nitive components interact between one or more refer-
ence tasks (50). Nevertheless, including a motor baseline
to our resting baseline task in order to control for motor
activation during the acquisition and recognition condi-
tions would have strengthened the interpretation of our
findings.

Our findings are of considerable clinical relevance inso-
far as verbal memory has been found to be related to com-
munity outcome, social problem solving, and the acquisi-
tion of social skills in patients with schizophrenia (51). One
challenge for future imaging studies will be to find out
whether and to what extent cognitive dysfunction in schizo-
phrenia is caused, improved, or worsened by medication.
This calls for longitudinal studies that investigate patients
before and after the implementation of treatment.
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