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Brief Report

Preliminary Evidence of Improved Verbal Working Memory 
Performance and Normalization of Task-Related Frontal Lobe 

Activation in Schizophrenia Following Cognitive Exercises
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Objective: The authors’ goal was to evaluate the possibility of
treating brain and behavioral aspects of verbal memory
dysfunction in patients with schizophrenia through cognitive
exercises.

Method: Eight patients did daily verbal memory exercises that
became progressively more difficult over a 10-week training pe-
riod. Memory performance and regional brain activations dur-
ing a verbal memory task were assessed before and after these
exercises.

Results: Verbal but not nonverbal memory performance im-
proved after training; three patients made substantial gains,
and five showed little change. Performance gains were corre-
lated with increases in task-related activation of the left inferior
frontal cortex. One patient given 5 extra weeks of training 6
weeks after the initial training period showed maintenance of
initial performance gains 6 weeks after training, further im-
provement after the second period of training, and normaliza-
tion of task-related activation of the left inferior frontal cortex.

Conclusions: Verbal memory deficits can be ameliorated by
memory exercises in some patients with schizophrenia. Perfor-
mance improvements are associated with increased task-re-
lated activation of the same brain region that is activated dur-
ing verbal memory tasks in healthy individuals.

(Am J Psychiatry 2000; 157:1694–1697)

Cognitive deficits persist despite pharmacotherapy
and severely limit the recovery of patients with schizophre-
nia (1). With coaching (2–7) or repetitive practice (8, 9), pa-
tients with schizophrenia are able to make significant task-
specific performance gains, and there is some evidence
(10) of generalization to new tasks. Individually specific
changes in regional brain blood flow were found in two pa-
tients performing a verbal fluency task after intensive neu-
rocognitive training; these changes were thought to be re-
lated to different task strategies adopted by each patient
after training (11).

The present study evaluated the effect of repetitive, pro-
gressively more difficult exercises on verbal working mem-
ory deficits of clinically stable, chronically ill outpatients
with schizophrenia. In previous studies (12, 13), we identi-
fied a subgroup of patients with schizophrenia who per-
formed normally on tests of auditory attention and audi-
tory nonverbal memory but had deficits in auditory verbal
memory. Similar patients were selected for this pilot study,
on the assumption that their attentional competence
would make them more likely to benefit. In a previous
functional magnetic resonance imaging (MRI) study (14),
we demonstrated that 1) healthy comparison subjects
showed statistically significant activation of the left inferior
frontal cortex while doing a verbal memory task; and 2) the
subgroup of patients with schizophrenia who performed
normally on tests of auditory attention and auditory non-
verbal memory but had deficits in auditory verbal memory
showed significantly less activation of the left inferior fron-
tal cortex during the task. In the present study we used

functional MRI to test the hypothesis that training-related
improvements in verbal memory are associated with in-
creased activation of the left inferior frontal cortex.

Method

Eight patients (four men, four women) completed the study.
All met the following criteria: DSM-IV diagnosis of schizophrenia
or schizoaffective disorder, right-handed, no history of alcohol or
substance abuse in the past 6 months, no history of neurological
disorder or trauma, normal performance on a test of auditory at-
tention (12), and performance on an auditory verbal memory se-
rial position task that was one or more standard deviations below
the means of healthy comparison subjects in our previous stud-
ies (12, 13). Of 19 patients who volunteered for the study, seven
were excluded for poor performance on the test of attention and
two for normal performance on the test of verbal memory. Two
subjects began the protocol but were unable to fulfill the daily
training requirement. The mean age of the eight subjects who
completed the protocol was 46 years (range=35–54), their mean
total Positive and Negative Syndrome Scale score was 48 (range=
30–71), and their parents had a mean of 13 years of schooling
(range=8–20). The patients had been hospitalized more than five
times on average. All were taking medication. Subjects gave writ-
ten informed consent to participate in the study.

Training consisted of two different auditory verbal serial posi-
tion memory tasks done in four or five 30–40-minute training ses-
sions per week for 10 weeks. In both tasks, a short list of two to six
words is presented, and after a 1–14-second delay one of the
words is repeated. Subjects indicate where the repeated word was
in the original sequence of words (i.e., first, second, third, etc.). In
one task, different words are used on each trial. In the other, the
same words are used on all trials, with the order of presentation
varied from trial to trial. Individual test trials are randomly gener-
ated each day. All subjects began training with two-word lists on
both tasks. Task difficulty was increased for each subject individ-
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ually: when a subject was able to obtain a score of 90% or higher
for 3 consecutive days at a given list length, the list length was in-
creased by one word. Patients received performance-based mon-
etary rewards daily but no coaching. By the end of 10 weeks, two
patients had attained a list length of six words on one or both
tasks, one patient had attained list lengths of five words, and five
patients had attained list lengths of four words.

One patient who showed particularly robust performance im-
provements after the 10-week training period was given 5 addi-
tional weeks of training, beginning 6 weeks after the initial 10-
week training.

All patients were given four tests of memory before and after
training: 1) a five-word version of the training serial position
memory task with different words on each trial; 2) a four-word
version of the training serial position memory task with the same
words on each trial; 3) a four-word visual serial position memory
task with different words on each trial; and 4) a three-tone audi-
tory serial position memory task with different tones on each trial
(12). Seven of the patients received this four-test behavioral out-
come battery on two occasions approximately 1 week apart be-
fore they began training; these scores were averaged to provide

baseline values. The eighth subject received the battery only once
before training. All eight patients received the battery during the
end of the 9th or the beginning of the 10th week of training.

We assessed regional brain activation during the auditory four-
word serial position memory task with functional MRI before and
after training, using procedures described previously (14).

Because hypotheses of training-related changes in memory
and the relationship between changes in memory and changes in
the inferior frontal cortex activation were unidirectional, tests of
significance were one-tailed.

Figure 1 presents functional MRI activation maps obtained be-
fore and after training from the patient with the greatest improve-
ment as well as maps from a typical healthy subject from our pre-
vious study (14) for comparison. The statistical significance of the
reduced (or absent) task-related activation in the inferior frontal
cortex of patients with schizophrenia and its presence in healthy
subjects has been established (14). The maps in Figure 1 are pre-
sented to demonstrate the marked increase in task-related activa-
tion that is possible in a patient in a region specifically shown to
be underactive in repeated previous studies of schizophrenia
(e.g., references 14 and 15). T value thresholds are set at levels that

FIGURE 1. Images From Functional MRI Before and After Training for a Patient With Schizophrenia Performing a Memory
Task and for a Healthy Subject Performing the Same Taska

a Areas of increased activity are shown in yellow-orange. Two axial-oblique slices parallel to the line between the anterior and posterior com-
missures are shown. The arrows in slice 1 point to the left inferior frontal gyrus, where task-related activation is clearly evident in the patient
after 15 weeks of training and in the healthy subject. The arrows in slice 2 point to the left lateral orbital gyrus, where activation is again
clearly present in the healthy subject and in the patient after 15 weeks of training. Some evidence of activation is also present in the patient
at the end of 10 weeks of training, but none before the beginning of the exercises. The t threshold for considering an area active was set at
t=1.5 for the patient before training; after 10 weeks of training, the threshold was lowered to t=1.0 to demonstrate that the striking difference
in activations after 15 weeks of training compared with earlier time points is not due to the signal’s being just above an arbitrary threshold
after 15 weeks of training and just below the threshold before that time.
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allow areas of greatest signal change to be identified and signal
change to be visible in areas expected on the basis of previous
knowledge. The actual values are markers of relative magnitude
of signal change rather than measures of statistical significance.

Results

Verbal memory test performance gains with training ap-
proached significance for the entire group of patients
(paired t=1.54, df=7, p<0.09), but performance on the non-
verbal tone test was essentially unchanged (68% versus
69% correct). Performance gains on the verbal tests varied
among individual patients; three had moderate to large in-
creases (16%, 28%, and 38%), and five had small changes,
ranging from a decrease of 10% to an increase of 9%. Two
of the patients who showed improvement in verbal mem-
ory had scores that were higher than the mean values for
the healthy subjects in our previous work (13) after train-
ing, and the third remained more than two standard devi-
ations below the means of healthy subjects despite train-
ing-related improvement.

Inspection of functional MRI activation maps before
and after training indicated that the patients who showed
performance gains also showed increased task-related ac-
tivation in the left inferior frontal cortex as predicted. The
Pearson correlation between behavioral improvement
and increased activation of the left inferior frontal cortex
was 0.66 (df=6, p<0.04). The scatterplot revealed a highly
consistent association between performance improve-
ment and activation increase in all but one patient. This
patient was also distinguished by marked ventricular en-
largement, with total ventricular volume more than 16
standard deviations above that of healthy subjects in our
morphometric laboratory and seven standard deviations
above other patients in this study. When this patient was
removed from the analysis, the correlation increased to
0.90 (df=5, p<0.003).

The patient who was followed for an additional 6 weeks
and then given an additional 5 weeks of training main-
tained the initial improvement on the verbal serial position
memory tasks at the 6-week follow-up. The 5 extra weeks of
training led to further improvement, which was sustained
throughout a 10-week posttreatment follow-up. This pa-
tient’s mean performance on the three tests over the post-
training follow-up period was 50% higher than it was at the
two pretraining baseline assessments. Figure 1 shows nor-
malization of this patient’s left inferior frontal cortex
activation during the four-word auditory verbal serial posi-
tion memory task after training. The figure also shows
activation of the left inferior frontal cortex in a typical
healthy subject during this task (14). No such activation
was present in the patient before training, some was ap-
parent after 10 weeks of training, and activation was nor-
mal after 15 weeks of training. Activation of auditory areas
within the superior temporal gyri were at least as great be-
fore training as after training at these thresholds, providing
internal references for comparisons of frontal activation.

Discussion

Verbal memory deficits are common in patients with
schizophrenia and are associated with lower than normal
activation of the left inferior frontal cortex during verbal
memory tasks (13, 14, 16). The present results demon-
strate that the verbal memory deficit may be ameliorated
in some patients through repetitive practice of progres-
sively more difficult verbal memory tasks. In one patient
there was a training-associated normalization of task-re-
lated left inferior frontal activation. Underactivation of the
frontal cortex has been repeatedly demonstrated in pa-
tients under a number of different conditions (e.g., refer-
ence 15). The present results indicate that it may be possi-
ble to induce at least partial recovery of function in this
region, although the proportion of patients for whom this
is true may be limited.
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Objective: The authors’ goal was to determine potential he-
modynamic consequences of methylphenidate on functional
magnetic resonance imaging (MRI) blood-oxygen-level-depen-
dent (BOLD) contrast.

Method: BOLD and perfusion changes were recorded from the
motor cortex of six healthy subjects while they performed flex-
ion-extension movements of the right index finger (finger tap-
ping) at varying rates before and after oral methylphenidate ad-
ministration.

Results: Functional MRI signals increased monotonically with
faster movement rates. Subjects’ heart rates increased modestly
after methylphenidate administration, but no changes in finger
tapping performance or functional MRI signals were observed.

Conclusions: Methylphenidate does not alter BOLD neural-he-
modynamic coupling. Consequently, functional MRI can be
used to map neural systems that subserve cognitive operations
(e.g., attention and executive processes) in subjects taking me-
thylphenidate.

(Am J Psychiatry 2000; 157:1697–1699)

Methylphenidate, a psychostimulant that acts pri-
marily by releasing and inhibiting the reuptake of dopa-
mine (1), has been shown to enhance cognitive perfor-
mance in healthy subjects (2) and children with attention
deficit hyperactivity disorder (ADHD) (3). The neuro-
anatomical sites and mechanisms by which methylpheni-
date alters neural circuitry during performance of cogni-
tive tasks are not well understood. A functional magnetic
resonance imaging (MRI) study by Vaidya et al. (4) de-
monstrated that methylphenidate affects frontostriatal
activation differently in children with ADHD and healthy
children during performance of response inhibition tasks.

Functional MRI does not measure neural activity di-
rectly but relies on the hemodynamic coupling between
neural activity and regional changes in blood flow and
oxygenation. Most functional MRI studies are based on
endogenous blood-oxygen-level-dependent (BOLD) con-
trast. A number of drugs and other manipulations can po-

tentially disrupt this hemodynamic coupling. For exam-
ple, hypercapnia-related increases in resting blood
volume reduce the activation-induced BOLD response in
the primary motor cortex, although motor performance
and, presumably, underlying neural activity remain un-
changed (5). If the BOLD response is to be used to measure
drug-induced changes in neural circuitry, it is imperative
to demonstrate that the drug does not alter hemodynamic
coupling as well or have direct vasoactive properties, ei-
ther of which could lead to data misinterpretation.

To address this issue, we obtained brain images of
healthy subjects before and after oral administration of
methylphenidate. During each imaging series, the subject
performed a repetitive finger tapping task at different
rates in response to a metronome. We assume that con-
tralateral primary motor cortex neural activity is constant
with and without methylphenidate, leaving a relatively
pure examination of hemodynamic coupling in the BOLD


