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Objective: Impaired verbal memory in
schizophrenia is a key rate-limiting factor
for functional outcome, does not respond
to currently available medications, and
shows only modest improvement after
conventional behavioral remediation.
The authors investigated an innovative
approach to the remediation of verbal
memory in schizophrenia, based on prin-
ciples derived from the basic neuro-
science of learning-induced neuroplastic-
ity. The authors report interim findings in
this ongoing study.

Method: Fifty-five clinically stable schizo-
phrenia subjects were randomly assigned
to either 50 hours of computerized audi-
tory training or a control condition using
computer games. Those receiving audi-
tory training engaged in daily computer-
ized exercises that placed implicit, in-
creasing demands on auditory perception
through progressively more difficult audi-

tory-verbal working memory and verbal
learning tasks.

Results: Relative to the control group,
subjects who received active training
showed significant gains in global cogni-
tion, verbal working memory, and verbal
learning and memory. They also showed
reliable and significant improvement in
auditory psychophysical performance;
this improvement was significantly corre-
lated with gains in verbal working mem-
ory and global cognition.

Conclusions: Intensive training in early
auditory processes and auditory-verbal
learning results in substantial gains in ver-
bal cognitive processes relevant to psy-
chosocial functioning in schizophrenia.
These gains may be due to a training
method that addresses the early percep-
tual impairments in the illness, that ex-
ploits intact mechanisms of repetitive
practice in schizophrenia, and that uses
an intensive, adaptive training approach.

(Am J Psychiatry 2009; 166:805-811)

O ne of the greatest challenges for 21st-century bio-
medicine is to develop an effective treatment for the cog-
nitive dysfunction of schizophrenia. Antipsychotic medi-
cations and adjunctive cognitive-enhancing agents show
little benefit thus far (1-5). Cognitive remediation trials
demonstrate some efficacy (6), but a recent meta-analysis
revealed a “glass ceiling” of low to medium effect sizes
across a large variety of methods (7). Clearly, a fresh ap-
proach to the treatment of cognitive dysfunction in thisill-
ness is warranted.

Verbal learning and memory are among the most ro-
bustly abnormal cognitive functions in schizophrenia and
are key targets for treatment (8). Impaired verbal memory
is associated with poor community functioning and poor
response to psychosocial rehabilitation programs (9-11);
it may be the principal reason why the gains provided by
such programs are lost once the intervention ends (12—
14). We wondered whether it is possible to develop a novel
approach to the remediation of verbal memory deficits in
schizophrenia based on recent developments in clinical
and basic neuroscience.

In schizophrenia, abnormalities are observed in fronto-
temporal cortical networks during verbal working memory,
word encoding, and word recognition (15, 16). However,
disturbances are also present at the earliest stages of audi-
tory processing—for example, in the abnormally low ampli-
tudes of the mismatch negativity response obtained during
the preattentive detection of auditory stimuli (17). In
healthy individuals, a reduced mismatch negativity re-
sponse is associated with lower verbal learning and mem-
ory performance and with poorer psychosocial functioning
(18); in people with schizophrenia, reduced mismatch neg-
ativity responses are significantly associated with impaired
verbal memory (19), with the inability to decode semantic
and emotional aspects of speech (20), and with poor func-
tional status (21, 22). These findings suggest that efficient
auditory processing is crucial for the successful encoding
and retrieval of verbal information and that disturbances in
these elemental processes are related to higher-order cog-
nitive dysfunction in schizophrenia (18-22).

This body of evidence, combined with the past decade
of animal experiments in the basic neuroscience of learn-
ing-induced neuroplasticity (23), served as the rationale
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TABLE 1. Baseline Characteristics of Patients With Schizophrenia Who Received Computerized Auditory Training and Pa-

tients Who Played Computer Games

Auditory Training (N=29)

Computer Games (N=26) Student’s t Test

Variable Mean SD Mean SD t df p
Age (years) 42.86 10.07 45.31 9.39 0.93 53 0.36
Education (years) 13.48 2.01 13.27 2.20 -0.38 53 0.71
WAIS 1Q 103.55 13.21 100.46 17.77 -0.73 53 0.47
Dose of antipsychotic medication

(chlorpromazine-equivalent mg/day) 407.93 460.40 469.23 484.11 0.48 53 0.63
Positive and Negative Syndrome Scale

total score 2.33 0.73 2.29 0.46 0.20 53 0.84
Quality of Life Scale total score 3.26 0.95 3.00 0.20 1.03 53 0.31

for the development of a cognitive training program that
targets both early auditory processing and working mem-
ory operations, with the ultimate goal of improving verbal
memory performance in schizophrenia. Specifically, we
investigated the effects of an intensive 50-hour program of
computerized training—delivered as a stand-alone treat-
ment—that places implicit, increasing demands on audi-
tory perception and accurate aural speech reception. The
psychophysical training is embedded within a suite of in-
creasingly complex auditory working memory and verbal
learning exercises that are delivered with a frequent re-
ward schedule and an individually adaptive, repetitive
practice schedule. This approach capitalizes on the fact
that the neural responses to repetitive practice appear to
be normal in schizophrenia (24) and that implicit, or pro-
cedural, learning is engaged through the repetitive prac-
tice of continuously adjusting psychophysical exercises
(25-28). The basic notion is that by improving the speed
and accuracy of information processing in the auditory
system, higher-order functions such as verbal encoding
and verbal memory retrieval have more reliable signals on
which to operate (29).

We predicted that this approach to cognitive training
would produce enhanced verbal memory and global cog-
nition performance in participants with schizophrenia.
Our secondary objective was to examine whether subjects’
training-based psychophysical gains on a basic auditory
discrimination task would be associated with improve-
ment in their higher-order neuropsychological functions.

Method

Participants

We present data from our first three cohorts of subjects (N=74).
A final cohort (N=23) is participating in sequential imaging and is
currently under study. Chronically ill volunteer schizophrenia
subjects who were clinically stable were recruited from commu-
nity mental health centers and outpatient clinics. Study an-
nouncements were posted at these sites, and subjects self-re-
ferred or were referred by their clinicians. After the procedures
were explained to them, the participants gave written informed
consent and underwent baseline assessments over 2-3 weeks. Fif-
teen subjects (20%) withdrew during the assessments. The sub-
jects were stratified by age, 1Q, gender, and symptom severity and
were randomly assigned to either the auditory training condition
or a control condition of commercial computer games.
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The subjects engaged in the intervention for 1 hour per day, 5
days per week, for an average of 10 weeks. Four subjects (5%) with-
drew from the study during the first 4 weeks (three in the training
condition, one in the control condition) and declined further par-
ticipation. Of the 55 remaining subjects, 29 received the active in-
tervention (20 men and nine women) and 26 were in the control
condition (20 men and six women). Thirty-nine subjects per-
formed the exercises in the laboratory (training, N=19; control, N=
20), while 16 performed them at home (training, N=10; control, N=
6). Performance of the exercises was verified through the software,
and home users were monitored by weekly calls from staff mem-
bers. The subjects received $5 for each day of study participation,
$20 for 5 consecutive days of participation, and $50 at the comple-
tion of 50 hours (10 weeks). Payment was contingent on study par-
ticipation and not performance. The total mean training time was
47.9 hours (SD=7.5). The subjects continued to take stable doses of
their medications during the study. Baseline characteristics of the
subject groups are presented in Table 1.

Auditory Training Exercises

The auditory training program consists of a set of computer-
ized exercises designed to improve the speed and accuracy of au-
ditory information processing while engaging neuromodulatory
systems involved in attention and reward. The rationale is that, in
order to understand and remember verbal information, the brain
must first generate precise and reliable neurological responses
that represent the frequency, the timing, and the complex se-
quential relationships between speech sounds. These exercises
continuously adjust the difficulty level to user performance to
maintain an approximately 85% rate of correct responses. Trials
with correct responses are rewarded with points and animations.
The exercises contain stimulus sets spanning the acoustic organi-
zation of speech. During the initial stages of training in all exer-
cises, auditory stimuli are processed to exaggerate the rapid tem-
poral transitions within the sound stimuli by increasing their
amplitude and stretching them in time. The goal of the processing
is to increase the effectiveness with which these stimuli engage
and drive plastic changes in brain auditory systems in which indi-
viduals with schizophrenia exhibit relatively poor temporal re-
sponses (30). This exaggeration is gradually removed so that by
the end of training, all auditory stimuli have temporal character-
istics representative of real-world rapid speech. In each training
session, a participant works with four of six exercises for 15 min-
utes per exercise. Compliance is monitored by electronic data up-
load following each training session.

Exercise 1 requires users to make gradually more difficult dis-
tinctions between frequency modulation (FM) “sweeps” of audi-
tory stimuli increasing or decreasing in frequency (Figure 1), as
the sweeps become progressively faster and are separated by
shorter interstimulus intervals. Exercise 2 trains the subjects to
distinguish, with increasing accuracy and speed, between two
difficult-to-distinguish phonemes or open syllables (syllables
ending in a long vowel), using synthesized speech. Exercises 3
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and 4 focus on the accurate identification of increasingly long ar-
rays of open and closed syllables in spatial and sequential con-
texts. These first four exercises train the user to become more ef-
ficient in the processing of basic auditory information, and they
also heavily engage working memory. Exercise 5 engages both
working memory and verbal learning as the user listens to a se-
quence of verbal instructions and carries them out. In exercise 6,
brief conversational narrative is presented, and the user must re-
member increasingly more elusive details.

Control Condition

The computer games condition was designed to control for the
effects of computer exposure, contact with research personnel,
and monetary payments. This “placebo” was also selected to con-
trol for the nonspecific engagement of attentional systems, exec-
utive functions, and motivation through the reinforcement of
graphics-based computer games. The control subjects rotated
through a series of 16 different enjoyable commercially available
games (e.g., visuospatial puzzle games, clue-gathering mystery
games, pinball-style games) for the same number of hours as the
subjects who received the training program. They played four or
five games on any given day and were monitored by staff in the
same manner as the subjects in the training condition. The sub-
jects rated the two conditions as equally enjoyable on the 7-item
interest/enjoyment subscale of the Intrinsic Motivation Inven-
tory (31, 32).

Assessment Materials

The Positive and Negative Syndrome Scale (PANSS) (33), Qual-
ity of Life Scale—Abbreviated Version (34), and all measures rec-
ommended by the Measurement and Treatment Research to Im-
prove Cognition in Schizophrenia (MATRICS) committee (35),
with the exception of the mazes subtest of the Neuropsychologi-
cal Assessment Battery, were administered at baseline and after
training. The Tower of London from the Brief Assessment of Cog-
nition in Schizophrenia (36) was substituted for the mazes test to
assess problem solving. At the time of study initiation, the MAT-
RICS Consensus Cognitive Battery was not yet available, but the
MATRICS-recommended instruments were available and served
as our primary outcome measures. The instruments were ob-
tained from test publishers, and the raw scores were converted to
z-scores by using the normative data, stratified by age, published
by the test authors. Because of software difficulties, data from the
Continuous Performance Test—Identical Pairs were not inter-
pretable. All primary outcome measures were distinct and inde-
pendent from the tasks practiced during training, and the assess-
ment personnel were blind to the subjects’ group assignments.
Alternate forms of tests were administered and counterbalanced
at baseline and posttraining for tests sensitive to practice effects,
i.e., the Hopkins Verbal Learning Test—Revised, Brief Visuospa-
tial Memory Test—Revised, Tower of London, and Brief Assess-
ment of Cognition in Schizophrenia.

Monitoring Progress in Auditory Training

As a positive control for task learning, we monitored the sub-
jects’ ability to progress in basic psychophysical performance, on
the basis of their performance on exercise 1, which targets time
and frequency resolution by using rapidly presented FM sweeps
in a time-order judgment task. In this exercise, the subject identi-
fies each of two successive sweeps (separated by an interstimulus
interval) as either “up” or “down” (Figure 1). The exercise contains
15 stimulus sets composed of combinations of base frequency
(500 Hz, 1000 Hz, and 2000 Hz) and duration (from 80 to 35 msec);
subjects must first complete stimulus sets with longer-duration
stimuli by demonstrating sustained successful performance at
short interstimulus intervals (i.e., 20 msec) before stimulus sets
with shorter-duration stimuli are made available.
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FIGURE 1. Stimuli in Exercise 1 of Auditory Training
Given to Patients With Schizophrenia to Improve Verbal
Memory?
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2 The learner must perform a time-order judgment task and identify
each of two successive frequency modulation sweeps as either “up”
(sweep on left) or “down” (sweep on right). Sweep duration and in-
terstimulus interval are modified parametrically as the learner’s
performance improves.

We monitored each subject’s auditory training gains in exercise
1 by recording the number of stimulus sets (measured as a per-
cent of all available stimulus sets) that were completed in exercise
1 over the course of training. A higher progression score signifies
that the subject reliably advanced through more of the stimuli
content of the exercise (i.e., became proficient on trials with pro-
gressively shorter FM sweep durations); a lower progression score
signifies that the subject remained at the easiest training levels
(long stimulus durations) without advancing to more difficult lev-
els. Progression by this metric is conceptually unrelated to hours
of training in that two subjects could train for an identical num-
ber of hours and yet have very different progression scores if one
subject was able to advance through the most challenging stimu-
lus sets while the other reached a plateau at the easiest initial lev-
els of training.

Planned Analyses

To determine whether training site had a differential effect on
treatment response, a repeated-measures analysis of variance
(ANOVA) was conducted with the composite global cognition
score at baseline and after training entered as the repeated mea-
sure and condition (training or control) and site (laboratory or
home) entered as between-subjects factors. Repeated-measures
ANOVAs were used to compare the subject groups on the change
in the PANSS symptom rating, change in Quality of Life Scale rat-
ing, and change in cognitive measures. The planned analyses fo-
cused on the following cognitive domains: 1) speed of processing
(symbol coding, category fluency—animal naming, Trail Making
test part A), 2) verbal working memory (letter-number span), 3)
verbal learning (trials 1-3 of the Hopkins Verbal Learning Test—
Revised), 4) verbal memory (delayed recall, Hopkins Verbal
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TABLE 2. Scores on Cognitive Domains Before and After Intervention for Patients With Schizophrenia Who Received Com-
puterized Auditory Training and Patients Who Played Computer Games

Age-Adjusted z-Score
Auditory Training (N=29)
After 50 Hours

Repeated-
Measures ANOVA
for Condition-by-

Computer Games (N=26)
After 50 Hours

Baseline of Training Baseline of Games Time Interaction Effect Size (d)
F Auditory  Meta-Analysis by

Cognitive Domain? Mean SD  Mean SD  Mean SD  Mean SD  (df=1, 53) p Training  McGurk et al. (7)P
Global cognition -1.08 0.62 -0.72 0.69 -0.92 0.63 -0.93 0.68 12.82 <0.01 0.86 0.41
Speed of processing -0.65 0.71 -0.51 066 -0.71 0.79 -0.70 0.85 0.61 0.44 0.21 0.48
Verbal working -1.33 1.22 -0.86 1.39 -0.93 1.35 -1.05 1.40 4.46 0.04 0.58 0.52

memory
Verbal learning -2.22 1.07 -1.73 110 -2.00 080 -2.34 0.98 9.97 <0.01 0.86 0.39¢
Verbal memory -2.10 1.06 -1.43 140 -1.97 1.25 =2.27 1.23 8.60 <0.01 0.89 0.39¢
Problem solving -0.18 0.85 0.13 0.82 0.02 0.86 0.07 0.87 2.82 0.10 0.55 0.47
Nonverbal working -0.57 080 -034 089 -040 090 -0.21 1.08 0.04 0.85 0.05 —

memory
Visual learning -1.34 1.21 -0.70 132 -0.98 1.24 -0.80 1.45 1.64 0.21 0.35 0.09¢
Visual memory -0.95 1.40 -0.59 140 -0.65 1.60 -0.47 1.62 0.28 0.60 0.15 0.094
Social cognition -1.07 0.72 -1.08 072 1.7 096 -1.14 1.05 0.03 0.86 -0.05 0.54

a Specific tests included in each domain are provided in the Method section of text.
b Meta-analysis included 26 randomized, controlled trials of conventional cognitive remediation in schizophrenia.
¢ Verbal learning and memory were treated as a single cognitive domain.

dvisual learning and memory were treated as a single cognitive domain.

Learning Test—Revised), 5) nonverbal working memory (spatial
span), 6) visual learning (trials 1-3 of the Brief Visuospatial Mem-
ory Test—Revised), 7) visual memory (delayed recall, Brief Visuo-
spatial Memory Test—Revised), 8) problem solving (Tower of
London, Brief Assessment of Cognition in Schizophrenia), and 9)
social cognition (managing emotions, Mayer-Salovey-Caruso
Emotional Intelligence Test). The global cognition score was cal-
culated as the average z-score across all measures.

A one-sample t test was used to examine whether the schizo-
phrenia subjects made significant gains in psychophysical per-
formance on exercise 1, which was determined by using their pro-
gression score. Pearson’s bivariate correlations (two-tailed tests of
significance) were used to test the secondary hypothesis that the
subjects’ ability to make training-induced psychophysical gains
in exercise 1 (the progression score) would be associated with im-
provement in MATRICS outcome measures.

Results

Clinical and Cognitive Outcomes

The effect of training site (laboratory or home) was non-
significant (F=1.90, df=1, 51, p=0.17), as was the interac-
tion of site and condition (F=0.29, df=1, 51, p=0.59).

At study entry, there were no significant differences be-
tween the two subject groups on the PANSS and Quality of
Life Scale global ratings (Table 1) or on subscale ratings.
Repeated-measures ANOVA for these scores revealed no
significant interaction of condition (training or control)
and time (baseline or posttraining) and no significant
main effect of condition or time.

At study entry, there were no significant differences be-
tween the two subject groups on baseline measures of
cognitive performance (Table 2 and online data supple-
ment). Repeated-measures ANOVA revealed a significant
condition-by-time interaction: when compared to the
control subjects, those who received training showed sig-
nificant improvements from baseline to posttraining in
verbal working memory, verbal learning, verbal memory,
808
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and global cognition, with nonsignificant improvement in
problem solving (Table 2, Figure 2). There was no signifi-
cant condition-by-time interaction on the measures of
speed of processing, nonverbal working memory, visual
learning, visual memory, or social cognition. The main ef-
fect of condition was nonsignificant, while the main effect
of time was significant for nonverbal working memory (F=
4.85, df=1, 53, p=0.03), visual learning (F=5.00, df=1, 53, p=
0.03), problem solving (F=5.35, df=1, 53, p=0.03), and glo-
bal cognition (F=12.01, df=1, 53, p=0.001).

Relation of Auditory Training Progress to
Cognitive Improvement

The subjects who received auditory training engaged in
exercise 1 for an average of 11.2 hours (SD=2.4) on 6,200 tri-
als. By the end of training, they had completed an average
of 60% of the stimuli content (SD=30%, range=5%-100%)
(t=10.4, df=28, p<0.001). These data indicate that the sub-
jects with schizophrenia were able, on average, to make
significant gains in this time-order auditory discrimination
task, progressing from a performance level where FM
sweeps were initially presented for 80 msec at a 600-msec
interstimulus interval to successful performance on trials
with FM sweeps of 40-msec duration separated by a 70-
msec interstimulus interval. However, the large range ob-
served in the progression score indicates that, on an indi-
vidual basis, schizophrenia subjects showed a wide vari-
ability in their ability to make reliable gains in this basic
psychophysical auditory training exercise.

We examined the association between progression
through exercise content and neurocognitive improve-
ment within this group (N=29) and found that the progres-
sion score showed a significant positive correlation with
the z-score changes in verbal working memory (r=0.46,
p<0.03) and global cognition (r=0.39, p<0.04). This finding
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FIGURE 2. Change in Cognitive Performance in Patients With Schizophrenia After 50 Hours of Computerized Auditory

Training or 50 Hours of Computer Games
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a Significant difference between groups (p<0.01, repeated-measures ANOVA).
b Significant difference between groups (p<0.05, repeated-measures ANOVA).
¢ Nonsignificant difference between groups (p=0.10, repeated-measures ANOVA).

indicates that the subjects who were able to make the most
progress through the basic psychophysical auditory exer-
cise also showed the most improvement in higher-order
measures of verbal working memory and global cognition.

Effect Sizes

As shown in Table 2, strong positive effects on verbal
cognition measures were found for the training condition,
but with no difference between conditions in effect on vi-
sual cognition, indicating the targeted nature of the train-
ing approach. For comparison purposes only, effect sizes
from a recent meta-analysis of existing cognitive remedia-
tion approaches (7) are also shown in Table 2.

Discussion

In this study, we used a carefully controlled experimen-
tal design to test an innovative approach to cognitive
training in schizophrenia, delivered as a stand-alone com-
puter-based treatment for 50 hours over 10 weeks. We ob-
tained significant treatment effects in MATRICS-based
measures of verbal working memory, verbal learning, and
verbal memory, with an overall large effect size of 0.86 in
global cognition. In the comprehensive meta-analysis of
cognitive remediation trials in schizophrenia by McGurk
etal. (7), only six out of 29 studies showed effect sizes com-
parable to ours (>0.75), but four of them used 10 or fewer
subjects per treatment group, the fifth studied inpatients
with a “treatment as usual” comparison condition, and
the sixth used a one-on-one therapist-guided approach.
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Because of these methodological differences, our results
are not directly comparable to those in prior studies.

Several factors may have contributed to the enhanced
response we obtained using this method. First, prior cog-
nitive remediation approaches have not specifically tar-
geted impaired perceptual processes, although a growing
body of research has identified a number of early sensory
deficits in schizophrenia and has related them to higher-
order cognitive impairments (17, 19-22, 37). Second, as
would be expected from a program that aims to improve
psychophysical responses, the exercises harness the
mechanisms of repetitive practice and procedural learn-
ing, which appear to be relatively intact in schizophrenia
(24-28). Third, the exercises are delivered in an attention-
ally engaging and continuously adaptive manner. This
preserves an 85% reward schedule while providing a suffi-
cient number of error trials to ensure the neurological reli-
ability of the desired response (23, 29). Finally, each exer-
cise is practiced for many thousands of trials.

Indeed, consistent with our study, the meta-analysis by
McGurk et al. demonstrated that a higher number of hours
of training and drill-and-practice methods show a distinct
positive relationship to the remediation of verbal learning
and memory in schizophrenia (7). The large effect sizes
obtained in the present study—not only in verbal learning
and memory, but also in global cognition—may be due in
part to the number of hours of the intervention. It is inter-
esting that only two of the six exercises (or approximately
16 hours) were devoted to tasks that involved word stimuli
809
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or had an explicit learning/memory component; the ma-
jority (over 30 hours) focused on psychophysical process-
ing of speech elements and on working memory load. At
this point, we do not know whether the psychophysical
components of the training program are critical or
whether similar cognitive improvement could be obtained
with sufficiently heavy dosing of simple computerized
verbal working memory and verbal learning exercises.

Pursuant to this question, it is important to note that on
the most basic exercise, requiring time and frequency res-
olution of rapidly presented FM sweeps, there was a wide
range of progression at the individual level, from subjects
who made essentially no performance gains on this exer-
cise to those who became proficient with highly challeng-
ing stimuli. This finding indicates that although there was
significant improvement on this exercise at a group level,
individuals with schizophrenia vary widely in their ability
to reliably increase their basic psychophysical auditory
processing efficiency in response to training. Consistent
with the “neuroplasticity-based” rationale of our ap-
proach, subjects who showed the largest training-induced
gains in psychophysical performance showed the most
improvement in verbal working memory and global cog-
nition. We tentatively speculate that there was a signifi-
cant relationship specifically between psychophysical
gains and working memory because as the auditory cortex
responds to the psychophysical training, a more salient
verbal signal is “fed forward” into working memory opera-
tions; this then permits more efficient and accurate en-
coding of the verbal information, secondarily leading to
improvement in long-term memory. Indeed, the basic
neuroscience suggests that increased efficiency in lower-
order auditory processes will generalize to higher-order
cognitions owing to a more effective engagement of atten-
tional and memory processes (29, 38). However, the hy-
pothesized neural mechanisms underlying these behav-
ioral observations require direct study, as is currently
under way in our laboratory.

We observed no effect of the auditory training exercises
on symptoms, but the subjects in this study were clinically
stable with mild average PANSS symptom ratings. We also
found no benefits for quality of life immediately after
training, but patients who have been, on average, ill for 20
years may not show improvements in community func-
tioning as a result of 10 weeks of computerized cognitive
training. In a follow-up study of 22 subjects from this
study, some of whom received an additional 50 hours of
training, we found that many of the neurocognitive gains
induced by the training endured 6 months after the inter-
vention; we also found that neurocognitive gains showed a
significant positive correlation with improved quality of
life at the 6-month assessment point (39).

The limitations of this study include our modest num-
ber of subjects, their relatively high level of education, and
their recruitment through self-referral or clinician referral,
which limit the generalizability of our results and likely in-
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flate our effect sizes. Further, we did not conduct an in-
tent-to-treat analysis, although our attrition rate was low,
probably because of our subject payment schedule (which
may also have produced outcomes different from those in
previous studies). Because of these factors, we do not
know whether this intervention can be successfully
adapted to real-world treatment settings and whether par-
ticipants can adhere to the demanding training schedule
required by this approach outside of a controlled labora-
tory environment.

We are encouraged by these promising initial results us-
ing a “restorative” neuroplasticity-based cognitive training
method in schizophrenia, although further research is re-
quired to replicate these findings in larger, more clinically
representative samples of patients and to investigate the
neural processes that underlie the response to training. It
will also be important to investigate the utility of this cog-
nitive enhancement approach in patients who are in the
earliest phases of schizophrenia, in addition to those who
are chronically ill.
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