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Objective: Cognitive deficits that characterize schizophre-
nia are present in the prodrome, worsen with illness onset,
and predict functional outcome. Cognitive dysfunction is
thus a critical target for early intervention in young indi-
viduals with recent onset schizophrenia. Method: This
2-site double-blind randomized controlled trial investi-
gated cognitive training of auditory processing/verbal
learning in 86 subjects with recent onset schizophre-
nia (mean age of 21 years). Subjects were given laptop
computers to take home and were asked to perform 40
hours of training or 40 hours of commercial computer
games over 8 weeks. We examined cognitive measures
recommended by the Measurement and Treatment
Research to Improve Cognition in Schizophrenia initia-
tive (MATRICS), symptoms, and functioning. We also
assessed baseline reward anticipation to index motiva-
tional system functioning and measured changes in audi-
tory processing speed after 20 hours of training to assess
target engagement. Results: Auditory training subjects
demonstrated significant improvements in global cogni-
tion, verbal memory, and problem solving compared with
those of computer games control subjects. Both groups
showed a slight but significant decrease in symptoms and
no change in functional outcome measures. Training-
induced cognitive gains at posttraining showed significant
associations with reward anticipation at baseline and with
improvement in auditory processing speed at 20 hours.
Conclusion: Neuroscience-informed cognitive training
via laptop computer represents a promising treatment
approach for cognitive dysfunction in early schizophre-
nia. An individual’s baseline motivational system func-
tioning (reward anticipation), and ability to engage in
auditory processing speed improvement, may represent
important predictors of treatment outcome. Future stud-
ies must investigate whether cognitive training improves

functioning and how best to integrate it into critical psy-
chosocial interventions.

Key words: cognitive remediation/cognitive
training/motivation/first-episode schizophrenia/early
psychosis

Introduction

Early intervention in schizophrenia is a critical treat-
ment goal, and cognitive dysfunction is arguably a key
treatment target.!? Cognitive deficits are present during
the prodrome and worsen with the onset of psychosis.**
Importantly, processing speed and verbal memory at first
episode predict community functioning 7 years later.’
Two prior randomized controlled trials (RCTs) of cog-
nitive remediation have been conducted in early schizo-
phrenia—one using paper-and-pencil methods® and one
using a 2-year combination of computerized remediation
plus social skills groups’—with respective effect sizes of
0.13 and 0.60 on global cognition.® In both studies, active
and control groups differed in the number of hours of
clinician contact and/or received different adjunctive psy-
chotherapies, and some assessments were conducted by
staff not blind to group assignment, making it difficult to
determine the active ingredients of treatment response.
To address these issues, we performed a 2-site dou-
ble-blind RCT comparing approximately 40 hours of
computerized auditory processing and verbal learning
training to 40 hours of commercial computer games
(CQ) in adolescents and young adults who were within
5 years of psychosis onset (mean illness duration less
than 2 years). The cognitive training was derived from
basic research on neuroplasticity and shows demon-
strable effects in frontotemporal networks in adults with
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persistent schizophrenia.”'> A heavy schedule of auditory
perceptual training is embedded within increasingly com-
plex auditory/verbal working memory exercises in order
to improve the temporally detailed resolution of audi-
tory cortical representations and downstream working
memory processes. In a prior double-blind RCT, adults
with persistent schizophrenia (average age of 40 years),
showed significant gains in verbal learning/memory and
global cognition after 50 hours of training compared with
commercial CG played for 50 hours. Gains were accom-
panied by adaptive neurobiological changes not seen in
the control group.”'* Four other studies have investigated
this form of training in schizophrenia, but methodolo-
gies and results have been inconsistent across studies.'*!"
While some of the findings have been promising, the dis-
crepancies indicate the need for additional research.

In this study, we investigated the effects of this form of
auditory training (AT) in young individuals after illness
onset, delivered at home on a portable computer rather
than in a laboratory or clinical setting, in keeping with
a stigma-free and recovery-oriented treatment model.
Participants were loaned laptop computers with the nec-
essary software and participated in the intervention on
their own schedule, with participation verified by the
software. We hypothesized that participants would show
significant improvement in verbal learning/memory and
general cognition, consistent with our findings in adults
with persistent illness. We also examined two behavioral
predictors of training response—baseline motivational
system functioning (reward anticipation) and auditory
system target engagement. Because anticipatory reward
processing and motivation are known to enhance learn-
ing and memory performance,’** we hypothesized that
self-ratings of higher reward anticipation at baseline
would predict better response to training (larger cogni-
tive gains). We additionally hypothesized that individuals
who showed early evidence of improved auditory pro-
cessing speed within the training exercises—ie, successful
engagement with the auditory system training target—
would show greater cognitive gains (see also Murthy
et al'®).

Method

Participants

Eighty-six subjects completed the study protocol in our
university-based early psychosis clinics at University of
California, San Francisco and University of California,
Davis (ClinicalTrials.gov NCT00694889). Subjects were
recruited via presentations/flyers and through clinician
referrals, and they met the following inclusion/exclusion cri-
teria: (1) dagnosis of schizophrenia, schizophreniform, or
schizoaffective disorder; (2) onset of first psychotic episode
within past 5 years; (2) good general physical health; (3) age
14-30 years; (4) fluent and proficient in English; (5) intel-
ligence quotient (I1Q) > 70; (6) no neurological disorder; and

Cognitive Training in Recent Onset Schizophrenia

(7) no substance dependence in past year. All subjects had
achieved outpatient status for at least 3 months and, among
participants taking psychiatric medications (N = 81), were
on a stable dose for at least one month prior to participa-
tion. Five participants did not take psychiatric medications.

Participants aged 18 and older gave written informed
consent, while those younger than age 18 provided
assent, with written parental/legal guardian consent.
Baseline assessments were conducted prior to randomiza-
tion. Subjects were stratified by 1Q, gender, and symptom
severity and randomly assigned to AT or to the CG con-
trol condition (CONSORT diagram in figure 1). Subjects
were loaned laptop computers and participated in the
intervention at home, except for 1 training subject who
preferred to participate in the laboratory. Subjects were
asked to participate for 40 hours (1 h/d, 5 d/wk, for 8 wk),
followed by posttraining assessments.

Participants were contacted 1-2 times per week by
telephone to discuss progress. Coaching was provided
if a participant indicated difficulty in completing the
recommended number of hours/week (eg, goal-setting;
discussion of scheduling; setting an alarm, and using
reminders). At a “check-in” appointment after every 10
sessions completed, the same coaching was provided and
participants were paid $5 for each completed hour, $20
for every 10 sessions, and $30 after 40 hours, as well as
$20 per assessment appointment. Mean training time
was 34.65 hours (SD = 9.82) across both groups (table 1).
While in the trial, participants received treatment by out-
side providers or clinic personnel not involved in the study
(psychoeducation, psychotherapy, adjustments in medi-
cations as clinically indicated). Demographic characteris-
tics and medications are presented in tables 1 and 2.

Cognitive Training Program and CG Control Condition

The cognitive training program was provided by Posit
Science Corporation and has been described previously.’
It consists of computerized exercises designed to improve
speed and accuracy of auditory information processing
while engaging auditory and verbal working memory. This
training approach is based on evidence that schizophrenia
is characterized by widespread disturbances in fronto-
temporal neural systems subserving auditory processing
and verbal memory.?>* Exercises continuously adjust dif-
ficulty level to maintain an 80%-85% correct performance
rate in order to engage the user in a dense reward schedule
and drive successful learning. Correct trials are rewarded
with points and animations. In each session, a participant
works with 4 of 6 exercises for 15 minutes per exercise.
Compliance is monitored by electronic data upload.

The CG control condition allows for maintenance of a
double-blind trial design and controls for effects of com-
puter exposure, contact with research personnel, monetary
payments, and nonspecific engagement of attention, execu-
tive functions, and motivation. Control subjects rotated
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Total randomized: 63 Total randomized: 58
Completed 20-40 hours: 40 Completed 20-40 hours: 40
Completed < 20 hours: 3 Completed < 20 hours: 3
Withdrew: 19 Withdrew: 14
Excluded due to increase in benztropine Excluded due to increase in benztropine
dose: 1 dose : 1

Fig. 1. Consort diagram of subjects with recent onset schizophrenia who received computerized auditory training (AT) and patients who

played computer games (CG).

Table 1. Baseline Characteristics of Subjects With Recent Onset Schizophrenia Who Received Computerized Auditory Training (AT)

and Subjects Who Played Computer Games (CG)

AT (N =43) CG (N =43)

Mean SD Mean SD t df P
Male/female* 31/12 33/10
Age (range 16-30) 21.70 3.26 20.74 3.37 -1.34 84 .19
Education 12.88 1.60 12.86 2.10 —-0.06 84 95
WASI 1QP 102.63 12.12 100.67 15.06 —-0.66 84 51
PANSS total° 57.95 12.72 59.60 14.33 0.55 80 .58
Strauss Carpenter 7.83 2.34 8.00 2.76 0.31 80 .76
Global functioning role 4.79 2.47 4.71 2.14 —-0.16 80 .88
Global functioning social 5.72 1.30 5.74 1.43 0.07 80 95
Hours of training 32.93 10.45 36.37 8.94 1.64 84 .10
Months of illness (range 1-60) 18.87 15.64 20.26 17.45 0.39 84 .70

2Chi square (1, N = 86) = 0.24, P = .62.
"Wechsler Abbreviated Scale of Intelligence (WASI).
“Positive and Negative Syndrome Scale.

through a series of 16 different commercially available games
(supplementary table 1) for the same number of hours as
training subjects, playing 4-5 games on any given day.

Assessment Procedures

All assessment staff were blind to group assignment.
Cognitive assessment staff were trained and monitored at
each site on manualized assessment procedures by the same
senior researcher (M.F.) to ensure cross-site consistency
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(the Measurement and Treatment Research to Improve
Cognition in Schizophrenia (MATRICS) battery showed
an intraclass correlation of 0.88 in a multisite RCT).*
Clinical assessment staff were trained and observed by
expert clinical supervisors at each site (R.L.L., JD.R., and
T.N.). Subject eligibility was determined in regular reliabil-
ity rounds. Interrater reliability was calculated from staff
ratings of training tapes, with an average intraclass corre-
lation across sites of 0.83 for symptom ratings and an aver-
age kappa value of 0.95 for diagnostic agreement.
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Table 2. Medication Regimens of Study Participants

Cognitive Training in Recent Onset Schizophrenia

AT (N =43) CG (N=43) Total Test Statistic P Value

Antipsychotic medication?

First generation (N) 1 1 2 X2(1) = 0.00 1.00

Second generation (N) 37 34 71 X2(1)=0.73 .39

Multiple (N) 2 3 5 X3(1)=0.21 .64

No antipsychotic (N) 3 5 8 X(1) =0.55 .46
Other psychiatric medication

Antidepressants or mood stabilizers (V) 8 12 20 X¥(1)=1.04 31

Benzodiazepines (N) 5 9 14 X2(1)=1.37 .24
Other medication measures

Chlorpromazine equivalents® 235.47 (155.96) 256.36 (136.75) 1(75)=0.62 .53
Changes in medication while in study 12 13 X2(1) = 0.06 81

Note: AT, auditory training group; CG, computer games control group.
aFirst generation antipsychotic medication = halperidol, perphenazine, thiothixene, trifluoperazine;
Second generation antipsychotic medication = aripiprazole, clozapine, olanzapine, quetiapine, risperidone, ziprasidone.

"Mean and SD of chlorpromazine equivalents.?!

Eligibility diagnoses were determined using the
Structured Clinical Interview for DSM-IV. Symptoms
and functioning were assessed with the Positive and
Negative Syndrome Scale® (PANSS), Strauss Carpenter
Outcome Scale (3 clinician-rated items for number of
weekly social contacts, days hospitalized, and propor-
tion of time engaged in work/school),” and Global
Functioning: Role and Social Scales (each containing
a single clinician-rated item ranging from 1-10 devel-
oped for the late adolescent/young adult early psychosis
population).?” An abbreviated battery of MATRICS-
recommended measures® was administered (table
3). The Tower Test from the Delis-Kaplan Executive
Function System (D-KEFS)® was used in place of the
Neuropsychological Assessment Battery (NAB) Mazes.
Raw scores were converted to z scores using age-appro-
priate normative data provided in testing manuals and
age-appropriate, published normative data for Trails A,*
Category Fluency,’ and the Brief Visuospatial Memory
Test-Revised (BVMT-R).2? A 6-point Likert scale was
used to assess level of enjoyment.

All primary outcome measures were distinct and inde-
pendent from tasks practiced during training. Alternate
forms of the Hopkins Verbal Learning Test-Revised
(HVLT-R) and BVMT-R were administered and coun-
terbalanced at baseline and posttraining.

Baseline Reward Anticipation

Reward anticipation was measured using the Temporal
Experience of Pleasure Scale, which assesses anticipatory
and consummatory pleasure (see Gard et al** for psycho-
metric properties). Eighteen items are rated on a scale of
1 (very false for me) to 6 (very true for me). An example of
an anticipatory item is “When something exciting is com-
ing up in my life, I really look forward to it.” Accumulated
evidence indicates that these are distinct neurobehavioral

processes™; anticipatory pleasure appears closely linked
to motivation and goal-directed behavior. Because prior
research indicates that schizophrenia patients have a defi-
cit in anticipatory pleasure and because successful learn-
ing requires intact brain motivational systems,'®2%% we
hypothesized that individuals with higher reward antici-
pation at baseline would show greater cognitive gains
after training.

Target Engagement.: Gains in Auditory
Processing Speed

Subjects’ ability to demonstrate target engagement—ie,
to show improvement in auditory cortical processing
efficiency—was monitored at baseline and after 20 hours
of training using auditory processing speed. This mea-
sure consists of a time-order judgment of a sequence of 2
frequency-modulated tones and is considered a measure
of successive signal interference/forward and backward
masking. Performance threshold was determined using
a dual staircase method based on the ZEST algorithm?
that adaptively modifies the interstimulus interval (ISI)
between tones and the tone duration, which is held equal
to the ISI. The resulting score was the number of mil-
liseconds of ISI (and tone duration) at which the subject
correctly performed 66% of trials, allowing for a precise
measure of psychophysical threshold under moderate
perceptual challenge, as outlined in prior research on reli-
able threshold assessments in auditory processing.*’

Planned Analyses

We performed data analysis on all subjects complet-
ing baseline and posttraining assessments (N = 86),
regardless of hours of intervention (see figure 1), and
an intent-to-treat analysis using last observation carried
forward on all randomized subjects (N = 121). Based on
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Table 3. Scores on Cognitive Domains, Symptoms and Functional Outcomes Before and After Intervention for Subjects With Recent

Onset Schizophrenia Who Received Computerized Auditory Training (AT) and Subjects Who Played Computer Games (CG)

AT (N =43) CG (N =43)

Baseline Post Baseline Post
Outcome Measures® Mean  SD Mean  SD Mean  SD Mean  SD al P Effect Size
Global cognition —-0.86 0.73  —-0.46 073  -0.92 0.89  -0.87 1.00  11.07 <0.01 0.73
Speed of processing —0.66 0.76  —0.27 0.80  —0.63 0.79  —-0.55 1.11 2.50 0.12 0.33
Working memory -0.36 0.78  -0.12 1.01 -0.62 1.13 =041 1.00 0.01 0.92 0.04
Verbal learning -1.45 1.41 -1.29 1.38  —1.55 1.33 -1.88 1.80 2.45 0.12 0.43
Verbal memory —-1.68 1.54  -1.10 .32 -1.46 1.51 -1.79 1.78 935  <0.01 0.69
Visual learning -1.16 1.62  —0.68 146  —-1.09 1.51 -1.04 1.66 3.27 0.07 0.33
Visual memory -1.06 1.78  -0.60 143 -1.31 1.86  —-1.07 1.84 0.66 0.42 0.14
Problem solving —-0.36 0.76 0.29 0.86 —0.38 0.81 -0.12 1.00 4.83 0.03 0.46
PANSS total® 57.95 12.72 53.56 12.48 59.60 14.33 55.86 14.18 0.45 0.51 0.06
Strauss Carpenter 7.83 2.34 8.13 2.27 8.00 2.76 8.55 2.65 0.28 0.60  -0.10
Global functioning role 4.79 2.47 4.79 2.63 4.71 2.14 4.71 2.43 0.01 0.91 0.00
Global functioning social 5.72 1.30 5.79 1.15 5.74 1.43 5.95 1.62 0.38 0.54 -0.11

2Cognitive measures were transformed to z scores using normative data of healthy samples. Global cognition (average z score across

all measures); speed of processing (Trail Making Test Part A; category fluency animal naming); working memory (letter-number span;
WMS-III spatial span); verbal learning and verbal memory (HVLT-R immediate and delayed recall); visual learning and visual memory
(BVMT-R immediate and delayed recall); problem solving (D-KEFS Tower Test). Symptoms (PANSS) and functional outcome measures
(Strauss Carpenter; global functioning role and social) are clinician ratings.

PRepeated measures ANCOVA, condition-by-time interaction, controlling for site, age, and hours of training.

¢ Positive and Negative Syndrome Scale.

our previous finding that medication-induced anticho-
linergic burden adversely affects training response,® we
excluded from analysis 2 subjects (1 in each condition)
who were prescribed an increased dose of benztropine
mesylate while in the study. All variables were screened
and normally distributed after winsorising of outlying
values.

Chi square was used to test for group differences in
attrition rate. Groups were compared on change in cogni-
tive measures, symptoms, and functional outcome ratings
using repeated measures ANCOVA, controlling for site,
age, and hours of training. Effect sizes (Cohen’s d) were
computed using the mean change scores of the AT and
CG groups (posttraining minus baseline) and the change
score SDs of each group. All measures are listed in table 3.
Paired sample’s #-test tested for significant gains in audi-
tory processing speed. Pearson’s correlations tested
whether baseline reward anticipation and improvement
in auditory processing speed were associated with gains
in global cognition.

Results

Adherence to Cognitive Training via Laptop

Nineteen out of 63 (30%) AT subjects withdrew from the
study compared with 14 of 58 (24%) CG subjects, a non-
significant difference, X?> (1, N = 121) = 0.55, P = 46.
Mean enjoyment ratings were 3.78 (SD = 0.90, range =
1.83-6) in AT subjects, and 3.88 (SD = 1.05, range = 2-6)
in CG subjects, a nonsignificant difference, ¢ (70) = 0.45,
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P = .66; rating of 4 = “slightly enjoyed” on a scale of 1
(“extremely disliked”) to 6 (“extremely enjoyed”).

We compared study completers with those who with-
drew and found no significant differences in demographic
variables, baseline symptoms and functioning, or reward
anticipation (supplementary table 2). All baseline cogni-
tive differences were nonsignificant with the exception of
working memory. Study completers showed lower base-
line working memory (M = —0.49, SD = 0.98) relative
to participants who withdrew (M = —0.10, SD = 0.60), ¢
(117) =2.62, P =0.01.

Cognitive Outcome Measures

There were no differences between groups in baseline
symptom severity, functioning, cognitive measures, or
medication regimens (table 2). A multivariate ANCOVA
on cognitive change across all cognitive measures showed
a significant effect of condition (F = 2.62, df =1, 75, P
= 0.02). Repeated measures ANCOVA revealed signifi-
cant condition-by-time interactions for global cognition,
verbal memory, and problem solving and a difference at
trend level in visual learning (table 3, figure 2). The results
were the same with and without covarying for site, age,
and hours of training.

An intent-to-treat analysis revealed the same signifi-
cant condition-by-time interactions in global cognition
(mean z score change AT = 0.28, SD = 0.40, CG = 0.04,
SD=0.45,F=1048,df=1,114, P <.01), verbal memory
(mean z score change AT = 0.41, SD = 1.04, CG = —0.25,
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BAT (N=43)

OCG (N=43) *p<.01, *<.05

1.00

Z-Score Change

Global

Speed of
Cognition**  Processing

Working
Memory

Verbal
Learning

Verbal
Memory**

Problem
Solving*

Visual
Memory

Visual
Learning

Fig. 2. Change in cognitive performance in subjects with recent onset schizophrenia after computerized auditory training (AT) or
computer games (CG). Verbal memory post hoc tests: gain in AT subjects P =.003, decline in CG subjects P = .14.

SD=1.25F=9.29,df=1,114, P<.01), problem solving
(mean z score change AT = 0.45, SD = 0.80, CG = 0.19,
SD =073, F=4.47,df =1, 114, P < .04), and a differ-
ence at trend level in visual learning (mean z score change
AT =0.34, SD = 1.00, CG = 0.04, SD = 1.25, F = 3.04,
df=1,114, P < .08).

Cognitive Effect Sizes of the Intervention

In study completers, strong positive effects for train-
ing were found in global cognition, verbal memory, and
problem solving (table 3). Effect sizes were comparable
with our findings in middle-aged adult subjects who were
more cognitively impaired at baseline.’ In all randomized
subjects, effect sizes were in the moderate range for global
cognition (d = 0.56) and verbal memory (d = 0.57), and in
the small range for problem solving (d = 0.34).

Post hoc analyses of verbal memory revealed that the
increase in AT subjects was significant, ¢ (42) = 3.19,
P = .003, while the decline in the computer CG group
approached trend level, 7 (42) = 1.51, P = .14. A simi-
lar nonsignificant decline in verbal learning and memory
was shown in middle-aged CG subjects with persistent
schizophrenia.’

Symptom and Functional Outcome Measures

Four subjects (3 AT, 1 CG) did not complete all clini-
cal measures at both time points. There were no sig-
nificant condition-by-time interactions on the PANSS
total or subscales, Strauss Carpenter Scale, or Global
Functioning Role and Social scales. There was a
main effect of time in the PANSS Total and General
Psychopathology Subscales. Both groups showed a small
decrease in PANSS Total (Mean Rating Change = —4.05,
SD = 1147, F = 6.23, df = 1, 81, P = .02), PANSS
General Psychopathology (Mean Rating Change = -2.83,
SD =588, F=17.57,df =1, 81, P < .01), and no signifi-
cant change in PANSS Positive or Negative Symptoms.
On measures of functional outcome, all main effects of
time were nonsignificant. The results remained the same

with and without imputation (last observation carried
forward/backward) of the 4 subjects’ missing values.

The intent-to-treat analysis revealed the same find-
ings: a main effect of time in the PANSS Total (Mean
Rating Change = —2.79, SD =9.69, F=4.84, df = 1, 114,
P = .03) and General Psychopathology Subscales (Mean
Rating Change = —1.95, SD =9.69, F=5.04,df =1, 114,
P = .03), and no significant main effects of time or condi-
tion-by-time interactions in PANSS Positive or Negative
Symptoms, or functional outcome measures.

Baseline Reward Anticipation and Cognitive Gains

The reward anticipation measure was available on 24 AT
and 23 CG subjects. In the AT group, baseline reward
anticipation was significantly associated with gains in
global cognition (r = 0.52, P < .01) and verbal memory (r
=0.51, P = .01) and remained significant controlling for
hours of training (supplementary figure 1). These asso-
ciations were not significant in the CG group. (—0.20 < r
<0.09,0.36 < P <.68).

Target Engagement and Cognitive Gains

The auditory processing speed measure was available at the
2 time points on 30 of 40 AT subjects. There was a highly
significant decrease from baseline (Mean = 98.07ms,
SD = 42.86) to 20 hours (Mean = 63.20ms, SD = 37.45),
1 (29) = 5.07, P < .001), indicating that subjects became
more efficient at rapid processing of successive audi-
tory stimuli (target engagement). This improvement was
significantly associated with gains in global cognition
(r=-0.47, P < .01) (supplementary figure 2).

Discussion

Young individuals with recent onset schizophrenia who
completed up to 40 hours of cognitive training via lap-
top computer at home showed significant increases in
global cognition, verbal memory, and problem solving,
compared with individuals who played up to 40 hours of
CG. Participants in both groups—the majority of whom
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were enrolled in university-based early psychosis clinics—
showed small improvements in symptoms. These findings
suggest that the cognitive deficits of schizophrenia can
be addressed early in the course of illness using cognitive
training delivered via a portable computing device. This is
particularly important as emerging data show that current
clinical interventions in early psychosis may not differen-
tially impact outcome 5 years later.* Symptom reduction
and psychosocial support alone are probably not suffi-
cient as treatment targets if our ultimate goal is to disrupt
the deteriorating course of schizophrenia. We posit that
cognition is a third critical factor that must be addressed
vigorously and systematically in young individuals.

Young recent onset subjects showed a similar profile of
training-induced cognitive improvement as was observed
in our prior study of persistently ill adults’; similarly,
young “computer games” subjects showed a decrease in
HVLT performance approaching trend level. To the best
of our knowledge, this is the first report of decreases in
verbal memory after commercial CG in a young clini-
cal group. In a sobering study with healthy school-age
children, Dworak et al* found a significant reduction in
verbal memory after a single day of exposure to volun-
tary excessive computer game playing and television. We
hypothesize that the nonspecific visuospatial processing
from an intensive schedule of CG resulted in competitive
interference for limited neural resources, causing worse
performance on the HVLT. These findings require rep-
lication, as they have important implications for young
individuals with schizophrenia.

We also examined 2 predictors of treatment response:
reward anticipation (motivational system functioning)
and auditory target engagement. We found that baseline
ratings of reward anticipation were significantly associ-
ated with cognitive gains in AT subjects, but not in the
CG control group, even after controlling for number of
hours of training. This finding is consistent with grow-
ing knowledge on the role of interindividual differences
in reward processing in successful learning and plastic-
ity mechanisms.!$2%% Indeed, Tas et al*! recently reported
that motivation and metacognition predicted learning
potential in people with remitted schizophrenia.

Additionally, we found that participants with the larg-
est improvement in auditory processing speed after 20
hours of exposure to training showed the greatest gains
in global cognition at posttraining. Improvement in audi-
tory processing speed indicates successful target engage-
ment of the auditory system with an improvement in
cortical processing efficiency. This is consistent with our
prior study,” and with reports from Murthy et al'® and
Surti et al,* demonstrating a relationship between pro-
cessing speed gains and generalization of training effects.
The National Institute of Mental Health recommends
incorporating measures of target engagement into treat-
ment trials in order to provide very early signs of poten-
tial failure or success of an intervention. Our current
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findings suggest that target engagement may be measur-
able mid-way through treatment (and perhaps even ear-
lier). Early gains in auditory processing speed likely serve
as an indirect measure of training-induced plasticity and
increased efficiency in the neural systems subserving audi-
tory encoding. Experiments in our persistent illness sub-
jects indicate that training induces an increase in evoked
responses in auditory cortex, accompanied by changes in
activation patterns in prefrontal cortex that are associ-
ated with cognitive improvement.!!

To date, few variables reliably predict response to cog-
nitive training in schizophrenia: not type of training nor
participant characteristics.® While our results require repli-
cation, they do suggest that— at least for the highly targeted
“neural system” cognitive training that we are studying—the
inherent “plasticity potential” of the brain as assessed via
intact reward systems and engagement of plasticity mecha-
nisms in neural system targets of interest may be much more
important predictors of treatment response than participant
demographics. Indeed, these data begin to open the door to
the possibility of truly personalized medicine.

There are several limitations to our study. Foremost is the
lack of immediate impact on everyday functioning, which
likely reflects the short study duration, or perhaps the lack of
social cognition training or psychosocial interventions that
enhance generalization.”** We are currently investigating
whether cognitive gains persist 6 months beyond the inter-
vention and are associated with functional improvement,
as previously observed in persistently ill adults.** Second,
subjects were drawn from 2 university clinics, were of aver-
age IQ, and are not representative of community settings.
We do not know if this intervention would be as effective in
individuals with lower 1Q or under 16 years of age. Subjects
were provided monetary compensation for participation in
the trial, which limits our knowledge about acceptability
and adherence in real-world settings where payment will not
be provided. We did not place restrictions on medication
regimens during study participation, and, while there is no
evidence of significant differences between the two groups,
we cannot rule out medication effects on the response to the
intervention. We also did not control for at-home exposure
to video games or other computerized activities, which may
represent a confounding variable. Further, the lack of sig-
nificant improvement in MATRICS processing speed and
working memory raises important questions for the design
of future cognitive training programs, the selection of key
training targets, and the as-yet-unknown association link-
ing gains across cognitive domains. Finally, while the attri-
tion rate is similar to other behavioral treatment studies in
recent onset schizophrenia,* it is still quite large. Future
efforts must focus on the pragmatic effectiveness of this
intervention and on enhancing appeal and increasing par-
ticipant adherence.

In sum, results indicate that a neuroscience-informed
approach to cognitive training in young individuals with
schizophrenia, using a portable computer, can generate



significant improvements in cognition, a finding with
promising implications for the long-term course of ill-
ness. Given limited mental health resources and the rapid
expansion of portable digital technology, further well-
controlled trials of cognitive training via mobile devices
is an important area for future investigation. If our data
are replicated, a number of critical questions will need
to be addressed. What are the necessary and sufficient
elements of training that generate optimal and enduring
functional gains in young individuals? How do we design
the intervention to be optimally motivating and reward-
ing? How should it best be disseminated in real-world
treatment settings? And most importantly, how can it be
personalized and combined with psychosocial treatments
so that every young person with schizophrenia can look
forward to a productive, stable, and maximally fulfilling
life course?
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Supplementary material is available at http://schizophre-
niabulletin.oxfordjournals.org.
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