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Background. The popularity of cognitive remediation (CR) interventions for individuals with psychosis is in part based
on the well-established link between cognition and functioning and the assumption that by targeting cognition, function
can improve. While numerous trials have reported CR’s efficacy, it is still not considered an evidence-based treatment.
Importantly, little is known about the mechanisms through which it may affect functioning.

Method. In this study, we evaluated CR’s proximal and distal effects, and examined potential mechanisms. A total of 75
individuals with psychotic disorders were randomized to a combination of strategy-based and drill-and-practice CR or
wait-list control, with assessments of training task performance, neurocognition, functional capacity, symptoms and
functioning conducted at baseline, end of the 2-month intervention, and 2-month follow-up.

Results. Compared with treatment as usual, CR was associated with large post-training improvements on training tasks
targeting attention, visuospatial memory, and verbal learning and memory, with persisting group differences at the
2-month follow-up. These generalized to mostly large improvements on neuropsychological measures targeting visuo-
spatial memory, verbal learning and memory, delayed verbal memory and verbal working memory. While there were no
CR-associated improvements on measures of functional capacity, symptoms, or a self-report measure of independent liv-
ing skills, there was an effect on an interviewer-rated measure of functioning (Quality of Life Scale), which appeared
primarily driven by the Intrapsychic Foundations subscale. Finally, for those randomized to CR, there were significant,
medium-sized correlations between training task improvement, neuropsychological improvement and functioning mea-
sures.

Conclusions. This suggests a complex, multifactorial relationship between CR, and cognitive and functional change.
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Introduction

There is a well-established link between cognition and
functioning in schizophrenia (Green, 1996; Green et al.
2004; Bowie et al. 2008; Kurtz et al. 2008; Schmidt et al.
2011; Tolman & Kurtz, 2012), and cognitive impair-
ments have been proposed as rate-limiters for skill ac-
quisition in this population (Smith et al. 1999). Hence,
extensive effort has been devoted to developing and
validating treatments aimed at improving cognition
in individuals with psychosis. These cognitive

remediation (CR) interventions have varied consider-
ably as far as intervention length, mode of administra-
tion (computer, individual, group), focus of training
(single v. multi-domain as well as drill-and-practice
v. drill plus strategy training) and whether the inter-
vention is administered as a stand-alone or is incorpo-
rated within a broader rehabilitation program.

With a few exceptions (e.g. Pilling et al. 2002;
Dickinson et al. 2010; Rass et al. 2012), the majority of
reviews and meta-analyses on the efficacy of CR in
psychosis agree on the nature of treatment outcomes
(Kurtz et al. 2001; Krabbendam & Aleman, 2003;
Twamley et al. 2003; McGurk et al. 2007; Grynszpan
et al. 2011; Roder et al. 2011; Wykes et al. 2011; Kurtz,
2012). Namely, CR has been found to lead to durable,
medium effect size improvements in cognition, small
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effect size improvements in symptoms that may at-
tenuate after the end of the active treatment phase,
and durable small to medium effect size improvements
in functioning which are maximized when the inter-
vention is provided in the context of other psycho-
social rehabilitation. There is also some evidence that
approaches which include combined drill-and-practice
plus strategy coaching may be somewhat more effect-
ive in improving functional outcomes than drill-and-
practice approaches alone (McGurk et al. 2007; Wykes
et al. 2011).

Only in recent years have investigators begun to
examine potential pathways through which CR exerts
an effect on functional outcomes. The handful of stud-
ies that have addressed this topic (Reeder et al. 2004,
2006; Penades et al. 2010; Wykes et al. 2012; Farreny
et al. 2013) suggest that: (a) functional improvement
may be differentially predicted by change in cognition
v. single-time point cognitive performance; (b) not all
cognitive change that occurs in the context of CR is
related to functional improvement; (c) some cognitive
change that is not CR-specific also has an impact on
functional improvements; and (d) additional variables
may mediate the relationship between CR-specific cog-
nitive improvements and functional gains. In sum,
mechanisms through which CR makes an impact on
functional outcomes are complex, and much remains
to be learned.

In spite of a corpus of well over 40 randomized con-
trolled trials, with a total of over 2000 participants,
both national (Dixon et al. 2010) and international
(National Institute for Health and Care Excellence,
2014) treatment guideline reports still have not recog-
nized CR for psychosis as an evidence-based recom-
mended treatment. There is a call for additional
randomized controlled trials evaluating the efficacy
and durability of CR, its impact on functional out-
comes and its mechanisms of change. In this paper,
we contribute to the growing CR literature by present-
ing the results of a randomized controlled trial evaluat-
ing the efficacy of a mixed (drill-and-practice preceded
or followed by strategy-based training), stand-alone
CR program. We evaluate the intervention’s effects
on proximal cognitive as well as more distal symptom
and functional outcomes, both at end of treatment and
at follow-up (FU). We also evaluate the potential
mechanisms of treatment effects.

Based on existing literature, our hypotheses were as
follows: (1) CR (v. treatment as usual; TAU) would be
associated with greater improvements on trained tasks,
neurocognition, and symptoms, and (2) improvements
on trained tasks and neurocognition would be main-
tained at FU. No directional hypotheses were made
about the impact of our stand-alone CR on functional
outcomes, although this was also evaluated. Finally,

we also explored the relationship between improve-
ments on proximal training tasks, and how they relate
to improvements on more distal measures of neurocog-
nition, symptoms and functioning.

Method

Participants

A total of 75 participants completed baseline assess-
ments and were randomized. Participants were
recruited from local out-patient clinics and by word
of mouth. All met the following criteria: Structured
Clinical Interview for DSM-IV (SCID)-confirmed diag-
nosis of schizophrenia spectrum disorder [schizophre-
nia, schizo-affective disorder, psychosis not otherwise
specified (NOS) or affective disorder with psychotic
features], aged 18–65 years, English as primary lan-
guage, no evidence of substance abuse in the past 30
days, no evidence of serious traumatic brain injury or
other neurological disorder, and psychiatric stability,
as evidenced by no hospitalizations, changes in medi-
cations or changes in housing in the past 30 days. All
participants provided written informed consent, and
the study was approved by local institutional review
boards.

Study design

Participants were randomized (2:1) to 2 months of ei-
ther CR or TAU, with assessments conducted at base-
line, end of the 2-month active phase, and 2-month FU
(4 months from baseline). Within the CR condition,
participants were further randomized (1:1) to either
begin with 1 month of computerized drill-and-practice
training followed by 1 month of strategy-focused train-
ing or vice versa. Participants were offered five,
1 h-long individual sessions per week, for a maximum
of 40 sessions during the 2-month course of CR. At the
discretion of the trainer, participants could complete
up to three sessions in a single day (with adequate
breaks). Payment for participation was provided.
Inter-rater reliability was >0.80 for symptom ratings
and >0.90 for interviewer-rated functioning. Assessors
were not blind to treatment allocation.

Measures

Comprehensive assessments included demographics,
intelligence (2-subtest version of the Wechsler
Abbreviated Scale of Intelligence; Wechsler, 1999), neu-
rocognition, symptoms, and measures of functioning
(see below for descriptions of measures). Several of
the computerized cognitive training tasks, set at pre-
determined difficulty levels, were also administered
as measures of proximal treatment effects.
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Neurocognition

As the study was designed prior to the development of
a standard clinical trials battery of cognitive tests, an ad
hoc collection of tests was used to assess major cogni-
tive domains. Visual attention and processing speed
were assessed using the Trail Making Test Part A
(time; Lezak, 1983). Executive function was assessed
using the Wisconsin Card Sorting Test (% persevera-
tive errors, % conceptual level; Heaton, 1981; Bell
et al. 1997) and Trail Making Test Part B (time; Lezak,
1983). Verbal learning and memory were assessed
using trials 1–5 total of the California Verbal
Learning Test-II (CVLT-II; Delis et al. 2000) and the im-
mediate and delayed logical memory subtests from the
Wechsler Memory Scale – revised (Wechsler, 1987).
Visuospatial memory was assessed by Rey–Osterreith
(Rey-O) immediate and delayed figure recall
(Osterreith, 1944). Simple attention was assessed
using the digits forward subscore of the Wechsler
Adult Intelligence Scale, 3rd edition (Wechsler, 1997)
digit sequencing task, with working memory indexed
by the digits backward subscore. Category and seman-
tic fluency was assessed using the FAS (Lezak, 1983).
Vigilance was assessed using the Continuous
Performance Test, x/a (Loong, 1991).

Computerized training tasks

Several of the PSS CogReHab computerized training
tasks employed as part of the cognitive training were
also used as pre–post measures of proximal treatment
effects. These tasks included a measure of simple vis-
ual reaction time (Simple Visual Reaction), auditory
and visual measures of attention and working memory
(Sequenced Recall Digits Visual, Sequenced Recall
Digits Auditory, Sequenced Recall Reversed Digits
Visual, and Sequenced Recall Reversed Digits
Auditory), a measure of visuospatial memory (Shape/
Place), a visual word list recall measure (Verbal
Memory) and an auditory measure of story recall
(Phone Message). Two additional tasks that were avail-
able as part of the computerized training package but
that were not included in the cognitive training itself
were also administered, an executive, Tower of
Hanoi-type task (Pyramids 3) and a visuospatial mem-
ory measure (Objects and Locations). For additional
details about these and other tasks in the training bat-
tery, the reader is referred to Bell et al. (2001) and Kurtz
et al. (2007).

Symptoms

Symptoms were assessed using the Positive and
Negative Syndrome Scale (PANSS; Kay et al. 1987).
We used the five-factor solution (Bell et al. 1994) to

generate five scores: positive symptoms, negative
symptoms, cognitive symptoms, hostility and emotion-
al discomfort.

Functioning

Both measures of performance-based functional cap-
acity and measures of functioning were administered.
The UCSD Performance-Based Skills Assessment
(UPSA; Patterson et al. 2001a) is a measure of one’s
ability to perform five everyday tasks, which include
paying bills and making change, navigating public
transportation, and preparing shopping lists. The
Social Skills Performance Assessment (SSPA;
Patterson et al. 2001b) is a brief role-play measure of
conversational skills. The Medication Management
Ability Assessment (MMAA, Patterson et al. 2002) is
a role-play measure of one’s capacity to correctly fol-
low a complex medication regimen.

Community functioning was assessed using the
Independent Living Skills Survey (ILSS), self-report
interview version (Wallace et al. 2000). This measure
includes assessments in 10 different domains, includ-
ing appearance and clothing, personal hygiene, food
preparation/storage, health maintenance, money man-
agement, transportation, leisure and community job
seeking, and job maintenance. Total score was used.
Finally, interviewer-rated functioning was assessed
using the Quality of Life Scale (QLS; Heinrichs et al.
1984). In addition to providing a total score, this well-
known measure of functioning can be subdivided into
four separate domains: intrapsychic foundations, inter-
personal relations, instrumental role functioning, and
common objects and activities.

CR training

Computerized drill-and-practice training consisted of
tasks available through the PSS CogReHab software
(Bracy, 1995). Selected training tasks emphasized pro-
cessing speed, attention and memory. Participants
were presented with five to seven tasks to practise dur-
ing each session, with task difficulty adjusted based on
performance, and with more complex tasks phased in
toward the latter part of the training. For details
about the training, please refer to Bell et al. (2001).

Strategy-based training employed the working
memory A and B modules of Cognitive Remediation
Therapy (Delahunty & Morice, 1993). Various
paper-and-pencil tasks were provided, and partici-
pants worked with trainers to identify and apply the
most effective strategies to complete these tasks. Task
difficulty increased over time, and was tailored to indi-
vidual performance. Examples of strategies trained in-
clude verbal mediation to help with sustained
attention, Gestalt perception to aid with encoding
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visual materials, and use of rehearsal and chunking to
encode auditory or visual materials. For additional in-
formation about the training, please refer to Wykes
et al. (1999).

Data analysis

Variables were inspected for normality, and the rank-
based Blom inverse normal transformation (Blom,
1958) was applied to the computerized tasks. For
other variables a log 10 transformation was applied
for positively skewed variables and a reflect and log
10 transformation for negatively skewed ones (Schinka
et al. 2003), as needed. In order to determine whether
there were systematic differences in key characteristics
between groups, independent t tests and χ2 tests were
conducted on baseline demographic variables.

To examine the effects of CR, a series of hierarchical
linear mixed models with an intent-to-treat method
were estimated using SAS PROC MIXED for the com-
puterized cognitive tasks, the neuropsychological vari-
ables, the functional capacity measures (i.e. UPSA,
SSPA, MMAA), the functional measures (i.e. ILSS,
QLS) and the psychiatric symptom measures (i.e.
PANSS five factor). Pre, post and FU time-point data
were entered, and the compound symmetry (CS)
model, which best fit the data and assumes equal var-
iances at the different time points was used, with time
centered at the first occasion (at pre-treatment). Time
(baseline, post-treatment or FU) was included as a
level 1 parameter, and group (CR or TAU) and indivi-
duals as level 2 in hierarchical linear mixed models.
Initial analyses were conducted to investigate any
order effect of starting the training with the computer-
ized drill-and-practice tasks v. strategy-based
paper-and-pencil exercises. Since there were no differ-
ences, CR conditions were combined for subsequent
analyses. The false discovery rate (FDR) correction
for multiple comparisons was applied to the computer-
ized cognitive task and neuropsychological test ana-
lyses, due to their large number. Post-hoc group
comparisons at each time point were conducted
using analysis of variance (ANOVA). Effect sizes
were quantified using partial eta squared, computed
by re-running the above linear mixed model analyses
using repeated-measures ANOVA. As is customary,
the magnitude of effect sizes was interpreted as fol-
lows: small = 0.01, medium = 0.06, large = 0.14.

To explore how improvement on proximal measures
made an impact on distal measures, we computed
standardized residual change scores for each of the
computerized tasks, neuropsychological measures and
functioning measures that had improved as a result of
CR. The standardized residual change scores were cal-
culated by regressing the post-treatment scores or the

FU scores on the pre-treatment scores for all study par-
ticipants. Pearson correlations were then used to exam-
ine the degree of relationship among the change scores.

Results

Participant flow through the study is presented in
Fig. 1. In all, 50 participants were randomized to CR
and 25 were randomized to TAU. Descriptive data
for study participants are presented in Table 1. The
CR and TAU groups did not differ on any demograph-
ic or symptom characteristics. On average, participants
were in their late 40s, with age of onset in their mid
20s, and low-moderate current symptomatology. A
majority of the sample were unmarried males. Of the
sample, 81% (n = 61) were diagnosed with schizophre-
nia and 16% (n = 12) were diagnosed with schizo-
affective disorder. One individual was diagnosed
with psychosis NOS and one with bipolar 1 disorder
with psychotic features.

Effects of CR on computerized cognitive tasks

Detailed model parameter estimates and statistics for
computerized cognitive tasks are presented in the online
Supplementary material (Supplementary Table S1),
while summary information for all computer tasks is
presented in Table 2. When FDR correction was applied
to the computerized task measures with significant
time × group interactions, all significance levels
remained <0.05. As shown in Fig. 2, CR treatment effects
were found for sequenced recall digits auditory, shape/
place, and verbal memory. More specifically, while the
groups did not differ at baseline, the CR group showed
greater improvement on the above-mentioned variables
at post-treatment, and this effect was maintained at FU
(at trend level for verbal memory correct, p = 0.085).
Effect sizes were large at post-treatment, and ranged
from small to medium-large at FU (Table 2).

Effects of CR on neuropsychological measures

For neurocognitive variables, detailed model parameter
estimates and statistics are presented in the online
Supplementary material (Supplementary Table S2),
while summary information for all neurocognitive vari-
ables is presented in Table 3. When FDR correction was
applied to the neuropsychological measures with signifi-
cant time × group interactions, all significance levels
remained <0.05 with the exception of three measures
that increased to p = 0.05 (Rey-O immediate at post,
CVLT at post, logical memory 2 at post and FU), which
we still considered meaningful, and hence retained
these variables in our post-hoc group comparisons.

As shown in Fig. 3, participants in CR showed better
performance at post-treatment on verbal learning and
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Fig. 1. Consolidated Standards Of Reporting Trials (CONSORT) flow diagram. CR, Cognitive remediation; TAU, treatment as
usual.

Table 1. Demographic characteristics

Variable CR (n = 50) Treatment as usual (n = 25)

Mean age, years (S.D.) 47.22 (9.17) 49.00 (9.68)
Mean duration of education, years (S.D.) 12.50 (1.84) 12.12 (2.28)
Gender, % male 78 64
Marital status, % ever married 36 36
Race, % Caucasian 48 48
Mean WASI IQ estimate (S.D.)a 94.40 (15.16) 91.96 (15.09)
Mean age of first hospitalization, years (S.D.) 25.61 (9.61) 23.30 (7.53)
Mean lifetime hospitalizations (S.D.) 11.16 (11.53) 17.91 (29.96)
Mean number of CR sessions attended (S.D.) 29.42 (13.85) –

Mean PANSS (S.D.) 52.48 (12.08) 53.16 (11.03)

CR, Cognitive remediation; S.D., standard deviation; WASI IQ, Wechsler Abbreviated Scale of Intelligence intelligence quo-
tient; PANSS, Positive and Negative Syndrome Scale.

aWASI IQ estimate based on two-test score for vocabulary and matrix reasoning.
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Table 2. Effects of CR on computerized task performancea

Computer task

CR condition TAU condition
Effect size (time ×
group at post)

Effect size (time ×
group at FU)Pre Post FU Pre Post FU

Simple visual reaction Mean −0.10 −0.26 −0.16 0.35 0.25 0.37 0.007 0.003
S.D. 0.99 1.03 1.06 0.76 0.76 0.85

Sequenced recall digits
visual

Mean 0.07 0.38 0.33 −0.41 −0.52 −0.44 0.012 0.007
S.D. 0.95 0.88 1.05 0.90 0.66 0.68

Sequence recall digits
auditory

Mean −0.08 0.51 0.34 −0.31 −0.50 −0.47 0.154* 0.097*
S.D. 0.85 0.79 0.88 0.84 0.94 0.90

Sequenced recall reversed
digits visual

Mean 0.07 0.42 0.19 −0.57 −0.50 −0.34 0.025 0.001
S.D. 0.90 0.95 0.92 0.81 0.82 0.79

Sequenced recall reversed
digits auditory

Mean 0.08 0.31 0.21 −0.55 −0.42 −0.44 0 0
S.D. 0.86 1.01 0.90 0.88 0.80 0.70

Shape/place Mean −0.18 0.33 0.38 −0.36 −0.71 −0.30 0.165* 0.066*
S.D. 0.96 0.77 0.87 1.01 0.90 0.71

Objects and locations Mean −0.07 0.27 0.12 −0.34 −0.20 −0.33 0.001 0.003
S.D. 0.95 1.03 0.99 0.79 0.74 0.65

Pyramids 3 Mean 0.26 −0.11 −0.30 0.58 −0.07 0.08 0.098 0.053
S.D. 0.87 0.85 0.75 0.79 0.96 1.05

Verbal memory Mean −0.10 0.39 0.24 −0.05 −0.51 −0.24 0.145* 0.024*
S.D. 0.96 0.97 0.97 0.85 0.85 0.89

Phone message Mean −0.02 −0.04 0.32 −0.20 −0.12 −0.26 0.014 0.022
S.D. 0.91 0.98 1.01 0.86 0.80 0.90

CR, Cognitive remediation; TAU, treatment as usual; FU, follow-up; S.D., standard deviation; ANOVA, analysis of variance.
a Interactions based on multilevel modeling analyses; effect sizes (partial eta squared) computed from repeated-measures

ANOVAs; magnitude of effect sizes: small = 0.01, medium = 0.06, large = 0.14.
* p < 0.05.

Fig. 2. Estimated means on computerized tasks over time. Tx, Treatment; FU, follow-up; CR, cognitive remediation.
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memory (CVLT-II), immediate visual memory (Rey-O
immediate) and verbal working memory (digits back-
ward), with medium to large effect sizes. Treatment
gains found at post-treatment were maintained at FU
for CVLT-II and Rey-O immediate, but not digits back-
ward. On a measure of delayed verbal story recall (lo-
gical memory delayed) the CR group performed
significantly better than TAU at both baseline and
FU, but not immediately post-treatment.

Effects of CR on functional capacity

Detailed model parameter estimates and statistics for
the measures of functional capacity are presented in
the online Supplementary material (Supplementary

Table S3). As shown in Table 4, there were no signifi-
cant time × group effects on any of our measures of
functional capacity, the UPSA, SSPA and MMAA.

Effects of CR on functioning

Detailed model parameter estimates and statistics for
measures of functioning are presented in the online
Supplementary material (Supplementary Table S4),
while summary information for all measures of func-
tioning is presented in Table 5. There was no signifi-
cant time × group effect for ILSS scores. As seen in
Fig. 4, treatment effects were found for QLS total,
with significant post-treatment improvements (relative
to TAU) marginally maintained at FU (p = 0.057). A

Table 3. Effects of CR on neuropsychological tasksa

Neuropsychological
measure

CR condition TAU condition
Effect size (time ×
group at post)

Effect size (time ×
group at FU)Pre Post FU Pre Post FU

CVLT-II Mean 42.50 47.62 48.69 38.84 35.87 40.11 0.135* 0.136*
S.D. 13.37 11.69 14.69 11.75 10.75 8.90

Rey-O immediate Mean 10.82 14.26 14.94 9.76 9.15 10.81 0.158* 0.051*
S.D. 6.40 6.72 6.55 6.01 5.50 5.85

Rey-O delayed Mean 11.18 14.85 14.50 9.44 9.00 11.11 0.182 0.023
S.D. 6.44 6.83 6.72 6.06 5.67 5.99

WAIS-III digit forward Mean 7.60 8.22 8.11 6.80 7.17 7.42 0.002 0.015
S.D. 2.44 2.53 2.54 2.47 2.27 2.63

WAIS-III digit backward Mean 5.60 6.98 6.50 5.44 5.13 5.68 0.126* 0
S.D. 1.88 2.36 2.21 2.22 2.05 2.06

WCST % PE Mean 16.58 14.33 12.28 26.44 28.39 22.21 0.028 0
S.D. 12.10 9.53 7.83 20.02 20.47 18.39

WCST % CL Mean 59.70 61.30 65.89 42.76 41.26 45.53 0.001 0.001
S.D. 23.83 26.19 24.49 26.93 27.79 26.30

Category fluency Mean 42.96 45.18 44.81 44.24 43.61 42.78 0.026 0.057
S.D. 10.18 11.56 10.25 8.42 8.42 9.16

CPT relative % correct Mean 90.76 91.16 91.78 86.63 87.03 93.47 0 0.025
S.D. 13.60 11.08 12.71 18.09 18.18 12.18

TMT-A time Mean 35.66 31.58 30.67 49.12 41.39 42.16 0.022 0.011
S.D. 12.68 8.55 11.02 35.75 18.19 16.65

TMT-B time Mean 128.31 98.38 93.77 124.12 105.17 119.58 0.002 0.096
S.D. 89.50 59.73 52.81 62.80 54.32 77.11

WMS-R logical memory,
immediate

Mean 20.78 22.49 25.50 18.00 19.52 19.50 0.014 0.035
S.D. 7.73 7.94 7.63 6.72 5.72 5.75

WMS-R logical memory,
delayed

Mean 17.86 19.51 22.47 13.44 16.13 16.00 0.087* 0.003*
S.D. 8.23 8.15 7.95 7.35 6.20 6.02

CR, Cognitive remediation; TAU, treatment as usual; FU, follow-up; CVLT-II, California Verbal Learning Test-II; S.D., stand-
ard deviation; Rey-O, Rey–Osterreith; WAIS-III, Wechsler Adult Intelligence Scale, 3rd edition; WCST, Wisconsin Card Sorting
Test; PE, perseverative errors; CL, conceptual level response; CPT, Continuous Performance Test; TMT, Trail Making Test;
WMS-R, Wechsler Memory Scale – Revised; ANOVA, analysis of variance.

a Interactions based on multilevel modeling analyses; effect sizes (partial eta squared) computed from repeated-measures
ANOVAs; magnitude of effect sizes: small = 0.01, medium = 0.06, large = 0.14.
* p < 0.05.
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further examination of the four QLS subscales indi-
cated that these treatment effects were primarily dri-
ven by improvements on the QLS intrapsychic
subscale, which consists of items capturing sense of
purpose, motivation, curiosity, anhedonia, aimless in-
activity, empathy and emotional interaction.

Effects of CR on psychiatric symptoms

Detailed model parameter estimates and statistics for
measures of psychiatric symptoms are presented in
the online Supplementary material (Supplementary
Table S5). As shown in Table 6, there were no

Fig. 3. Estimated means on neuropsychological measures over time. Tx, Treatment; FU, follow-up; CVLT II, California Verbal
Learning Test-II; Rey-O, Rey–Osterreith; WMS, Wechsler Memory Scale; WAIS-III, Wechsler Adult Intelligence Scale, 3rd
edition; CR, cognitive remediation.

Table 4. Effects of CR on measures of functional capacitya

Functional
capacity variable

CR condition TAU condition
Effect size
(time × group at post)

Effect size
(time × group at FU)Pre Post FU Pre Post FU

UPSA Mean 49.88 50.51 51.28 48.08 48.78 51.83 0.002 0.04
S.D. 4.91 5.97 4.65 4.99 8.98 4.79

SSPA Mean 68.62 66.41 66.94 66.36 64.82 69.06 0.01 0.011
S.D. 10.04 12.08 12.15 11.70 11.30 9.24

MMAA Mean 30.12 29.54 31.67 26.70 29.27 30.94 0.033 0.004
S.D. 6.92 8.82 5.71 10.42 7.56 4.73

CR, Cognitive remediation; TAU, treatment as usual; FU, follow-up; UPSA, UCSD Performance-Based Skills Assessment;
S.D., standard deviation; SSPA, Social Skills Performance Assessment; MMAA, Medication Management Ability Assessment;
ANOVA, analysis of variance.

a Interactions based on multilevel modeling analyses; effect sizes (partial eta squared) computed from repeated-measures
ANOVAs; magnitude of effect sizes: small = 0.01, medium = 0.06, large = 0.14.
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significant time × group effects on PANSS total scores
or any of the five PANSS factors.

Relationship between improvement on proximal
computerized tasks and neuropsychological measures

To explore how improvements in more distal measures
are affected by improvements on more proximal mea-
sures, we examined co-variation between standardized
residual changes from pre- to post-treatment on the
improved computerized cognitive tasks in relation to
the improved neuropsychological tasks. As seen in
Table 7, pre–post improvement on all three of the com-
puterized tasks correlated significantly with pre–post

improvement on CVLT-II, Rey-O immediate, and digits
backward, the three neuropsychological measures that
improved as a result of CR (Pearson r’s ranging from
0.289 to 0.399). There was no significant relationship be-
tween improvement on computerized tasks and im-
provement on logical memory delayed, the task where
the CR and TAU groups differed at pre-training but,
due to improvement in the TAU group, performed simi-
larly at post-training. Finally, pre–post improvement on
computerized tasks did not significantly correlate with
pre–FU improvements on the neuropsychological mea-
sures, with the exception of a significant correlation be-
tween pre–post change in sequenced recall digits
auditory and pre–FU change in CVLT-II.

Fig. 4. Estimated means on Quality of Life Scale (QLS) total and QLS intrapsychic subscale across time. Tx, Treatment; FU,
follow-up; CR, cognitive remediation.

Table 5. Effects of CR on functioninga

CR condition TAU condition
Effect size (time ×
group at post)

Effect size (time ×
group at FU)Functioning measure Pre Post FU Pre Post FU

ILSS total Mean 0.80 0.81 0.80 0.76 0.77 0.77 0.006 0.053
S.D. 0.10 0.08 0.12 0.11 0.08 0.12

QLS total Mean 68.84 73.54 72.31 67.76 61.96 62.61 0.068* 0.121*
S.D. 17.62 17.70 17.51 20.44 13.94 16.53

QLS interpersonal Mean 25.62 27.18 26.54 23.56 22.70 22.61 0.011 0.008
S.D. 9.89 10.51 9.81 11.16 9.04 7.57

QLS instrumental Mean 5.22 6.69 6.66 6.92 4.30 5.06 0.043 0.061
S.D. 7.65 7.96 7.64 7.70 6.83 7.11

QLS intrapsychic Mean 29.34 30.92 30.40 29.68 27.57 27.61 0.079* 0.156*
S.D. 5.21 5.45 5.83 6.06 4.89 4.69

QLS objects Mean 8.47 8.74 8.71 7.60 7.39 7.33 0.008 0.015
S.D. 1.89 1.80 1.84 1.89 1.83 2.25

CR, Cognitive remediation; TAU, treatment as usual; FU, follow-up; ILSS, Independent Living Skills Survey; S.D., standard
deviation; QLS, Quality of Life Scale; ANOVA, analysis of variance.

a Interactions based on multilevel modeling analyses; effect sizes (partial eta squared) computed from repeated-measures
ANOVAs; magnitude of effect sizes: small = 0.01, medium = 0.06, large = 0.14.
* p < 0.05.
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Table 6. Effects of CR on psychiatric symptomsa

Psychiatric symptoms

CR condition TAU condition
Effect size
(time × group at post)

Effect size
(time × group at FU)Pre Post FU Pre Post FU

PANSS total Mean 52.48 49.31 50.61 53.16 54.17 53.67 0.041 0.018
S.D. 12.08 8.58 11.06 11.03 12.69 10.94

PANSS positive Mean 12.00 10.90 11.36 11.64 11.52 11.44 0.006 0.002
S.D. 4.07 3.59 3.97 4.35 3.94 3.78

PANSS negative Mean 13.14 12.56 13.17 14.12 14.83 14.11 0.02 0.001
S.D. 4.47 2.95 3.22 4.76 5.11 4.36

PANSS cognitive Mean 12.48 11.41 11.61 13.12 12.78 12.83 0.008 0.02
S.D. 3.07 3.14 3.14 3.72 3.29 2.98

PANSS emotional Mean 8.84 8.10 8.44 8.40 8.39 9.39 0.023 0.026
S.D. 3.36 3.02 3.74 3.06 2.82 3.05

PANSS hostility Mean 5.48 5.72 5.78 5.00 5.39 5.67 0.028 0.031
S.D. 2.04 2.11 2.10 2.16 1.47 2.28

CR, Cognitive remediation; TAU, treatment as usual; FU, follow-up; PANSS, Positive and Negative Syndrome Scale; S.D.,
standard deviation; ANOVA, analysis of variance.

a Interactions based on multilevel modeling analyses; effect sizes (partial eta squared) computed from repeated-measures
ANOVAs; magnitude of effect sizes: small = 0.01, medium = 0.06, large = 0.14.

Table 7. Correlations between standardized residual change scores on computerized tasks and neuropsychological measures

Neuropsychological measures

Computerized tasks

Sequenced recall digits auditory Shape/place Verbal memory

Post from pre Post from pre Post from pre

CVLT-II Post from pre r 0.370** 0.333** 0.290*
n 62 62 62

FU from pre r 0.280* 0.140 0.091
n 52 52 52

Rey-O, immediate Post from pre r 0.493*** 0.340** 0.308*
n 62 62 62

FU from pre r 0.254 0.200 0.214
n 53 53 53

WMS-R logical
memory, delayed

Post from pre r 0.119 0.068 0.129
n 63 63 63

FU from pre r 0.254 −0.078 0.132
n 53 53 53

WAIS-III digits backward Post from pre r 0.425** 0.304* 0.338**
n 63 63 63

FU from pre r 0.238 0.045 0.182
n 54 54 54

CVLT-II, California Verbal Learning Test-II; FU, follow-up; Rey-O, Rey–Osterreith; WMS-R, Wechsler Memory Scale –
Revised; WAIS-III, Wechsler Adult Intelligence Scale, 3rd edition.
* p < 0.05, ** p < 0.01, *** p < 0.001.
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Relationship between improvement on
neuropsychological measures and functioning
measures

Correlations between standardized residual change
scores of the neuropsychological and functional variables
that significantly improved from pre to post are pre-
sented in Table 8. Changes on two of the neuropsycho-
logical measures that improved in response to CR
(CVLT-II and Rey-O immediate) correlated with pre–
post change in QLS total, and both pre–post as well as
pre–FU change in QLS intrapsychic. Interestingly, this re-
lationship was stronger for pre to FU than for pre–post
changes on neuropsychological measures. Changes on
the third variable, digits backward, did not predict
changes in QLS. Interestingly, pre–FU changes in logical
memory delayed, the measure that did not differentiate
between CR and TAU at end of treatment but did differ-
entiate at FU, did predict pre–post improvement in QLS
total and QLS intrapsychic. Significant correlations ran-
ged from 0.257 to 0.415.

Discussion

In this paper, we examined the efficacy of combined
strategy training and drill-and-practice cognitive CR
for individuals with schizophrenia spectrum disorders.
Our findings were mostly in line with previous research
(McGurk et al. 2007; Wykes et al. 2011). Compared with
TAU, CR was associated with large post-training
improvements on trained computerized cognitive tasks
targeting attention, visuospatial memory, and verbal

learning and memory, with persisting group differences
at 2-month FU. These generalized to mostly large
improvements on neuropsychological measures target-
ing visuospatial memory (Rey-O immediate), verbal
learning and memory (CVLT), delayed verbal memory
(logical memory, delayed) and verbal working memory
(digits backward). We did not find any CR-associated
improvements on our measures of functional capacity
(UPSA, SSPA, MMAA), symptoms (PANSS) or on a self-
report measure of independent living skills (ILSS), but
did find an effect on an interviewer-rated measure of
functioning (QLS), which appeared primarily driven
by the intrapsychic foundations subscale. Finally, for
those randomized to CR, there were significant,
medium-sized correlations between changes on most
of the significantly improved computerized tasks, neuro-
psychological and functioning measures.

There are several findings related to the inter-
relationships among change scores on the computer-
ized training tasks, neuropsychological test scores,
and functional variables that deserve further discus-
sion. One might expect that improvement on a specific
computerized task would most strongly predict im-
provement on a neuropsychological measure that is
most similar to that task and presumably requires simi-
lar cognitive skills, with weaker generalization to less
similar tasks. We did not find this sort of pattern, des-
pite several of the computerized and neuropsycho-
logical measures sharing many of the same qualities
(e.g. sequenced recall of auditory digit list). This may
have been due to potential differences in task difficul-
ties and psychometric characteristics between the

Table 8. Correlations between standardized residual change scores in neuropsychological and functioning measures

Functioning

Neuropsychological measures

CVLT-II Rey-O immediate
Logical memory
delayed

WAIS-III digit
backward

Post
from pre

FU from
pre

Post from
pre

FU from
pre

Post from
pre

FU from
pre

Post from
pre

FU from
pre

QLS
intra-psychic

Post from pre r 0.218 0.347* 0.345** 0.415** −0.144 0.328* −0.033 −0.147
n 62 52 61 53 62 53 62 54

FU from pre r 0.184 0.297* 0.321* 0.235 −0.118 0.135 0.043 0.059
n 53 52 52 53 53 53 53 53

QLS total Post from pre r 0.167 0.279* 0.257* 0.363** −0.152 0.358** 0.023 −0.052
n 61 52 60 53 61 53 61 54

FU from pre r 0.183 0.187 0.185 0.163 −0.115 0.194 −0.016 0.051
n 53 52 52 53 53 53 53 53

CVLT-II, California Verbal Learning Test-II; Rey-O, Rey–Osterreith; WAIS-III, Wechsler Adult Intelligence Scale, 3rd edition;
FU, follow-up; QLS, Quality of Life Scale.
* p < 0.05, ** p < 0.01.
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measures. Alternatively, one could argue that the
drill-and-practice component of the intervention,
which more narrowly targets specific cognitive func-
tions and hence might be expected to influence the de-
gree of relationship between computerized task
performance and neuropsychological measures, was
underdosed (the maximum number of sessions of com-
puterized training our participants could complete was
20, while many contemporary studies offer 40–50 such
sessions). We have, however, previously found that
training may have surprising effects as far as which
cognitive domains improve, even with longer training
duration (Bell et al. 2009). Moreover, as has been previ-
ously suggested (Spaulding et al. 1999; Wykes et al.
2012), CR may not so much make an impact on specific
cognitive skills as improve the ability to recognize and
recruit those skills that are required for the task at
hand. Presumably, this ability would have been
honed during the strategy-based paper-and-pencil
training component of our CR, though unfortunately
our study design does not allow us to directly examine
this.

Another interesting finding was the pattern of inter-
relationships between pre-training to post-training
change scores v. pre-training to FU change scores.
While pre–post changes on computerized tasks signifi-
cantly predicted pre–post (but not pre–FU) improve-
ment on neuropsychological variables, the inverse
pattern was evident for correlations between function-
ing and neuropsychological measures, where pre–post
changes in functioning were somewhat more highly
related to pre–FU changes in neuropsychological mea-
sures than to pre–post changes on these measures. One
potential explanation for this is that the higher degree
of relationship between computerized task and neuro-
psychological measure changes at pre–post than at
pre–FU may be due to the dominant CR-specific
cognitive effects on both of these outcomes during
the pre–post phase, with other, independent variables
amassing more influence once CR is discontinued dur-
ing the FU period. This could potentially result in
greater divergence between the two outcomes over
time. In turn, with regard to the pre–post changes in
functioning correlating somewhat more highly with
pre–FU than with pre–post changes in neuropsycho-
logical measures, it may be that different facets of CR
are influencing both outcomes at post-training. For
example, it may be that CR-specific factors are influen-
cing neuropsychological change while CR-non-specific
factors (e.g. increased structure and increased social
interaction that are a consequence of attending CR ses-
sions) are influencing functional change. During the
FU period, on the other hand, it may be the initial
pre–post changes in functioning (and in this case spe-
cifically in the richness of intrapsychic processes) that

take on more prominence in influencing subsequent
neuropsychological improvement. Of course the
above explanations are highly speculative and primar-
ily intended to generate further conjecture about po-
tential mechanisms of CR effects. Whatever the case,
these findings are broadly in line with several other
studies that suggest a complex, multifactorial relation-
ship between CR, and cognitive and functional change
(Fiszdon et al. 2008; Penades et al. 2010; Wykes et al.
2012; Farreny et al. 2013; Reeder et al. 2014).

CR has become a popular treatment for individuals
with psychosis because of the well-documented link
between cognition and functioning in this population,
and the (much less well documented) idea that im-
provement in one will lead to favorable changes in
the other. Hence, our finding of a link between cogni-
tive change and improvement in functioning (in par-
ticular as our CR intervention was administered as a
stand-alone), appears quite promising. However, the
use of TAU as our only comparator condition and
the lack of an attentional control condition pose im-
portant questions for the interpretation of this relation-
ship. While there is evidence that trial quality does not
affect the relationship between CR and cognitive or
functional change (Wykes et al. 2011), it is nevertheless
important to point out that without an active control
group, there is no way for us to determine to what de-
gree, if any, non-specific effects of CR and/or staff con-
tact may have contributed to the cognitive and
functional improvements in the CR group. The
enhanced structure of attending a CR program, the cor-
responding social interactions while at the hospital
with staff and other patients, and the perception that
the person is doing something active for his or her
mental or physical health may all influence cognition
and quality of life, and especially those aspects related
to motivation for treatment and self-efficacy (Boot et al.
2013; Tippens et al. 2014; Schwartz & Buchel, 2015).
This is particularly relevant to our findings since the
only subdomain of the QLS that improved during
CR was the intrapsychic foundation subscale, from
which several items have been commonly used in
schizophrenia research to measure an overall state of
motivation (Nakagami et al. 2008). Thus, while an ini-
tial, uncomplicated conclusion would be that it is cog-
nitive change in the CR group that leads to
improvements in quality of life, a more cautious alter-
native explanation that should be considered is that in-
direct or non-specific effects of CR may have driven at
least some of these changes. Yet another possibility
that has been previously raised (Silverstein et al.
2006), and that also takes into consideration indirect
and mediating variables, is that while CR-specific
effects led to improved cognition, the recognition of
improved cognition led to improved self-esteem and
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to behaviors such as an increased willingness to persist
(and succeed) at challenging tasks, and that it was
these factors that contributed to enhanced functional
outcome, particularly in the QLS domain of intrap-
sychic foundations.

Several limitations of the current study should be
acknowledged. First and as noted above, the lack of
a 1-month midpoint assessment, in between when par-
ticipants switched from strategy training to computer-
ized drill-and-practice training or vice versa, makes it
impossible to separately evaluate the influence of
these two different approaches to CR. While some
have reported no or few discernible differential effects
between varied approaches to CR (e.g. Franck et al.
2013; Vita et al. 2013), there is nevertheless some evi-
dence from meta-analyses to suggest that some types
of CR are more likely to lead to functional change
than others (McGurk et al. 2007; Wykes et al. 2011).
Second, raters were not blind to treatment allocation.
This introduces the potential for rater bias; however,
we would expect that if such were the case, group dif-
ferences would be observed not only on the QLS but
also on the symptom and functional capacity mea-
sures, all of which require some degree of rater judg-
ment. Third, we did not adjust α level for our
exploratory analyses of correlations between change
scores. While this may enhance the potential for type
I error, we erred on what we consider the side of cau-
tion in wishing to comprehensively assess potential CR
effects and the relationships among them, with an em-
phasis not so much on statistical significance (there are
already plenty of studies showing that CR leads to cog-
nitive and functional changes) as on the patterns and
mechanisms underlying CR’s effects, particularly in
light of findings that cognitive change does not neces-
sarily need to be large to make a positive impact on
functioning (Silverstein et al. 2005). And last, even
though participants were randomized and there were
no group differences at baseline, it is also possible
that individual differences at baseline (regardless of
condition) would have an impact on likelihood of
change. However, since the covariance structure from
the current study data fits best the compound sym-
metry (CS) model, which assumes that the slopes are
the same across persons within an allocated group,
the moderating effect of baseline values was null.
Nevertheless, with a larger sample, the covariance
structure should be re-evaluated, and other moderat-
ing variables in the relationships between baseline
values and likelihood of change should be further
investigated.

In closing, our findings replicate the large literature
on the sustained benefits of CR. However, there is a
need for further study of the mechanisms underlying
CR, as underscored by lack of specific, narrowly

defined pathways through which improvements on
training tasks make an impact on broader cognitive
changes, and then again how these broader cognitive
changes affect functioning. Finally, our findings high-
light the importance of carefully evaluating choice of
outcome measures, and considering to what extent
they may be affected by non-specific treatment effects.

Supplementary material

The supplementary material for this article can be
found at http://dx.doi.org/10.1017/S0033291716001951
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