
869

Schizophrenia Bulletin vol. 46 no. 4 pp. 869–883, 2020 
doi:10.1093/schbul/sbz134
Advance Access publication 13 February 2020

© The Author(s) 2020. Published by Oxford University Press on behalf  of the Maryland Psychiatric Research Center.
All rights reserved. For permissions, please email: journals.permissions@oup.com

Compensatory Interventions for Cognitive Impairments in Psychosis: A Systematic 
Review and Meta-Analysis

Kelly Allott*,1,2, Kristi van-der-EL1,2, Shayden Bryce1,2, Emma M. Parrish3, Susan R. McGurk4, Sarah Hetrick1,2,5, 
Christopher R. Bowie6, Sean Kidd7, Matthew Hamilton1,2, Eoin Killackey1,2, and Dawn Velligan8

1Orygen, Parkville, Australia; 2Centre for Youth Mental Health, The University of Melbourne, Parkville, Australia; 3San Diego State 
University/University of California San Diego Joint Doctoral Program in Clinical Psychology, San Diego State University, San Diego, 
CA; 4Department of Occupational Therapy, Center for Psychiatric Rehabilitation, Boston University, Boston, MA; 5Department of 
Psychological Medicine, University of Auckland, Auckland, New Zealand; 6Department of Psychology, Queen’s University, Kingston, 
Ontario, ON, Canada; 7Department of Psychiatry, University of Toronto, Toronto, Ontario, ON, Canada; 8Department of Psychiatry, 
University of Texas Health Science Centre, San Antonio, TX 

*To whom correspondence should be addressed; 35 Poplar Road, Parkville, VIC, 3052, Australia; tel: +3 9966 9423,  
e-mail: kelly.allott@orygen.org.au 

Objective. Cognitive compensatory interventions aim to 
alleviate psychosocial disability by targeting functioning 
directly using aids and strategies, thereby minimizing 
the impact of cognitive impairment. The aim was to con-
duct a systematic review and meta-analysis of cognitive 
compensatory interventions for psychosis by examining 
the effects on functioning and symptoms, and exploring 
whether intervention factors, study design, and age influ-
enced effect sizes.Methods. Electronic databases (Ovid 
Medline, PsychINFO) were searched up to October 
2018. Records obtained through electronic and manual 
searches were screened independently by two reviewers 
according to selection criteria. Data were extracted to 
calculate estimated effects (Hedge’s g) of treatment on 
functioning and symptoms at post-intervention and fol-
low-up. Study quality was assessed using Cochrane 
Collaboration’s risk of bias tool.Results. Twenty-six 
studies, from 25 independent randomized controlled trials 
(RCTs) were included in the meta-analysis (1654 partici-
pants, mean age = 38.9 years, 64% male). Meta-analysis 
revealed a medium effect of compensatory interventions 
on functioning compared to control conditions (Hedge’s 
g = 0.46, 95% CI = 0.33, 0.60, P < .001), with evidence 
of relative durability at follow-up (Hedge’s g = 0.36, 95% 
CI = 0.19, 0.54, P < .001). Analysis also revealed small 
significant effects of cognitive compensatory treatment 
on negative, positive, and general psychiatric symptoms, 
but not depressive symptoms. Estimated effects did not 
significantly vary according to treatment factors (ie, com-
pensatory approach, dosage), delivery method (ie, in-
dividual/group), age, or risk of bias. Longer treatment 

length was associated with larger effect sizes for func-
tioning outcomes. No evidence of publication bias was 
identified.Conclusion. Cognitive compensatory interven-
tions are associated with robust, durable improvements in 
functioning in people with psychotic illnesses.
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environmental modification/errorless learning/schizophrenia/ 
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Introduction

Functional recovery is a critical, yet a challenging 
component of  the successful treatment of  psychosis. 
Cognitive impairments are a central feature of  psychotic 
disorders that have significant negative consequences for 
daily functioning, including activities of  daily living, so-
cial and vocational roles.1,2 Accordingly, interventions 
that address cognitive impairment have been a sub-
stantial focus of  clinical research for several decades. 
Cognitive remediation therapies are the most widely re-
searched approach to addressing cognitive impairment 
in psychotic disorders. Collectively, cognitive remedia-
tion has been defined as “a behavioural training based 
intervention that aims to improve cognitive processes 
(attention, memory, executive function, social cognition 
or metacognition) with the goal of  durability and gen-
eralization” 3(p472). Thus, the primary target of  cognitive 
remediation is cognitive function, with the assumption 
that improved cognition will facilitate improvements 
in daily functioning. Meta-analyses have provided ro-
bust evidence that cognitive remediation is effective 
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for improving cognitive outcomes.3,4 The most com-
prehensive meta-analysis of  40 studies reported signif-
icant moderate improvements in cognition (ES = 0.45), 
moderate improvements in functioning (ES = 0.41), and 
small reductions in symptoms (ES = 0.18) following cog-
nitive remediation relative to control conditions.3 Much 
larger improvements in functioning are evident when 
treatment includes a therapist and is combined with psy-
chosocial rehabilitation, rather than delivering either of 
these interventions alone.3,5–7 Wykes et  al3 showed that 
the effect size of  cognitive remediation on functioning 
was small when delivered alone (ES = 0.28), but me-
dium when combined with psychosocial rehabilitation 
(ES = 0.59).

Cognitive compensatory approaches are a comple-
mentary approach to cognitive remediation, for reducing 
functional disability.8–12 Compensatory interventions are 
delivered as stand-alone treatments, in combination with, 
or as part of cognitive remediation and/or psychoso-
cial interventions, with the primary target of improved 
community functioning. While cognitive remediation is 
based on a restorative model that attempts to reduce or 
eliminate impaired cognition, compensatory techniques 
aim to compensate for, or circumvent cognitive deficit, 
with reliance on intact cognitive skills and strategies and 
supports for working around cognitive deficits.13,14 The 
broadest conception of compensatory approaches en-
compasses one or more of the following techniques: (1) 
internal self-management strategies, (2) external strat-
egies/environmental modification, and (3) errorless 
learning.12–17 Internal self-management strategies are 
taught to facilitate more efficient cognitive processing 
during task performance,17–20 such as self-talk during 
task completion, paraphrasing instructions, using mental 
imagery or “chunking” information according to cate-
gorical relationships to aid memory.20–23 External strat-
egies or environmental modification involve the use of a 
physical system of compensation to help reduce cognitive 
load and guide goal-directed behavior.17,20,21,24 External/
environmental strategies may be applied by the individual 
themselves, such as using a diary, calendar, or checklist 
to support memory and organization.10,20–23 Alternatively, 
they can be implemented by a third party (eg, thera-
pist, caregiver, employer, vocational specialist) in order 
to direct a person’s attention and prompt goal-directed 
behavior at the appropriate time, such as using signs, 
alarms, text messaging, or reorganizing items in one’s 
home/workspace.10,25 Errorless learning is used to com-
pensate for learning deficits where there is difficulty dis-
tinguishing between correct performances and mistakes, 
even after feedback.26–28 Typically, a trainer prevents the 
individual from experiencing errors while learning a spe-
cific task (eg, card filing at work), so that only correct 
responses are allowed.27

Research into cognitive compensatory strategies for 
severe mental illness (SMI) emerged in the late 1990s,29 

with growing evidence from randomized controlled trials 
(RCTs) indicating that compensatory approaches are ef-
fective for improving a range of functional outcomes in 
schizophrenia.10,20,30 Teaching and application of compen-
satory strategies are likely to lead to functional improve-
ments because they are directly tied to an individual’s 
functional goals.31,32 Other factors may also be important 
to achieve improvements in functioning including en-
hanced motivation or self-efficacy following successful 
strategy use or the nonspecific therapeutic effects of en-
gaging with a supportive therapist.33,34 Seeing a relation-
ship between compensatory strategy use and functional 
success may enhance metacognitive awareness, which 
may further enhance functioning. Evidence suggests that 
cognitive compensatory interventions may also be effec-
tive for reducing symptoms of psychosis.35 Symptom im-
provements may occur through supporting an individual 
to engage more effectively with pharmacological and psy-
chological therapies and through enhanced opportunities 
for masterful engagement in daily activities. However, 
there has not been a systematic review synthesizing the 
existing cognitive compensation research. Furthermore, 
there is currently little understanding as to the durability 
of treatment effects and whether improvements are seen 
on clinical outcomes such as symptoms. Individual and 
treatment moderators of outcome are also not well un-
derstood36 (eg, completely compensatory approaches vs 
compensatory interventions that are provided in combi-
nation with other approaches, such as cognitive remedi-
ation, individual vs group approach, and treatment dose 
[partially compensatory]). There is therefore a need to 
synthesize the available evidence in this field to better in-
form treatment recommendations and future research.

The aim of this systematic review and meta-analysis 
was to: (1) review the range of compensatory interven-
tions that have been implemented in psychotic disorders; 
(2) examine the impact of compensatory interventions on 
functional outcomes and symptoms in psychosis; and (3) 
explore patient- and intervention-specific moderators of 
treatment outcome.

Methods

Search Strategy

The systematic review and meta-analysis were preregis-
tered with PROSPERO (CRD42016046176) and con-
ducted according to the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses guidelines.37 
PsycINFO and Medline electronic databases were 
searched from inception to October 18, 2018. Search 
terms used included: schizophrenia, schizoaffective, psy-
chosis, psychotic, schizophreniform, delusional disorder 
‘AND’ compensa*, adapt*, environmental adj2 sup-
port*, environmental adj2 adaptation (NOT cognitive re-
mediation) ‘AND’ cognit*, cognit* adj2 impairment*, 
cognit*adj2 deficit*, neurocognitive. A manual search of 
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the reference lists of included papers and relevant reviews 
detected in the search,11,13,38–40 was conducted to identify 
additional papers for inclusion. 

Screening and Selection Criteria

All papers were double-screened in author pairs. 
Screening occurred in three phases with discrepancies 
resolved by consensus. In phase 1, titles and abstracts 
were screened for eligibility. Papers were retained if  par-
ticipants had a psychotic disorder or SMI (including 
psychosis, major depressive disorder, and bipolar dis-
order) and there was a focus on cognition and use of 
compensatory strategies. In phase 2, relevant full text 
articles were comprehensively reviewed for eligibility 
according to the following inclusion criteria: (a) written 
in English; (b) peer-reviewed; (c) original empirical 
study; (d) participants had a diagnosis of  psychotic 
disorder or were reported by the authors to have SMI, 
with any diagnostic assessment method permitted; (e) 
the study investigated the efficacy of  a cognitive com-
pensatory intervention or an intervention that explic-
itly included a compensatory component (as defined 
in the Introduction section) compared with a control 
condition within a RCT; (f) the primary or co-primary 
outcome was functioning (eg, capacity- or performance-
based measures of  vocational, social, or everyday living 
domains). Phase 3 screening involved identifying pa-
pers with overlapping samples to ensure that the final 
set of  papers included independent samples. When this 
was unclear, the authors were contacted for confirma-
tion. Overlapping studies were not excluded if  the study 
reported a later follow-up period.

Data Extraction and Assessment of Risk of Bias

Data were independently extracted from all included pa-
pers in duplicate among four authors (K.V., K.A., E.P., 
S.B.). Data extracted included: location/year of the study; 
premorbid, demographic, clinical, and treatment char-
acteristics of the sample; complete description of the 
interventions (including comparison interventions); and 
outcome measures. When means and standard deviations 
of functioning and symptom measures were not reported, 
authors were contacted to obtain this information. Each 
paper was independently assessed for risk of bias in 
duplicate among four authors (K.V., K.A., E.P., S.B.) 
using the Cochrane Collaboration’s risk of bias tool.41 
Specifically, each study was assessed for random sequence 
generation method, allocation concealment, blinding of 
participants and assessors, methods of addressing incom-
plete outcome data, and potential selective reporting. For 
the domain of “other potential sources of bias,” the inde-
pendence of the investigators (from those who developed 
the intervention) and intervention fidelity were evaluated. 
Discrepancies at all stages of the review were resolved via 
discussion between the authors.

Data Synthesis and Analysis

Data were analyzed using Comprehensive Meta-Analysis 
Software version 3 (Biostat, Inc., Englewood, NJ, 2014). 
Effect sizes (Hedge’s g) were calculated by using post-
intervention mean, SD, and N42 to produce a single sum-
mary estimate using the random-effects model with 95% 
CIs. For studies that reported on more than one outcome 
measure of functioning, the average change across all 
measures was computed and used in the pooled anal-
ysis. For studies that had more than one group receiving 
cognitive compensatory approaches, these were treated 
as independent samples and separately included in the 
meta-analysis and the control group was split ensuring 
the N of  the control was not double-counted. To assess 
the heterogeneity among study point estimates, the Q 
statistic was calculated with the magnitude of heteroge-
neity evaluated using the I2 statistic (a measure of the 
proportion of variance in the summary effect size that 
is attributable to heterogeneity).  I2 indicates the per-
centage of total variation across studies due to hetero-
geneity rather than chance, with I2 values of 25%, 50%, 
and 75% considered to represent low, moderate, and high 
heterogeneity, respectively. Publication bias was assessed 
by visually inspecting funnel plots. Orwin’s43 fail-safe 
number (FSN) was computed to generate the number 
of unpublished studies required to move estimates to a 
nonsignificant threshold (set at <0.1). Subgroup analyses 
were conducted to examine the influence of intervention 
type (completely or partially compensatory), treatment 
delivery mode (individual or group), and compensa-
tory methods (errorless learning or external strategies/
environmental modification or internal self-manage-
ment + external/environmental strategies) on the overall 
treatment effect. Meta-regression was used to investigate 
whether intervention length and dosage and participant 
age moderated the outcome. Age was examined because 
it was previously shown to be associated with response to 
various forms of cognitive rehabilitation44–47 and as it is 
correlated with length of illness it could be a proxy for ill-
ness chronicity. Other moderators were not examined as 
cognitive functioning and education were not reported in 
a sufficient number of studies, diagnosis was reported in-
consistently, and gender has not been shown to moderate 
cognition rehabilitation outcomes. To examine the im-
pact of the risk of bias on treatment outcome, sensitivity 
analyses were conducted by excluding studies of unclear 
or high risk of bias in separate analyses.

Results

Study Selection and Characteristics

The literature search and screening led to the inclusion 
of 26 RCTs, comprising 25 independent samples, with 
one of the studies separately reporting long-term fol-
low-up findings48 (supplementary figure  1). All studies 
were published from the year 2000 onwards. Studies 
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were conducted in the United States, Canada, Denmark, 
Germany, Switzerland, Austria, and Brazil. The sample 
sizes ranged from 17 to 156. The mean age of parti-
cipants across the 25 samples was 38.9  years (range 
24.9–53.6 years). The percentage of males across studies 
ranged from 30% to 85%, with males outnumbering fe-
males overall (64% male). As per the inclusion criteria, 
all studies included individuals with psychosis or SMI. 
Ten studies reported on the proportion of participants 
with schizophrenia, which was 70% on average. With the 
exception of one study that involved inpatients,19 all re-
maining RCTs involved outpatients. Further details of 
the included RCTs are shown in table 1.

Compensatory Interventions

The details of the various compensatory interventions in-
vestigated in the included RCTs are presented in table 2 
and supplementary table 1. Twelve of the 25 studies inves-
tigated only a compensatory intervention (ie, completely 
compensatory); 12 of the studies were considered par-
tially compensatory because they evaluated compensa-
tory interventions in combination with other approaches, 
such as cognitive remediation, social skills training, cog-
nitive behavioural therapy (CBT), or supported employ-
ment; and one four-arm study compared a completely 
compensatory intervention, a partially compensatory in-
tervention, and two non-compensatory interventions.35 In 
15 out of 25 studies, the compensatory intervention was 
delivered individually, and in 9 studies in a group format 
(one study did not report delivery format).49 The length 
of interventions varied widely from several hours50 to 
22 months.31 Some studies also provided “follow-along” 
compensatory strategies as needed throughout the fol-
low-up period (up to 36 months).18,23,51

Supplementary table 1 shows the type and number of 
cognitive compensatory methods employed within each 
study according to our previously defined categories. 
The most common approach used was external strategies 
and environmental modification, evident in one or more 
treatment arms of 20 out of 25 studies. The second most 
common approach was internal self-management strat-
egies, implemented in 10 out of 25 studies. Finally, error-
less learning was employed in 6 of the 25 studies. Fifteen 
studies used only one type of compensatory approach, 
9 used two approaches, and 1 study used all three ap-
proaches in one of the intervention arms.19

Meta-Analysis Results

Meta-Analysis of Functional Outcome. Twenty-six 
studies (reporting 25 independent RCTs) involving a total 
of 1654 individuals with psychosis or SMI were pooled in 
the primary meta-analysis examining the effect of cogni-
tive compensatory interventions (N = 919) on functional 
outcomes at post-intervention compared with a control 

condition (N = 735). Measurement of functional out-
come was highly variable ranging from specific to global 
measures, including medication adherence, employment 
variables, functional skills/capacity, and clinician-rated 
global functioning and disability (see table  1). A  me-
dium effect significantly favoring compensatory ap-
proaches was found (k = 30, Hedge’s g = 0.46, 95% 
CI = 0.33, 0.60, P < .001; figure 1). There was moderate 
heterogeneity (Q = 47.06, P = .02, I  =  38.38%). Eleven 
studies examined follow-up functioning, with follow-up 
periods ranging from 2.530 to 36  months48 (median = 6; 
mean = 8.9; SD = 9.9). There was a significant small-to-
moderate effect favoring compensatory approaches over 
control conditions, indicating relative durability of effects 
over follow-up (k = 13, Hedge’s g = 0.36, 95% CI = 0.19, 
0.54, P < .001; Q = 16.17, P = .18, I2 = 25.79%) (supple-
mentary figure 2). There was no evidence of publication 
bias on funnel plots and Orwin’s FSN was 100 and 35 for 
post-intervention and follow-up functioning, respectively.

We next examined whether the intervention type and 
participant mean age were related to the functioning out-
comes. Subgroup analysis found no significant impact 
on the magnitude of the effect on functioning when the 
meta-analysis was based on whether the intervention was 
partially or completely compensatory, delivered individ-
ually or in a group, or the specific types of compensatory 
methods used (supplementary table 2).

Meta-regression analyses found no significant rela-
tionship between mean age of included participants at 
baseline (z = 0.56, P = 0.57), nor dosage (total minutes) 
of the compensatory intervention (z = −0.31, P = 0.76), 
on the effect on functioning. However, longer duration 
of the intervention (total weeks) was associated with sig-
nificantly larger effects of compensatory interventions on 
functioning (z = 2.11, P = 0.04). When the two outlying 
studies with the longest follow-up were removed,52,53 this 
effect became nonsignificant (z = 0.38, P = 0.70).
Meta-Analysis of Negative Symptoms. Compensatory ap-
proaches were associated with significant small improve-
ments in negative symptoms (k = 17, Hedge’s g = −0.24, 
95% CI  =  −0.44, −0.03, P = .02). There was moderate 
heterogeneity (Q = 36.04, P < .001, I2 = 56.05%; figure 2). 
The effect for reduced negative symptoms was lost at fol-
low-up (k = 6, Hedge’s g = 0.12, 95% CI = −0.13, 0.37, 
P = .338; Q = 7.57, P = .18, I2 = 33.92%; supplementary 
figure 3). Subgroup analysis found no impact on the mag-
nitude of the effect on negative symptom outcomes based 
on whether the intervention was partially or completely 
compensatory, delivered individually or in a group, or the 
specific types of compensatory methods used (supple-
mentary table 2). There was no evidence of publication 
bias (Orwin’s FSN = 22).
Meta-Analysis of Positive Symptoms. Compensatory 
approaches were also associated with significant small 
improvements in positive symptoms (k = 22, Hedge’s 
g = −0.24, 95% CI = −0.38, −0.10, P < .001; figure 3). 
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There was low heterogeneity (Q = 28.40, P = .13,  
I2 =26.05%). This effect for positive symptoms was 
maintained at follow-up (k = 10, Hedge’s g  =  −0.19, 
95% CI  =  −0.36, −0.03, P = .02; Q = 4.35, P = .89, 
I2=0.00%; supplementary figure  4). Subgroup anal-
ysis found that positive symptom outcome did not 

significantly differ based on whether the intervention 
was partially or completely compensatory, delivered 
individually or in a group, or the specific types of 
compensatory methods used (supplementary table 2). 
There was no evidence of  publication bias (Orwin’s 
FSN = 32).

Table 1. Sample and Functioning Measure Characteristics of RCTs Included in the Meta-Analysis

Study (First 
Author, Year)

Country  
of Study Total N

Age, Mean 
(SD)

Sex, % 
Male

Recruited Sample 
(% SZ Diagnosis,  
if  Reported)

Functioning Outcome 
Measure(s)

Longest Length 
of Follow-up  
Post Intervention

Christensen, 
2014

Denmark 117 24.95 (3.5) 54 FEP (84) UPSA-B total 8 months

Granholm, 
2007

USA (CA) 70 53.60 (NR) 79 SZ/SZA UPSA total, ILSS total  
composite

12 months

Grant, 2012 USA (PA) 60 38.4 (11.6) 67 SZ/SZA (80) GAS -
Hansen, 2012 Denmark 62 33.0 (10.87) 65 FEP (100) CANAS, GAF, HoNOS 3 months
Kern, 2002 USA (CA) 65 41.02 (10.7) 74 SZ/SZA Index card filing and toilet 

tank: accuracy, productivity, 
speed

3 months

Kern, 2005 USA (CA) 60 43.57 (10.76) 72 SZ/SZA AIPSS processing, receiving, 
sending

3 months

Kern, 2009 USA (CA) 40 47.55 (10.81) 30 SZ/SZA WBI 10 weeks
Kern, 2018 USA (CA) 58 41.69 (NR) 85 SZ/SZA Competitive employment  

duration, WBI
—

Kidd, 2018 Canada 17 31.81 (9.84) 65 SZ/SZA BARS, MCAS (caregiver,  
patient)

—

McGurk, 2005a USA (NY) 44 37.6 (9.9) 55 SMI (73) Competitive employment: 
hours, jobs, weeks

12 months

McGurk, 2007a USA (NY) 44 37.6 (9.9) 55 SMI (73) Competitive employment: 
hours, jobs, week

36 months

McGurk, 2009 USA (NY) 34 44.06 (9.22) 59 SMI (62) Competitive employment/  
Internship: hours, weeks, 

36 months

McGurk, 2015 USA (IL & NH) 107 44.07 (11.04) 65 SMI (23) Competitive employment: 
hours, jobs, weeks, duration  
of first job

24 months

McGurk, 2016 USA (NY) 54 37.69 (9.46) 70 SMI; 83% SZ/SZA Competitive employment: 
hours, jobs, weeks, duration  
of first job

36 months

Mendella, 2015 Canada 27 24.9 (3.4) 74 FEP UPSA-B total —
Mueller, 2015 Switzerland,  

Germany,  
& Austria

156 34.22 (8.61) 69 SZ/SZA GAF 6 months

Twamley, 2012 USA (CA) 69 46.32 (9.76) 65 Primary psychotic  
disorder (54)

UPSA, SSPA 3 months

Twamley, 2019 USA (CA) 153 43.7 (11.69) 57 SMI; 38% SZ/SZA UPSA-B, SSPA, ILSS —
Vauth, 2005 Germany 138 28.8 (7.1) 65 SZ Successful job placement —
Velligan, 2000 USA (TX) 45 37.12 (8.99) 76 SZ/SZA (84) GAF, MCAS —
Velligan, 2002 USA (TX) 45 39.64 (7.82) 64 SZ/SZA (69) GAF, MCAS, SOFAS —
Velligan, 2008a USA (TX) 120 41 (9.1) 50 SZ/SZA Pill count (compliance), 

SOFAS
—

Velligan, 2008b USA (TX) 105 39 (10.7) 57 SZ/SZA MCAS, SOFAS 6 months 
Velligan, 2013 USA (TX) 142 42.52 (10.27) 53 SZ/SZA MM-based adherence, SOFAS —
Velligan, 2015 USA (TX) 142 40.6 (11.8) 52 SZ/SZA MCAS 15 months
Vizzotto, 2016 Brazil 29 38.62 (NR) 83 SZ DAFS-R Total, ILSS —

Note: AIPSS, Assessment of Interpersonal Problem-Solving Skills; BARS, Brief  Adherence Rating Scale; CANAS, Camberwell Assess-
ment of Need; DASF-R, Direct Assessment of Functional Status-Revised; GAF, Global Assessment of Function; GAS, Global Assess-
ment Scale; HoNOS, Health of the Nation Outcome Scale; ILSS, Independent Living Skill Survey; MCAS, Multnomah Community 
Ability Scale; MM, Med-eMonitor; NR, Not Reported; SMI, Severe mental illness; SOFAS, Social and Occupational Functioning 
Assessment Scale; SSPA, Social Skills Performance Assessment; SZ, Schizophrenia; SZA, Schizoaffective disorder; UPSA, UCSD 
Performance-based Skills Assessment; UPSA-B, UCSD Performance-based Skills Assessment-Brief; WBI, Work Behaviour Index.
aMcGurk, 2007 is a follow-up of McGurk, 2005.
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Meta-Analysis of Depressive and General Symptoms. Fewer 
studies examined depressive and general symptom out-
comes. Relative to control interventions, compensatory 
interventions were associated with significant improve-
ments in general symptoms post-intervention (k = 5, 
Hedge’s g  =  −0.31, 95% CI  =  −0.55, −0.07, P = .01, 
Q = 1.88, P = .76, I2 = 0.00%), but not depressive symp-
toms (k = 6, Hedge’s g = −0.17, 95% CI = −0.37, 0.04, 

P = .11; Q = 3.44, P = 0.63, I2 = 0.00%) (supplementary 
figures 5 and 6).
Risk of Bias of RCTs and Sensitivity Analyses. The risk 
of bias assessments within and across the 25 RCTs is dis-
played in supplementary figure 7 (group-level) and sup-
plementary table 3 (study-level). There was no evidence 
of reporting bias across the 25 trials. In contrast, selec-
tion bias (ie, insufficient random sequence generation and 

Study name Outcome Statistics for each study Hedges's g and 95% CI

Hedges's Standard Lower Upper 
g error Variance limit limit Z-Value p-Value

Christensen (2014) UPSA-B total 0.217 0.201 0.040 -0.177 0.611 1.080 0.280
Granholm (2007) Combined 0.151 0.251 0.063 -0.341 0.643 0.602 0.547
Grant (2012) GAS 0.544 0.260 0.068 0.034 1.054 2.092 0.036
Hansen (2012) Combined 0.200 0.268 0.072 -0.325 0.725 0.746 0.456
Kern (2002) Combined 0.462 0.250 0.063 -0.028 0.952 1.848 0.065
Kern (2005) Combined 0.421 0.258 0.067 -0.085 0.927 1.632 0.103
Kern (2009) WBI 0.630 0.330 0.109 -0.017 1.277 1.909 0.056
Kern (2018) Combined 0.421 0.309 0.095 -0.185 1.027 1.362 0.173
Kidd (2018) Combined -0.742 0.482 0.232 -1.687 0.203 -1.539 0.124
McGurk (2005) Combined 1.159 0.322 0.104 0.528 1.790 3.599 0.000
McGurk (2009) Combined 0.658 0.345 0.119 -0.018 1.334 1.907 0.056
McGurk (2015) Combined 0.406 0.195 0.038 0.024 0.788 2.082 0.037
McGurk (2016) Combined -0.142 0.269 0.072 -0.669 0.385 -0.528 0.598
Mendella (2015) UPSA-B total 0.252 0.381 0.145 -0.495 0.999 0.661 0.508
Mueller (2015) GAF 0.354 0.161 0.026 0.038 0.670 2.199 0.028
Twamley (2012) Combined -0.049 0.336 0.113 -0.708 0.610 -0.146 0.884
Twamley (2019) Combined 0.908 0.240 0.058 0.438 1.378 3.783 0.000
Vauth (2005-1) Job Placement 0.489 0.348 0.121 -0.193 1.171 1.405 0.160
Vauth (2005-2) Job Placement 0.376 0.348 0.121 -0.306 1.058 1.080 0.280
Velligan (2000) Combined 1.266 0.458 0.210 0.368 2.164 2.764 0.006
Velligan (2002) Combined 0.954 0.395 0.156 0.180 1.728 2.415 0.016
Velligan (2008-a1) Combined 0.642 0.335 0.112 -0.015 1.299 1.916 0.055
Velligan (2008-a2) Combined 0.584 0.339 0.115 -0.080 1.248 1.723 0.085
Velligan (2008-b1) Combined 1.360 0.349 0.122 0.676 2.044 3.897 0.000
Velligan (2008-b2) Combined 0.842 0.345 0.119 0.166 1.518 2.441 0.015
Velligan (2013-1) Combined 0.464 0.276 0.076 -0.077 1.005 1.681 0.093
Velligan (2013-2) Combined 0.220 0.283 0.080 -0.335 0.775 0.777 0.437
Velligan (2015-1) MCAS 0.416 0.322 0.104 -0.215 1.047 1.292 0.196
Velligan (2015-2) MCAS -0.075 0.310 0.096 -0.683 0.533 -0.242 0.809
Vizzotto (2016) Combined 1.243 0.435 0.189 0.390 2.096 2.857 0.004

0.461 0.069 0.005 0.327 0.596 6.709 0.000

-4.00 -2.00 0.00 2.00 4.00
Favours Control Favours Treatment

Meta Analysis

Fig. 1. Primary meta-analysis forest plot: compensatory intervention vs control at post-intervention, functional outcome.

Study name Outcome Statistics for each study Hedges's g and 95% CI
Hedges's Standard Lower Upper 

g error Variance limit limit Z-Value p-Value
Christensen (2014) PANSS-Negative -0.050 0.201 0.040 -0.443 0.344 -0.247 0.805
Granholm (2007) PANSS-Negative -0.173 0.246 0.060 -0.655 0.308 -0.705 0.481
Grant (2012) SANS-Negative -0.638 0.262 0.068 -1.151 -0.125 -2.439 0.015
Hansen (2012) PANSS-Negative -0.080 0.262 0.069 -0.595 0.434 -0.306 0.760
McGurk (2005) PANSS-Negative -0.365 0.299 0.089 -0.951 0.221 -1.222 0.222
McGurk (2009) PANSS-Negative 0.079 0.336 0.113 -0.578 0.737 0.237 0.813
McGurk (2016) PANSS-Negative -0.340 0.279 0.078 -0.887 0.207 -1.218 0.223
Mendella (2015) PANSS-Negative 0.297 0.382 0.146 -0.451 1.046 0.779 0.436
Mueller (2015) PANSS-Negative -0.649 0.164 0.027 -0.969 -0.328 -3.964 0.000
Twamley (2012) PANSS-Negative -0.209 0.336 0.113 -0.869 0.450 -0.622 0.534
Twamley (2019) PANSS-Negative 0.611 0.212 0.045 0.195 1.028 2.878 0.004
Vauth (2005-1) Combined 0.156 0.309 0.096 -0.451 0.762 0.502 0.615
Vauth (2005-2) Combined -0.184 0.312 0.097 -0.795 0.427 -0.591 0.555
Velligan (2000) NSA-Total -0.857 0.372 0.138 -1.587 -0.128 -2.304 0.021
Velligan (2002) Combined -0.514 0.380 0.144 -1.259 0.231 -1.352 0.176
Velligan (2008-a1) NSA-Motivation subscale -0.602 0.333 0.111 -1.255 0.052 -1.805 0.071
Velligan (2008-a2) NSA-Motivation subscale -0.595 0.340 0.116 -1.262 0.071 -1.750 0.080
Vizzotto (2016) PANSS-Negative -0.348 0.393 0.154 -1.118 0.421 -0.887 0.375

-0.235 0.099 0.010 -0.428 -0.042 -2.383 0.017

-2.00 -1.00 0.00 1.00 2.00

Favours Treatment Favours Control

Meta Analysis

Fig. 2. Meta-analysis forest plot: compensatory intervention vs control at post-intervention, negative symptoms.
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allocation concealment) was present or could not be ruled 
out in up to 40% of trials; detection bias (ie, insufficient 
blinding of outcome assessment) was present or could not 
be ruled out in 12% of trials; and attrition bias (eg, high 
or unequal dropout) was present or could not be ruled 
out in 24% of trials. As is often unavoidable in RCTs of 
psychosocial interventions, 100% of trials had evidence 
of performance bias (ie, participants and clinicians were 
not blind to treatment allocation). Finally, 96% had evi-
dence of other bias, primarily because investigators were 
the developers of the interventions being trialed or treat-
ment fidelity was not conducted or reported.

Separate sensitivity subgroup analyses on post-
intervention functioning, including only studies that were 
rated as low risk in relation to selection bias (random se-
quence generation, allocation concealment), detection 
bias (blinded outcome assessment), and attrition bias 
did not alter the findings (supplementary table 4). When 
we removed studies high on risk for allocation conceal-
ment and random sequence generation heterogeneity was 
reduced. 

Discussion

This is the first systematic review and meta-analysis on 
compensatory interventions for cognitive impairment 
in psychosis. Twenty-six studies from 25 separate RCTs 
involving 1654 participants were identified and included 
in the meta-analysis. The most common compensatory 
techniques used were external strategies/environmental 
modification, followed by internal self-management strat-
egies, with the least common being errorless learning. 
Several studies delivered interventions that included 
more than one type of compensatory approach. The 

meta-analysis revealed a significant moderate effect of 
compensatory interventions on functioning outcomes 
(including medication adherence, employment out-
comes, functional capacity, global functioning) at post-
intervention and a small-to-moderate effect at follow-up. 
Compensatory interventions also had significant small 
effects on negative, positive, and general symptomatology 
post-intervention, with durability of effects on positive 
symptoms. While there was no indication of publication 
bias, heterogeneity was evident, which was somewhat 
reduced when studies of high/unclear risk of bias were 
removed. The findings remained unchanged following 
sensitivity analysis, supporting conclusions that compen-
satory interventions yield robust effects.

Compensatory interventions were shown to be benefi-
cial regardless of treatment components (completely/par-
tially compensatory or specific compensatory methods 
used) and mode of delivery (individual or group). 
Although longer interventions (total weeks) were asso-
ciated with larger effects on functioning, this effect was 
attenuated when the two longest studies were removed. 
Previous meta-analyses have shown that cognitive reme-
diation combined with psychosocial interventions are 
associated with larger effects on functioning than cog-
nitive remediation delivered alone.3,4 Given cognitive re-
mediation focuses on cognitive enhancement, it is not 
surprising that effects on functioning were smaller when 
delivered alone, with or without therapist involvement, or 
opportunities to acquire and practice functioning skills. 
The current review showed that similar moderate positive 
effects on functioning are achieved regardless of whether 
a completely compensatory intervention is delivered or 
compensatory techniques are delivered in combination 
with other interventions such as cognitive remediation, 

Study name Outcome Statistics for each study Hedges's g and 95% CI
Hedges's Standard Lower Upper 

g error Variance limit limit Z-Value p-Value
Christensen (2014) PANSS -Positive -0.094 0.201 0.040 -0.488 0.299 -0.471 0.638
Granholm (2007) PANSS-Positive -0.059 0.245 0.060 -0.540 0.421 -0.241 0.809
Grant (2012) SAPS-Positive -0.448 0.258 0.067 -0.954 0.059 -1.733 0.083
Hansen (2012) PANSS-Positive -0.157 0.263 0.069 -0.672 0.358 -0.598 0.550
McGurk (2005) PANSS-Positive 0.001 0.296 0.088 -0.580 0.582 0.003 0.998
McGurk (2009) PANSS-Positive -0.001 0.335 0.113 -0.659 0.656 -0.004 0.997
McGurk (2016) PANSS-Positive 0.050 0.277 0.077 -0.493 0.594 0.182 0.856
Mendella (2015) PANSS-Positive 0.044 0.380 0.144 -0.701 0.788 0.115 0.908
Mueller (2015) PANSS-Positive -0.307 0.160 0.026 -0.621 0.007 -1.913 0.056
Twamley (2012) PANSS-Positive -0.078 0.336 0.113 -0.736 0.580 -0.233 0.816
Twamley (2019) PANSS-Positive -0.860 0.217 0.047 -1.285 -0.435 -3.963 0.000
Velligan (2000) BPRS-Positive -1.334 0.395 0.156 -2.108 -0.560 -3.379 0.001
Velligan (2002) BPRS-Positive -0.871 0.392 0.154 -1.639 -0.103 -2.223 0.026
Velligan (2008-a1) BPRS-Positive 0.142 0.327 0.107 -0.499 0.783 0.434 0.664
Velligan (2008-a2) BPRS-Positive -0.210 0.334 0.112 -0.864 0.445 -0.629 0.530
Velligan (2008-b1) BPRS-Positive -0.297 0.322 0.104 -0.927 0.334 -0.922 0.357
Velligan (2008-b2) BPRS-Positive -0.589 0.342 0.117 -1.260 0.082 -1.721 0.085
Velligan (2013-1) BPRS-Positive 0.028 0.269 0.072 -0.499 0.555 0.104 0.917
Velligan (2013-2) BPRS-Positive 0.073 0.281 0.079 -0.478 0.625 0.260 0.795
Velligan (2015-1) Combined -0.239 0.320 0.102 -0.867 0.388 -0.747 0.455
Velligan (2015-2) Combined -0.092 0.310 0.096 -0.701 0.516 -0.298 0.766
Vizzotto (2016) PANSS-Positive -0.291 0.392 0.153 -1.058 0.477 -0.742 0.458

-0.240 0.071 0.005 -0.379 -0.101 -3.377 0.001

-4.00 -2.00 0.00 2.00 4.00

Favours Treatment Favours Control

Meta Analysis

Fig. 3. Meta-analysis forest plot: compensatory intervention vs control at post-intervention, positive symptoms.
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CBT, or supported employment. This suggests that com-
pletely compensatory interventions are as effective as 
combined (partially compensatory) interventions for 
achieving functional enhancement. However, there are 
important caveats to this notion that must be considered. 
There was moderate heterogeneity evident in the findings, 
which was likely driven in part by the different types of 
functioning outcomes measured, the different combin-
ations of compensatory and other approaches, and the 
different types and combinations of compensatory strat-
egies used. Meta-analyses of cognitive remediation have 
shown that strategy coaching, which involves the supple-
mentation of drill-and-practice with trained facilitation 
(vs drill-and-practice alone), was associated with stronger 
effects on cognitive outcomes.3 RCTs of the Thinking 
Skills for Work program further suggest that compensa-
tory strategies combined with cognitive remediation are 
important for boosting the effects of supported employ-
ment.18,22 Our subgroup analysis of the specific compensa-
tory methods used across studies found similar moderate 
positive effects on functioning post-intervention for error-
less learning (g = 0.47), external strategies/environmental 
modification (g = 0.47), and internal self-management 
plus external/environmental strategies (g = 0.44).

There was a wide range in dosage of compensatory 
interventions (30–2880  min [48 h]), but dosage did not 
moderate functional outcomes. Similarly, treatment dose 
was not found to be a significant moderator of out-
come in previous meta-analyses of cognitive remedia-
tion.3,4 In the current review, tentative evidence suggested 
that the duration of  the intervention (weeks) may mod-
erate functioning outcome, such that particularly longer 
interventions were associated with larger effects on 
functioning,52,53 supporting the notion that functional im-
provements can take time, particularly in individuals with 
pronounced functional disability.52 In their meta-analysis 
of cognitive remediation combined with psychosocial re-
habilitation, van Duin et al5 found that a higher intensity 
of intervention (hours per week) was associated with a 
lower employment rate, suggesting that a balance must be 
struck between the benefits and opportunity costs of cog-
nitive interventions for functional recovery. Our findings 
suggest that support via compensatory interventions over 
an extended period of time may be more important than 
the total dose (and intensity) for improving functioning 
in psychosis; further investigation of this supposition is 
required.

It is important to note that a passive control condition, 
such as treatment-as-usual, or an intervention that was 
delivered in both groups (eg, supported employment) was 
utilized in a majority of the included studies. While this 
does not negate the finding that compensatory interven-
tions are effective, it does make it difficult to disentangle 
nonspecific factors, such as time with a therapist and 
therapeutic alliance or non-compensatory elements, from 
the specific effects of the compensatory components. The 

use of both passive and active comparison groups is the 
most rigorous approach to addressing this problem. This 
has been recommended in the cognitive remediation lit-
erature.3 Only a few RCTs included in the meta-analysis 
were designed to test the specific effects of compensatory 
“ingredients” over generic or other types of therapeutic 
approaches, allowing the detection of incremental or spe-
cific effects of each condition. The study by Vauth et al.19 
compared Computer Assisted cognitive Strategy Training 
(CAST), which included all three types of compensatory 
methods plus vocational rehabilitation, with Training of 
Self-management Skills for Negative symptoms (TSSN), 
which included two compensatory approaches plus vo-
cational rehabilitation, and vocational rehabilitation 
alone. They found that CAST outperformed the other 
two groups in terms of successful job placement at a 
12-month follow-up. However, CAST also included cog-
nitive remediation, so it remains unclear whether com-
pensatory strategies were a necessary ingredient for the 
observed effects. Velligan et al have conducted a number 
of trials that have compared a completely compensatory 
intervention (eg, Cognitive Adaptation Training [CAT]) 
against passive and active control conditions.10,31,35,53–55 
The most recent of these was a four-arm trial comparing 
CAT, CBT for psychosis, CBT plus CAT, and treatment-
as-usual. Groups receiving CAT showed the greatest 
improvements in functioning, suggesting that the com-
pensatory methods employed within CAT rather than 
general therapeutic involvement, such as that in CBT, 
produced the improved functional outcomes.35

With respect to participant-specific factors that may 
moderate compensatory intervention outcomes, we found 
that age was not significantly associated with functional 
outcomes. Age was also not found to moderate outcomes 
in meta-analyses of cognitive remediation and psychi-
atric rehabilitation.3,5 The mean ages of participants in 
the current meta-analysis were relatively narrow, ranging 
from 24 to 53 years, which may have reduced the ability to 
detect an age-related effect. Further research is needed in 
younger and older groups before firm conclusions about 
age can be made. Phase of illness may also be important 
to consider. A meta-analysis of cognitive remediation in 
early schizophrenia found that the effects on cognition 
and functioning were lower6 than what has been shown 
in chronic schizophrenia.3 In the current review, only two 
RCTs included people with first-episode psychosis and 
both found nonsignificant improvements in functioning 
(measured by the University of California San Diego 
Performance-based Skills Assessment [UPSA-B]) post 
intervention.56,57 Thus, further work is needed to confirm 
whether phase of illness is an important consideration 
with respect to both outcomes and functioning target.

Another participant-specific factor that may be impor-
tant in selecting suitable candidates for compensatory 
interventions is baseline level of  cognition or func-
tioning. We were unable to examine whether baseline 
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cognition was a moderator as it was not consistently re-
ported in studies; functioning could not be assessed as a 
moderator because the functioning measures used across 
studies were too variable to allow subgroup analyses of 
specific measures. It could be speculated that those with 
poorer baseline functioning may have greater potential 
for improvement following compensatory interventions 
or are less likely to use compensatory strategies to start 
with. Indeed, Twamley et al36 examined predictors of  re-
sponse to Compensatory Cognitive Training (CCT) and 
found that CCT-associated improvement was greater 
in those with poorer baseline functioning. Qualitative 
observations in the pilot study of  family CAT by Kidd 
et  al58 also suggested that lower-functioning individ-
uals may derive greatest benefit. Individuals with lower 
baseline functioning may therefore have more scope for 
improvement. Higher levels of  positive and negative 
symptoms at baseline were also associated with greater 
improvements following CCT, suggesting that active 
symptoms should not exclude participation in compen-
satory interventions.36

Our findings indicate that compensatory interven-
tions have small effects on positive, negative, and general 
symptoms of psychosis. Negative symptoms are notori-
ously difficult to treat, so these findings are encouraging 
and not inconsequential. Psychological factors such as 
defeatist beliefs have been found to mediate the relation-
ship between cognition, negative symptoms, and poor 
functioning in schizophrenia.33 Perhaps compensatory 
approaches help individuals focus on goals that are im-
portant to them, while providing them with considerable 
support and opportunities for engaging successfully in 
daily activities, which may in turn increase motivation 
and further functional engagement.31,32,52 As the effects 
on negative symptoms were lost at follow-up, the role of 
the therapist in negative symptom improvement may be 
especially important in maintaining effects. The mechan-
isms by which compensatory approaches lead to reduc-
tions in positive symptoms are not clear. It is possible 
that enhanced medication compliance through the use 
of external strategies such as alarms and pillboxes may 
be one pathway, or that such supports reduce levels of 
stress.35,53,54 Nevertheless, research exploring potential 
mechanisms of symptomatic change following compen-
satory interventions are still needed.

Few of the included studies examined psychological 
factors that may mediate response to compensatory inter-
ventions. These may include defeatist beliefs, as well as 
level of insight or self-awareness and other psycholog-
ical processes such as intrinsic motivation, expectancy, 
and self-efficacy,51,59 which have received attention in the 
cognitive remediation literature,14 but rarely in the com-
pensatory literature. It could be speculated that training 
in using internal or external compensatory strategies may 
be optimized when the individual has awareness of the 
need to use a strategy and can identify contexts in which 

the strategy should be used. However, one study showed 
that poor insight into objective cognitive impairment did 
not prevent participants from engaging with and bene-
fiting from CCT.60 Kern et al61 have suggested that error-
less learning may be advantageous because the experience 
of failure is prevented, with a strong focus on incremental 
mastery, which may in turn promote self-efficacy. Further, 
investigation into the mechanisms by which compensa-
tory approaches might improve functional outcome is an 
important future direction for the field.13

The current findings indicate that the effects of com-
pensatory approaches on functioning are durable beyond 
the intervention phase. However, further work is needed 
to confirm this finding, as only a subset of studies con-
ducted follow-up assessments and most of these were less 
than 12 months. In addition to being applied in a con-
scious and deliberate way, it is possible that with practice 
and habitual application, some compensatory techniques 
can lead to desired behaviors that become internalized 
and automatic. This premise is supported by evidence 
for more intact implicit relative to explicit memory in 
schizophrenia.62–65 Restitution of cognitive function may 
also play a role in functional gains made following com-
pensatory approaches.8,66 Most of the RCTs employing 
completely compensatory approaches did not examine 
cognitive change, so we were unable to examine whether 
compensatory approaches were associated with cognitive 
gains in the current review or whether baseline cognitive 
level moderated outcome. One recent study indicated 
cognitive improvements associated with compensatory 
strategies.66 We recommend that future trials of compen-
satory interventions measure cognitive function, even if  
cognition is not a direct treatment target.

This review has some limitations. First, the compen-
satory interventions included in this review varied con-
siderably in the type, number, and dose of compensatory 
strategies used, which may have contributed to the mod-
erate heterogeneity in findings. Furthermore, categori-
zation of the intervention “ingredients” was based on 
author consensus, but could be considered somewhat 
subjective. There may be some studies that used compen-
satory approaches as part of their intervention, but did 
not describe them as compensatory or in sufficient detail 
to be identified as such within our search. For example, 
we did not use the term “strategy coaching” to ensure 
there was minimal overlap with previous systematic re-
views of cognitive remediation. This may have resulted in 
the exclusion of some relevant studies. The moderate het-
erogeneity may have also been affected by the wide varia-
bility in functioning outcome measures, which prevented 
a more fine-grained analysis of specific functioning out-
comes and moderating effects of baseline functioning. 
Different functioning outcome measures (eg, competi-
tive employment, functional capacity, global functioning, 
social functioning, medication adherence, etc.) may 
vary in their sensitivity to change or response to specific 
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compensatory approaches. Some outcomes, such as em-
ployment, may represent a more significant functional 
change than a proxy, or other measures of functioning. 
Studies targeting competitive employment included here 
used a combined restorative and compensatory strategy 
approach, leaving open the question of the potential role 
of restorative vs compensatory practice in these studies.

In conclusion, compensatory interventions for cog-
nitive impairment in psychotic disorders were found to 
be effective in improving functioning, as well as positive, 
negative, and general symptoms. The findings also sup-
port the durability of effects on functioning and positive 
symptoms. Longer compensatory interventions were as-
sociated with larger improvements in functioning. Risk 
of bias, intervention type, dose, mode of delivery, and 
age did not alter the effects observed. Additional re-
search is required to better understand the mechanisms 
of improvement and who is most likely to benefit from 
compensatory approaches in order to move the field to-
ward tailored precision-based treatments for functional 
recovery in psychotic disorders.
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