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Abstract

Treatments for cognitive and functional impairments associated with severe mental illnesses are 

urgently needed. We tested a 12-week, manualized, Compensatory Cognitive Training (CCT) 

intervention targeting prospective memory, attention, learning/memory, and executive functioning 

in the context of supported employment for people with severe mental illnesses who were seeking 

work. 153 unemployed, work-seeking outpatients with schizophrenia/schizoaffective disorder 

(n=58), bipolar disorder (n=37), or major depression (n=58) were randomized to receive supported 

employment plus CCT or enhanced supported employment, a robust control group. Assessments 

of neuropsychological performance, functional capacity, psychiatric symptom severity, and self-

reported functioning and quality of life were administered at baseline and multiple follow-up 
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assessments over two years; work outcomes were collected for two years. Forty-seven percent of 

the participants obtained competitive work, but there were no differences in work attainment, 

weeks worked, or wages earned between the CCT and the enhanced supported employment group. 

ANCOVAs assessing immediate post-treatment effects demonstrated significant, medium to large, 

CCT-associated improvements on measures of working memory (p=.038), depressive symptom 

severity (p=.023), and quality of life (p=.003). Longer-term results revealed no statistically 

significant CCT-associated improvements, but a trend (p=.058) toward a small to medium CCT-

associated improvement in learning. Diagnostic group (schizophrenia-spectrum vs. mood disorder) 

did not affect outcomes. We conclude that CCT has the potential to improve cognitive 

performance, psychiatric symptom severity, and quality of life in people with severe mental 

illnesses. Receiving CCT did not result in better work outcomes, suggesting that supported 

employment can result in competitive work regardless of cognitive status.

Keywords

schizophrenia; bipolar disorder; major depressive disorder; cognition; functioning; rehabilitation

1. Introduction

Cognitive impairment is common, persistent, and associated with impaired functioning in 

people with severe mental illnesses (SMI; Millan et al., 2012). Impairments may occur in 

multiple cognitive domains, including processing speed, attention/vigilance, working 

memory, learning, memory, and executive functioning, and are known to occur in 

schizophrenia (Fioravanti et al., 2012, Mesholam-Gately et al., 2009), bipolar disorder (Lee 

et al., 2013, Bora & Pantelis, 2015; Sanches et al., 2015), and major depression (Rock et al., 

2014; Porter et al., 2014). These impairments affect vocational outcomes and other aspects 

of everyday functioning (Green, Kern, & Heaton, 2004; Bowie et al., 2008; Mora et al., 

2013; Depp et al., 2012; Jaeger et al., 2006; Baune et al., 2010). For example, cognitive 

difficulties with attention, learning, problem-solving, and pacing may affect individuals’ 

ability to find and keep competitive work (McGurk & Wykes, 2008). Increased 

understanding of the relationships between cognition and work have sparked interest in 

cognitive training interventions to improve cognition, functioning, and work outcomes over 

the last several years (Anaya et al., 2012; Bowie et al., 2013, 2014; Fisher et al., 2014; Lee et 

al., 2013; McGurk et al., 2009, 2015, 2016; Bell et al., 2005, 2008).

Meta-analyses of cognitive training in schizophrenia samples have found moderate, but 

durable, training effects in cognition as well as functioning (McGurk et al., 2007; Wykes et 

al., 2011). In terms of work outcomes, cognitive training techniques have been used to 

enhance employment outcomes in the context of employment interventions such as 

supported employment (Bell et al., 2005, 2008; McGurk et al., 2009, but also see Au et al., 

2015). Cognitive training has been applied both during and separate from employment 

interventions, to both all supported employment participants and to supported employment 

non-responders (McGurk et al., 2015; McGurk et al., 2016). Multiple types of cognitive 

training interventions exist, ranging from computer-based, drill-and-practice oriented 

training of specific cognitive domains (e.g., Fisher et al., 2014) to compensatory-strategy-
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based approaches (Twamley et al., 2012; Mendella et al., 2015; Wykes et al., 2007). The 

bulk of cognitive training studies have been conducted with individuals having 

schizophrenia-spectrum disorders (Wykes et al., 2011), but there have been several recent 

studies of cognitive interventions for individuals with mood disorders (see meta-analysis by 

Motter et al., 2016). Most of the interventions studied in participants with mood disorders 

have been computerized (e.g., Bowie et al., 2013); some have been compensatory strategy-

based (e.g., Priyamvada et al., 2015; Venza et al., 2016; Deckersbach et al., 2010), but there 

have been few controlled studies of compensatory strategy-based interventions, and no 

known trials of purely compensatory strategy-based interventions combined with 

employment interventions.

The present study used Compensatory Cognitive Training (CCT; Twamley et al., 2012), a 

12-session compensatory strategy-based intervention which included four modules of 

training to address: 1) prospective memory (i.e., remembering to do things in the future), 2) 

conversational and task vigilance, 3) learning and memory, and 4) cognitive flexibility and 

problem-solving (i.e., executive functioning). CCT has previously been shown to improve 

attention, verbal memory, functional capacity, subjective quality of life, and negative 

symptom severity in people with primary psychotic disorders (Twamley et al., 2012; 

Mendella et al., 2015), but has not previously been studied in individuals with mood 

disorders or in the context of employment interventions. The employment intervention used 

in our study was Individual Placement and Support (IPS), also known as evidence-based 

supported employment. IPS emphasizes rapid, individualized searching for competitive 

work, integrated mental health and employment services, and time-unlimited follow-along 

support, and has a competitive work attainment rate of 61% across 11 randomized controlled 

trials (Bond, Drake, & Becker, 2008). Across international trials, IPS resulted in competitive 

work 2.4 times more often than control condition programs (Modini et al., 2016). We 

hypothesized that CCT, delivered individually by an employment specialist over the first 12 

weeks of IPS, compared to a control condition involving extra supported employment 

sessions, would result in improved work outcomes, cognition, functioning, and 

symptomatology.

2. Materials and Methods

2.1 Study Participants and Procedures

This study included 153 outpatients with SMI (58 with schizophrenia or schizoaffective 

disorder and 95 with a mood disorder [37 with bipolar disorder, 58 with major depressive 

disorder]). Inclusion criteria included: (1) DSM-IV diagnosis confirmed by Structured 

Clinical Interview for DSM-IV (First et al., 2002) or Mini International Neuropsychiatric 

Interview (Sheehan et al., 1997); (2) unemployed for at least one month and stating a goal of 

work; (3) 18 years old or older; and (4) literate and fluent in English. Participants were 

excluded if they had dementia or an intellectual disability. Table 1 shows the participant 

demographics, clinical characteristics, and baseline assessment scores for the overall sample, 

by intervention group, and by diagnosis group. Data from 77 subjects were used in a 

previous publication examining age as a moderator of CCT effects (Thomas et al., 2017), 

and data from 40 subjects were used in a previous publication examining age and cognitive 
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change as predictors of employment outcomes in the CCT group (Puig et al., 2016). 

Analyses including the control condition of this trial have not been published previously.

The study was approved by the University of California, San Diego Institutional Review 

Board and all participants provided informed, written consent prior to enrolling in the study. 

The study was registered as NCT00895258, and the primary outcome was number of weeks 

worked during the two-year trial. Participants were randomized to either the Compensatory 

Cognitive Training (CCT; n=77) condition that received 12-weeks of CCT in the context of 

supported employment or an active control condition that received Enhanced Supported 

Employment (ESE; n=76). Fidelity to supported employment was rated as “fair” during the 

study period. Figure 1 shows a CONSORT diagram of the number of participants from each 

intervention group that completed each assessment visit. Not all participants who were 

missing assessments dropped out of the study; some returned for later assessments, and 

some declined the assessments but provided employment data. There were no differences in 

the proportion of mood vs. schizophrenia-spectrum disorders who were randomized to each 

intervention group. Also, there were no significant differences in dropout by intervention 

group or diagnostic group at 12-months or 24-months (all ps>.05).

Compensatory Cognitive Training (CCT)—CCT is a 12-week, manualized 

intervention designed to target cognitive domains of prospective memory, attention/

vigilance, learning and memory, and executive functioning/cognitive flexibility. CCT teaches 

skills and strategies for implementing the skills to compensate for cognitive difficulties 

commonly observed in SMI (Twamley et al., 2012). CCT was delivered individually to 

participants by a master’s-level employment specialist during the first 12 weeks of the study; 

each of the 12 CCT sessions was approximately 1 hour. CCT sessions were audio-recorded 

and a random 20% of the sessions were coded for fidelity each month. Our fidelity criteria 

were met, in that >80% of sessions were rated at ≥80% fidelity; most sessions were rated at 

90–100% fidelity to the CCT manual. The CCT condition participants also received 

supported employment services as indicated by the need of the individual participant for the 

duration of the study (24 months). Participants in the CCT condition completed a mean (SD) 

of 8.23 (4.88) CCT sessions (median=12.00; range 0–12) and a mean (SD) of 4.04 (3.02) 

supported employment sessions (median = 4.00; range 0–11) during the first 12 weeks of the 

study.

Enhanced Supported Employment (ESE)—The ESE group, like the CCT 

participants, received individualized supported employment services for the entire study. 

ESE participants received supported employment from a different master’s level 

employment specialist to prevent treatment contamination between groups. During the first 

12 weeks of the study, they were assigned to receive one extra supported employment 

session per week to match the CCT group’s contact time. Participants in the ESE condition 

completed a mean (SD) of 7.78 (5.00) sessions of supported employment (median=8.00; 

range=0–21) in the first 12 weeks.
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2.2 Measures

Work Outcomes—Number of weeks worked over the two-year study was the primary 

outcome. Work outcomes (job attainment, hours worked, and wages earned) were 

ascertained weekly from each participant throughout the study by the employment specialist 

(if engaged in weekly contact with the participant) or a blinded rater; paystubs were used to 

corroborate work participation and earnings. Competitive work was defined as employment 

not set aside for a person with a disability, paying at least minimum wage. Participants who 

dropped out of the study were assumed not to work for the entire duration of the study.

Secondary Outcomes—Participants completed assessments at baseline, 3-month (after 

initial intervention), 6-month, 12-month, 18-month, and 24-month follow-up visits. 

Cognitive measures and the University of California, San Diego Performance-Based Skills 

Assessment-Brief (UPSA-Brief; Mausbach, Harvey, Goldman, Jeste, & Patterson, 2007) and 

Social Skills Performance Assessment (SSPA; Patterson et al., 2001) were completed at 

baseline through 12-month visits. Symptom severity measures (Hamilton Depression Rating 

Scale [HAM-D; Hamilton, 1967]; Positive and Negative Syndrome Scale [PANSS; Kay, 

Fiszbein, & Opler, 1987]), the Independent Living Skills Survey (ILSS; Wallace et al., 

2000), and the Quality of Life Interview (QOLI; Lehman, 1988) were completed at all visits. 

Raters were blind to participants’ treatment assignment and were not involved in their 

treatment.

Cognitive Measures—Premorbid intellectual functioning was measured by the Wide 

Range Achievement Test-III Reading subtest (Wilkinson, 1993). Cognitive functioning was 

measured by the MATRICS Consensus Cognitive Battery (Nuechterlein et al., 2008) with 

supplemental neuropsychological measures (Trail Making Test, Part B [Heaton et al., 2004]; 

Wisconsin Card Sorting Test 64-item version [WCST-64; Kongs et al., 2000]; Letter Fluency 

using the letters F, A, and S [Heaton et al., 2004]; Memory for Intentions Screening Test 

[MIST; Raskin, 2004]). Cognitive composite scores were used for the purpose of data 

reduction. They were created based on a priori categories and included composite scores in 

the domains of processing speed, working memory, learning/memory, and executive 

functioning. The processing speed measures in which a lower score was better (e.g., Trail 

Making Test, Part A), were reversed prior to creating the composite. Therefore, for all 

composites, higher scores reflect better performance. The cognitive composite scores were 

created by first converting all individual measure raw scores to z-scores, then calculating the 

mean of the z-scores within each domain.

The Processing Speed composite score included: Trail Making Test (TMT) Part A, Brief 

Assessment of Cognition in Schizophrenia (BACS) Symbol-Coding, and Category Fluency. 

The Working Memory composite score included: WMS-III Spatial Span and University of 

Maryland (UM) Letter-Number Span. The Learning/Memory composite included: Hopkins 

Verbal Learning Test—Revised (HVLT-R) and Brief Visual Memory Test—Revised 

(BVMT-R) total immediate recall. The Executive Functioning composite included: 

Neuropsychological Assessment Battery (NAB) Mazes, Wisconsin Card Sorting Test 64-

item version, TMT Part B, and Letter Fluency (FAS). The Continuous Performance Test—

Identical Pairs (CPT-IP), a measure of sustained attention, and the Memory for Intentions 

Twamley et al. Page 5

Schizophr Res. Author manuscript; available in PMC 2020 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Screening Test (MIST; Raskin, 2004), a measure of prospective memory, were also 

examined.

Functioning and Qualify of Life—The UPSA-Brief (Mausbach et al., 2007) was used to 

measure performance-based everyday functional skills in the domains of financial 

management and communication. The SSPA (Patterson et al., 2001) is a performance-based 

measure that used role-plays to capture social skills of neutral and adversarial situations. The 

ILSS (Wallace et al., 2000) measured self-reported independence in daily activities (e.g., 

finances, hygiene, social interactions) and community integration. The QOLI (Lehman, 

1998) assessed objective indicators and subjective ratings of quality of life in the domains of 

finances, employment, living situation, daily activities, family and social relationships, 

health, and safety.

Symptom Severity—The PANSS (Kay, Fiszbein, & Opler, 1987) measured the severity 

of positive and negative symptoms of psychosis. Depressive symptom severity was measured 

using the HAM-D (17-item version; Hamilton, 1967).

2.3 Statistical Analyses

Work outcome analyses—Differences in competitive work attainment, weeks worked, 

and dollars earned during the 24-month study were analyzed using chi-square and 

independent-samples t-tests.

Baseline group differences—Baseline differences by intervention group as well as 

baseline difference by diagnostic group (mood vs. schizophrenia-spectrum disorder) were 

examined using independent samples t-tests for continuous variables and chi-squared tests 

for categorical variables (see Table 1). Of note, there were no significant demographic 

differences between the CCT and ESE groups. There were group differences in total number 

of intervention sessions in the first 12-weeks of the study, with the CCT group receiving 

more face-to-face sessions than the ESE group (p<.05). There were significant baseline 

demographic differences by diagnostic group in education, gender, and racial/ethnic 

minority status (p<.05) and a trend for age (p<0.1). Therefore, age, education, gender, 

minority status, and total sessions were included as covariates in subsequent analyses.

Immediate training effects—Analyses of covariance (ANCOVAs) were used to examine 

the effects of group (CCT or ESE), diagnosis (mood or schizophrenia-spectrum), and the 

interaction (group × diagnosis) from baseline to 3-months on cognitive, functional, and 

symptom severity measures. The 3-month post-intervention score was included as the 

dependent variable and the baseline score, intervention group membership, diagnosis, and 

intervention group × diagnosis variables were included as independent variables. As 

described above, given intervention group differences in total sessions and diagnostic group 

differences in age, education, gender, and minority status, these variables were included as 

covariates. Effect sizes are reported as partial eta-squared (small=0.01; medium=0.06; 

large=0.14; Cohen, 1988).
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Long-term effects analyses—Hierarchical linear models (HLM) were conducted to 

examine the long-term outcomes of CCT plus supported employment. Full information 

maximum likelihood estimation was used to account for missing data, allowing for all 

available data to be used for parameter estimates (Schafer & Graham, 2002; Singer & Willet, 

2003). Prior to analyses, the data were transformed into a z-score metric so the resulting 

effect estimates are comparable. The random effect of intercept for individuals was included 

in all models. Visit (baseline, 3-month, 6-month, 12-month, 18-month, and 24-month visits) 

was modeled as a continuous parameter. Consistent with the ANCOVAs and so that the 

models would be considered nested if follow up analyses were conducted, age, education, 

gender, minority status, and total sessions were included as covariates. The predictor 

variables included in the model included group (CCT and ESE), diagnosis (mood and 

schizophrenia-spectrum), visit, and the group × visit interaction. Group and diagnosis were 

dummy coded, with ESE and schizophrenia-spectrum as the reference groups. Follow up 

HLMs were conducted to examine whether diagnosis moderated the effect of the 

intervention over time (group × visit) and included the diagnosis × visit, diagnosis × group, 

and three-way group × visit × diagnosis interactions. Changes in −2 log likelihood (−2LL), 

Akaike Information Criterion (AIC), and Schwarz’s Bayesian Criterion (BIC) were used to 

determine whether the inclusion of these additional interactions improved model fit. 

Estimate effect sizes are reported as r-values (small=0.10; medium=0.30; large=0.50; Cohen, 

1992).

3. Results

3.1 Baseline group differences

Table 1 shows the baseline demographic, clinical, and assessment characteristics. When 

comparing the CCT and ESE groups, there were no significant differences in any of these 

variables, except for the UPSA-Brief financial subscale, such that the CCT group performed 

higher at baseline. Overall, the CCT group had significantly more intervention sessions in 

the first 12 weeks than did the ESE group. When comparing the mood and schizophrenia-

spectrum diagnostic groups, the mood disorder group had more education, were more likely 

to be female, were more likely to be White/non-Latino, had a higher premorbid IQ, had a 

longer duration of illness, worked more months in the last 5 years (ps<.05), and showed a 

trend toward being older (p<.10). Across all of the cognitive variables, the mood disorders 

group performed significantly better than did the schizophrenia-spectrum disorder group. 

The mood disorders group also performed better on the performance-based measures of 

functional capacity (UPSA-Brief) and social skills (SSPA), but did not significantly differ on 

a self-report measure of independence in daily functioning (ILSS). The mood disorders 

group endorsed a lower quality of life (QOLI general life satisfaction) and more depressive 

symptoms (HAM-D), but endorsed fewer positive and negative symptoms of psychosis 

(PANSS) compared to the schizophrenia-spectrum disorders group (all ps<.05).

3.2 Effects of treatment group on work outcomes

Using intent-to-treat analyses of all 153 randomized participants, regardless of their level of 

participation in CCT or supported employment sessions, we found that 72 participants (i.e., 
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47%) obtained competitive work during the two-year study. Receiving CCT was not 

associated with competitive work attainment, weeks worked, or wages earned (see Table 2).

3.3 Immediate training effects

The significant findings are discussed below, but all data are included in the tables. Table 3 

shows the adjusted means, F-statistics, p-values, and partial η2 of the ANCOVAs examining 

baseline-to-3-month changes by group, diagnosis, and group × diagnosis. Compared to those 

in the ESE condition, after 3 months, the CCT group showed a medium improvement in 

working memory, a medium improvement in depressive symptomatology on the HAM-D, 

and a medium-to-large improvement on QOLI general life satisfaction. Across intervention 

groups, participants with a diagnosis of a mood disorder improved more on a measure of 

attention (CPT-IP mean), social skills (SSPA), and symptoms of psychosis (PANSS positive 

and negative). There was not a moderating effect of diagnosis on intervention group for any 

of the immediate training effects (all ps>.05)

3.4 Long-term training effects

Table 4 presents the parameter estimates, p-values, and effect sizes for the main effects of 

group, visit, and the group × visit interaction for all HLM outcome measures over 12- (for 

cognitive measures, UPSA-Brief, and SSPA) and 24 months (ILSS, QOLI general life 

satisfaction, PANSS, and HAM-D). Across both intervention groups, there were significant 

main effects of visit for processing speed, working memory, learning/memory, executive 

functioning, prospective memory (MIST), UPSA-Brief, and depressive symptoms in the 

direction of improvement over time. Across measures, there were no significant group × 

visit interactions, suggesting that the immediate training effects of CCT were not maintained 

over the long term (through 12 or 24 months). There was a trend toward a small-to-medium 

effect favoring the CCT group on the learning composite (r=.202, p=.058).

The follow up HLMs that included the additional diagnosis × visit, diagnosis × group, and 

three-way group × visit × diagnosis interactions to determine whether the diagnosis group 

moderated the intervention effects showed that the results were largely not moderated by 

diagnosis. There was, however, one significant group × visit × diagnosis interaction for 

prospective memory (MIST; t(131.091)=-2.20, p=.029, r=−.189), such that schizophrenia-

spectrum participants in the ESE group improved at the fastest rate over 12 months. This 

was an unexpected result that was no longer significant when an outlier (participant with a 

MIST score=0 at 12-month follow-up) was removed. Furthermore, the addition of these 

follow up interactions did not improve model fit for the MIST as determined by the non-

significant change in −2LL (χ2 =4.82, df=3, p=.185) and increase in AIC and BIC relative to 

the previous model.

4. Discussion

This randomized controlled trial compared cognitive, functional, and clinical outcomes over 

two years for participants in a supported employment program receiving either 

Compensatory Cognitive Training or Enhanced Supported Employment as an active control. 

The fact that CCT participants attended more treatment sessions in the first 12 weeks of the 
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study may reflect the dual purpose of initial meetings (i.e., receipt of CCT and supported 

employment rather than supported employment services alone), differential engagement in 

the interventions, clinician availability, or other real-world implementation factors.

CCT was not associated with any effects on competitive work attainment, weeks worked, or 

wages earned over the two-year study. Immediately post-treatment, we found medium to 

large CCT-associated improvements in working memory, depressive symptoms, and 

subjective ratings of life satisfaction. These effects were not moderated by diagnostic group. 

Longitudinal follow-up demonstrated no statistically significant effects of CCT over 12 to 24 

months, although there was a trend toward a small-to-medium CCT-associated improvement 

in the learning composite.

The finding that CCT was not associated with work outcomes suggest that evidence-based 

supported employment can be effective regardless of cognitive impairment level; note, 

however, that we did not require cognitive impairment for study entry. Our other results 

suggest that providing CCT in the context of a supported employment program for people 

with SMI is feasible and confers an initial benefit on working memory, depressive 

symptoms, and subjective quality of life; it may be the case that although CCT targets 

numerous cognitive domains, it in fact provides more targeted benefits in the domain of 

working memory. Although CCT does not directly address psychiatric symptoms, it appears 

associated with a short-term improvement in depressive symptom severity, possibly via 

improved self-efficacy and activation through new skill acquisition and use, and/or social 

contacts with the employment specialist; these factors may also have affected the CCT-

associated improvement in quality of life. These results provide additional support for the 

necessity of longitudinal follow-up after the initial treatment period concludes to gauge 

wearing off effects of initial improvements.

This study is not without limitations. Although inclusion criteria were minimized to reflect 

the spirit of accessibility of supported employment services, all participants were 

community-dwelling outpatients receiving care at a single clinic who self-selected into a 

research study, which may limit generalizability to other types of participants or treatment 

settings (e.g., intensive case management programs). Participant engagement and retention is 

another consideration, as participants in both conditions often did not attend the expected 

number of meetings with the employment specialist in the first 12 weeks. The considerable 

ranges suggest variability among individual participants that may have affected their 

willingness to continue in and receive benefit from the study interventions; future 

identification and investigation of treatment responders versus non-responders will be 

important to characterize who might benefit from these treatments and why. Further, more 

than half of participants in each intervention group withdrew prior to completion of the 2-

year protocol, limiting the sample from which longitudinal data were collected and thereby 

reducing statistical power and introducing the possibility of attrition bias. However, there 

was no differential dropout between intervention groups and use of full information 

maximum likelihood estimation for the HLM allowed for all available data to be used to 

reduce bias that other methods may introduce (e.g., list-wise deletion). The rates appear 

equivalent to other longitudinal psychosocial interventions (Cohen et al., 1995; Kurtz et al., 

2011); this limitation likely reflects the challenge of long-term retention in psychiatric 
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services and research. We did not correct for multiple statistical comparisons. Finally, our 

lack of findings regarding an effect of CCT on work outcomes may reflect differences in 

effectiveness of the employment specialists assigned to deliver CCT and ESE, respectively 

(Corbiere et al., 2017).

Despite these limitations, to our knowledge this is the first RCT investigating supported 

employment combined with an exclusively compensatory strategy-based cognitive training 

intervention for individuals with SMI. These findings suggest immediate positive effects on 

working memory, depression, and quality of life. Ongoing efforts to identify individual 

moderators of treatment response will be critical to enhance the personalized approach to 

cognitive intervention to support real-world functioning and goal attainment.
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Figure 1. 
CONSORT diagram showing number of assessments at each occasion. CCT=compensatory 

cognitive training; ESE=enhanced supported employment.
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