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Abstract

Objective—This study explored whether age moderated cognitive, symptom, and functional 

changes over a 12-week Compensatory Cognitive Training (CCT) intervention for participants 

with severe mental illnesses. CCT focused on the cognitive domains of attention, learning, 

prospective memory, and executive functioning, often impaired in this population.

Methods—Seventy-seven unemployed individuals (46 participants with severe mood disorders 

and 31 participants with schizophrenia/schizoaffective disorder; mean age=44 years) received 

CCT for 12 weeks in the context of a supported employment program. Participants were 

administered cognitive, symptom severity, and functional measures at baseline and 3-, 6-, and 12-

month follow-ups, as well as at 18- and 24-months for symptom/functional measures. Mixed 

effects models, controlling for diagnosis, examined whether age impacted the trajectories of 

change following CCT.

Results—Analyses showed several significant time by age interactions; younger participants 

improved more over time on category fluency [β=−.280, t(42.10)=−2.76, p=.008] and financial 

capacity [UCSD Performance-Based Skills Assessment; β=−.194, t(54.02)=−2.21, p=.031], 

whereas older participants showed greater reduction in positive symptom severity [Positive and 

Negative Syndrome Scale; β=−.109, t(78.35)=−2.34, p=.022] and less functional decline on the 

Independent Living Skills Survey [β=.118, t(109.77)=2.05, p=.043].

Conclusions and Implications for Practice—Age moderated the effects of CCT over time 

on measures of cognition, symptom severity, and functioning. Younger participants improved on 

objective measures of verbal processing speed and financial capacity, whereas older participants 

showed reduced positive symptom severity and less decline in self-reported daily functioning. 
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These findings suggest that CCT may differentially benefit persons with severe mental illnesses 

depending on age.

Keywords

cognitive remediation; depression; schizophrenia; bipolar disorder

Cognitive impairment is common for individuals with severe mental illnesses and 

significantly affects real-world functioning (Millan et al., 2012). There is evidence for 

impaired processing speed, attention/vigilance, working memory, learning, memory, and 

executive functions in individuals with schizophrenia (Fioravanti et al., 2012, Mesholam-

Gately et al., 2009), bipolar disorder (Lee et al., 2013, Bora & Pantelis, 2015), and major 

depression (Rock et al., 2014). Cognitive impairment is persistent and strongly related to 

functional disability in individuals living with a severe mental illness (Millan et al., 2012). 

Even following symptom remission, cognitive impairment compromises real-world 

functioning and vocational outcomes (Green, Kern, & Heaton, 2004; Bowie et al., 2008; 

Mora et al., 2013; Depp et al., 2012; Jaeger, Berns, Uzelac, & Davis-Conway,2006; Baune et 

al., 2010). Due to the prevalence of cognitive impairment in this population as well as the 

significant impact of cognitive dysfunction on functional outcomes (Millan et al., 2012), 

there has been an increased number of cognitive intervention trials over the last several years 

(Anaya et al., 2012; Bowie et al., 2013, 2014a; Fisher et al., 2014; Lee et al., 2013; McGurk, 

Twamley, Sitzer, McHugo, & Mueser, 2007; Twamley, Jeste, & Bellack, 2003; Wykes et al., 

2011).

Meta-analyses of cognitive training with samples of individuals with schizophrenia have 

found small-to-moderate durable training effects in cognition as well as functioning 

(McGurk et al., 2007; Wykes et al., 2011). In terms of work outcomes, it has also been 

shown that cognitive training could enhance the effects of other treatments such as supported 

employment (SE; Bell et al., 2005, 2008; McGurk, Mueser, DeRosa, & Wolfe, 2009), 

although some negative results have also been found (Au et al., 2015). The delivery and 

targets for cognitive training interventions for people living with severe mental illnesses 

range from computer-based training of a specific cognitive domain (e.g., Fisher et al., 2014) 

to in-person delivery of compensatory strategies that target multiple cognitive domains and 

aid the transfer of cognitive gains into the everyday functioning (Twamley et al., 2012; 

Mendella et al., 2015; Wykes & Reeder, 2005). The current study used Compensatory 

Cognitive Training (CCT; Twamley et al., 2012), 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 been shown to improve measures of 

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).

Some previous studies have examined the role of age and the relationship with changes 

following cognitive training (e.g., Kontis et al., 2013; McGurk & Mueser, 2008; Wykes et 

al., 2009; Twamley, Burton, & Vella, 2011). In a large meta-analysis, age was not found to 
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moderate the effects of cognitive training in schizophrenia but studies included in this meta-

analysis were mostly focused in a narrow age range (Wykes et al., 2011). Studies that have 

directly examined the effects of age on cognitive training outcomes have found largely 

consistent support for the findings that younger participants (often those below 40 or 45 

years old) show greater cognitive improvement after cognitive training than older 

participants (Kontis et al., 2013; McGurk & Mueser, 2008). One study found that both 

younger (<40 years old) and older (40+ years old) participants with schizophrenia improved 

on a measure of memory following cognitive training, but only younger participants showed 

improvement on measures of cognitive flexibility and planning (Wykes et al., 2009). 

Conversely, another study that examined who benefits from cognitive training found that 

older participants with psychosis showed greater improvement in prospective memory at a 6-

month follow-up (Twamley et al., 2011). Although younger adults more often show greater 

improvement on measures of cognition, there is some evidence that older adults can benefit 

from cognitive training through a reduction in symptom severity (e.g., PANSS Negative 

scale; McGurk & Mueser, 2008), although, others have not replicated this finding (Wykes et 

al., 2009). Despite evidence that age may be a key moderator of intervention effects, there is 

still a scarcity of studies evaluating the relationship between age and response to cognitive 

training.

The current study examined whether age moderates the effect of time on cognition, 

symptom severity, and functioning within a sample that has received CCT in the context of 

supported employment. This study extends the current cognitive training literature related to 

severe mental illnesses by using age as a continuous variable in hierarchical linear modeling 

to examine the multiple follow-up visits that extend to two years after study enrollment. 

Although previous work has examined age as a moderator of response to cognitive training 

in samples that are largely comprised of participants with a diagnosis of schizophrenia, the 

current study included a wide range of diagnoses that include schizophrenia, schizoaffective 

disorder, major depression, and bipolar disorder. Based on previous literature (e.g., McGurk 

& Mueser, 2008; Twamley et al., 2011; Wykes et al., 2009), we hypothesized that younger 

participants would show greater cognitive benefit over time following CCT+SE, whereas 

older participants would report greater reduction in symptom severity. These hypotheses 

reflect not only previous work in the area of psychiatric illnesses, but also work in normal 

aging that suggests that younger adults may benefit more from cognitive training and the 

results may be more readily transferred to other tasks (e.g., Brehmer, Westerberg, & 

Bachman, 2008).

Methods

Participants

The current study included 77 participants with severe mental illnesses who received 12-

week Compensatory Cognitive Training (CCT) in the context of supported employment 

(SE). These participants were randomized to this condition (CCT+SE) as part of a larger 

clinical trial (manuscript in preparation). The larger trial also included a condition where 

participants received SE without CCT; however, only participants who received CCT+SE 

were included in the current study due to the primary aim examining whether age impacted 
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the long-term change in cognition, symptoms, and functioning within participants who 

received CCT. The inclusion/exclusion criteria for the larger trial were: (1) DSM-IV 

diagnosis of a severe mental illness, which were categorized as either schizophrenia-

spectrum disorder (schizophrenia and schizoaffective disorders) or severe mood disorders 

(bipolar and major depressive disorder), (2) unemployed in the previous 30 days but stating 

a goal of work, (3) age 18 or older, (4) fluency and literacy in English, and (5) no presence 

of dementia or intellectual disability. The study was approved by the UC San Diego 

Institutional Review Board and all participants provided informed, written consent prior to 

beginning the study. Table 1 shows the baseline demographic characteristics of the 

participants.

Figure 1 shows the numbers of participants who dropped out and were retained at each 

assessment. To characterize the selectivity of attrition, study participants with data through 

the conclusion of the study (retained; n =59) were compared with those participants who 

dropped out of the study (dropout; n=18). There were no significant differences between 

those participants who dropped out on measures of age, education, duration of illness, age of 

onset, premorbid IQ, global neuropsychological deficit score, depressive symptoms, or 

positive or negative symptom severity. However, schizophrenia-spectrum participants were 

more likely to drop out than were mood disorder participants (t(75)=2.09, p=0.04). For this 

reason, diagnosis group was included as a covariate in all analyses.

Procedure and Measures

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

intervention designed to target cognitive domains of prospective memory, conversational and 

task vigilance, learning and memory, and executive functioning/cognitive flexibility. It 

focuses on teaching and implementing strategies to work around the cognitive difficulties 

that are often observed in psychiatric illnesses (Twamley et al., 2012). Consistent with the 

individualized nature of supported employment, CCT was delivered individually to 

participants by their employment specialist during the first 12 weeks of the study, whereas 

the prior study investigated group-based CCT (Twamley et al., 2008; 2012). Each of the 12 

CCT sessions is approximately 1 hour. One master’s-level employment specialist 

administered CCT under supervision of the principal investigator and author. All CCT 

sessions were audio-recorded and a random 20% of the sessions each month were coded for 

fidelity.

Supported Employment (SE)—SE is an evidence-based practice for people with 

psychiatric illnesses who are interested in working. The participants worked individually 

with an employment specialist for the duration of the study (up to 24 months) with the goal 

of attaining competitive employment; frequency, duration, and content of all sessions were 

individualized based on the needs of the participant.

Assessments and Measures—Participants were assessed at Baseline, 3-months (i.e., 

following completion of the CCT portion of the study), 6-months, 12-months, 18-months, 

and 24-months. Measures of cognition, functional skills, symptom severity, and quality of 

life were examined. Cognitive measures and two performance-based measures of functional 
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skills [i.e., University of California, San Diego Performance-Based Skills Assessment 

(UPSA; Patterson, Goldman, McKibbin, Hughs, & Jeste, 2001a) and Social Skills 

Performance Assessment (SSPA; Patterson, Moscona, McKibbin, Davidson, & Jeste, 

2001b)] were administered at baseline through 12-months, while the symptom severity, 

Quality of Life Interview (QOLI; Lehman, 1988), and the Independent Living Skills Survey 

(ILSS; Wallace, Liberman, Tauber, & Wallace, 2000) were administered at every assessment 

occasion. Table 2 shows all measures that were administered and examined as outcomes as 

part of this study, baseline means (SD), and baseline to post-intervention (3-month 

assessment) change scores of the study sample. Cohen’s d is used to show the effect size of 

pre-to-post CCT+SE intervention change (small=0.2, medium=0.50, larger=0.80; Cohen, 

1992).

Cognitive performance was measured by an extended MATRICS Consensus Cognitive 

Battery (Nuechterlein et al., 2008). Measures of processing speed included: Trail Making 

Test (TMT), Part A, Brief Assessment of Cognition in Schizophrenia (BACS) Symbol-

Coding, Category Fluency. Measures attention/vigilance included: Continuous Performance 

Test—Identical Pairs (CPT-IP) and WAIS-III Digit Span Test. Measures of working memory 

included: WMS-III Spatial Span and University of Maryland (UM) Letter-Number Span. 

Measures of learning included: Hopkins Verbal Learning Test—Revised (HVLT-R) and 

Brief Visual Memory Test—Revised (BVMT-R). Measures of executive functioning 

included: Neuropsychological Assessment Battery (NAB) Mazes, Wisconsin Card Sorting 

Test 64-item version (WCST-64; Kongs et al., 2000), Part B of the Trail Making Test (TMT), 

and Letter Fluency (FAS). The Memory for Intentions Screening Test (MIST; Raskin, 2004) 

examined prospective memory.

Global Deficit Score—The Global Deficit score for each participant was calculated by 

converting the demographically-corrected T-score on each individual neuropsychological 

measure into a deficit score based on a five-point scale [T-score ≥40 = 0, no impairment; T-

score 35–39=1, mild impairment; T-score 30–34=2, mild-to-moderate impairment; T-score 

25–29=3, moderate impairment; T-score 20–24=4, moderate-to-severe impairment; T-score 

≤19=5, severe impairment (Blackstone et al., 2012; Carey et al., 2004; Heaton, Miller, 

Taylor,& Grant, 2004)]. The individual test deficit scores were then averaged to create a 

Global Deficit Score (GDS) for each individual. Previous studies have found that a GDS 

cutoff of ≥0.5 to indicate abnormal neuropsychological functioning yields the most optimal 

balance between sensitivity and specificity (Heaton et al., 2004).

Functional skills were measured by the UPSA (Patterson et al., 2001a), which is a 

performance-based assessment of everyday functioning capacity. It measures skill 

performance utilizing props and standardized role-play situations and allowed for the 

examination of subscales in the domains of communication and financial functioning. The 

SSPA (Patterson et al., 2001b) is a performance-based measure of social skills requiring 

role-plays of a neutral and adversarial social situation (i.e., introducing oneself to a new 

neighbor and calling a landlord regarding a leak that has gone unrepaired after a previous 

complaint). The Independent Living Skills Survey (ILSS; Wallace et al., 2000) was used to 

assess self-reported community integration and independence in activities (e.g., hygiene, 

finances, living situation, and social interactions). Finally, the Quality of Life Interview 
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(QOLI; Lehman, 1988) was used to assess objective indicators and subjective judgments of 

quality of life in several domains, including living situation, daily activities, family and 

social relationships, finances, employment, safety, and health. The question asking about 

satisfaction with life in general was used in these analyses. In addition to functional 

measures, the total number of weeks worked at a competitive job (i.e., job that makes at least 

minimum wage and is not set aside for someone with disabilities) was recorded for the 

duration of the study (up to 104 weeks).

Severity of positive and negative symptoms was assessed using the Positive and Negative 

Syndrome Scale (PANSS; Kay, Fiszbein, & Opler,1987), which included 30 items, each 

rated from 1 (for “absent”) to 7 (for “extremely severe”) designed to assess positive and 

negative symptoms and general psychopathology. Severity of depressive symptoms was 

measured with the 17-item Hamilton Depression Rating Scale (HAM-D; Hamilton, 1967).

Data Analyses

Hierarchical linear models (HLM) were conducted to examine whether age moderated the 

changes over time in cognitive, functional, and symptom severity measures for participants 

who received CCT+SE. Full information maximum likelihood estimation was used to 

account for missing data, allowing for all available data to be used for parameter estimates 

(Singer & Willet, 2003). The random effect of intercept for individuals was included in all 

models. The dummy-coded diagnostic group variable (mood disorder vs. schizophrenia-

spectrum disorder) was included as a covariate in all analyses. The use of HLM, full 

information maximum likelihood, and the inclusion of the diagnosis covariate represents 

best practice for estimating longitudinal relationships in a sample with selective attrition 

(Schafer & Graham, 2002), in that results will be less biased than other methods (e.g., 

listwise deletion or mean replacement).

The age and time variables were modeled as continuous parameters. The time variable 

included four time-points (baseline, and 3-month, 6-month, and 12-month follow-ups) for 

the cognitive variables and the UPSA and SSPA measures. For the QOLI, HAM-D, ILSS, 

and PANSS variables, the time variable included data at 18- and 24-month follow-ups in 

addition to the baseline through 12-month data. Prior to analyses, the data were transformed 

into a z-score metric so the resulting effect estimates were comparable.

Given the cumulative nature of the total weeks worked variable, a separate linear regression 

analysis was used to determine whether age, while controlling for diagnosis, predicted the 

total number of weeks worked while in the study. Given the non-normality of the total weeks 

worked variable, this variable was blom-transformed prior to analyses (Blom, 1958).

Results

Table 3 shows the estimates (standard errors) and r-values (small=0.10, medium=0.30, 

large=0.50; Cohen, 1992) for the main effects of time and age as well as the age by time 

interactions. There were significant main effects of time for TMT Part A and B, BVMT-R, 

HVLT-R, NAB Mazes, UPSA, and the Global Deficit Score such that on average, 

participants improved over time (p<.05). There were significant main effects of age for TMT 
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Parts A and B, BACS Symbol-Coding, Letter Fluency, Category Fluency, CPT-II, Letter-

Number Span, Spatial Span, BVMT, MIST, NAB Mazes, WCST-64, UPSA Financial 

subscale, and Global Deficit Score such that younger participants performed better than 

older participants (p<.05).

To examine whether age moderated changes over time, the age by time interactions were 

analyzed. Significant age by time interaction results are shown in Figure 2 using a median 

split of age (median age = 45 years old) to best display the differential trajectories. Category 

Fluency had a significant age by time interaction, β=−.280, t(42.10)=−2.764, p=.008, such 

that younger participants improved more over time, while older participants stayed the same 

or had slight decline. Similarly, on the Financial subscale of the UPSA, younger participants 

also improved over time while older participants were stable or had minimal decline, β=−.

194, t(54.02)=−2.214, p=.031. On the other hand, for the ILSS, older participants were 

relatively stable over time in self-reported daily functioning, while younger participants 

reported more decline, β=.118, t(109.77)=2.046, p=.043. On the PANSS Positive measure, 

older participants reported fewer positive symptoms and younger participants reported more 

positive symptoms over time, β=−.109, t(78.35)=−2.336, p=.022. There were also trends for 

older participants improving more on TMT, Part B (p=.096) and at a faster rate on the HVLT 

(p=.073) and reporting greater depressive symptom reduction on the HAM-D (p=.056), 

particularly from baseline to the 3-month follow up (post-test). The other cognitive, 

functional, and symptoms measures did not show differential change over time by age (p>.

05).

The results of the linear regression examining whether age predicted total weeks worked 

showed that after controlling for diagnosis, age did not significantly predict the number of 

weeks worked in participants who had compensatory cognitive training, β=−.167, t(63)=

−1.35, p=.181.

Discussion

Determining the characteristics of who is most likely to benefit from cognitive training is 

important to being able to adapt training programs to the individual in order to optimize 

cognitive performance, reduce symptom severity, and improve functional outcomes. The 

current study examined how age may impact the 12-month trajectories of cognitive change 

and 24-month trajectories of symptom and functional change following CCT in the context 

of supported employment.

While, as expected, there were a number of significant main effects of time and age, there 

were relatively few measures where age modified changes over time. In general, the results 

were mixed, such that younger adults showed statistically significant improvement on 

objective measures of verbal processing speed and financial capacity, whereas older 

participants demonstrated less severe positive symptoms and reported less decline in daily 

functioning. Older participants had trend level improvements on verbal learning and 

cognitive switching relative to younger participants and reported greater depressive 

symptom reduction.
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Specifically, regarding objective, performance-based cognitive and functional capacity 

measures, the trajectories of Category Fluency and UPSA financial performance were 

significantly impacted by age, with younger participants performing better over time. Of 

note, the Global Deficit Score had significant main effects of time and age such that over 

time, participants had fewer deficits and, on average, older participants had more deficits. 

However, age did not significantly impact the magnitude of reduction in global cognitive 

deficits following CCT. The finding for largely minimal effects of age on changes in 

cognition after cognitive training are in line with previous a meta-analysis, which did not 

show age to be a significant moderator of cognitive training benefit in schizophrenia (Wykes 

et al., 2011). The significant finding of greater benefit in younger participants on a verbal 

processing speed task is consistent with individual studies that show greater cognitive 

improvement in younger participants following cognitive training (McGurk & Mueser, 2008; 

Wykes et al., 2009). However, on a measure of verbal learning (HVLT-R) and cognitive 

switching (TMT, Part B), there were trend-level interactions (p<.1) such that older 

participants showed greater improvement over time. Regarding objective financial capacity, 

it is possible that younger participants had less experience with managing money, so by 

learning skills that are potentially important for financial capacity (e.g., planning, attention 

strategies) as well as gaining experience handling money (if they obtained work during the 

course of the study) they were able to improve more in the objective financial capacity 

domain while older participants remained fairly stable over time.

It is important to consider whether the age variable in this analysis is a proxy-variable for 

duration of illness. Previous work has shown that even after controlling for age, shorter 

duration of illness predicts greater improvement on several cognitive measures after 

cognitive remediation for schizophrenia, including measures of processing speed (Bowie et 

al., 2014b). On the other hand, the current findings are consistent with the work of Mueser 

and colleagues (2010), which demonstrated the importance of age and diagnosis to the 

cognitive and social functioning in a psychiatric population. Thus, there may be a 

neurobiological explanation for greater cognitive improvement in younger participants. 

Younger participants may benefit more from cognitive training as a result of greater neural 

plasticity potential relative to older participants (Fisher et al., 2014), and older participants 

may benefit less as a result of normal age-related cognitive slowing or poorer learning 

potential (Fernandez-Ballesteros et al., 2012; Wykes et al., 2009). However, it is important to 

note that age did not affect response to CCT for the majority of cognitive and functional 

capacity outcomes. Therefore, compensatory approaches to cognitive training may benefit 

both younger and older individuals, particularly on aspects of cognition that had a significant 

main effect of time (e.g., processing speed, learning, reasoning and cognitive set shifting).

Regarding self-reported functioning and symptom severity outcome measures, older 

participants reported fewer declines in daily functioning on the ILSS and greater reduction 

in positive symptom severity on the PANSS following CCT, and a trend toward greater 

reduction in depressive symptom severity. Although the current study used age as a 

continuous variable, the results are consistent with the findings of McGurk & Mueser 

(2008), who dichotomized age and demonstrated that younger participants with severe 

mental illnesses have more cognitive improvement following cognitive training, whereas 

older participants show greater symptom reduction. Further research is needed to determine 
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the mechanism of greater positive symptom reduction and trend toward depressive symptom 

reduction in older participants. However, it is possible that CCT provided strategies to 

improve prospective memory, which in turn, may improve real-world medication 

management and adherence. Thus, older participants who may have been more at-risk for 

forgetting their medications may remember to take their psychiatric medications more 

consistently after learning compensatory strategies (e.g., setting alarms, linking tasks, 

putting a pill box in an obvious place). Additionally, it is possible that older adults used 

cognitive flexibility skills to challenge and work through unusual experiences. Given the 

cognitive symptoms of depression, the trend for reduced depressive symptoms may be at 

least partially driven by the trend for improved cognition (verbal learning, switching). Future 

work should examine whether the changes in symptom severity following CCT+SE in older 

participants are the mechanism driving the greater improvement in self-reported daily 

functioning (ILSS).

Our study had the advantage of following participants who received CCT in the context of 

supported employment for up to two years post-study enrollment, which allowed for the 

modeling of longitudinal trajectories using hierarchical linear models. Thus, although 

implicit in these analyses are the baseline to post-intervention effects, our goal was to 

examine the long-term outcomes, or what happened after the intervention ends, and how age 

impacted these outcomes. Additionally, the current sample expanded on previous cognitive 

training literature by including a diverse range of diagnoses that was well-balanced between 

schizophrenia-spectrum and mood disorder participants.

Although there are a number of strengths of the study, there are also key limitations. 

Specifically, this analysis did not include a control group that did not receive CCT; therefore, 

it is difficult to discern what changes are directly related to the CCT and what changes may 

be better explained by practice effects. All participants also received supported employment, 

which may limit the interpretation of the findings as the additional support of the 

employment specialist may have contributed to improved cognition and/or symptoms. 

Additionally, because this was an exploratory study, a large number of dependent variables 

was examined in order to best understand how age impacts trajectories of these outcomes 

over 12- and 24-months, and we did not apply an alpha correction. Thus, our results should 

be considered preliminary until replicated.

The results of this study suggest that age had a relatively minor role in how it impacted the 

changes following CCT+SE. However, younger participants showed greater improvement 

over 12-months on objective measures of verbal processing speed and financial capacity. On 

the other hand, older participants showed greater positive symptom reduction and less 

decline in self-reported daily function over 24-months, with trends toward improved verbal 

learning, cognitive switching and depressive symptoms. Thus, while all participants 

improved on measures of processing speed, learning, reasoning and cognitive switching, 

there may be differential mechanisms for improvement for younger and older participants. 

Another question that remains is how compensatory cognitive training designed to target 

real-world functioning differs from other cognitive training platforms that use extensive 

practice of specific cognitive domains. The overall beneficial effects of CCT on older 

participants, especially in symptoms and functioning, raises the question of whether a 
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compensatory skills training approach might be more effective for older participants than 

one focusing on extensive practice of cognitive skills. Future work should examine the 

mechanisms of improvement and how duration of illness/neurobiological changes, reduction 

in symptom severity, and type of cognitive intervention (e.g., compensatory vs. restorative) 

may differentially affect cognitive outcomes for younger and older participants with severe 

mental illnesses.
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Figure 1. 
Number of CCT+SE participants retained at each study assessment.
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Figure 2. 
Age trajectories, using median split (young=less than 45 years old; old= 45 years old or 

older), of significant age x time interaction results. UPSA=University of California, San 

Diego Performance-Based Skills Assessment; PANSS=Positive and Negative Syndrome 

Scale; ILSS=Independent Living Skills Survey. Error bars=standard error of mean.
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Table 1

Descriptive characteristics (n=77)

Mean (SD) or % Range

Age, years 44.43 (11.27) 24–66

 20–29 years 11.7%

 30–39 years 23.4%

 40–49 years 23.4%

 50–59 years 39.0%

 60+ years 2.6%

Education, years 13.25 (2.70) 6–18

Male 55.8%

Racial/Ethnic minority status 40.3%

Diagnosis 59.7% Mood disorder
40.3% Schizophrenia-spectrum disorder

Duration of illness, years 23.68 (12.96) 0–58

Substance use in past year 28.4%

Premorbid IQ 104.43 (8.10) 72–118

CCT sessions 8.23 (4.88) 0–12 (median=12)

Total weeks worked 18.62 (30.03) 0–100

Completed study 76.6%

IQ=Intelligence quotient; CCT=Compensatory Cognitive Training; Total weeks worked=number of weeks worked at a competitive job throughout 
the entire study (104 weeks).
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Table 2

Baseline scores and pre-to-post intervention change

Test Mean (SD) (n=77) Range Post-pretest change (n=42) Cohen’s d

Cognitive

Trail Making Test, Part Aa 34.68 (13.81) 16–85 −3.78 −0.57

Trail Making Test, Part Ba 87.60 (50.64) 35–300 −7.71 −0.50

BACS Symbol-Coding 45.84 (11.10) 14–71 0.74 0.22

Letter Fluency 36.99 (12.21) 12–72 −0.76 −0.25

Category Fluency 20.70 (5.10) 11–36 −1.39 −0.64*

CPT-IP Mean 2.65 (0.81) 0.04–4.15 0.08 0.40

UM Letter Number Span 13.67 (3.71) 5–22 1.07 0.81*

WMS-III Spatial Span 15.38 (2.97) 9–22 −0.09 −0.09

BVMT-R Immediate recall 21.58 (7.15) 2–34 3.15 1.21*

HVLT-R Immediate recall 26.00 (4.90) 16–36 1.59 0.68*

MIST 35.57 (8.27) 9–48 1.71 0.46

NAB Mazes 15.71 (6.62) 2–26 0.93 0.42

WCST-64 Total Errorsa 20.27 (11.14) 6–49 −1.85 −0.44

Global Deficit Scorea 0.64 (0.65) 0–3.42 −0.04 −0.07

Functional Capacity

UPSA Total 79.16 (10.44) 43.94–100 2.38 0.51

Financial subscale 44.10 (4.61) 27.27–50 0.89 0.43

Communication subscale 35.07 (7.77) 5.56–50 1.49 0.37

SSPA Mean 4.41 (0.63) 2.19–4.94 −0.04 −0.17

ILSS Mean 0.78 (0.07) 0.55–0.92 0.03 0.83*

Quality of Life

QOLI-Life in General 4.00 (1.62) 1–7 0.37 0.50

Symptom Severity

HAM-Da 12.86 (6.94) 0–28 −1.27 −0.43

PANSS Positivea 12.29 (5.04) 7–27 −0.02 −0.01

PANSS Negativea 13.45 (5.12) 7–26 1.29 0.55

a
Denotes measures in which lower scores are better. Cohen’s d=the effect size of post-intervention (3-months) minus baseline change (small=0.20, 

medium=0.50, large=0.80; Cohen, 1992). The sample size of the change score (n=42) differs from that of the HLM analyses (n=77) due to list-wise 
deletion of the change score approach.

*
denotes significant change from baseline (p<.05).

BACS=Brief Assessment of Cognition in Schizophrenia; CPT-IP=Continuous Performance Test—Identical Pairs; UM=University of Maryland; 

WMS-III=Wechsler Memory Scale-3rd edition; BVMT-R=Brief Visual Memory Test-Revised; HVLT-R=Hopkins Verbal Learning Test-Revised; 
MIST=Memory for Intentions Screening Test; NAB=Neuropsychological Assessment Battery; WCST-64=Wisconsin Card Sorting Test 64-item 
version; UPSA=University of California, San Diego Performance-Based Skills Assessment; SSPA=Social Skills Performance Assessment; 
ILSS=Independent Living Skills Survey; QOLI=Quality of Life Interview; HAM-D=Hamilton Depression Rating Scale; PANSS=Positive and 
Negative Syndrome Scale
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