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Abstract

The cognitive deficits of schizophrenia have a profound impact on everyday functioning and level
of community integration for affected individuals. Cognitive training (CT) interventions may help
improve these impairments. We developed and pilot tested a 12-week, group based CT intervention
that focused on compensatory strategies and habit learning. Participants were randomly assigned to
CT plus standard pharmacotherapy or standard pharmacotherapy (SP) alone and were assessed at
baseline, three months (i.e., post-intervention), and at six months. Effect sizes were calculated
comparing change in the CT group with change in the SP group. CT had medium to large positive
effects on attention, learning, memory, executive functioning, functional capacity, negative
symptoms, and subjective quality of life. Most effects became stronger at follow-up, but the effect
on negative symptoms was not maintained. Immediately post-treatment, compared with SP subjects,
CT participants reported fewer cognitive problems and greater use of cognitive strategies; many of
these effects were maintained, but were generally weaker, at six-month follow-up. The initial effect
sizes for this compensatory CT intervention suggest that it holds promise for improving cognitive
performance, functional capacity, negative symptoms, and quality of life. It is proposed that CT
emphasizing habit learning may result in long term changes in ability to function independently in
the community.

There is little doubt regarding the importance of cognitive impairment in psychotic disorders
such as schizophrenia. The disease has previously been conceptualized as a psychiatric disorder
with concomitant cognitive deficits, but is now being recognized as a heurodevelopmental,
biobehavioral cognitive disorder that causes psychiatric symptoms (Gur et al., 1997; Heaton
et al., 2001; Heinrichs, 2005; Kurtz, 2005). The increasing awareness of the association
between cognition and everyday functioning in psychosis (Bellack et al., 1994; Bellack et al.,
1999; Green, 1996; Green & Nuechterlein, 1999; McGurk & Meltzer, 2000; Twamley et al.,
2002) has resulted in growing interest in treatments to improve cognition (Marder & Fenton,
2004). Thus far, the success of pharmacologic agents in improving cognition has been limited,
leading many researchers and clinicians to focus on cognitive training (CT) as a means for
improving cognitive functioning.

Studies of cognition in schizophrenia have identified neuropsychological deficits in almost

every domain, including preattentive abilities, attention, working memory, learning, memory,
conceptualization, organization, planning, self-monitoring, and flexibility of thinking (Heaton
etal., 2001, Saykin et al., 1991). The meta-analysis of Green and colleagues (2000) found that
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verbal learning and memory, immediate verbal memory, vigilance (i.e., sustained attention),
and executive functioning were especially important predictors of functional outcomes.

Can the cognitive impairments of psychosis be improved by training? CT has been used for
many years in the field of acquired brain injury (Cope, 1995; Goldstein, 1942; NIH Consensus
Conference, 1999; Wilson, 2002), so it makes sense that similar techniques could be applied
to the brain disorder of schizophrenia. The traumatic brain injury literature uses three
classifications for CT approaches — compensatory, restorative, and environmental — and these
have been applied to CT for schizophrenia as well (see Bellack et al., 1999; Spaulding et al.,
1998; Twamley et al., 2003). The compensatory approach aims to teach strategies that allow
clients to work around their cognitive deficits; restorative approaches aim to correct the deficits;
and environmental approaches aim to modify the environment to reduce cognitive demands.
Each approach has its pros and cons. Compensatory strategies can become lifelong habits to
help a person bypass his/her deficits, but the strategies must be initiated in the real world when
they are needed, and this does not always happen. The restorative approach may result in
improvements in cerebral functioning, but the extent to which these changes are possible and
lasting is not known. No studies have shown that the cognitive impairments of schizophrenia
can be eliminated by any available treatment, although some studies have shown normalization
and even superior performance on trained tasks (Fiszdon, Cardenas, Bryson, & Bell, 2005).
Environmental approaches appear to have very large effects (e.g., Velligan, et al., 2000), but
therapist involvement is extensive and may require long-term follow-up by the therapist
(although the environmental modifications may be maintainable by relatives, case managers,
Oor Supervisors).

Both the goals of CT and the types of outcomes measured have changed in the last decade.
Research on CT for schizophrenia initially examined effects of treatment on cognitive tests
only (e.g., the Wisconsin Card Sorting Test; see review by Kurtz et al., 2001), but it is now
moving in the direction of seeking effects on broader outcomes, such as symptoms, community
and social functioning, and quality of life (Twamley et al., 2003). It is now generally agreed
that improving cognition is not enough; the improvements in cognition must be shown to
generalize to these more distal outcomes for an intervention to be considered effective.
Particularly ambitious are the CT interventions geared toward improving functional outcomes
such as employment (Bell et al., 2001, 2003; Fiszdon et al., 2004; McGurk et al., 2005; Vauth
et al., 2005).

Our CT intervention focuses on compensatory strategies with some consumer-driven
environmental modifications, with the goal of making these strategies and modifications habits
in the real world. Habit learning, which relies on neostriatal pathways and does not require
declarative memory systems (Bayley et al., 2005; Knowlton et al., 1996), has been shown to
be intact in people with schizophrenia (Clare et al., 1993; Keri et al., 2005). Furthermore, habits
are particularly resistant to forgetting (Bayley et al., 2005). Our goal was to capitalize on the
strength of habit learning in schizophrenia to help clients form new habits in thinking, learning,
and problem-solving as a potential route to improving everyday functioning and, ultimately,
quality of life. Some of the strategies we teach are cognitively-mediated skills that many people
with psychotic disorders never developed when they were younger (e.g., using a calendar).
Thus, our goal was to make these skills habitual in order to increase autonomy and mastery.
There is a Chinese proverb that says, “Give a man a fish and you feed him for a day. Teach a
man to fish and you feed him for a lifetime.” Analogous to this idea in the CT intervention was
the belief that consumers could decrease their reliance on others (e.g., the family member who
calls to remind the person of every doctor’s appointment) and increase their independence (e.g.,
by remembering to check the calendar every day for appointments or other events).
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Our intervention focuses on four cognitive domains, in the following order: Prospective
Memory (i.e., remembering to remember); Attention and Vigilance; Learning and Memory;
and Executive Functioning (problem solving and cognitive flexibility). These domains were
selected based on their documented impairment in schizophrenia (Braff et al., 1991; Elvevag
et al., 2003; Gold et al., 1992; Gold et al., 2000; Goldberg et al., 1990; Heaton et al., 1994;
Kondel, 2002; Nuechterlein et al., 2004; Paulsen et al., 1995; Saykin et al., 1991; Shum et al.,
2004; Woods et al., 2007), their relevance for everyday functioning (Butters etal., 1998; Green
et al., 2000), and their potential modifiability. Stakeholders from various groups (e.g.,
consumers, caregivers, treating clinicians, and experts in cognitive training for schizophrenia
and brain injury) provided input regarding cognitive problems experienced in everyday life
and provided feedback during the development of the CT manual. For example, clients wanted
assistance with remembering people’s names, so a section on name learning was developed.
Table 1 presents examples of the everyday importance of each of the four domains and lists
strategies and habits addressed in CT.

The CT Intervention

Method

Participants

The CT intervention emphasizes teaching and practicing compensatory and environmental
strategies. The compensatory strategies trained are both internal (e.g., learning and
remembering information by using acronyms or visual imagery) and external (e.g., learning
and remembering information by writing it down in a place where it will be seen). Our CT
intervention is a 12 week, 2 hour per week, manualized group treatment. A short break divides
each session to reduce fatigue. The CT intervention was designed to be practical, portable, low-
tech, and engaging to clients. It is presented in an interactive, game-like format as much as
possible to maintain interest and attention. Homework assignments are designed to encourage
additional practice outside treatment sessions and generalization of strategies to the home
environment, but are not so complex as to be overwhelming to the subjects. The goal of CT
classes and homework assignments was to help clients develop new habits that would help
them with real-world cognitive functioning. CT was delivered in the clinic in a group format,
and all sessions were facilitated by two co-facilitators with groups of 4-6 participants.

In this article, we present an initial examination of the effect sizes from this ongoing trial. The
small sample size and the interim nature of the data precluded presentation of inferential
statistics.

Our randomized controlled trial compared CT plus standard pharmacotherapy with standard
pharmacotherapy alone. Thirty-eight participants completed a baseline assessment and at least
one follow-up evaluation. Four participants dropped out after their baseline assessment but
before randomization, 3 dropped out of the SP group, and 11 dropped out of the CT group. Of
the CT drop-outs, 7 dropped out after randomization but before the group started, and four
attended one or two CT sessions but did not return. One found the group setting too anxiety-
provoking, one felt he had no cognitive problems, one relapsed on alcohol and stopped coming
to the clinic entirely, and one discontinued his antipsychotic medication and had a symptom
exacerbation. The 18 drop-outs did not differ statistically from the 38 completers on age,
gender, ethnicity, diagnosis, duration of illness, antipsychotic dose, positive and negative
symptom severity, or premorbid 1Q, but drop-outs had significantly fewer years of formal
education (11.9) than did completers (13.2; t=2.73, df=54, p=.009).

The 38 participants were diagnosed with schizophrenia (47.4%), schizoaffective disorder
(47.4%), or another primary psychotic disorder (psychosis NOS or depression with psychotic
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features, 5.2%). Most were male (65.8%) and Caucasian (65.8%); the mean age was 48, and
the education level was 13. The participants were chronically ill (mean duration of illness was
25 years), and most were taking atypical antipsychotic medications only (76.3%), while 7.9%
were taking both atypical and typical antipsychotic medications, 7.9% were taking typicals
only, and 7.9% took no antipsychotic medication. A substantial proportion of the participants
were members of ethnic minority groups (13.2% Black; 13.2% Latino/Hispanic; 5.3% Asian;
2.6% mixed/other). Fourteen participants were randomly assigned to CT, and 24 participants
were assigned to SP. The CT and SP groups did not differ significantly at baseline on age,
education, gender, diagnosis, illness duration, antipsychotic dose, symptom severity, or
premorbid 1Q; however, Caucasians were overrepresented in the CT group and
underrepresented in the SP group (see Table 2).

The American National Adult Reading Test (ANART; Grober & Sliwinski, 1991) was
administered at baseline as an estimate of premorbid 1Q. All other measures were administered
at baseline (0 months), immediately following CT (3 months), and three months following the
end of treatment (6 months). Participants were administered neuropsychological tests in the
following cognitive domains targeted by the CT intervention:

1. Prospective Memory (Memory for Intentions Screening Test [MIST; Raskin,
unpublished]);

2. Attention (Digit Span Forward from the Wechsler Adult Intelligence Scale-Third
Edition [WAIS-I11; Wechsler, 1997]);

3. Verbal Learning (Hopkins Verbal Learning Test-Revised [HVLT-R; Benedict et al.,
1998] initial total recall);

4. Verbal Memory (HVLT-R [Benedict et al., 1998] percent retained); and

5. Executive Functioning (Wisconsin Card Sorting Test-64 card version [WCST-64;
Kongs et al., 2000]).

Participants were also administered neuropsychological tests in the following domains, which
were not targeted in the CT intervention:

1. Processing Speed (Digit Symbol subtest of the WAIS-I11; Wechsler, 1997);

2.  Working Memory (Letter Number Sequencing subtest of the WAIS-I11; Wechsler,
1997);

3. Language (Category Fluency [Benton & Hamsher, 1989]);

4. Visual Learning (Brief Visuospatial Memory Test-Revised [BVMT-R; Benedict,
1997] initial total recall); and

5. Visual Memory (BVMT-R [Benedict, 1997] percent retained).

Participants were also administered the University of California, San Diego Performance-
Based Skills Assessment (UPSA,; Patterson et al., 2001), a performance-based measure that
uses role-play scenarios to evaluate everyday functioning in five areas: Household Chores,
Communication, Finance, Transportation, and Planning Recreational Activities. This measure
predicts distal functional outcomes, such as level of independence in living situation
(Mausbach et al., 2007; Twamley et al., 2002). The Positive and Negative Syndrome Scale
(PANSS; Kay et al., 1987) assessed severity of positive and negative symptoms. The Quality
of Life Interview (QOLI; Lehman, 1988) was administered to measure subjective quality of
life. Participants also completed the Cognitive Problems and Strategies Assessment, an
unpublished self-report measure of perceived cognitive difficulties and use of cognitive

Am J Psychiatr Rehabil. Author manuscript; available in PMC 2009 February 5.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Twamley et al.

Analyses

Results

Page 5

strategies. At the post-treatment assessment, a standardized questionnaire was used to elicit
participant ratings of satisfaction with the CT intervention. Examiners were trained to a high
level of interrater reliability (ICC > .90) and were blind to group assignment.

Below, we present data on participant ratings of satisfaction with CT. We also calculated
Cohen’s d effect sizes (Cohen, 1988) to provide preliminary estimates of the magnitude of
effects in this ongoing trial. All effect sizes reported below compare the CT and SP participants
on 0-3 month change scores and 0-6 month change scores. Positive effect sizes indicate positive
effects of CT compared to SP. Below, we discuss only those effects in the medium range or
above (i.e., >.50; Cohen, 1988). Finally, we examined the percentage of participants who were
initially impaired in the targeted cognitive domains and in functional capacity who improved
to normal levels (i.e., within one standard deviation of the mean for healthy individuals)
following CT.

Initial analyses regarding satisfaction with the CT intervention show that it was well-received
by those who participated. CT completers (n=14) attended 81.3% of the sessions and rated the
intervention highly in terms of overall satisfaction (8.8 on a 1-10 scale), quality of instruction
(9.5), likelihood of recommending the class to others (9.0), and feeling personally helped by
the class as a whole (8.4) and within the four modules (8.8 for Prospective Memory and
Executive Functioning, 8.6 for Attention and Vigilance, and 8.1 for Learning and Memory).

Effects of CT on Targeted Cognitive Domains

When examining the effects of the CT intervention on the targeted cognitive domains at 3
months, CT showed a medium effect only on verbal memory (HVLT-R percent retained; see
Table 3). This effect was not maintained at 6 months, but new improvements were noted at 6
months among CT participants on several of the targeted domains. There was a medium effect
of CT on verbal learning (HVLT-R recall total) and executive functioning (WCST-64 total
correct). A large effect size was noted for attention (Digit Span forward). Of the CT participants
who were impaired at baseline on any of these domains, 50% or greater improved their
performance to normal levels within the domains of attention, verbal learning, verbal memory,
and executive functioning.

Effects of CT on Non-targeted Cognitive Domains

Among the non-targeted cognitive domains, CT showed a large effect on visual memory
(BVMT-R percent retained), but this effect was not maintained at the 6 month follow-up
evaluation (see Table 3).

Effects of CT on Functional Capacity

The effect of CT on the measure of functional capacity (UPSA total and subscales) was
variable. CT had moderate effects on the UPSA total, as well as the Household Chores subscale,
both of which increased to a large effect at 6 months. A medium effect of CT on the
Communication subscale emerged at 6 months (see Table 3). At least 50% of CT participants
who were impaired on the UPSA subscales at baseline improved to normal levels following
CT on UPSA Communication, Finance, Transportation, and Planning Recreational Activities.
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Effects of CT on Positive and Negative Symptom Severity and Quality of Life

There was no effect of CT on positive symptoms, but CT had a large effect on negative
symptoms at 3 months, which was not maintained at 6 months. The medium effect of CT on
subjective quality of life at 3 months became a large effect at 6 months (see Table 3).

Effects of CT on Self-Reported Cognitive Problems and Strategy Use

At 3 months, CT had medium effects on self-reported difficulties with general cognitive
functioning (see Table 3), including memory (d=.51), learning (d=.60), and a large effect on
perseveration (d=.92). At 6 months, the effects on perseveration (d=.59) and learning (d=.82)
were maintained, and a medium effect on self-reported memory retrieval problems emerged
(d=.55). CT had multiple positive effects on participants’ self-reported use of strategies to
compensate for cognitive difficulties (see Table 3). Specifically, at the 3-month evaluation, CT
showed medium effects on several strategies, including writing things down (d=.71), using
mental imagery (d=.69), categorization (d=.50), paraphrasing (d=.52), hypothesis testing (d=.
59), and set switching (d=.65). There were large effects on additional strategies, including
using a calendar (d=1.59), making lists (d=1.01), overlearning (d=.94), making eye contact
(d=.97), asking questions (d=.1.06), using a daily schedule (d=1.14), and keeping things in the
same place so they will be found later (“a place for everything, and everything in its place”;
d=.87). Large effects were maintained at 6 months on calendar use (d=1.19), making eye
contact (d=.85), creating a place for everything (d=.87), and set switching (d=.90).
Additionally, medium effects were maintained for using mental imagery (d=.55), asking
questions (d=.76), brainstorming (d=.62), and self-monitoring (d=.62). A medium effect also
emerged at 6 months for using a problem-solving method (d=.50).

The following quotes from clients help illustrate how they applied the CT strategies in their
daily lives:

B “My calendar helps me to mark off my morning pills — I can check to see that | took
them.”

B “[The calendar] gives me peace of mind. | make notes to myself about ordering
prescriptions and household duties.”

B “I went from not checking my sugars daily (maybe every other day or | would skip a
few days) to checking every day or twice a day. | write my sugar levels down in my
calendar.”

B “Paraphrasing makes my conversations more interesting. Normally | would just say,
‘Is that right?” but now I’m a more active participant.”

B “I love the overlearning strategy to remember names. | made flashcards for each new
person | met at my AA meetings. On the back of the card, I’ll write down their phone
number and personal details. I’m meeting more people and socializing with them. I’'m
having a social life outside of my addiction for the first time in two and a half years.”

B “Self talk is a learning tool. It’s not like talking back to voices. If you do it for
instructions or a task, it’s normal.”

Discussion

The goal of this study was to assess whether a compensatory CT intervention, focusing on
strategy and habit learning, could help participants with psychosis improve their cognitive and
functional performance. We examined the effects of CT on the participants’ neurocognitive
test performance in both targeted and non-targeted domains, and functional capacity measures
immediately following the intervention (3 months after baseline) and three months following
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the end of the intervention (6 months after baseline). Additionally, we examined participants’
clinical symptoms, subjective ratings of their quality of life, their self-perceived cognitive
difficulties, and the compensatory strategies they reported using. The intervention was feasible
to deliver and was well-attended and well-received by participants who completed it.

Not surprisingly, the effects of CT on the targeted cognitive domains were greater than those
on non-targeted cognitive domains. The positive effects of CT extended beyond cognition,
however; functional capacity, as measured by the UPSA, and subjective quality of life also
improved and were maintained at follow-up. CT-associated improvements in cognition,
functional capacity, and quality of life generally increased during the follow-up period,
indicating that CT participants showed increasing benefit over time. A substantial proportion
of initially impaired participants were able to improve their cognitive or UPSA scores to within
normal levels of performance following the intervention. Although CT targeted specific
cognitive domains (i.e., prospective memory, attention, verbal learning and memory, and
executive functioning), none of the cognitive tests used as outcome measures, nor the UPSA,
is used during the intervention (i.e., the intervention does not train to the test). Therefore, the
positive effects of CT are reflecting a generalization of training. However, it is not known if
the benefits of CT can be sustained longer than three months following the intervention.

CT showed an impressive effect on negative symptom severity immediately following the
intervention, but not at follow-up. The CT sessions provided an opportunity for participants to
have social interaction and group support, and the lack of sessions during the follow-up could
have contributed to the attenuated effect on negative symptom severity.

Compared with SP participants, CT participants also reported decreases in cognitive problems
and increases in cognitive strategy use following the intervention. In contrast with the effects
on cognition, functional capacity, and quality of life, the effects on self-reported cognitive
problems and strategy use were generally stronger immediately post-treatment. This pattern
suggests that some consumers may not develop new cognitive habits easily or may need more
continual prompting to use their strategies. As Ritch et al. (2007) point out, we should not
always expect psychosocial treatment gains to last beyond treatment for all clients; continued
treatment may be necessary, just as continued pharmacological treatment is necessary.
Although the treatment effects were somewhat attenuated at follow-up, many strategies were
maintained during the follow-up period, even without booster sessions. It is our hope that these
strategies became long-term habits.

Itis difficult to know whether the effects of CT represent the attenuation of deficits or increased
ability to compensate for them. However, because our CT intervention does not use any drills,
we believe it unlikely that the intervention is correcting underlying cognitive deficits.
Compensatory strategies may generalize better to real-world situations because they become
part of a person’s way of interacting with the world. Velligan’s group investigated a medication
adherence intervention using compensatory and environmental strategies, and found that
medication adherence gains were maintained during a six-month, no-contact follow-up (Ritch
et al., 2007). These types of results show that compensatory and environmental strategies can
effect long-term change in cognitively-mediated behaviors.

Although the current study demonstrated some exciting findings, it is not without limitations.
The sample size was small, with a high drop out rate among the CT participants and
overrepresentation of Caucasians among CT completers, all of which limit the generalizability
of our findings. Furthermore, this is an ongoing study, so inferential statistics were not
computed. However, the positive effect sizes we found encourage us to continue investigating
this CT intervention. If these and similar results hold with larger samples, they will support
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the idea that habit learning can result in long term changes in instrumental activities of daily
living that are necessary for independence in living and community integration.
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Cognitive Impairments in Schizophrenia, Functional Outcomes, and Cognitive Training Strategies

Targeted Domain

Importance for Everyday Functioning (Work,
School, Independent Living)

Specific Compensatory Strategies and Habits in
Cognitive Training

Prospective Memory . Remembering to go to work or school 1 Daily calendar use
. Remembering to take medications 2 To-do lists and prioritizing tasks
. . 3 Linking tasks or using “can’t miss
* Remembering to tum in school reminders” to remember tasks
assignments
. Remembering to do assigned tasks at
work in response to cues
Attention and Vigilance . Paying attention to communications from 1 Conversational vigilance skills
supervisors and coworkers (reduce distractions, eye contact,
. Lo . paraphrasing, and asking questions)
. Maintaining attention in class or while
studying 2 Task vigilance skills (paraphrase
L . instructions, use self-talk during tasks
. Maintaining attention to work tasks or to maintain focus)
household projects without getting
distracted
Learning and Memory . Learning and remembering work tasks 1 Encoding strategies (write things
down, paraphrasing/repetition,
. Learning novel information in school or association, chunking, categorizing,
vocational training acronyms, rhymes, visual imagery,
name-learning strategies)
. Learning and remembering names of
supervisors and coworkers 2 Retrieval strategies (systematic
searching) and organizational
strategies for general learning and
memory
Executive Functioning . Problem solving and coping with 1 6-step problem solving method
(Problem Solving and unexpected situations on the job or in (define problem, brainstorm solutions,
Cognitive Flexibility) vocational training, or at home evaluate solutions systematically,
i select a solution, try it, evaluate how
. Being able to balance demands of work/ it worked)
school with home/family needs
Lo . . 2 Self-talk while solving problems
. Thinking flexibly and self-monitoring
performance at work 3 Hypothesis testing
4 Self-monitoring
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Effects of Cognitive Training on Outcome Measures
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Measure

Cohen’s d at 3 months

Cohen’s d at 6 months

Percent normalized

Targeted Cognitive Domains

Prospective memory (MIST summary score) 22 47 29%
Attention/Vigilance (Digit Span forward) 49 1.00 100%
Verbal learning (HVLT-R recall total) .38 .67 67%
Verbal memory (HVLT-R percent retained) .61 .04 50%
Executive functioning (WCST-64 total correct) A7 .79 83%
Non-targeted Cognitive Domains
Processing speed (Digit Symbol) -.16 -41 -
Working memory (Letter Number Sequencing) -.16 -31 -
Language (AFV total correct) .15 -.01 -
Visual learning (BVMT-R learning) -.86 -23 -
Visual memory (BVMT-R percent retained) 97 .25 -
Functional Capacity
UPSA Household Chores .62 .94 49%
UPSA Communication 48 .57 63%
UPSA Finance .03 -.04 75%
UPSA Transportation .09 21 50%
UPSA Planning Recreational Activities -.18 -.18 89%
UPSA Total score .67 .89 33%
Symptoms
PANSS positive symptoms -.04 12 -
PANSS negative symptoms .93 A7 --
Quality of Life
QOLI global satisfaction .52 .84 -
Cognitive Problems and Strategies Assessment
Mean, cognitive problems .67 40 -
Mean, cognitive strategies 1.27 1.06 -
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