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Pupillary responses as a biomarker of diminished effort 
associated with defeatist attitudes and negative symptoms in 
schizophrenia

Dr. Eric Granholm1,2, Mr. Ivan Ruiz1, Dr. Yuliana Gallegos-Rodriguez1, Dr. Jason Holden1, 
and Mr. Peter C. Link1

1VA San Diego Healthcare System

2Department of Psychiatry, University of California, San Diego

Abstract

Background—The hypothesis that defeatist performance attitudes are associated with decreased 

goal-directed task effort and negative symptoms in consumers with schizophrenia was investigated 

by using pupillary responses as a biomarker of task effort. Pupillary dilation during cognitive tasks 

provides a biomarker of effort devoted to the task, with greater dilation indicating greater effort.

Methods—Defeatist attitudes were assessed in 149 consumers with schizophrenia or 

schizoaffective disorder and 50 healthy controls, and consumers were divided into three groups 

(tertile split) with respect to severity of defeatist attitudes. Pupillary dilation responses were 

recorded during a digit-span task with 3-, 6-, and 9-digit spans.

Results—Effort allocation (pupillary responses) to the task increased as the processing load 

increased from low (3-digits) to moderate (6-digits) demands in healthy controls and consumers 

with schizophrenia with mild and moderate severity of defeatist attitudes. In contrast, consumers 

with severe defeatist attitudes did not increase their effort when processing demands increased 

from low to moderate loads and these consumers showed significantly less effort in the 6-digit 

condition relative to consumers with mild defeatist attitudes. Moreover, consumers with severe 

defeatist attitudes showed significantly greater severity of negative symptoms relative to 

consumers with mild defeatist attitudes and negative symptoms were significantly correlated with 

defeatist attitudes.

Conclusions—These results suggest a relationship between defeatist performance attitudes, 

goal-directed task effort indexed by pupillary responses, and negative symptoms in schizophrenia. 
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The findings have implications for using cognitive therapy to reduce defeatist attitudes that may 

contribute to diminished effort and negative symptoms in schizophrenia.

Keywords

Schizophrenia; Pupillometry; Effort; Negative Symptoms; Dysfunctional Attitudes; Motivation

Introduction

Negative symptoms account for much of the poor functional outcome in schizophrenia and 

are an unmet treatment need in a large proportion of patients (1). Negative symptoms consist 

of: 1) internal experiences, including apathy, amotivation, asociality and anhedonia; and 2) 

expressive behaviors, including blunted affect and alogia. In a promising recent theoretical 

model, Beck and colleagues (2–4) applied the generic cognitive model to schizophrenia and 

proposed that dysfunctional attitudes like defeatist performance beliefs (e.g., “Why bother 

trying, I always fail,” “It’s not worth the effort”) may contribute to negative symptoms in 

schizophrenia. In their model, negative appraisals about one’s self and one’s ability to 

perform goal-directed tasks contribute to negative symptoms, as well as a lack of 

engagement in goal-directed functioning tasks. Rector et al. (4) proposed that defeatist 

performance beliefs about the personal costs of applying energy can lead to passivity and 

avoidance of activities that require effort, as a defense against anticipated failure and 

negative evaluations by others.

Similarly, in social learning and self-efficacy theories of motivation in healthy individuals (5, 

6), self-competency beliefs are central to motivation to engage in goal-directed activities and 

willingness to expend effort when tasks become more difficult. People who expect to 

succeed are more willing to try new tasks, choose harder tasks, and expend more effort (6, 

7). Consistent with this model, several researchers (3, 4, 8–12) have found that consumers 

with schizophrenia have found that greater severity of defeatist beliefs is associated with 

greater severity of negative symptoms and (less consistently) poorer functioning.

The present study tested this model’s prediction that greater severity of defeatist 

performance beliefs are associated with diminished effort toward goal-directed tasks in 

consumers with schizophrenia. Defeatist performance beliefs were assessed and pupillary 

responses were used as a biomarker of the extent of effort allocated to a digit span recall task 

in consumers with schizophrenia and healthy controls. Pupillary responses have been shown 

to be a reliable and sensitive psychophysiological index of the amount of effort allocated 

during performance of a variety of cognitive tasks (13, 14). In numerous studies, pupil size 

recorded during cognitive tasks has been found to increase in response to increased task 

demands, regardless of the putative cognitive domain examined (e.g., memory, language, 

reasoning). For instance, Granholm and colleagues (15, 16) showed that pupillary responses 

recorded during a digit span recall task increased systematically with increased task 

demands (longer spans) in healthy controls and consumers with schizophrenia, until task 

demands (span length) exceeded abilities and expectations for success (e.g., >7 digits), when 

pupil size decreased. Further, consumers with schizophrenia showed decreased task effort 
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(decline in pupil dilation) at lower task demands (shorter span lengths) than healthy controls 

(16).

These findings reflect the often complex interactions between task and operator in terms of 

resource allocation response to changing task demands (17, 18). As demands exceed 

expectations for success, participants decide the additional effort required to perform a task 

is no longer “worth it” in terms of the expected probability of success and reward. Possibly 

due to defeatist performance beliefs, participants with schizophrenia decided it was no 

longer worth it to continue allocating effort to the digit span task at lower demands relative 

to healthy controls. In another study (19), consumers with schizophrenia again showed less 

effort allocation (smaller pupil dilation) at higher task demands during the span of 

apprehension task, and less effort allocation was associated with greater severity of negative 

symptoms.

Based on these previous findings and the Beck model of negative symptoms, we 

hypothesized that consumers with schizophrenia would show greater severity of defeatist 

performance beliefs and smaller pupillary responses (less effort) relative to healthy controls 

on the digit span task, and that greater severity of defeatist attitudes would be associated 

with both smaller pupillary responses to increasing task demands and greater severity of 

negative symptoms. We also hypothesized that the relationship between defeatist attitudes 

and effort allocation would not be linear. Prior studies found only modest correlations 

between defeatist attitudes and motivational negative symptoms (r’s=.19–.28 (9–12)), 

suggesting only a weak linear relationship. It is possible that incremental increases in 

defeatist attitudes are not linked to incremental reductions in effort, especially at low levels 

of defeatist attitude severity. For example, individuals with minimal defeatist attitudes might 

allocate minimal effort at low task demands, because they are confident they can succeed 

without trying hard, whereas individuals with moderate defeatist attitudes might allocate 

greater effort, because they have doubts about their ability to succeed unless they try harder 

(e.g., compensatory effort). In contrast, individuals with severe defeatist attitudes, may be so 

hopeless about their ability to perform that they give up with only moderate increases in task 

demands. Thus, effort allocation may be unrelated to defeatist attitudes at lower levels of 

severity or may even increase from mild to moderate severity, and then decrease when 

attitudes become more severe (i.e., follow an inverted-U shaped function). A large sample 

(N=149) of consumers was included in the present study and divided into three groups based 

on a tertile split to examine subgroup effects and capture possible curvilinear relationships.

Methods and Materials

Participants

Participants included 149 consumers with schizophrenia (N=119) or schizoaffective disorder 

(N=30) and 50 healthy controls. Consumers were enrolled in randomized clinical trials of a 

nine-month group psychosocial intervention to improve functional outcome in schizophrenia 

(20, 21). Data reported in this study were collected at the baseline evaluation in these clinical 

trials, prior to any treatment. Consumers were recruited from outpatient clinics, residential 

and drop-in/clubhouse settings throughout San Diego County. Healthy controls were 

recruited through flyers and advertisements. Inclusion criteria were: 1) Age 18 or older; 2) 
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diagnosis of schizophrenia or schizoaffective disorder based on the Structured Clinical 

Interview for DSM-IV (22), or for healthy controls, no past or current anxiety, mood or 

psychotic disorders based on the Non-Patient SCID; and 3) capacity to consent. Participants 

in both groups were excluded for: 1) Alcohol or substance dependence diagnosis (DSM-IV 
criteria) other than nicotine or caffeine in the past 6 months; 2) ocular medications, injury, 

diseases or surgery that might affect pupil function; or 3) level of care required at baseline 

that would interfere with participation in outpatient therapy groups in the parent clinical 

trial. All but 10 consumers reported taking antipsychotic medications, and the mean 

chlorpromazine equivalent (23) dose for the sample was 791(SD=617). In addition, 53 

(37%) reported taking anticholinergic medications, and 103 (71%) reported other 

psychotropic medications. Table 1 shows the sample demographics.

Measures

Defeatist Performance Attitudes—The Defeatist Performance Attitude Scale (DPAS) is 

a 15-item self-report subscale derived from factor analysis (24) of the commonly-used 

Dysfunctional Attitude Scale (25). The DPAS indexes endorsement of defeatist attitudes 

about one’s ability to perform goal-directed tasks (e.g., “If you cannot do something well, 

there is little point in doing it at all,” “People will probably think less of me if I make 

mistakes and fail”). Items are rated on a 1–7 Likert scale with higher scores indicating 

greater severity.

Clinical Symptom Measures—The Positive and Negative Syndrome Scale (PANSS) 

(26) and Scale for the Assessment of Negative Symptoms (SANS) (27) were administered. 

Based on factor analytic studies of the SANS (28–30), two negative symptom factors were 

derived: Diminished Expression (sum of items 1–5, 7, 9, 11, and 12) and Diminished 

Motivation (sum of items 14–16, and 18–21). Inter-rater reliability (interclass correlation) 

was .88 for PANSS total, .87 for PANSS positive, .83 for SANS total.

Digit Span Task—Pupillary responses were recorded while random digit spans of 3 (low 

load), 6 (moderate/near capacity load), and 9 (high/overload) digits were presented aurally at 

the rate of one digit per second. A laptop computer was used to present stimuli. Participants 

heard “ready” one second before the first digit and “repeat” one second after the last digit. 

The experimenter manually initiated pupillary response recording by pressing a button on 

the pupillometer when the word “ready” was presented. Participants completed 3, then 6, 

then 9 digit trials in blocks of two trials per condition (6 trials total), but additional trials 

were administered to replace trials judged to have excessive artifacts in a graphic display on 

the device, until two trials that appeared valid were recorded or four trials were attempted 

per digit span condition. The percentage of digits recalled in correct sequence was recorded.

Apparatus

A handheld NeurOptics PLR-100 pupillometer was used to record pupil diameter from the 

participant’s right eye at 10 Hz for up to 10 seconds, while participants viewed a gray dot on 

a white light background (~200 lux) inside in a viewing tube. The device was the size of a 

television remote with recording optics inside one end of a 1.5-inch viewing tube that 

surrounds the eye. Ambient light is blocked by the viewing tube and the participant closed 
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and held their hand over their other eye. Resolution of the device was excellent (mean 

error=.052mm; 99% CI=.048–.056; NeurOptics data, N=655). Given that most pupillary 

activity occurs with a frequency of less than 5 Hz, the sampling rate of 10 Hz was sufficient 

to provide appropriate pupillary response recordings and the study demonstrates the utility 

of this convenient handheld device for capturing cognitive effort allocation.

Data Reduction

A computer algorithm was used to remove blinks and artifacts (identified as large changes in 

diameter outside the possible rate of change) from digitized pupillary response waveforms 

(diameter samples in mm over time) and discarded data were replaced using linear 

interpolation. A trained technician also visually inspected raw and corrected graphic displays 

of pupil waveforms to verify artifact removal and dropped trials. Trials were discarded 

(<3%, see Supplementary Materials) if more than 50% of the trial waveform was comprised 

of artifacts. Cleaned trials were then averaged within each digit span condition and pupil 

diameter samples were averaged for each second of recording (10 per second), which 

corresponds to the presentation of digits at one-second intervals. Baseline pupil size (average 

of samples 4–7) at the start of each trial was then subtracted from pupil size at each second 

(each digit), to remove individual differences in pupil size. We did not use the first three 

samples as baseline, because participants often blinked in response to the onset of the light 

at the start of the trial. We selected samples at the time of the pupil light constriction reflex 

to control for possible individual differences in light constriction responses, although the 

groups did not differ significantly in light reflex constriction amplitude (the difference 

between the average of the first two samples and minimum diameter at the time of the light 

reaction) (group: F(3,194)=0.36, p=.785, η2
partial=.005; group X digit-span condition: 

F(6,388)=1.68, p=.126, η2
partial=.025). The primary dependent variable was pupillary 

response (change relative to baseline) at the last digit presented (at 4 s for 3-digit; 7 s for 6-

digit; 10 s for 9-digit spans).

Statistical Analyses

A tertile split on DPAS scores was used to divide the schizophrenia sample into mild 

(DPAS<=45), moderate (45<DPAS<=59) and severe (DPAS>59) defeatist performance 

attitudes. The three DPAS subgroups did not differ significantly on any demographic or 

medication variable. A 4 group (3 DPAS subgroups and healthy controls) X 3 digit-span 

condition (3-, 6-, 9-digits) repeated measures analysis of variance (rmANOVA) was used to 

test differences between groups in pupillary responses and performance, one-way ANOVA 

was used to test for group differences within digit-span conditions, and Tukey’s HSD test 

was used for pairwise group comparisons to control Type I error. One-way ANOVAs were 

used to test whether the three DPAS groups differed significantly in clinical symptoms, and 

Pearson’s correlations examined the relationships between symptom variables, DPAS total, 

pupillary responses and recall accuracy. Alpha was p<.05, two-tailed.
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Results

Defeatist Attitudes, Effort and Performance

Pupillary response waveforms are shown in Figure 1. The light onset at the start of the trial 

triggered a pupil constriction reflex, followed by systematic increase in pupil diameter with 

each digit presented. Figure 2 shows pupillary responses at the time the last digit was 

presented in each digit-span condition for healthy controls and consumers with 

schizophrenia in each DPAS group. Pupil dilation increased as the processing load increased 

from low (3-digits) to moderate/near-capacity (6-digits) demands, and then declined in the 

high/overload (9-digit) condition in healthy controls and consumers mild and moderate 

defeatist attitude severity. In contrast, consumers with severe defeatist attitudes did not 

increase effort allocation when processing demands increased from low to moderate loads.

These observations were confirmed in the rmANOVA, which showed significant effects for 

group (F(3,195)=11.48, p<.001, η2
partial=.15), digit-span condition (F(2,390)=28.78, p<.001, 

η2
partial=.13) and their interaction (F(6,390)=2.25, p=.038, η2

partial=.03). One-way ANOVAs 

showed statistically significant group effects within the 3-digit, F(3,195)=6.64, p<.001, 

η2
partial=.09, 6-digit, F(3,195)=13.97, p<.001, η2

partial=.18, and 9-digit, F(3,195)=5.65, p=.

001, η2
partial=.08, conditions. Controls showed significantly greater pupillary responses 

relative to all three defeatist attitude groups in all three digit-span conditions (for 3-, 6- and 

9-digits, Mild: d’s = .57, .73, .56; Moderate: d’s = .71, .89, .66; Severe: d’s = .82, 1.27, .74). 

Consumers with severe defeatist performance attitudes showed significantly smaller 

pupillary responses than consumers with mild defeatist attitudes in the 6-digit condition (p=.

040, d=.54), but not in the 3-digit (d=.26) or 9-digit condition (d=.19). Consumers with 

moderate defeatist attitudes did not differ significantly from consumers with mild or severe 

defeatist attitudes in any digit-span condition (for 3-, 6- and 9-digits, Mild: d’s = −.14, −.15, 

−.10; Severe: d’s = .12, .38, .08). Defeatist attitudes were not significantly correlated with 

pupillary responses in the total schizophrenia sample (N=149; 3-digit: r=−.09; 6-digit: r=−.

16; 9-digit: r=−.05), or in healthy controls (N=50; 3-digit: r = −.04; 6-digit r = −.07; 9-digit: 

r = −.10). In the combined sample of consumers with schizophrenia and controls, the 

correlation between pupillary responses and recall performance was not significant in the 3-

digit condition (r=.09), but was significant in the 6-digit (r=.24, p=.001), and 9-digit (r=.27, 

p<.001) conditions.

Figure 3 shows recall accuracy. The rmANOVA showed significant effects for group 

(F(3,192)=11.58, p<.001, η2
partial=.15), digit-span condition (F(2,384)=823.62, p<.001, 

η2
partial=.81) and their interaction (F(6,384)=2.76, p=.012, η2

partial=.04). One-way ANOVAs 

showed that the groups differed significantly in the 6-digit, F(3,194)=7.08, p<.001, 

η2
partial=.10, and 9-digit, F(3,192)=14.04, p<.001, η2

partial=.18, conditions, but not the 3-

digit condition, F(3,194)=2.24, p=.085, η2
partial=.03. Controls showed significantly greater 

recall accuracy relative to all three DPAS groups in the 6- and 9-digit conditions (Mild: d=.

59; .83; Moderate: d=.66, 1.06; Severe: d=.89, 1.19). Recall accuracy for consumers with 

mild defeatist attitudes did not differ significantly from the moderate or severe group in the 

6- or 9-digit conditions (Moderate: d=.06; .24; Severe: d=.30, .36), and the moderate and 

severe groups also did not differ significantly (d=.23; .12). Defeatist attitudes were not 
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significantly correlated with recall accuracy in the total schizophrenia sample (N=149; 3-

digit: r=−.01; 6-digit: r=−.11; 9-digit: r=−.16).

Defeatist Attitudes and Clinical Symptoms

DPAS groups differed significantly in SANS Diminished Expression (F(2,143)=5.21, p=.

007, η2
partial=.07) and SANS Diminished Motivation (F(2,143)=3.46, p=.034, η2

partial=.05). 

Mean SANS factor scores are shown in Figure 3 for each DPAS group. For SANS 

Diminished Expression, significant differences were found between the mild and severe (p=.

005, d=.64) DPAS groups, but not between mild and moderate (p=.079, d=.44) nor between 

moderate and severe groups (p=.568, d=.21). For SANS Diminished Motivation, significant 

differences were again found between mild and severe DPAS groups (p=.030, d=.52), but 

not between mild and moderate (p=.693, d=.16) or moderate and severe (p=.180, d=.36) 

DPAS groups. Greater severity of defeatist attitudes (DPAS total) was significantly 

correlated with greater severity of SANS Diminished Expression (r=.28, p=.001) and SANS 

Diminished Motivation (r=.23, p=.006). Finally, pupillary responses were not significantly 

correlated with SANS Diminished Expression (3-digit: r=−.06; 6-digit: r=−.12; 9-digit: r=−.

04), or Diminished Motivation (3-digit: r=−.07; 6-digit: r=−.06; 9-digit: r=−.013).

Discussion

This study examined associations between defeatist performance attitudes, goal-directed task 

effort and negative symptoms in consumers with schizophrenia. Effort allocation to a digit 

span recall task was objectively indexed by measuring pupillary dilation responses to the 

task, with greater dilation indicating greater task-devoted effort. Relative to healthy controls, 

consumers with schizophrenia showed significantly greater severity of defeatist performance 

attitudes and overall less effort (smaller pupillary responses) allocated to the task. Moreover, 

as in previous studies (15,16), healthy controls and consumers with mild to moderate 

severity of defeatist attitudes showed increased effort allocation as the processing load 

increased from low to moderate task demands, until task demands exceeded capacity limits, 

when they disengaged and stopped allocating effort in the high/overload condition. In 

contrast, consumers with severe defeatist attitudes did not increase effort allocation when 

processing demands increased from low to moderate loads and showed significantly less 

dilation in the moderate load condition relative to consumers with mild defeatist attitudes. 

This subgroup with severe defeatist attitudes also showed significantly greater severity of 

negative symptoms relative to consumers with mild defeatist attitudes, and negative 

symptoms were significantly correlated with severity of defeatist performance attitudes. 

These associations between defeatist attitudes, effort and negative symptoms were 

independent of depression severity and positive symptom severity (see Supplementary 

Materials). These results suggest a relationship between defeatist performance attitudes, 

goal-directed task effort and negative symptom severity in schizophrenia.

The results are consistent with a promising recent model of negative symptoms proposed by 

Beck and colleagues (2–4), as well as general motivation models, in which self-efficacy 

beliefs and expectations for success and reward play an important role in goal-directed task 

engagement (6,31,32). The present study established the crucial link between severe 
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defeatist attitudes and deficient goal-directed task effort. Consumers with the most severe 

defeatist performance attitudes showed the least goal-directed task effort and the most severe 

negative symptoms, suggesting defeatist performance beliefs and negative expectations for 

success and pleasure may contribute to the avoidance of effortful constructive and 

pleasurable activities in consumers with schizophrenia (3).

The correlation between DPAS scores and pupillary responses was weak and nonsignificant, 

but consumers with severe defeatist attitudes showed significantly smaller pupillary 

responses relative to consumers with mild defeatist attitudes in the 6-digit condition. These 

findings suggest a non-linear relationship, such that increments in severity of defeatist 

beliefs were not associated with proportional decrements in effort. Rather, only after a 

threshold level of severity of defeatist attitudes was reached, consumers were more likely to 

give up and disengage when challenged by increasing task difficulty. This finding has 

implications for future research; in that, studies may not detect linear associations between 

defeatist and motivation, effort, negative symptoms and functioning. Additional research is 

needed to replicate this subgroup finding and determine the best measures and cut-scores to 

identify which consumers are most likely to show negative symptoms linked to defeatist 

attitudes, as well as which consumers might benefit from interventions that target 

dysfunctional attitudes.

It is difficult to disentangle whether smaller pupillary responses reflected diminished effort 

or diminished capacity to perform the cognitive task (i.e., whether consumers “won’t” or 

“can’t” perform the task). In fact, Grant and Beck (3) suggested that capacity limitations 

could lead to failure experiences that contribute to the development and maintenance of 

defeatist performance beliefs, so associations between defeatist attitudes and both capacity 

limitations and diminished effort are predicted by the model. However, defeatist attitudes 

were not associated with capacity to perform the task (recall accuracy). In addition, since 

Grant and Beck’s (3) original report of an association between defeatist attitudes and 

neurocognitive impairment, other studies have not found strong associations (e.g., r’s = −.04 

to −19; 12, 39, 40). Taken together, these findings suggest a stronger association between 

pupillary responses and effort rather than capacity. This is a cross-sectional correlational 

study, however, so it is not possible to confirm the direction of associations found between 

cognitive capacity, defeatist attitudes and effort allocation.

This avoidance and lack of effort associated with defeatist attitudes manifested as both 

diminished motivation and diminished expression. While less intuitive than the link between 

defeatist attitudes and diminished motivation, expressive negative symptoms may be 

behaviors linked to expected failure, rejection and negative social appraisal (4). That is, 

looking away, masking facial expressions, and avoiding speaking can serve to minimize 

social interactions due to either social disinterest, fear of rejection, low expectations for 

success, expected stigma, and/or anticipated negative consequences (e.g., “If I show my 

feelings, others will see my inadequacy,” “I can’t find the right words,” “I’m going to sound 

weird, strange, or stupid”). It is also possible that the association found between reduced 

pupillary responses and diminished expression is related to capacity limitations, given that 

smaller pupillary responses may reflect reduced capacity. Cohen and colleagues (41) found 
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diminished speech expressivity when consumers performed a cognitively-effortful task, 

which suggests diminished expression may be associated with reduced cognitive capacity.

It is difficult to accurately measure effort. Most available measures rely on questionable 

subjective self-reports, the assumption that poor performance under specific conditions (e.g., 

on easy tasks) reflects poor effort, or performance patterns on complex effortful decision-

making tasks that may be impacted by executive function deficits. Pupillary responses 

provide an objective biomarker of effort that overcomes these potential problems with other 

measures. The present study and our prior research (16, 19) illustrate how pupillary 

responses might provide a useful biomarker of effort allocation in basic research, as well as 

pharmacologic and psychosocial clinical trials, on motivation, effort and negative symptoms 

in schizophrenia.

The results suggest that the attitudes and beliefs that people hold about effortful goal-

directed tasks are a viable treatment target to improve negative symptoms in schizophrenia. 

There is mounting evidence that cognitive behavior therapy (CBT) interventions that target 

defeatist beliefs and social disinterest attitudes in schizophrenia can improve negative 

symptoms and functioning (20, 21, 33–38). For example, in a clinical trial of cognitive 

behavioral social skills training (CBSST) for consumers with schizophrenia (21), 

experiential negative symptoms and defeatist performance attitudes both improved to a 

significantly greater extent in CBSST relative to a goal-focused supportive contact 

condition. In another CBSST trial (20), greater improvement in defeatist attitudes during 

treatment was associated with better functional outcome nine months after treatment. These 

findings are consistent with two other open CBT trials that found significant improvement in 

both dysfunctional attitudes and negative symptoms; one found these improvements in 

consumers who had not been taking antipsychotic medication (37) and the other found that 

improvement in dysfunctional attitudes mediated improvement in negative symptoms (43). 

Defeatist performance attitudes and task effort, therefore, are potentially important change 

mechanisms to measure in CBT trials targeting negative symptoms and functioning. In 

addition, other interventions, like cognitive remediation, may also lead to improvements in 

self-efficacy and defeatist performance beliefs. As consumers practice cognitive tasks and 

compensate for cognitive impairments in the community, they may learn that they can 

improve their performance and succeed. Cognitive therapy techniques can be used to 

capitalize on these positive learning experiences and success experiences to challenge 

defeatist beliefs and increase self-esteem, which may contribute to improvements in negative 

symptoms and functioning in cognitive remediation programs. In particular, recent research 

(39, 42) has suggested that cognitive remediation programs might be strengthened by using 

cognitive therapy to target task-specific low success expectancies.

This study had several limitations. Participants were taking medications, which might impact 

pupillary responses and recall performance. However, key group differences in the 6-digit 

condition could not be explained by medication effects, because CPZE and other 

psychotropic medications were not associated with defeatist attitudes or pupillary responses 

in the 6-digit condition (see Supplementary Materials). Healthy controls and consumers with 

schizophrenia were not matched for gender, but no significant effects of gender were found 

within either group for pupillary responses, recall accuracy or DPAS scores. The sample in 
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the present study was a convenience sample of participants who volunteered for a clinical 

trial of a 9-month psychosocial intervention targeting functioning in schizophrenia, which 

might have created a sampling bias that could impact the generalizability of the findings 

(e.g., to individuals less motivated for an intensive psychosocial intervention). Despite this 

sampling bias, there was sufficient range of negative symptom severity, motivation, effort 

and defeatist attitudes to capture associations among these factors.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Pupillary responses (change in diameter in mm relative to baseline) are shown for consumers 

with schizophrenia (SZ) with low, moderate and severe defeatist performance attitudes 

(DPAS) and healthy controls in the 3-, 6-, and 9-digit span conditions. At trial onset, 

participants heard the word “ready” when the background luminance changed from dark to 

light, which triggered an initial light constriction reflex, and digits were presented at the rate 

of one per second (first digit was presented at 1 second, second digit at 2 seconds, etc.), until 

the word “repeat” prompted digit recall.
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Figure 2. 
Pupillary responses (change in diameter in mm relative to baseline) are shown for consumers 

with schizophrenia (SZ) with low, moderate and severe defeatist performance attitudes 

(DPAS) and healthy controls at the time the last digit was presented in the 3- (4 sec), 6- (7 

sec), and 9-digit (10 sec) span conditions. Error bars are 95% CI of mean.
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Figure 3. 
Percent of digits recalled in correct order is shown for consumers with schizophrenia (SZ) 

with low, moderate and severe defeatist performance attitudes (DPAS) and healthy controls 

in the 3-, 6-, and 9-digit span conditions. Error bars are 95% CI of mean.
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Figure 4. 
Negative symptom factor scores for Diminished Motivation and Diminished Expression are 

shown for consumers with schizophrenia (SZ) with low, moderate and severe defeatist 

performance attitudes (DPAS). Error bars are 95% CI of mean.
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