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Associations Between Cognitive and Physical
Effort–Based Decision Making in People With
Schizophrenia and Healthy Control Subjects
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ABSTRACT
BACKGROUND: Effort can take a variety of forms including physical (e.g., button pressing) and cognitive (e.g.,
working memory tasks). Few studies have examined whether individual differences in willingness to expend effort are
similar or different across modalities.
METHODS: We recruited 30 individuals with schizophrenia and 44 healthy control subjects to complete 2 effort-cost
decision-making tasks: the Effort Expenditure for Rewards Task (physical effort) and the cognitive effort discounting
task (cognitive effort).
RESULTS: Willingness to expend cognitive and physical effort was positively associated for both individuals with
schizophrenia and control subjects. Further, we found that individual differences in motivation and pleasure
dimension of negative symptoms modulated the association between physical and cognitive effort. Specifically,
participants with lower motivation and pleasure scores, irrespective of group status, showed stronger associations
between task measures of cognitive and physical effort-cost decision making.
CONCLUSIONS: These results suggest a generalized deficit across effort modalities in individuals with schizo-
phrenia. Further, reductions in motivation and pleasure may impact effort-cost decision making in a domain-general
manner.

https://doi.org/10.1016/j.bpsc.2023.02.003
Daily decision making involves choices about exerting cogni-
tive or physical effort. For example, a student may decide to
study an additional hour (cognitive effort), hoping to achieve a
higher grade on an upcoming examination. Similarly, Texas
Longhorns athletes may decide to complete an additional
workout (physical effort), hoping to defeat their rival, the
Oklahoma Sooners. In the current study, we were interested in
determining the extent to which people’s willingness to expend
cognitive and physical effort is related.

Recently, experimental tasks have been developed that
assess individual differences in willingness to exert physical
(1–3) or cognitive (4,5) effort for monetary rewards. In the basic
science literature, these tasks have been instrumental in
quantifying individual differences in the subjective cost of effort
(1–4). Further, in the clinical literature, recent work using these
tasks has suggested that physical and cognitive effort-cost
decision making (ECDM) may be a potential contributor to
the motivation and pleasure (MAP) dimension of negative
symptoms in schizophrenia (6–8). Specifically, research has
shown that people with schizophrenia are less willing than
control subjects to exert physical and cognitive effort to obtain
rewards on experimental tasks (8–20). Further, many studies
show relationships between effort and MAP, such that
schizophrenia patients with the highest MAP symptoms show
the least willingness to expend effort for rewards (9,14,21–23).
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However, few studies have collected both physical and
cognitive ECDM tasks in the same participants. Such data are
imperative for determining the extent to which aspects of
ECDM are domain general versus modality specific, a key
question for existing models. Similarly, the extent to which
aspects of psychopathology (e.g., MAP, cognitive deficits)
modulate ECDM in a domain-general versus modality-specific
manner is unknown, a key question for the clinical literature.
For example, avolition, a cardinal negative symptom, is
frequently described in the schizophrenia literature as a gen-
eral reduction in purposeful behavior (24). However, there is
little empirical work supporting the claim that avolition acts as
a domain-general process. Work attempting to parse domain-
general versus modality-specific motivational processes may
help clarify the nature of avolition.

A small number of studies have collected data from cogni-
tive and physical ECDM tasks in the same subjects. Lopez-
Gamundi and Wardle (25) conducted both physical and
cognitive variants of an ECDM task in healthy individuals and
found that willingness to expend effort on these task variants
was positively correlated. Further, work in a community sample
(N = 144) found that parameter estimates from effort dis-
counting models fit to cognitive and physical ECDM tasks were
positively correlated, suggesting similar discounting during
decision making (26). Tran et al. (27) administered both
logical Psychiatry. Published by Elsevier Inc. All rights reserved. 695
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cognitive and physical ECDM tasks to people with major
depressive disorder and control participants, finding that
severity of anhedonia predicted lower motivation for physical,
but not cognitive, effort. However, no association analyses
between tasks were reported. Finally, Horan et al. (11)
compared performance across multiple ECDM tasks (including
a cognitive variant and 2 physical variants) in people with
schizophrenia and control subjects. A factor analysis across
tasks revealed a single factor explaining approximately 53% of
the variance, suggesting that these task measures might be
reflecting, in part, a single unitary construct (11). Thus, a small
literature suggests a positive association between willingness
to expend cognitive and physical effort. However, replication of
these results is needed. Further, it is currently unknown
whether the magnitude of this association is similar across
diagnostic groups and whether aspects of psychopathology
(e.g., MAP, cognitive deficits) impact cognitive and physical
ECDM in a similar manner.

While the above-mentioned work suggests the presence of
domain-general components of ECDM, several recent studies
have emphasized domain-specific effects. For example, Horan
et al. (11) finding that a single factor explained approximately
53% of the variance across ECDM tasks suggests that
approximately 47% of the variance is explained by either
measurement noise or domain-specific effects. Further, while
some authors have demonstrated similar discounting rates for
physical and cognitive effort in gain and loss contexts (28),
others have shown differences (29). Chong et al. (30) have
shown that the shape of cognitive effort discounting curves is
different in elite athletes compared with nonathletic control
subjects, suggesting that greater physical motivation may
accompany a fundamentally different pattern of cognitive
ECDM. Finally, researchers have shown that individuals with
premanifest Huntington’s disease show reduced cognitive, but
not physical, ECDM compared with control subjects, indicating
a domain-specific motivational impairment early in the course
of illness (31). Thus, while the literature does suggest the
presence of domain-general components, many studies also
point to the importance of domain-specific effects.

Current Study

In the current study, individuals with schizophrenia and control
subjects completed both cognitive and physical ECDM tasks.
Our primary research aim was to determine the degree to which
an individual’s willingness to expend cognitive and physical
effort is related. Given previous work, we hypothesized that
willingness to expend cognitive and physical effort would be
positively correlated (26,32). Further, we aimed to extend this
work by showing associations between cognitive and physical
ECDM in control subjects and people with schizophrenia. We did
not have strong predictions as to whether the magnitude of this
association would differ by diagnostic group. Our second aim
was exploratory. Specifically, we analyzed whether factors
known to be important for ECDM (i.e., cognitive performance
and MAP) modulate the association (i.e., bivariate correlation)
between physical and cognitive ECDM. Here, we hypothesized
that individuals with lower MAP may show stronger associations
between cognitive and physical ECDM task indices, suggesting
a domain-general impairment in willingness to exert effort in
696 Biological Psychiatry: Cognitive Neuroscience and Neuroimaging J
individuals with lower MAP. In addition, we hypothesized that
individuals with higher levels of cognitive ability may show
stronger associations between cognitive and physical effort,
given that higher-order cognitive functions are thought to be
necessary for both types of ECDM.

METHODS AND MATERIALS

Participants

The current analyses were performed using data collected
across 2 separate studies. Task effects and group difference
analyses for the cognitive effort discounting (COGED) task
paradigm have been described in prior publications. The an-
alyses reported in this article are original and have not been
reported elsewhere (22,33).

Study participants included 30 individuals meeting DSM-IV
criteria for schizophrenia or schizoaffective disorder and 44
demographically matched control participants with no per-
sonal or family history of psychosis. Our primary aim was to
determine the extent to which cognitive and physical ECDM
are associated. Our sample provided .75% power to observe
effects of r = 0.4 or greater for this association analysis at a
type I error rate of a , 0.05 in either group. This effect size is
similar to a previous report (25). While we were adequately
powered to examine our primary aim, our sample size was
modest to examine differences and potential modifiers of this
association. Thus, results from our exploratory, secondary aim
must be interpreted as preliminary and will need to be repli-
cated in a larger sample.

Participants were recruited from the St. Louis, Missouri,
community. Exclusion criteria included DSM-IV diagnosis of
substance abuse or dependence in the last year, DSM-IV
diagnosis of a current major depressive episode, changes in
medication dosage 2 weeks before consent, past head injury
with documented neurological sequelae and/or loss of con-
sciousness, and Wechsler Test of Adult Reading (WTAR)
Estimated Full-Scale IQ,70 (34). All participants were required
to pass a urine drug screen. There were no significant group
differences in terms of age, biological sex, racial identity, or
parental education (Table 1). The Washington University Insti-
tutional Review Board approved the study, and participants
provided written, informed consent in accordance with the
Washington University Human Subject Committee criteria.

Diagnostic and Symptom Assessment

Diagnoses were determined by the Structured Clinical Inter-
view for DSM-IV-TR (35). To assess individual differences in
MAP symptoms, all participants completed the Motivation and
Pleasure Scale–Self-Report (MAP-SR) (36). The MAP-SR in-
cludes a total score with higher scores equaling more MAP
across the week. We also collected the Brief Psychiatric Rating
Scale (37), Beck Depression Inventory, Second Edition (38),
and Clinical Assessment for Negative Symptoms (39) in par-
ticipants with schizophrenia to assess positive, depressive,
and negative symptoms, respectively.

ECDM Tasks

Effort Expenditure for Rewards Task. Participants
performed a modified version of the Effort Expenditure for
uly 2023; 8:695–702 www.sobp.org/BPCNNI
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Table 1. Participant Demographics, Clinical Measures, and Cognitive Task Performance

Control Group, n = 44 Schizophrenia Group, n = 30

Statistical Test

Test Statistic p Value

Age, Years, Mean (SD) 36.2 (11.2) 38.3 (12.6) t = 20.7 .5

Gender, Female, % 32% 30% c2 = 0.03 .9

Racial Identity, % c2 = 2.2 .3

Asian 13.60% 3%

Black 50% 57%

White 36.40% 40%

Education, Years, Mean (SD)

Parental 14.4 (2.8) 14.3 (3.7) t = 0.2 .9

Participant 15.6 (2.3) 12.8 (2.9) t = 4.7 ,.001

Cognitive Score, Mean (SD)

WTAR Standard Score 96.9 (19.9) 92.7 (19.9) t = 0.89 .4

n-back performance

1-back d 0 2.9 (1.3) 2.0 (1.3) t = 2.8 .007

2-back d 0 1.6 (1.0) 1.1 (0.8) t = 2.4 .02

3-back d 0 1.2 (0.8) 0.7 (0.9) t = 2.6 .01

4-back d 0 1.0 (0.6) 0.5 (0.8) t = 3.1 .002

Average d 0 1.7 (0.8) 1.1 (0.8) t = 3.1 .003

Clinical Characterization Score, Mean (SD)

MAP-SR 41.7 (9.6) 36.7 (9.4) t = 2.2 .03

CAINS total 22.2 (7.4)

BPRS total 38.1 (8.0)

BPRS reality distortion subscale 7.8 (4.2)

BDI-II total 13.7 (9.1)

BDI-II, Beck Depression Inventory, Second Edition; BPRS, Brief Psychiatric Rating Scale; CAINS, Clinical Assessment Interview for Negative
Symptoms; MAP-SR, Motivation and Pleasure–Self-Report; WTAR, Wechsler Test of Adult Reading.

Cognitive and Physical Effort in Schizophrenia
Biological
Psychiatry:
CNNI
Rewards Task (EEfRT) (11) developed by Treadway et al. (1). In
the task, participants make repeated choices between
completing an easy or hard button-pressing task for varying
amounts of reward. The easy task involves making 20 domi-
nant index finger button presses in a 7-second window for the
opportunity to win $1. The hard task involves making 100
nondominant pinky finger button presses in a 21-second
window for the opportunity to win between $1.24 and $4.30.
At the beginning of each trial, participants are told the amount
of money they could earn for each task as well as the proba-
bility of reward receipt (50% or 88%). Participants completed a
total of 54 trials. For each participant, the percentage of hard
task choice across all trials was calculated (EEfRT average)
and used as a trait measure of global willingness to expend
physical effort.

COGED Task. Participants completed a modified version of
the COGED task (10), originally developed by Westbrook et al.
(4). In this task, participants first practiced increasingly difficult
versions of a cognitively demanding working memory task, the
n-back (1–4 back) task. Specifically, the participants
completed two 64-trial runs of each n-back level; each run
consists of 16 target trials and 48 nontargets. Next, they made
a series of choices about repeating one task up to 10 more
times for cash rewards. Participants are instructed that they
need to perform only as well on the n-back tasks as they
performed during the practice phase to receive payment.
Specifically, each decision trial involved a two-alternative
forced choice between completing a more demanding level
Biological Psychiatry: Cognitive Neuroscience and
of the n-back (2–4 back) task for a greater reward or a less
demanding level (1-back) for a smaller reward. Critically, after
each choice the reward amount for the 1-back was titrated
until participants were indifferent between the base offer for
the harder task and the offer for the 1-back. This indifference
point was then divided by the base offer amount for the hard
task to quantify a subjective value for each hard task-base
amount pair. In the current study, 3 high-demand n-back
levels (n = 2–4) and 2 base reward amounts ($2 and $4) were
used. Finally, one of the participant’s choices was selected at
random to determine the task that they were required to repeat
and the amount they were paid. For each participant, the
estimated subjective values were averaged across the 6
across task-amount pairs (COGED task average) and used as a
trait measure of global willingness to expend cognitive effort.

n-Back Performance. For each level of the n-back, the
sensitivity index, d 0, was used to quantify performance, con-
trolling for target or nontarget response biases. Raw d 0 values
were adjusted by the log linear transformation to address
extreme false-alarm and hit proportions (40). For each partic-
ipant, the 4 n-back levels were averaged to obtain a single
measure of cognitive task performance, d0 average.
Data Analysis

ECDM Task Performance. For the EEfRT, trials were first
grouped into quartile categories based on hard task offer value
(low: ,$1.96; medium: $1.96 to ,$2.77; high: $2.77 to
Neuroimaging July 2023; 8:695–702 www.sobp.org/BPCNNI 697
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,$3.58; highest $$3.58) (9). Next, we conducted a repeated
measures analysis of variance where the dependent measure
was percentage of hard task choices, and reward probability
(50% or 88%) and hard task reward value quartile were within-
subjects factors. Diagnosis (coded: 20.5 = control, 0.5 =
schizophrenia) was a between-subjects factor.

For the COGED task, subjective effort costs were quantified
as the subjective value of discounted rewards. Specifically, the
indifference point for a given task-amount pair was divided by
the base amount to yield a subjective value. For example, if a
participant was indifferent between $1.43 for the 1-back and
$2 for the 2-back, then the subjective value for the $2, 2-back
pair would be $1.43/$2 = 0.715. Greater subjective value es-
timates equal a greater willingness to choose the high-effort
option. A hierarchical linear model was used to account for
the hierarchical nesting of indifference points within partici-
pants (4,10). Specifically, task level (2-back–4-back), diag-
nostic group (coded: 20.5 = control, 0.5 = schizophrenia), and
their interaction were included as predictors of subjective
value. Models were fit in R using the lmer4 package, version
1.1-7 (R Foundation for Statistical Computing).

Associations Between Cognitive and Physical
ECDM. Given the non-normal distribution of task measures,
Spearman rank-order correlations were conducted within each
group to assess associations between willingness to engage in
cognitive (COGED task average) and physical (EEfRT average)
effort. This analysis was performed across groups as well as
within each group separately. To examine group differences in
the Spearman correlations, a z-transformation was performed on
the rho values for each group, and the z scores were compared.

Factors That Modulated the Association Between
Cognitive and Physical ECDM. As an exploratory aim, we
examined whether factors that have been previously related to
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ECDM, cognitive performance (d 0 average) and MAP (MAP-
SR), modulated the association between physical and cogni-
tive ECDM. To this end, we ran 2 regression models across
groups. In the first model, EEfRT average was the dependent
variable, and COGED task average, MAP-SR, their interaction,
and group status (coded: 20.5 = control, 0.5 = schizophrenia)
were entered as predictors. This model was implemented to
determine if individual differences in MAP modulated the as-
sociation between physical and cognitive effort. In the second
model, EEfRT average was the dependent variable, and
COGED task average, d 0 average, their interaction, and group
(coded: 20.5 = control, 0.5 = schizophrenia) were entered as
predictors. This model was implemented to determine if
cognitive performance modulated the association between
physical and cognitive effort.

RESULTS

MAP-SR and n-Back Performance

Similar to previous reports, individuals with schizophrenia
performed significantly worse than control subjects on every
level of the n-back (Table 1) (41,42). People with schizophrenia
self-reported significantly less MAP than control subjects
(Table 1).

ECDM Task Behavior

Effort Expenditure for Rewards Task. We found signif-
icant main effects of probability (F3,72 = 42.6, p , .001) and
reward level (F3,72 = 89.3, p , .001) with a greater chance of
the participants choosing the hard task as the reward proba-
bility and hard task reward value increased (Figure 1A, B). In
contrast to previous reports (9,13), we did not find a significant
main effect of group or interactions between group and reward
or probability levels (ps . .12). Given that effects of effort
aversion in the schizophrenia literature have been most notable
78  $3.58 > $3.58
el

 88% Probability
Figure 1. Effort-cost decision-making task per-
formance by group. (A) Physical effort, Effort
Expenditure for Rewards Task (EEfRT) 50% proba-
bility. (B) Physical effort, EEfRT 88% probability. (C)
Cognitive effort, cognitive effort discounting
(COGED) task. CON, control group; SZ, schizo-
phrenia group.
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Table 2. COGED Task: Hierarchical Linear Model Predicting
Subjective Value

Estimate Standard Error t Value p Value

Intercept 0.74 0.04 17.60 ..001

n-Back Level 20.12 0.02 26.39 ..001

Diagnostic Group 20.19 0.08 22.27 .02

Group 3 n-Back Level 0.09 0.04 2.32 .02

COGED, cognitive effort discounting.
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Figure 2. Positive association between physical and cognitive effort-cost
decision making. COGED, cognitive effort discounting (task); CON, control
group; EEfRT, Effort Expenditure for Rewards Task; SZ, schizophrenia
group.
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at the highest reward probability levels (9,13), we conducted a
supplementary repeated measures analysis of variance
including only 88% reward probability choices. Here, we
observed a significant effect of reward value (F3,72 = 56.0, p ,

.001) and a significant reward 3 group interaction (F3,72 = 2.7,
p = .04), such that people with schizophrenia showed a
reduced willingness to choose the hard task as the reward
value for the hard task increased. In contrast, the group 3

reward interaction was not significant in a model including only
the 50% reward probability choices (p = .88) These effects are
similar to previous reports (9,13).

COGED Task. Both participants with schizophrenia and
control subjects discounted reward offers for higher levels of
the n-back task and did so in a mostly monotonic fashion
(Figure 1C, Table 2). Thus, participant discounting was sensi-
tive to cognitive task load, and subjective costs of effort
increased with objective demands. There was a trend-level
effect of group and a significant group 3 n-back level inter-
action (Table 2). Here, the control group less steeply dis-
counted reward offers as the n-back task difficulty increased.
Consistent with prior literature (10,22), this interaction
appeared to be driven by steep discounting of rewards by in-
dividuals with schizophrenia compared with control subjects at
the 2-back load level (Figure 1C).

Associations Between Cognitive and Physical
ECDM

Figure 2 illustrates the positive association between cognitive
(COGED task average) and physical (EEfRT average) ECDM.
The association was significant when conducted across
groups (Spearman’s r = 0.43, p , .001) as well as within each
group separately (control: Spearman’s r = 0.37, p = .01;
schizophrenia: Spearman’s r = 0.51, p = .004). The magnitude
of the correlation was not significantly different between
groups (z score = 0.7, p = .48). Finally, we examined whether
the effect of reward magnitude on ECDM was associated
across the COGED task and EEfRT. Surprisingly, reward
magnitude effects were not significantly associated across
tasks (Figure S1).

Factors That Modulated the Association Between
Cognitive and Physical ECDM

Next, we examined our exploratory aim—whether 2 factors
known to be important for ECDM, MAP and cognitive perfor-
mance, modulated the strength of the association between
cognitive and physical effort (Table 3). See Table S1 for
bivariate correlations between study variables.
Biological Psychiatry: Cognitive Neuroscience and
In the first regression model, we included COGED task
average, MAP-SR, their interaction, and group as predictors of
EEfRT average (Table 3). Here, as expected, COGED task
average and MAP-SR were positively associated with EEfRT
average, although the beta coefficient for MAP-SR did not
reach statistical significance. However, there was a COGED
task average 3 MAP-SR interaction, such that the association
between cognitive and physical effort was strengthened for
participants with lower levels of MAP (Table 3). Critically, this
interaction remained significant in a model that included
diagnostic group as a covariate, suggesting that individual
differences in MAP may be important to this association irre-
spective of group status. Finally, to determine whether the
MAP-SR 3 COGED task average interaction differed between
groups, we conducted a hierarchical regression (Table S2).
Specifically, the aforementioned model was used as a base
model. Next, we entered interaction terms for MAP-SR 3

group, COGED task average 3 group, and MAP-SR 3 COGED
task average 3 group in the base model to determine if
including these interaction terms accounted for more of the
variability in EEfRT average. Importantly, this model did not
account for significantly more variability in EEfRT average than
the null model (R2 change = 0.006, p = .96). Taken together,
while MAP scores modulated the association between cogni-
tive and physical ECDM, this effect did not differ by group (see
Table S3 for similar analyses using the Clinical Assessment for
Negative Symptoms MAP score in participants with schizo-
phrenia only).

In a second regression model, we included COGED task
average, d 0 average, their interaction, and group as predictors
of EEfRT average (Table 3). Here, as expected, COGED task
average and d 0 were positively associated with EEfRT average.
However, the COGED task average 3 d 0 interaction was not
significant. Results were similar when using the WTAR as a
measure of cognition instead of d 0 (Table S4). Thus, while
Neuroimaging July 2023; 8:695–702 www.sobp.org/BPCNNI 699
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Table 3. Modulators of the Association Between Physical
and Cognitive Effort

Predictor Variable
Unstandardized

Beta
Standard
Error

t
Value

p
Value

First Regression Model: Dependent Variable EEfRT Average

Intercept 20.003 0.11 20.03 .98

COGED Task Average 0.49 0.11 4.55 ,.001

MAP-SR 20.06 0.11 20.54 .59

Group 20.25 0.22 21.13 .26

COGED Task Average 3

MAP-SR
20.22 0.11 22.09 .04

Second Regression Model: Dependent Variable EEfRT Average

Intercept 0.01 0.10 0.12 .91

COGED Task Average 0.38 0.11 3.60 ,.001

Average d 0 0.33 0.11 3.06 ,.001

Group 0.01 0.22 0.03 .98

COGED Task Average 3 d 0 20.12 0.11 21.18 .24

COGED, cognitive effort discounting; EEfRT, Effort Expenditure for
Rewards Task; MAP-SR, Motivation and Pleasure–Self-Report.
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cognitive performance was positively associated with physical
ECDM, individual differences in cognitive performance were
not robust modulators of the association between physical and
cognitive effort.

DISCUSSION

Our primary goal was to determine the degree to which
cognitive and physical ECDM are related. As an exploratory
aim, we examined whether aspects of psychopathology (e.g.,
MAP, cognitive deficits) modulate the association between
physical and cognitive ECDM. We found a positive association
between willingness to expend cognitive and physical effort.
Further, we found that individual differences in MAP modulated
the association between physical and cognitive effort. Spe-
cifically, we found that participants with lower MAP scores,
irrespective of group status, showed stronger associations of
cognitive and physical ECDM. Contrary to our hypotheses,
cognitive performance did not significantly modulate the as-
sociation between cognitive and physical ECDM. We discuss
these findings and their implications below.

Our finding of a positive association between cognitive and
physical ECDM is consistent with several previous reports
(11,25,26). For example, Horan et al. (11) conducted a factor
analysis of 5 ECDM paradigms in participants with schizo-
phrenia and control subjects and found a clear one-factor
solution explaining approximately 53% of the variance.
Taken together, the current study and previous literature
suggest that aspects of ECDM may be similar for different
types of demands across both control subjects and people
with schizophrenia. The current study further generalizes these
findings through the use of different experimental paradigms,
showing a previously unreported association between the
EEfRT and COGED task. Further, our study provides evidence
that a factor relevant to psychopathology (MAP) modulates the
strength of this association.

While behavioral, our findings of domain-general ECDM
processes are analogous to older literature on common neural
700 Biological Psychiatry: Cognitive Neuroscience and Neuroimaging J
representations of reward valuation as well as common in-
fluences of reward value on cognitive and physical effortful
exertion in control subjects (43,44). Specifically, Chib et al.
found that ventromedial prefrontal cortex activation was
positively correlated with subjective value for different types of
reward (e.g., food, money), suggesting that the brain encodes
“a common currency that allows for a shared valuation for
different categories of goods” (43). Schmidt et al. (44) found
that a valuation region, ventral striatum, represented expected
reward from effort exertion and switched its effective con-
nectivity with motor and cognitive subregions of the dorsal
striatum based on whether exertion of physical or cognitive
effort was necessary to obtain rewards. It will be important for
future work to determine if valuation regions encode a com-
mon representation of effort cost across modalities and to
observe how reward value may interact with that representa-
tion to facilitate decision making.

While the current study points to domain-general compo-
nents of ECDM, the shared variance between cognitive and
physical ECDM was only approximately 25%. Thus, a question
emerges as to what the other approximately 75% of the vari-
ability represents. A portion may represent noise in the data.
However, the current results likely also point to a considerable
amount of modality-specific variability, which has been
described in several previous reports (29–31). It will be
imperative for future work to attempt to understand such
modality-specific variability.

Future Directions

One key interpretative limitation of our results involves the
associative nature of the experimental design. Future work will
need to manipulate within-person variables that might influ-
ence cognitive and physical ECDM. For example, one piece of
evidence for the hypothesis that cognitive and physical ECDM
may, at least in part, reflect a unitary underlying construct
could come from designs incorporating fatigue. Specifically,
researchers could tax one system through physical or cogni-
tive fatigue and observe whether willingness to expend effort in
the other domain is unaffected or diminished. Second, the
EEfRT and COGED task paradigms both involve participants
making an assessment of success, should they choose to
engage with an effortful option, given that reward is contingent
on successful completion of the required effortful task. Mea-
sures of defeatist performance beliefs, which could be
conceptualized generally as diminished assessments of po-
tential success of effort expenditure, were not collected in the
current study. However, such measures have been associated
with both cognitive and physical ECDM (45,46). It will be
important for future work to determine whether such beliefs
modulate the association between physical and cognitive
ECDM.

Limitations

We examined potential group differences in the correlations
between cognitive and physical effort as well as potential
modulators of this association (e.g., MAP-SR). However, our
statistical power was limited for these analyses. Thus, results
must be interpreted as preliminary and will require replication in
larger samples. Second, the majority of patients were on a
uly 2023; 8:695–702 www.sobp.org/BPCNNI
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variety of psychotropic medications including antipsychotics.
D2 antagonists such as haloperidol have been shown to
reduce effort expenditure in rodent models (47). Replication of
results in medication-naïve samples is an important avenue for
future research. Third, in the current analyses, individual differ-
ences in cognitive performance (d0 ) were not robust modulators
of the association between physical and cognitive effort; how-
ever, this performance measure was taken from our cognitive
ECDM task, potentially confounding results. While we supple-
mented this finding with evidence that performance on an in-
dependent cognitive measure (WTAR) also did not modulate the
association between physical and cognitive effort, the WTAR is
not a measure of working memory or cognitive control. Thus, it
will be important for ECDM studies to collect independent
measures of working memory or cognitive control.

Conclusions

Willingness to expend cognitive and physical effort was posi-
tively associated for both people with schizophrenia and
control subjects. Further, individual differences in MAP
modulated the association between physical and cognitive
effort. Taken together, these results suggest a generalized
deficit across effort modalities in people with schizophrenia
and that reductions in MAP may impact ECDM in a domain-
general manner.

ACKNOWLEDGMENTS AND DISCLOSURES
This work was supported by the National Institute of Mental Health (Grant
Nos. 5R37MH066031 [to DMB] and K23MH126986 [to AJC]).

AJC, EKM, and DMB contributed to conceptualization. AJC, EKM, DMB,
and SDD contributed to methodology. AJC, EKM, DMB, and SDD performed
formal analysis. AJC, EKM, DMB, and SDD carried out investigations. AJC,
EKM, DMB, and SDD contributed to writing and preparation of the original
draft. AJC, EKM, DMB, and SDD reviewed and edited the manuscript.

We thank the participants who generously gave their time to participate
in this research study.

The current analyses were performed using data collected across 2
separate studies (22,33). Task effects and group difference analyses for the
cognitive effort discounting task paradigm have been described in prior
publications. The analyses reported in this manuscript are original and have
not been reported elsewhere.

The authors report no biomedical financial interests or potential conflicts
of interest.

ARTICLE INFORMATION
From the Maryland Psychiatric Research Center, Department of Psychiatry,
University of Maryland, School of Medicine, Baltimore, Maryland (AJC);
Department of Psychological & Brain Sciences, Washington University in St.
Louis, St. Louis, Missouri (SDD, DMB); Department of Psychiatry, Wash-
ington University School of Medicine, St. Louis, Missouri (DMB, EKM); and
Department of Radiology, Mallinckrodt Institute of Radiology, Washington
University School of Medicine, St. Louis, Missouri (DMB).

AJC and SDD contributed equally to this work as joint first authors.
Address correspondence to Adam J. Culbreth, Ph.D., at aculbreth@som.

umaryland.edu.
Received Aug 23, 2022; revised Jan 9, 2023; accepted Feb 7, 2023.
Supplementary material cited in this article is available online at https://

doi.org/10.1016/j.bpsc.2023.02.003.
REFERENCES
1. Treadway MT, Buckholtz JW, Schwartzman AN, Lambert WE, Zald DH

(2009): Worth the “EEfRT”? The effort expenditure for rewards task as
Biological Psychiatry: Cognitive Neuroscience and
an objective measure of motivation and anhedonia. PLoS One 4:
e6598.

2. Le Heron C, Apps MAJ, Husain M (2018): The anatomy of apathy: A
neurocognitive framework for amotivated behaviour. Neuro-
psychologia 118:54–67.

3. Hogan PS, Galaro JK, Chib VS (2019): Roles of ventromedial prefrontal
cortex and anterior cingulate in subjective valuation of prospective
effort. Cereb Cortex 29:4277–4290.

4. Westbrook A, Kester D, Braver TS (2013): What is the subjective cost
of cognitive effort? Load, trait, and aging effects revealed by economic
preference. PLoS One 8:e68210.

5. Kool W, McGuire JT, Rosen ZB, Botvinick MM (2010): Decision making
and the avoidance of cognitive demand. J Exp Psychol Gen 139:665–
682.

6. Culbreth AJ, Moran EK, Barch DM (2018): Effort-based decision-
making in schizophrenia. Curr Opin Behav Sci 22:1–6.

7. Gold JM, Waltz JA, Frank MJ (2015): Effort cost computation in
schizophrenia: A commentary on the recent literature. Biol Psychiatry
78:747–753.

8. Fervaha G, Duncan M, Foussias G, Agid O, Faulkner GE, Remington G
(2015): Effort-based decision making as an objective paradigm for the
assessment of motivational deficits in schizophrenia. Schizophr Res
168:483–490.

9. Barch DM, Treadway MT, Schoen N (2014): Effort, anhedonia, and
function in schizophrenia: Reduced effort allocation predicts
amotivation and functional impairment. J Abnorm Psychol
123:387–397.

10. Culbreth AJ, Westbrook A, Barch D (2016): Negative symptoms are
associated with an increased subjective cost of cognitive effort.
J Abnorm Psychol 125:528–536.

11. Horan WP, Reddy LF, Barch DM, Buchanan RW, Dunayevich E,
Gold JM, et al. (2015): Effort-based decision-making paradigms for
clinical trials in schizophrenia: Part 2—external validity and correlates.
Schizophr Bull 41:1055–1065.

12. Fervaha G, Graff-Guerrero A, Zakzanis KK, Foussias G, Agid O,
Remington G (2013): Incentive motivation deficits in schizophrenia
reflect effort computation impairments during cost-benefit decision-
making. J Psychiatr Res 47:1590–1596.

13. Gold JM, Strauss GP, Waltz JA, Robinson BM, Brown JK, Frank MJ
(2013): Negative symptoms of schizophrenia are associated with
abnormal effort-cost computations. Biol Psychiatry 74:130–136.

14. Hartmann MN, Hager OM, Reimann AV, Chumbley JR, Kirschner M,
Seifritz E, et al. (2015): Apathy but not diminished expression in
schizophrenia is associated with discounting of monetary rewards by
physical effort. Schizophr Bull 41:503–512.

15. Huang J, Yang XH, Lan Y, Zhu CY, Liu XQ, Wang YF, et al. (2016):
Neural substrates of the impaired effort expenditure decision making
in schizophrenia. Neuropsychology 30:685–696.

16. McCarthy JM, Treadway MT, Bennett ME, Blanchard JJ (2016): Inef-
ficient effort allocation and negative symptoms in individuals with
schizophrenia. Schizophr Res 170:278–284.

17. Treadway MT, Peterman JS, Zald DH, Park S (2015): Impaired effort
allocation in patients with schizophrenia. Schizophr Res 161:382–385.

18. Serper M, Payne E, Dill C, Portillo C, Taliercio J (2017): Allocating effort
and anticipating pleasure in schizophrenia: Relationship with real
world functioning. Eur Psychiatry 46:57–64.

19. Strauss GP, Whearty KM, Morra LF, Sullivan SK, Ossenfort KL,
Frost KH (2016): Avolition in schizophrenia is associated with reduced
willingness to expend effort for reward on a Progressive Ratio task.
Schizophr Res 170:198–204.

20. Wolf DH, Satterthwaite TD, Kantrowitz JJ, Katchmar N, Vandekar L,
Elliott MA, Ruparel K (2014): Amotivation in schizophrenia: Integrated
assessment with behavioral, clinical, and imaging measures. Schiz-
ophr Bull 40:1328–1337.

21. Moran EK, Culbreth AJ, Barch DM (2017): Ecological momentary
assessment of negative symptoms in schizophrenia: Relationships to
effort-based decision making and reinforcement learning. J Abnorm
Psychol 126:96–105.

22. Culbreth AJ, Moran EK, Kandala S, Westbrook A, Barch DM (2020):
Effort, avolition, and motivational experience in schizophrenia:
Neuroimaging July 2023; 8:695–702 www.sobp.org/BPCNNI 701

mailto:aculbreth@som.umaryland.edu
mailto:aculbreth@som.umaryland.edu
https://doi.org/10.1016/j.bpsc.2023.02.003
https://doi.org/10.1016/j.bpsc.2023.02.003
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref1
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref1
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref1
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref1
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref2
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref2
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref2
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref3
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref3
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref3
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref4
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref4
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref4
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref5
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref5
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref5
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref6
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref6
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref7
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref7
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref7
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref8
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref8
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref8
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref8
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref9
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref9
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref9
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref9
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref10
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref10
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref10
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref11
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref11
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref11
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref11
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref12
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref12
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref12
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref12
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref13
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref13
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref13
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref14
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref14
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref14
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref14
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref15
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref15
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref15
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref16
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref16
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref16
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref17
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref17
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref18
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref18
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref18
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref19
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref19
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref19
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref19
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref20
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref20
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref20
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref20
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref21
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref21
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref21
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref21
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref22
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref22
http://www.sobp.org/BPCNNI


Cognitive and Physical Effort in Schizophrenia
Biological
Psychiatry:
CNNI
Analysis of behavioral and neuroimaging data with relationships to
daily motivational experience. Clin Psychol Sci 8:555–568.

23. Gold JM, Waltz JA, Matveeva TM, Kasanova Z, Strauss GP,
Herbener ES, et al. (2012): Negative symptoms and the failure to
represent the expected reward value of actions: Behavioral and
computational modeling evidence. Arch Gen Psychiatry 69:129–138.

24. Foussias G, Remington G (2010): Negative symptoms in schizo-
phrenia: Avolition and Occam’s razor. Schizophr Bull 36:359–369.

25. Lopez-Gamundi P, Wardle MC (2018): The cognitive effort expenditure
for rewards task (C-EEfRT): A novel measure of willingness to expend
cognitive effort. Psychol Assess 30:1237–1248.

26. Białaszek W, Marcowski P, Ostaszewski P (2017): Physical and
cognitive effort discounting across different reward magnitudes: Tests
of discounting models. PLoS One 12:e0182353.

27. Tran T, Hagen AEF, Hollenstein T, Bowie CR (2021): Physical- and
cognitive-effort-based decision-making in depression: Relationships
to symptoms and functioning. Clin Psychol Sci 9:53–67.

28. Nishiyama R (2016): Physical, emotional, and cognitive effort dis-
counting in gain and loss situations. Behav Processes 125:72–75.

29. Mizak S, Ostaszewski P, Marcowski P, Białaszek W (2021): Gain-loss
asymmetry in delay and effort discounting of different amounts. Behav
Processes 193:104510.

30. Chong TT, Apps MAJ, Giehl K, Hall S, Clifton CH, Husain M (2018):
Computational modelling reveals distinct patterns of cognitive and
physical motivation in elite athletes. Sci Rep 8:11888.

31. Atkins KJ, Andrews SC, Stout JC, Chong TT (2020): Dissociable
motivational deficits in pre-manifest Huntington’s disease. Cell Rep
Med 1:100152.

32. Reddy LF, Horan WP, Barch DM, Buchanan RW, Dunayevich E,
Gold JM, et al. (2015): Effort-based decision-making paradigms for
clinical trials in schizophrenia: Part 1—psychometric characteristics of
5 paradigms. Schizophr Bull 41:1045–1054.

33. Culbreth AJ, Westbrook A, Braver TS, Barch DM (2020): Effort in daily
life: Relationships between experimental tasks and daily experience.
Motiv Sci 6:303–308.

34. Wechsler D (2001): Wechsler Test of Adult Reading (WTAR). San
Antonio, TX: The Psychological Corporation.

35. First M, Spitzer RL, Robert L, Gibbon M, Williams JBW (2005):
Structured Clinical Interview for DSM-IV-TR Axis I Disorders-Patient
Edition (SCIDI/P). New York: New York: State Psychiatric Unit.
702 Biological Psychiatry: Cognitive Neuroscience and Neuroimaging J
36. Llerena K, Park SG, McCarthy JM, Couture SM, Bennett ME,
Blanchard JJ (2013): The Motivation and Pleasure Scale–Self-Report
(MAP-SR): Reliability and validity of a self-report measure of nega-
tive symptoms. Compr Psychiatry 54:568–574.

37. Overall JE, Gorham DR (1962): The Brief Psychiatric Rating Scale.
Psychol Rep 10:799–812.

38. Beck AT, Steer RA, Brown GK (1996): Manual for the Beck Depression
Inventory. San Antonio, TX: The Psychological Corporation.

39. Kring AM, Gur RE, Blanchard JJ, Horan WP, Reise SP (2013): The
Clinical Assessment Interview for Negative Symptoms (CAINS): Final
Development and Validation. Am J Psychiatry 170:165–172.

40. Hautus MJ (1995): Corrections for extreme proportions and their
biasing effects on estimated values of d0. Behavior Research Methods,
Instruments & Computers 27:46–51.

41. Lee J, Park S (2005): Working memory impairments in schizophrenia: A
meta-analysis. J Abnorm Psychol 114:599–611.

42. Glahn DC, Ragland JD, Abramoff A, Barrett J, Laird AR, Bearden CE,
Velligan DI (2005): Beyond hypofrontality: A quantitative meta-analysis
of functional neuroimaging studies of working memory in schizo-
phrenia. Hum Brain Mapp 25:60–69.

43. Chib VS, Rangel A, Shimojo S, O’Doherty JP (2009): Evidence for a
common representation of decision values for dissimilar goods in
human ventromedial prefrontal cortex. J Neurosci 29:12315–12320.

44. Schmidt L, Lebreton M, Cléry-Melin ML, Daunizeau J, Pessiglione M
(2012): Neural mechanisms underlying motivation of mental versus
physical effort. PLoS Biol 10:e1001266.

45. Granholm E, Ruiz I, Gallegos-Rodriguez Y, Holden J, Link PC (2016):
Pupillary responses as a biomarker of diminished effort associated
with defeatist attitudes and negative symptoms in schizophrenia. Biol
Psychiatry 80:581–588.

46. Felice Reddy L, Horan WP, Barch DM, Buchanan RW, Gold JM,
Marder SR, et al. (2018): Understanding the association between
negative symptoms and performance on effort-based decision-mak-
ing tasks: The importance of defeatist performance beliefs. Schizophr
Bull 44:1217–1226.

47. Randall PA, Pardo M, Nunes EJ, López Cruz L, Vemuri VK,
Makriyannis A, et al. (2012): Dopaminergic modulation of effort-related
choice behavior as assessed by a progressive ratio chow feeding
choice task: Pharmacological studies and the role of individual dif-
ferences. PLoS One 7:e47934.
uly 2023; 8:695–702 www.sobp.org/BPCNNI

http://refhub.elsevier.com/S2451-9022(23)00041-1/sref22
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref22
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref23
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref23
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref23
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref23
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref24
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref24
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref25
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref25
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref25
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref26
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref26
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref26
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref27
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref27
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref27
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref28
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref28
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref29
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref29
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref29
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref30
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref30
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref30
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref31
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref31
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref31
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref32
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref32
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref32
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref32
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref33
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref33
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref33
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref34
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref34
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref35
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref35
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref35
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref36
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref36
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref36
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref36
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref37
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref37
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref38
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref38
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref39
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref39
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref39
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref40
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref40
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref40
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref40
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref41
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref41
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref42
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref42
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref42
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref42
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref44
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref44
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref44
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref45
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref45
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref45
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref46
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref46
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref46
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref46
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref47
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref47
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref47
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref47
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref47
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref48
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref48
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref48
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref48
http://refhub.elsevier.com/S2451-9022(23)00041-1/sref48
http://www.sobp.org/BPCNNI

	Associations Between Cognitive and Physical Effort–Based Decision Making in People With Schizophrenia and Healthy Control S ...
	flink1
	Current Study

	Methods and Materials
	Participants
	Diagnostic and Symptom Assessment
	ECDM Tasks
	Effort Expenditure for Rewards Task
	COGED Task
	n-Back Performance

	Data Analysis
	ECDM Task Performance
	Associations Between Cognitive and Physical ECDM
	Factors That Modulated the Association Between Cognitive and Physical ECDM


	Results
	MAP-SR and n-Back Performance
	ECDM Task Behavior
	Effort Expenditure for Rewards Task
	COGED Task

	Associations Between Cognitive and Physical ECDM
	Factors That Modulated the Association Between Cognitive and Physical ECDM

	Discussion
	Future Directions
	Limitations
	Conclusions

	References


