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Abstract

Background. The Research Domain Criteria initiative was launched by the US National
Institute of Mental Health to establish a multi-level framework for understanding psycho-
logical constructs relevant to human psychiatric disorders, and identified ‘effort valuation/
willingness to work’ as a clinically useful construct worthy of further study. This construct
encompasses the processes by which the cost(s) of obtaining an outcome are calculated,
and the tendency to overcome response costs to obtain a reinforcer. The current study
aims to examine effort valuation as a correlate of psychopathology in children and adults,
and the moderating effects of sex on this relationship.

Methods. Participants were 1215 children aged 6-12 and their parents (n = 1044). All parti-
cipants completed the Effort Expenditure for Rewards Task as a measure of effort expenditure.
Child psychopathology was measured via the Child Behavior Checklist, while adult psycho-
pathology was measured via the Adult Self Report. Additionally, the Social Adjustment
Inventory for Children and Adolescents and Injury Behavior Checklist were used to examine
child social impairments/problem behaviors.

Results. In children, significant interactions between reward sensitivity and sex were observed
in association with anxiety and thought problems, specifically at low reward sensitivity levels.
In adults, main effects of effort expenditure were seen in drug and alcohol abuse, where higher
effort was associated with higher degrees of abuse.

Conclusions. These results establish effort valuation as a relevant psychological construct for
understanding psychopathology, but with different profiles of associated psychopathology
across sex in children and adults.

Introduction

The Research Domain Criteria (RDoC) initiative was launched by the US National Institute of
Mental Health (NIMH) as a framework for approaching both research on and diagnosis of
mental disorders. Much research challenges the categorical representation of disorders of
the Diagnostic and Statistical Manual (DSM) of the American Psychiatric Association and
the International Classification of Diseases (ICD). The goal of the RDoC program is to facili-
tate the research-based validation of constructs, defined by neurobiological and behavioral
measures to support revisions of current diagnostic systems (Cuthbert, 2014). This initiative
presently outlines five major domains of human functioning and behavior intended to reflect
the contemporary understanding of major neurobiological systems. A key premise of RDoC is
that these ‘cross-disorder’ constructs are relevant to multiple diagnoses. This premise has been
supported by research indicating common risk factors for multiple disorders (Lee et al., 2013).

The RDoC Positive Valence Systems domain primarily concerns responses to positive
motivational situations, consisting of constructs such as Approach Motivation (AM), Initial
Responsiveness to Reward Attainment, Sustained Responsiveness to Reward Attainment,
Reward Learning, and Habit. AM is a multi-faceted construct that includes component pro-
cesses such as reward valuation, effort valuation, reward prediction error, and preference-based
decision-making. The current study focuses on the effort valuation component of the AM con-
struct, which is defined as the processes by which the cost(s) of attaining an outcome is com-
puted, and the tendency to overcome those response costs to obtain a positive reinforcer
(NIMH, 2016).

Previous research regarding the role of effort valuation in psychopathology has consistently
found differences in effort-based decision-making between patients with mental disorders and
healthy comparison subjects. A study examining reward motivation in major depressive dis-
order (MDD) found that MDD patients are less willing to expend effort for rewards, and
are less effective in their use of information about the magnitude and probability of rewards
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to guide choice behavior (Treadway et al., 2012). For autism spec-
trum disorders (ASDs), research has found a relationship between
effort-based decision-making and repetitive behavior symptoms
in individuals with ASD. Affected individuals were more willing
to expend effort to obtain a reward regardless of differences in
reward value and probability (Damiano et al., 2012). Several stud-
ies have examined effort valuation in schizophrenia, noting that
impaired effort allocation is a consistent finding in individuals
with the disorder relative to healthy comparison participants
(Treadway et al., 2015; McCarthy et al., 2016). These research
findings suggest that measures of effort valuation could be useful
predictors of psychiatric disorder; yet, it remains unclear if effort
valuation relates to specific diagnoses, to dimensions of psycho-
pathology, or if any associations with psychopathology are con-
sistent across, age, sex, and race.

The impact of effort evaluation on psychopathology has been
observed in schizophrenia, where an overall reduction in effort
allocation was associated with worse community and work func-
tion (Barch et al., 2014). Evidence of a reward-processing deficit
in adults with ASD has been demonstrated in research regarding
decision-making. Researchers observed a positive association
between inefficient effort-based decision-making and decreased
sensitivity to reward parameters. These findings provide a possible
explanation for the characteristic reduction in motivation to seek
social interaction and stimuli (Damiano et al., 2012). Therefore,
understanding the relationship between psychopathology and
aberrations in effort valuation may provide valuable insight into
behavioral impairments spanning several diagnostic categories.

Sex differences have been observed across multiple forms of
psychopathology, especially in disorders that have previously
also been linked to aberrant reward behavior. These differences
include rates of occurrence, type and degree of symptom severity,
and treatment response. Examples of differing prevalence would
be the 3:1 male to female ratio observed in ADHD or the 2:1
female to male ratio for anxiety/depression (Altemus et al.,
2014; Ji et al., 2018). With respect to symptomatology, previous
research in ASD has found that externalizing problems, such as
aggressive behavior and hyperactivity, were more prominent in
males, whereas internalizing problems, such as emotional issues
in anxiety and depression, were greater in females (Werling and
Geschwind, 2013). Our current understanding of the mechanisms
behind these differences is limited, and it is still unclear how and to
what degree they are influenced by genetics, physiological factors,
and social conditions. In light of that, we believe that it is critical
to include investigation of sex differences in relating reward behav-
ior to psychopathology. To our knowledge, no research has exam-
ined the effects of sex on the relationship between effort valuation
and psychopathology. Building upon that, by specifically focusing
on how sex impacts effort valuation and reward processing, we
hope to gain further understanding of the underlying mechanisms
of abnormal behavior associated with psychopathology.

As an RDoC-based study, our intent was to take a broad
approach to relating reward behavior to psychopathology. To
this end, we included the Social Adjustment Inventory for
Children and Adolescents (SAICA) and Injury Behavior
Checklist (IBC) to also examine the relationship between social
behavior, aggression, and injurious behavior in order to gain a
more complete understanding of human reward behavior.
Aberrant social behavior and aggression have been linked with
atypical reward behavior in previous research. In depression, a
reduced neural response to social reward has been found among
offspring of depressed parents as compared with those whose
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parents had no history of depression (Olino et al, 2015).
Similar dysregulated reward mechanisms have been observed
between substance use disorders and impulsive-aggressive behav-
ior, and to date, reward behavior has been understudied in aggres-
sion research (Venables, 2017). These findings suggest that reward
behavior could be a key component of many areas of human
brain function and investigating atypical reward responses may be
important to multiple research domains, including psychopathology.

Against this backdrop, the current study aims to examine effort
valuation as a correlate of psychopathology in children and adults,
and the moderating effects of sex on the relationship between
effort valuation and psychopathology. We hypothesized that effort
valuation would be a significant correlate of multiple dimensions
of psychopathology, and aim to investigate how sex modulated
that relationship. If aberrant reward behavior was indeed linked
to psychopathology, we anticipated that we might also observe
sex-related differences, based on findings from previous research
regarding gender differences in mental disorders. By understand-
ing these connections, we hoped to further establish the validity of
effort valuation as a relevant construct in psychiatric research. To
that end, we also aim to investigate the cross-generational and
familial continuity of the construct by comparing effort valuation
between parents and their children, as well as between siblings.
We hypothesized that effort valuation would be predictive of
similar domains of psychopathology between adults and children
and that effort evaluation would be significantly correlated among
siblings and between parents and children.

Methods
Procedure

Participants were recruited from a variety of sources within the
greater Syracuse area, including the Child and Adolescent
Psychiatry Clinic at SUNY Upstate Medical University and
child psychiatrists and mental health clinicians working in private
practice in the community, as well as from community events
(local fairs, festivals, etc.). Children with the following character-
istics and conditions were excluded from the study: adopted, sen-
sorimotor disabilities, a diagnosed neurological condition, a
history of head injury with documented loss of consciousness last-
ing more than 10 min, an uncontrolled medical condition, use of
psychotropic medications, or an inability to understand the
English language. Exclusionary criteria were the same for parents,
with the exception of the adoption criterion and the addition of
two other criteria: parents who did not have the ability to inde-
pendently complete study tasks and women who were pregnant
or gave birth within 6 months prior to the study visit were
excluded from participation. An estimate of intelligence quotient
(IQ) was obtained from scores on the vocabulary and abstraction
subtests of the Shipley-2 (a validated, age-appropriate instrument
for subjects between the ages of 7 and 89 years). This was applied
to both adults and children within the recommended age range.
As the mean of these two tests correlates 0.90 with full scale
IQ, subjects with an estimated IQ below 80 were excluded.
Informed consent was obtained from all parents and assent was
given by all children upon arrival for their study visit.

Participants

A total of 1215 children and 1044 parents, with and without a his-
tory of psychiatric problems, participated in this study. Our study
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population is drawn from a convenience sample that was pur-
posely enriched for psychopathology via recruitment in local
clinics. All children were between the ages of 6 and 12 years
(mean age =9 years, s.0.=2.2), and their parents were between
the ages of 23 and 59 years (mean age=37 years, s.0.=7.2).
Parental age was capped at 59 years of age to avoid the possibility
of cognitive decline. While there were approximately equal num-
bers of female and male children (49% v. 51%), significantly more
of the participating parents were female than male (69% v. 31%).
Participants were diverse in their ancestral backgrounds, with 65%
of parents identifying as White, 24% Black, and 11% other or
multiple races, and 55% of children identifying as White, 25%
Black, and 20% other or multiple races. Additionally, 7% of par-
ents and 11% of children were Hispanic. Parents reported both for
themselves and for their children whether they had ever sought
mental health care for emotional or behavioral problems, with
41% of children and 45% of parents reporting such psychiatric
history. The dataset includes a total of 770 different families,
with an average family size of 2.93.

Measures

Study visits were approximately 3 h in length, and involved the
completion of a variety of computerized inventories and behav-
ioral paradigms.

Effort Expenditure for Rewards Task

The Effort Expenditure for Rewards Task (EEfRT) was developed
by Treadway and colleagues to measure effort-based decision-
making (Treadway et al., 2009). The task is a multi-trial game
in which participants are asked to choose between a ‘hard task’
and an ‘easy task’ in order to obtain monetary rewards. Each
trial consists of a required number of repeated manual presses
of a keyboard button within a time limit in order to be eligible
to win a small monetary reward. Easy task trials required 30 but-
ton presses with the dominant index figure within 7 s with an
assigned reward value of $1.00, while hard-task trials required
100 button presses with the non-dominant little finger within
21s with a varying assigned reward value between $1.24 and
$4.30. Subjects were not guaranteed to win the reward upon
task completion; some trials were ‘no-win’ trials in which the sub-
ject receives no reward, and others were ‘win’ trials in which the
subject receives the assigned reward amount. At the beginning of
each trial in the adult version of the EEfRT task only, subjects are
provided with one of three levels of probability for actually obtain-
ing a reward upon trial completion: ‘high’ (88%) probability of it
being a win trial, ‘medium’ (50%), and ‘low’ (12%). Thus, not
every trial may result in a reward, even if the participant success-
fully completed the task. Probability levels apply to both the hard
and easy task, with equal proportions of each probability level
across the experiment. Probability of choosing the hard task
was calculated for each subject overall, across all trials. This prob-
ability component is not present in the child version of the EEfRT
task. All subjects received trials presented in the same randomized
order. Our analysis variables for the EEfRT task are effort expend-
iture and reward sensitivity. Effort expenditure for each individual
was calculated as the percentage of trials for which that partici-
pant chose the hard task. Individuals who chose the hard task
more than 50% of the time were considered to have high effort
expenditure, and those who chose the hard task less than 50%
of the time were considered to have low effort expenditure. To
derive reward sensitivity, a logistic betaweight was calculated via
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a generalized linear model with hard task choice as the outcome
(dependent) variable and reward magnitude (monetary amount;
dollars) as the predictor (independent) variable.

Adult Self Report

The Adult Self Report (ASR) was used to measure psychopath-
ology in adult participants. This 126-item self-report measure is
well validated and widely used in clinical practice to assess symp-
toms of psychopathology and adaptive functioning in individuals
aged 18-59 years (Rescorla and Achenbach, 2004). Participants
were asked to respond to each item on a three-point scale from
not true to very true/often true. The ASR provides T-scores for
seven syndrome scales (anxious/depressed, withdrawn, somatic
complaints, thought problems, attention problems, aggressive
behavior, rule-breaking behavior), six scales specific to symptoms
of DSM diagnoses (affective disorders, anxiety disorders, somatic
problems, avoidant personality features, attention/deficit hyper-
activity problems, antisocial personality features), three composite
scores (internalizing composite, externalizing composite, total
problems composite), and four scales assessing substance use
(tobacco, alcohol, recreational drugs, substance use composite).
An adaptability composite is also provided along with subscale
scores for friendships, spouse, family, and employment. Due to
the nature of the ASR assessment, the minimum possible T-score
generated is 50, which would represent a participant whose level
of self-reported psychopathology is that of a typically developing,
psychiatrically unaffected individual (no psychopathology). A
T-score of 50 then represented a zero value’ in our study. These
outcome variables are simply T-scores; they are not count data.

Child Behavior Checklist

The Child Behavior Checklist (CBCL) was used to measure psy-
chopathology in children. This 113-item parent-report measure
is well validated and widely used in clinical practice to assess emo-
tional and behavioral functioning in children ages 6-18 years
(Achenbach, 1991). Parents were asked to respond to each item
on a three-point scale from not true to very true/often true, indi-
cating how true the item is for their child. The CBCL provides
T-scores for eight syndrome scales (anxious/depressed, with-
drawn/depressed, somatic complaints, social problems, thought
problems, attention problems, rule-breaking behavior, aggressive
behavior), nine DSM-oriented scales (affective problems, anxiety
problems, somatic problems, attention deficit/hyperactivity pro-
blems, oppositional defiant problems, conduct problems, sluggish
cognitive tempo, obsessive compulsive problems, post-traumatic
stress problems), and three composite scores (internalizing com-
posite, externalizing composite, total problems composite). The
CBCL shares the same minimum T-score as the ASR (50), so
our outcome variables follow the same logic described in the sec-
tion above.

Social Adjustment Inventory for Children and Adolescents

The SAICA was used to measure children’s functioning across
several domains. This 78-item semi-structured interview was
designed to assess social functioning in children ages 6-18 years
(John et al., 1987). Direct responses to the interview questions
from the children were recorded on a four-point scale, with higher
scores indicating greater impairment. Mean scores were created
for four domains of functioning: current school functioning,
spare time activities, peer functioning, and current home behav-
ior. An overall functioning score was calculated by taking the
mean of these subscale scores.
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Injury Behavior Checklist

The IBC was used to measure dangerous and problem behavior in
children. This 24-item parent-report measure asks respondents to
rate the frequency of injurious behaviors displayed by their child
(Potts et al., 1997). For each item, parents were asked to rate their
children on a five-point scale from not at all to more than once a
week. Items were sum-scored, with possible scores ranging from
24 to 120, and with higher scores indicating more frequent injuri-
ous and problem behaviors.

Statistical analyses

Statistical analyses used R version 3.4.1. A series of negative bino-
mial regression models examined effort valuation as a predictor of
psychopathology in children. Negative binomial regression was
used to account for non-normal distribution of the outcome vari-
ables, which were T-scores. These variables also had an over-
representation of zeros because both the ASR and CBCL
T-scores less than the mean (zero) are fixed at zero by the devel-
opers of the ASR and CBCL scoring algorithms. These extra zeros
were modeled as zero inflation within the negative binomial
framework. Main effects of effort expenditure, reward sensitivity,
and sex were tested, as well as interaction effects of effort expend-
iture, reward sensitivity, and sex. All child models covaried for
parent income and education, but not age, as there was no asso-
ciation between child’s age and EEfRT scores.

Similar to the children, negative binomial regression was used
to account for non-normal distribution of outcome variables in
parents. Main effects of effort expenditure, reward sensitivity,
and sex were tested, as well as interaction effects of effort expend-
iture, reward sensitivity, and sex. All adult models covaried for
demographic variables including age, IQ, education, employment,
income, race, and marital status.

Robust standard errors were used across all models to account
for non-independence in the data such as those caused by familial
relationships. Paired-sample correlation tests using intraclass cor-
relations as well as Kendall’s 7 were also conducted to determine
the degree of sibling-sibling and parent—child correlations.

Multiple imputation was utilized to handle missing adult income
data, as 25% of participants chose not to report their household
income. Ten imputations were conducted. Demographic variables
including education, employment, marital status, age, IQ, ancestry,
and sex were used to predict income in the imputation procedure.
When modeled together, these variables explained a large propor-
tion of the variance in income (R*=0.698). Multiple imputation
was not used for any other variable, as missing data was not an
issue for any other variables included in these analyses.

The Benjamini Hochberg False Discovery Rate method
(Benjamini and Hochberg, 1995) corrected for multiple testing.
This procedure is a recommended alternative to Bonferroni-
type corrections, which are often criticized for increasing the like-
lihood of type-II errors, particularly when a large number of tests
are conducted (Perneger, 1998). A 5% false discovery rate was uti-
lized for determining the significance of findings across both
groups. The total number of tests conducted was 18 for the adults
and 21 for the children. p values reported in the results are false
discovery rate-adjusted.

Results

See online Supplementary Table S1 for more demographic infor-
mation about the participants of this study. Online
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Fig. 1. Reward sensitivity and sex in CBCL DSM anxiety problems.

Supplementary Tables S2 and S3 include bivariate correlations
between measures of effort expenditure, reward sensitivity, and
each of the outcome variables tested.

EEfRT task statistics

For the adult participant population, average proportion of hard
task choices was 36.76%, and the average reward sensitivity beta-
weight was 0.765. Mean percent completion rate among adults
was 93.47%. On average, adult participants timed out in their
choice of the hard v. easy task in 5.90% of trials. For the child
participant population, average proportion of hard task choices
was 58.34%, and the average reward sensitivity betaweight was
0.118. Mean percent completion rate among children was
87.27%. On average, child participants timed out in their choice
of the hard v. easy task in 1.38% of trials. Additionally, we calcu-
lated the number of participants in each population who chose
only easy or only hard tasks (possibly indicating lack of task com-
prehension), to confirm that these subjects’ choices did not drive
the reported associations with psychopathology. For adults, 0.7%
of participants chose only easy tasks, and 0.0% of participants
chose only hard tasks. For children, 0.6% of participants chose
only easy tasks, and 3.5% of participants chose only hard tasks.

Models predicting child psychopathology

Additional interactions between reward sensitivity and sex were
observed in the models predicting DSM-5 anxiety problems. At
low reward sensitivity, increased anxiety problems were observed
for male subjects relative to female subjects (8=0.522, p=0.041)
(Fig. 1). Similarly, we found increased thought problems at low
reward sensitivity for male subjects in comparison to female sub-
jects (B=0.438, p=0.045) (Fig. 2).

Models predicting adult psychopathology

A main effect of effort expenditure was observed in the models
predicting ASR alcohol use. At high hard task choice percentage,
increased alcohol usage was observed for our subjects (8=0.531,
p=0.0083) as compared with those with low hard task percentage
(Fig. 3). Additionally, a main effect of effort expenditure was
observed in the models predicting ASR drug use. At high hard
task choice percentage, increased drug usage was observed for
our subjects (f=3.398, p=0.014) as compared with those with
low hard task choice percentage (Fig. 4).
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Fig. 3. Effort in ASR alcohol use.

Familial transmission

In examining the transmission of effort valuation within families,
we found significant sibling-sibling correlations but no significant
parent—child correlations. When examining associations of effort
valuation between siblings using EEfRT hard task choice percent-
age, we found a significant positive correlation between both full
siblings (r=0.13, p = 0.039) and half siblings (r = 0.19, p = 0.008).
However, in examining associations of effort valuation between
these children and their parents using EEfRT hard task choice
percentage, we found no significant correlations between children
and their respective mothers and fathers (p > 0.05).

Discussion

The current study sought to test hypotheses regarding the rela-
tionship between effort valuation and psychopathology in chil-
dren and adults, and to determine the impact of sex on these
relationships. As we hypothesized, effort valuation was a signifi-
cant predictor of multiple dimensions of psychopathology, some
of which were moderated by sex. However, our hypothesis that
effort valuation would be linked to the same psychopathologies
between adults and children was not supported. Additionally,
while we found significant relationships between effort valuation
and several areas of psychopathology and functioning that varied
by sex, many of our tests of association were negative and correla-
tions between effort valuation and psychopathological outcomes
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were generally small. Given the large size of our sample, these
negative findings cannot be attributed to low statistical power.
These results suggest that dysfunction in effort valuation may
be a contributing factor rather than a driving force for a range
of psychopathology and impairment in children and adults.

Contrary to our hypothesis, effort valuation was associated
with different psychopathologies for adults and children.
Additionally, while a positive sibling-sibling correlation was
found for effort valuation, no significant correlation was found
between parents and their children. Given that many psychiatric
conditions are transmitted in families, the lack of parent-child
correlations for effort valuation presents important questions to
consider for future research, especially since there have been no
prior familial studies of effort valuation in psychopathology to
date. This result may mean that the child and adult assessments
for effort valuation do not gauge the same constructs. For
example, the parent version of the EEfRT included an additional
reward evaluation component (probability of trial actually result-
ing in reward) in each trial which was not present in the child ver-
sion. That difference may have impacted adult subjects’
decision-making process. Alternatively, the lack of parent-child
correlation could indicate that effort valuation, and its correlates,
change as a child moves through the stages of development. At the
time of assessment, children were between the ages of 6 and 12
years. Changes in effort valuation have been previously observed
in a comparison study between 4- and 6-year old children where
the older children displayed greater ability to evaluate effort and
reward quality (Benozio and Diesendruck, 2015).

Previous studies in children have found sex and reward sensi-
tivity to be linked to anxiety disorder, such that clinically anxious
male youth displayed both decreased risk taking and sensitivity to
reward in comparison to clinically anxious females, as well as typ-
ically developing male and female youths (Dorfman et al., 2016).
Our results provide further support for the relationship between
sex, reward sensitivity, and anxiety disorder, where at low reward
sensitivity we found that male children reported greater anxiety
problems than female children. It has become increasingly appar-
ent that the study of gender differences in adolescent anxiety is
important, given that anxiety disorders often begin to present
symptomatically in adolescence. Additionally, a longitudinal
study of adolescents demonstrated a greater level of functional
impairments among anxious males than anxious females with
regards to academic performance, self-esteem, sense of well-being,
and socialization with friends (Derdikman-Eiron et al, 2012). As
a result, the gender-specific alterations in the reward system
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measures observed both here and in previous research suggest that
treatments for anxiety that target the reward system may need to
be tailored to gender.

While past studies have also found relationships between ASDs
and both aberrant effort valuation and diminished reward pro-
cessing in children (Scott-Van Zeeland et al., 2010; Mosner
et al., 2017), we found that this relationship may differ based
on sex. Our results revealed that lesser reward sensitivity was asso-
ciated with a higher degree of thought problems in male children
v. females. Thought problems according to the CBCL scale
include seeing or hearing things, repeating acts, and strange
ideas/behavior. In children, thought problems have been linked
with relatively high sensitivity and specificity to ASD (Mazefsky
et al., 2011). To our knowledge, no previous studies have specif-
ically examined the moderating effects of sex in relating effort
expenditure or reward sensitivity with ASD in children.
However, with ASD being a predominantly male disorder
(Loomes et al., 2017), understanding gender-specific alterations
in reward behavior may be important for treatment development.

Limitations/future directions

The current work has several limitations. The use of self-reported
race, rather than genetic data, to understand ancestry may have
placed greater weight on the social over the biological component
of an individual’s ancestral background. Participants’ self-
reported racial identity may not fully align with their genetic
ancestry, instead representing their personal understanding of
their ancestral background. For example, Hispanic participants
may only identify with their Hispanic ethnicity rather than any
racial category. Future research should compare the implications
of self-identified ancestry v. genetic ancestry to determine if
these differing ways of defining one’s heritage diverge in relation
to effort valuation and associated psychopathological outcomes.
In the current study, we were unable to examine the impact of
racial identities other than White/Caucasian and Black/African-
American due to the low number of individuals who identified
with other races. Also, our adult sample was disproportionately
female, so future studies should seek to recruit a more balanced
sample in addition to correcting the under-representation of
other racial minorities besides Black/African-American. Few par-
ticipants displayed elevated symptoms for some of the psycho-
logical problems examined in this study, so future research
collecting data from more individuals who experience particular
psychological problems may reveal new or clearer patterns
between effort valuation and specific forms of psychopathology.
With regards to our assessments of psychopathology, we acknow-
ledge that our usage of parent-reports as measures for both child
and parent psychopathology is an important limitation as it repre-
sents an indirect rather than direct measure of child psychopath-
ology. While the CBCL and ASRs cover a wide range of
psychopathological outcomes, further research on effort valuation
should be conducted in the context of additional psychopathologies
not specifically included in the CBCL or ASR, such as schizophrenia
or ASD. Relationships with those two disorders in particular have
been established in adults using the EEfRT paradigm (Damiano
et al, 2012; Barch et al, 2014; Treadway et al., 2015 McCarthy
et al., 2016), but studies of children have not been conducted to date.
In addition, future studies should explore the relationship
between other Positive Valence System constructs and psycho-
pathology and impairment using a similar approach, to determine
if these constructs differentially associate with various forms of
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psychopathology and functioning. It will be important to consider
longitudinal work to investigate the stability of effort valuation
over time, especially with regards to children passing through
stages of their development. Such work will be key to understand-
ing how effort valuation at various stages of life might be used to
predict future psychopathology and functioning in individuals.

Conclusions

The current study establishes effort valuation as a relevant psycho-
logical construct for understanding psychopathology and function-
ing in adults and, especially, in children. Findings from this study
both confirm and expand upon the current state of knowledge in
the field with regards to examining sex when considering how
effort valuation relates to anxiety disorder and ASDs in children,
and alcohol and drug use in adults. The associations observed
with regards low effort expenditure, low reward sensitivity, and
these types of psychopathology indicate that deficits in reward pro-
cessing behavior may be an important therapeutic target.
Furthermore, effort expenditure and reward sensitivity may be
potentially modifiable risk factors, and our data demonstrates
that the degree to which these risk factors impact pathology
might be a key factor in developing targeted treatment strategies,
as well as an important consideration in further research to under-
stand the biological mechanisms underlying these behavioral devia-
tions. These results highlight the importance of examining effort
valuation as it relates to areas of psychopathology and functioning
not previously examined, and provides evidence in favor of longi-
tudinal study of effort valuation to further determine the stability
of the construct over time and through developmental stages.

Supplementary material. The supplementary material for this article can
be found at https:/doi.org/10.1017/S0033291718003884.
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