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ABSTRACT

Many behavioral paradigms used to study individuals’ decision-making tendencies do not capture the decision components that contribute to
behavioral outcomes, such as differentiating decisions driven toward a reward from decisions driven away from a cost. This study tested a
novel decision-making task in a sample of 403 children (age 9 years) enrolled in an ongoing longitudinal study. The task consisted of three
blocks representing distinct cost domains (delay, probability, and effort), wherein children were presented with a deck of cards, each of which
consisted of a reward and a cost. Children elected whether to accept or skip the card at each trial. Reward–cost pairs were selected by using an
adaptive algorithm to strategically sample the decision space in the fewest number of trials. Using person-specific regression models, decision
preferences were quantified for each cost domain with respect to general tolerance (intercept), as well as parameters estimating the effect of
incremental increases in reward or cost on the probability of accepting a card. Results support the relative independence of decision-making
tendencies across cost domains, with moderate correlations observed between tolerance for delay and effort. Specific decision parameters
showed unique associations with cognitive and behavioral measures including executive function, academic motivation, anxiety, and
hyperactivity. Evidence indicates that sensitivity to reward is an important factor in incentivizing decisions to work harder or wait longer.
Dissociating the relative contributions of reward and cost sensitivity in multiple domains may facilitate the identification of heterogeneity
in suboptimal decision making. Copyright © 2017 John Wiley & Sons, Ltd.
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Individuals differ in the extent to which the value of a poten-
tial reward is discounted by the costs associated with
obtaining it. Steep discounting functions are often considered
to be less optimal, and adverse consequences of suboptimal
decision making can manifest in interpersonal, educational,
and economic domains. Although little is known about the
developmental emergence of trait differences in discounting
tendencies, studies indicate that individual differences in
discounting among children follow similar patterns of those
in adults (Green, Myerson, & Ostaszewski, 1999a).
Assessing children’s decision-making preferences provides
insight into behaviors that could place children at risk for
adverse outcomes associated with impulsive or risky deci-
sion making. The majority of studies that assess the effects
of discounting on decision making quantify individual dif-
ferences in the decision outcome, with less research focused
on the components that factor into the decision, such as
how individuals weigh the relative contribution of the
potential reward and cost and whether these computations
differ across domains of costs (e.g., delay, probability, and
effort). Greater understanding of the processes by which
individuals arrive at suboptimal decisions could inform
behavioral interventions aimed at improving developmental
outcomes.

DOMAINS OF COSTS IN DECISION MAKING

Decision theory presumes that individuals seek to optimize
the utility of decision outcomes, which involves adjusting
the hedonic value of an available choice as a function of
the costs associated with pursuing it to arrive at an expected
value (Sanfey, Loewenstein, McClure, & Cohen, 2006).
Because costs effectively discount the expected value of a
reward, an individual can be motivated to select a less
preferred item if the costs associated with a more preferred
alternative are deemed to be too high. Individuals vary with
regard to their sensitivity to rewards and costs, with studies
showing that children exposed to maltreatment may be
non-responsive to changes in expected value when making
decisions (Weller & Fisher, 2013). Experimental research
demonstrates that the neurocomputational estimates of re-
ward and cost occur independently, such that the subjective
estimate of cost can be pharmacologically manipulated
without affecting the subjective reinforcement value of the
reward (Ikemoto & Panksepp, 1999; Salamone, Correa,
Farrar, Nunes, & Pardo, 2009). The independence of these
computations suggests at least two dimensions in which
individual differences could exist and influence decision
outcomes.

Further complicating researchers’ ability to characterize
heterogeneity in decision making is the fact that “costs” exist
in multiple, and somewhat distinct, domains. For example,
imagine a teacher implements a behavioral incentive
program in which children earn a star for appropriate school
behavior. Stars are entered into a weekly drawing for the
chance to win special privileges, incentivizing children to
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earn as many stars as possible. Multiple factors could con-
tribute to a child being non-responsive to this program, and
children may differ as to which factor is most salient for
them. One child could fail to respond if she/he was not mo-
tivated by the available rewards (low reward sensitivity). Al-
ternatively, another child could fail to respond if the task
required to earn the star was deemed too aversive (low effort
tolerance). Research indicates that humans discount for men-
tal effort as well as physical effort, and children may find the
cognitive demands of schoolwork unpleasant (Kool,
McGuire, Rosen, & Botvinick, 2010). Others could fail to re-
spond if they felt that it would take too long to get the reward
(low tolerance for delay) or if the chances of actually getting
the reward were considered too small (low tolerance for
probability). Understanding why a given child is non-
responsive is critical in determining what a more successful
incentive program would entail for that child.

Neuroscience research indicates that costs across these
three domains are computed in discrete neural processes,
and thus, an individual’s choices in one domain do not nec-
essarily offer insight into their choices in other domains
(Prevost, Pessiglione, Netereau, Clery-Melin, & Dreher,
2010; Schultz, 2004). Behavioral studies have also demon-
strated that discounting tendencies for delay and probability
are generally uncorrelated among normative adults (Green
& Myerson, 2010; Green, Myerson, & Ostaszewski, 1999b)
and typically developing adolescents (ages 9–23 years)
(Olson, Hooper, Collins, & Luciana, 2007). This literature
suggests that understanding how an individual’s decisions
are influenced by sensitivity to costs requires assessing each
domain of cost independently.

Research on psychological characteristics associated with
discounting further indicates specificity with regard to cost
domain, particularly between delay and probability. Studies
suggest that measures of intelligence and executive function
are correlated with delay discounting (Basile & Toplak,
2015; Karalunas & Huang-Pollock, 2011; Shamosh & Gray,
2008) but not probability discounting (Basile & Toplak,
2015; Olson et al., 2007). Delay discounting is associated
with the impulsive and hyperactive behaviors associated with
attention deficit hyperactivity disorder (ADHD) (Scheres,
Tontsch, Thoeny, & Kaczkurkin, 2010) but was not found
to characterize a sample of young adult gamblers who did
demonstrate less probability discounting relative to non-
gamblers (Holt, Green, & Myerson, 2003). In addition to
the problems associated with a failure to discount for low
probability (i.e. risk), studies also suggest that extreme
discounting for probability (i.e. uncertainty intolerance) is
associated with anxiety (Charpentier, Aylward, Roiser, &
Robinson, 2017). Effort discounting has been studied less ex-
tensively than discounting in delay and probability but is an
especially important component of decision making. In par-
ticular, willingness to engage in cognitive effort is an impor-
tant trait associated with academic success in children beyond
the contribution of intellectual ability (Chevalier, 2017). In
young adults, less discounting for effort was associated with
the personality trait of persistence (Malesza & Ostaszewski,
2013). These findings indicate that cost sensitivity has
domain-specific implications for psychological outcomes.

MEASURING COMPONENTS OF THE DECISION
PROCESS

The relative independence of discounting in each cost do-
main has important implications for quantifying individual
differences in decision making. Because the internal compu-
tations underlying an individual’s decision involve integrat-
ing the individually computed estimates of reward and cost
across multiple domains, there exist a multitude of dimen-
sions along which individuals may differ. Measuring individ-
ual differences in each of these domains can be made more
feasible by experimentally restricting decisions to a single
cost domain. However, even when decisions are reduced to
a single cost domain, most paradigms do not dissociate
individual differences in cost valuation from individual
differences in reward valuation.

Individual differences in cost discounting typically entail
having participants select between a higher-reward/higher-
cost option and a lower-reward/lower-cost option. A
discounting function is derived from the series of choices
and quantified as the rate at which the reward value is
discounted as a function of cost. Implicit in these paradigms
is the assumption that the subjective valuation of a given re-
ward is equal across individuals, and therefore, differences in
preference are necessarily reflective of differences in internal
weighting of the cost. Evidence challenging this assumption
has begun to emerge. Through experimental modification, re-
searchers have shown that impulsive decision strategies in a
gambling paradigm could derive from less discounting for
risk or greater valuation of reward, thus highlighting the
mechanistic heterogeneity underlying risky decisions
(Bechara, Dolan, & Hindes, 2002). Research examining de-
lay discounting behavior has similarly proposed that steeper
discounting functions in children relative to adolescents
may be a function of heightened reward sensitivity (reward
immediacy) rather than an actual aversion to delay (Scheres
et al., 2006).

Heterogeneity has also been illustrated for the mecha-
nisms driving seemingly advantageous decisions. Using an
animal model, researchers demonstrated that flatter delay
discounting (greater willingness to wait) could be driven by
a higher tolerance of delay, or greater sensitivity to reward
(Paglieri, Addessi, Sbaffi, Tasselli, & Delfino, 2015). A re-
cent neuroimaging study with typically developing children
found that flatter delay discounting functions correlated with
greater neural activity during anticipation of reward, suggest-
ing that reward regions of the brain are important in over-
coming a normal aversion to delay (Benningfield et al.,
2014). In other words, reward can incentivize delay just as
delay can discount reward. Similarly, researchers have found
that effort demands discount the perceived value of rewards,
but reward can also incentivize effort (Massar, Lim, Sasmita,
& Chee, 2016). These findings suggest that discounting as a
trait encapsulates individual differences in preference for
both cost and reward, which cannot be dissociated in
paradigms where higher reward and higher costs are always
yoked.

Measurement of children’s aversion to specific cost
domains may benefit from observation of decisions made in
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the context of experienced as opposed to hypothetical costs.
One study found that delay discounting among a sample of
7- to 12-year-old children diagnosed with ADHD only dif-
fered from typically developing peers during an experiential
delay task, with no differences when delays were presented
as hypothetical (Yu & Sonuga-Barke, 2016). Examination
of patterns of electrical activity in the brain has demonstrated
that both typically developing children (age 9–15 years) and
those with ADHD show a reduction in slow frequency brain
activity while working on a cognitive task relative to resting,
but that only typically developing children demonstrate this
same response when engaged in waiting (Hsu, Benikos, &
Sonuga-Barke, 2015). This pattern suggests that waiting is
an active state for most children, with inability to engage
actively in this state associated with delay discounting and
delay aversion in children with ADHD (Hsu et al., 2015).
Although daily demands on children’s patience frequently
entail durations of time that are not reasonably studied in a
laboratory context (e.g. hours), studies suggest that differ-
ences in delay tolerance emerge even when imposed delays
are on the order of seconds, making experiential delay tasks
effective and feasible (Scheres et al., 2006).

PRESENT STUDY

In the present study, we sought to develop an experimental
paradigm to assess individual differences in children’s deci-
sion making in the context of effort, delay, and probability
domains. Within each domain, we quantify children’s deci-
sion preferences using three distinct parameters: (a) general
tolerance of cost domain, (b) sensitivity to incremental in-
creases in reward, and (c) sensitivity to incremental increases
cost. Several design considerations were made to accommo-
date children. First, this task is explicit with regard to the cost
and reward conditions for each decision in order to bypass in-
dividual differences in implicit learning, known to drive age
differences in performance (Crone, Bunge, Latenstein, &
van der Molen, 2005; Crone & van der Molen, 2004).
Second, this task employs experiential rewards and costs to
avoid developmental concerns that children may not have the
life experience necessary to estimate larger scales of
hypothetical costs and rewards, with which they may have
limited experience. We then examine whether decision
preferences are associated with behavioral traits and whether
these associations are independent of overall cognitive ability.

A sample of 403 children enrolled in a larger, ongoing,
longitudinal study completed the three-block decision-
making task when they were approximately 9 years of age.

(1) Consistent with literature on cost discounting, we predict
that individuals’ tolerance for delay and probability will
be uncorrelated. Although fewer studies have examined
effort tolerance, following animal research, we hypothe-
size that effort and delay tolerance will be modestly
correlated. We hypothesize that sensitivity to reward will
be specific to the context in which it is measured, with
minimal correlations of reward sensitivity across
domains.

(2) Consistent with the evidence that neural systems associ-
ated with assessing reward and cost parameters are
anatomically distinct from brain regions associated with
executive function, we hypothesize that behavioral
preferences across domains will be independent of basic
cognitive ability.

(3) We will examine whether decision preferences in each
domain demonstrate specificity with regard to behavioral
characteristics as reported by the children’s teachers.
Specifically, we anticipate that (i) less effort tolerance
will be associated with lower academic motivation; (ii)
less tolerance for probability (i.e. intolerance of uncer-
tainty) will be associated with anxious behaviors; and
(iii) less delay tolerance will be associated with restless-
ness/hyperactivity. We will also examine whether these
associations occur independent of individual differences
in cognitive capacity.

METHOD

Sample and procedure
The decision-making task was developed in conjunction with
the Family Life Project (FLP), an ongoing epidemiological
study of the effects of poverty and rurality on early child
development. Extensive detail about the recruitment and
maintenance of the entire FLP sample can be found else-
where (Vernon-Feagans, Cox, & The Family Life Project
Key Investigators, 2013). Briefly, the FLP has followed
1292 families, recruited at the time of the child’s birth, in
regions of Pennsylvania (n = 519) and North Carolina
(n = 773). Only families from the Pennsylvania sample were
invited to participate in the present study.

Families were initially assessed when the child was
2 months of age. At initial assessment, 59% of the sample
was married, 37% single, and 4% separated, divorced, or
widowed. On average, mothers were 25 years old
(M = 24.54, SD = 6.43; range 15–43) and had given birth
to M = 1.7 (SD = 1.09) children (range 1–6). Stratified
recruiting efforts oversampled for poverty. Approximately
1/3 (36%) of participants reported receiving no forms of gov-
ernment assistance, 26% reported assistance in the form of
Special Supplemental Nutrition Program for Women, Infants
and Children and/or Medicaid, and 38% reported
government assistance in addition to Special Supplemental
Nutrition Program for Women, Infants and Children or
Medicaid. Parent educational achievement ranged from not
having completed high school (12% of mothers, 14% of
fathers) to having completed a 4-year college degree or grad-
uate degree (9% of mothers, 15.5% of fathers). The majority
of participants (55% of mothers, 44% of fathers) earned a
high school diploma or equivalent, and approximately 21%
of both mothers and fathers reported some additional training
beyond high school. Consistent with the demographics in the
regions from which the sample was drawn, 93% of parents
identified their child as primarily White, 6% identified their
child as primarily Black, and the remaining 1% did not
indicate a race.
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Of the 428 Pennsylvania families with continued involve-
ment in the project at child age 9, n = 403 participated in the
decision-making assessment. The remaining families were
not assessed due to active refusal of this visit (n = 3), passive
refusal (e.g. non-responsive to scheduling attempts) (n = 3),
lives too far for home visits (n = 8), child has been removed
from the home (n = 3), child has known intellectual disabil-
ity, and deemed incapable of understanding the task by the
research assistant (n = 8). Children who did not participate
in the decision-making task did not differ from those who
did with regard to maternal age at birth F (1, 442) = .01,
p = .94; mother’s education F (1, 440) = .25, p = .82 or fa-
ther’s education F (1, 424) = .17, p = .68.

The decision-making task was completed on a laptop
computer in the children’s homes during the summer follow-
ing third grade (mean age = 9.20 years, SD = .28, range = 8.67
to 9.92). Prior to the assessment, parents signed a consent
form and children provided verbal assent. All procedures
were approved by the local institutional review board. Fami-
lies were provided a $50 gift card for their time, and children
were awarded a prize in conjunction with the task (described
in the subsequent texts).

Decision-making task
Task overview
Children were told that they would be playing a computer-
based card game in which they would earn points that could
be redeemed for a prize. Prior to the start of the game, chil-
dren were shown a large selection of prizes (~$20 value) in-
cluding toys, art projects, games, and play equipment, as well
as a selection of menial prizes, such as small plastic farm
animals that were relatively unappealing. Children were told
that if they got “enough” points, they would be able to
choose any prize, but if they did not earn enough points, they
would only be able to select from the smaller prizes. This
allowed children to identify their own most incentivizing re-
ward and ensured that children were motivated to maximize
their winnings.

Task presentation
Depictions of the task interface are shown in Figure 1, with
open access for download and use at https://github.com/
dkdupuis/aceTask#acetask. The task consisted of a virtual
deck of cards, each with an associated reward for an associ-
ated domain-specific cost (delay, probability, and effort). Re-
wards were presented as the point value of the card ranging
from 1 to 10, displayed numerically and visually (no. of
stars). The cost associated with each card was presented on
the left side of the screen and also ranged across 10 equally
spaced increments. The specific presentation of costs differed
by domain as described in the succeeding texts. In each trial,
children were presented with a card and asked to choose
whether to keep the card and be awarded the points accord-
ing to the cost demands, or skip the card, forgoing the points
and receiving a new card. Children were not told how many
cards were available in the deck but were told that cards were
limited and the game would end without warning,

encouraging children to consider each trial without reference
to an unlimited possibility for future options.

The task was administered in three randomly ordered
blocks. Before each block began, children completed a prac-
tice session of six trials. To ensure familiarity with the range
of costs employed, card options in the practice sessions were
pre-determined to be identical across participants.

Delay. During the delay, block costs were incurred as actual
waiting time. As shown in Figure 1A, delay costs were
depicted numerically and visually by using a circular clock,

Figure 1. Graphical user interface of the decision-making task. Sam-
ple screens for (A) delay block—the participant can receive eight
points if they wait for 18 s, (B) probability block—the participant
has an 80% probability of receiving eight points, and (C) effort
block—the participant can receive eight points if they place a list
of five non-sense words into alphabetical order. In all instances,
the red shading depicts the cost associated with the given trial rela-
tive to the range of potential costs. [Colour figure can be viewed at

wileyonlinelibrary.com]
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the shaded portion of which indicated the number of seconds
the child would have to wait for the points. If the child opted
to keep a card, the shaded portion of the circle ticked down
like the second hand on a clock. After the imposed time
passed, the points were awarded and the next trial began.
The 10 levels of delay cost, which ranged from 6 to 60 s in
6-s increments, were recoded as 1 to 10 for continuity of
analyses across blocks.

Probability. During the probability block, costs were in-
curred through probabilistic awarding of points. As shown in
Figure 1B, the probability of award was depicted numerically
(e.g. 80%) and visually as a proportionally shaded rectangu-
lar bar. If the child opted to keep a card, the computer
awarded the points at the indicated probability. If the child
won the probabilistic draw, the screen displayed a thumbs-
up sign and the word “success”. If the draw was not won,
the screen displayed a thumbs-down sign, and the next trial
began. To ensure that children understood that it was possi-
ble to not receive points even at high probabilities, one of
the practice trials for this block was programmed to deliver
a failure for a 90% probability card. The 10 levels of proba-
bility cost, which ranged from 10 to 100% in increments of
10%, were recoded as 1 to 10 with 1 indicating the lowest
level of cost (i.e. 100% probability).

Effort. During the effort block, shown in Figure 1C, costs
were incurred as cognitive effort. Children were asked to al-
phabetize a list of eight-letter non-sense words. Words were
randomly generated by the computer with the requirement
that at least two words in the list have identical letters in
the first position. The amount of work required was depicted
numerically (number of words to be alphabetized) and visu-
ally as number of shaded cells in a 3 × 4 table of rectangles.
If the child opted to keep a card, they were presented the list
of words and asked to place each in its appropriate position.
The 10 levels of effort cost, which ranged from three words
to 12 words in increments of 1, were recoded as 1 to 10, with
1 representing the lowest level of effort (alphabetizing three
words). To dissociate the effects of time and effort, a stan-
dard inter-trial interval was enforced such that when partici-
pants selected a low effort cost option and were able to
complete the task quickly, they were required to wait pas-
sively until the next trial.

Within each block, an adaptive algorithm was used to se-
lect the trial-by-trial reward–cost pairings from a 10 re-
ward × 10 cost grid (100 possible combinations) in a way
that maximized information about the child’s decision
making function while minimizing task duration. Example
decision data are illustrated in Figure 2. The first five cards
were pre-determined to sample the four quadrants with the
following reward/cost pairings (8/3, 3/8, 3/3, and 8/8)
followed by the center pair of 5 points for the median level
of cost. For each decision the child made, the algorithm as-
sumed that the decision would apply to options that fell
within that range (e.g. accepting an option of 4 points for 4
cost assumed acceptance of options >4 points for <4 cost).
With each decision, regardless of whether the card was kept
or skipped, the decision space was segmented into portions

that still needed to be sampled, and portions that were as-
sumed to be redundant with previous decisions. Using this
approach, the entire 10 × 10 decision space could be inferred
with fewer than 21 trials, enabling the entire three-block as-
sessment to be completed in less than 30 min on average
(M = 22.68, SD = 6.93; range = 7.82 to 47.73 min).

Task scoring
Each individual i’s binary decisions across t = 0 to 100 pos-
sible trials were then modeled as a function of the costs and
rewards (each variable centered in a range from �4.5 to
+4.5) using a “measurement model” that was structured as
a person-specific logistic regression. Specifically, log odds
of the child deciding to accept a card in a specific reward–
cost scenario was parameterized for each cost domain as,

log
P acceptcardit ¼ 1ð Þ

1� P acceptcardit ¼ 1ð Þ
� �

¼ β0i þ β1icostit þ β2irewardit

Such that an individual’s decision tendencies are quantified
in three ways: β0i is a person-specific intercept term that indi-
cates general tolerance in a specific cost domain (log-odds at
the median cost and reward values); β1i is a person-specific
cost-sensitivity coefficient that indicates how sensitive the
child’s decisions were to increases in effort, delay, or probabil-
ity costs; and β2i is a person-specific reward-sensitivity coeffi-
cient that indicates how sensitive the child’s decisions were to
increases in reward in each domain. More positive general
tolerance scores indicate greater willingness to accept an
average offer, and more negative general tolerance scores
indicate greater disinclination to accept the average offer.
The cost-sensitivity and reward-sensitivity scores indicate
the extent to which the probability of accepting a card
changes with increases in cost and reward, respectively.

Cognitive ability
Multiples measures of cognitive functioning were assessed in
participants’ homes at the pre-kindergarten visit (approxi-
mate age 5 years).

Executive function
Detailed information about the testing battery and the psy-
chometric properties of the scores has been reported else-
where (Willoughby et al., 2012). In brief, a composite
executive functioning (EF) score was computed from a six-
task battery that assessed working memory, inhibitory con-
trol, and attention shifting. Global EF scores derived from
unidimensional item response models of the six tasks have
good test–retest reliability (r = .95; Willoughby & Blair,
2011) and criterion validity (Willoughby et al., 2012). On
average, females had higher EF scores (M = 1.66, SD = .73)
than males (M = 1.31, SD = .74), F (1, 388) = 22.65,
p < .001.
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Non-verbal intelligence
Children’s intelligence quotient (IQ) was measured by using
the symbol search and coding subscales of the Wechsler Pre-
school and Primary Scale of Intelligence Third Edition
(Wechsler, 2002). These scales were used to estimate IQ in-
dependent of verbal ability, which is known to be affected by
socioeconomic status (Sameroff, Seifer, Barocas, Zax, &
Greenspan, 1987). Standardized scores were averaged to ob-
tain an overall IQ score (M = 98.07, SD = 13.12). On aver-
age, females had slightly higher scores (M = 100.08,
SD = 13.01) than males (M = 96.33, SD = 13.00), F (1,
350) = 7.24, p = .007.

Verbal ability
A separate measure of verbal ability was estimated from the
Peabody Picture Vocabulary Test (Dunn & Dunn, 2007).
Standardized scores (M = 101.45, SD = 14.62) did not differ
between males and females, F (1, 367) = .99, p = .32.

Behavioral traits
Behavioral traits were measured by teacher reports, which
were solicited from each child’s teacher with the parents’
permission.

Academic motivation
Teachers were asked to complete the Academic Achievement
Motivation scale (Stinnett, Oehler-Stinnett, & Stout, 1991), a
10-item measure of academic motivation. Items, rated from
1 = strongly disagree to 5 = strongly agree, included posi-
tively phrased items (e.g. “shows pride in work”) and reverse
coded negatively phrased items (e.g. “often must be super-
vised to get the best performance on school work”). Scores
across Grades 1 to 3 were correlated r = .63 to .74, ps< .001.
Because of this relatively high stability, scores were aver-
aged across all available years. Composite scores ranged
from 1.15 to 5.00 (M = 3.73, SD = .88) and were normally
distributed (skew = �.49, kurtosis = �.71). On average,

Figure 2. Each panel depicts exemplar cases of different decision strategies. All possible pairings of reward (y-axis) and cost (x-axis) are rep-
resented in the grid. Inferred decisions are depicted as red dots (rejects) and green triangles (accepts). Actual decisions are indicated by larger
shapes, and numbered in order of presentation. The first five cards presented were fixed to sample the grid equally for all participants, with
subsequent cards presented determined by the participant’s previous choices. Decision strategies illustrated are (A) discriminating- incorpo-
rated reward and cost into decisions, (B) non-discriminating- accepted all cards, (C) univariate cost, and (D) univariate reward—Based deci-

sions on only one factor. [Colour figure can be viewed at wileyonlinelibrary.com]
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teachers rated girls (M = 3.93, SD = .81) higher in academic
motivation than boys (M = 3.57, SD = .91), F (1,
388) = 16.47, p < .001.

Anxiety and hyperactivity
Anxiety and hyperactivity were extracted from teacher re-
ports on the Social Skills Rating System (Gresham & Elliott,
1990), which consists of 48 items rated from 0 to 2. Scores
from the third grade teacher were used to maximize proxim-
ity to the decision-making assessments. Anxiety was indexed
from the six-item internalizing scale (e.g. “anxious in groups
of children” and “easily embarrassed”) (Cronbach α = .80).
Scores ranged from 0 to 10 (M = 1.94, SD = 2.24) and were
normally distributed (skew = 1.20, kurtosis = .74). Scores
did not differ between boys and girls, F (1, 347) = 1.09,
p = .30.

Similarly, the hyperactivity scale consisted of six items
(e.g. “interrupts others” and “easily distracted”) (Cronbach
α = .88). Scores ranged from 0 to 12 (M = 2.58, SD = 2.93)
and were normally distributed (skew = 1.12, kurtosis = .49).
On average, boys were rated higher in hyperactivity
(M = 3.35, SD = 3.13) than girls (M = 1.68, SD = 2.38)
F (1, 348) = 30.57, p < .001.

Data analysis
We first evaluated whether children engaged meaningfully
with the task and incorporated both reward and cost value
into their decisions. We then examined within-domain and
across-domain associations in children’s decision prefer-
ences (general tolerance, reward sensitivity, and cost sensi-
tivity) by using correlations to evaluate whether there was
evidence of redundancy in children’s rank order decision
preferences. Paired t-tests were used to determine whether
decision parameters were significantly different as a function
of decision domain. Sex differences in decision parameters
were examined by using a 3 (block) × 3 (domain) repeated
measures ANOVA. Finally, we conducted regressions to test
the hypotheses that decision preferences would demonstrate
domain-specific associations with behavioral measures that
were independent of cognitive ability. Three identical regres-
sion models were conducted predicting academic motivation,
anxiety, and hyperactivity traits. In each model, sex and cog-
nitive ability were entered in Step 1. Decision parameters
were entered in Step 2 to determine whether these variables
contributed significant additional variance. All nine decision
parameters were entered simultaneously to test the specificity
hypotheses.

RESULTS

Decision patterns
All children completed the delay block, and all but one child
completed the probability block (due to a time constraint).
However, seven children elected not to complete the effort
block after finding the practice session too difficult, and the
RA ended the block early for an additional four children
who became too frustrated to continue. On average, children
who did not complete the effort block (n = 11) had signifi-
cantly lower IQ (M = 80.94, SD = 6.94) than children who
did (M = 98.46, SD = 12.98), F (1, 350) = 14.43, p < .001).

Children’s decision patterns were examined for validity.
Decision patterns emerged in four different profiles, reported
in Table 1 and depicted in Figure 2. The overwhelming ma-
jority of children displayed a discriminating profile, in which
both accept and reject decisions were made. However, some
children displayed a univariate profile wherein decisions
were only influenced by the cost (e.g., accepting any card be-
low a certain cost threshold regardless of value) or the reward
(e.g., accepting any card above a certain value threshold re-
gardless of cost). Univariate decision strategies were rela-
tively rare in both the delay and effort blocks, but in the
probability block, ~10% of children made decisions based
entirely on the probability, irrespective of reward value. Fi-
nally, a small subset of children displayed a non-discriminat-
ing profile by accepting all cards (n = 56, 13.90% of the total
sample). This profile could reflect an indiscriminate behavior
meant to proceed obligatorily through the task rather than
valid decision making. However, of the 56 children who
completed a block without rejecting any cards, 43 did so in
only 1 block, with far fewer doing so in 2 (n = 10) or all 3
(n = 3) blocks. McNemar tests indicated that the non-
discriminating profile was less likely to occur in the effort
block relative to both the probability (χ2 = 4.65, p = .03)
and delay (χ2 = 10.32, p = .001) blocks, which did not differ
from each other (χ2 = .60, p = .44). This suggests that children
did engage validly with the task and that failures to reject any
cards were likely a genuine indication that the costs presented
in that domain were acceptable.

An examination of the parameter estimates for individuals
with univariate or non-discriminating profiles indicated the
logistic model used for task scoring adequately captured the
(lack of) influence of reward and cost on the child’s decisions.
For instance, individuals who focused only on cost had re-
ward-sensitivity scores near zero. Individuals with the non-
discriminating profile had near zero sensitivity scores for both
reward and cost. A repeated measures ANOVA indicated no
differences between boys and girls across domains (do-
main × sex, F (2, 388) = 2.19, p = .11), individual parameters

Table 1. Prevalence of decision-making profiles in each cost domain

Cost domain Univariate: cost Univariate: reward Non-discriminating Discriminating

Delay (n = 403) 7 (1.74%) 11 (2.73%) 33 (8.19%) 352 (87.34%)
Effort (n = 392) 2 (.51%) 5 (1.28%) 12 (3.06%) 364 (92.86%)
Probability (n = 402) 39 (9.70%) 2 (.50%) 27 (6.72%) 321 (79.85%)

Note. Univariate decision makers selected cards with regard to only one factor. Non-discriminating decision makers accepted all cards presented. Discriminating
decision makers incorporated both reward and cost in decisions.
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(parameter × sex, F (2, 388) = .19, p = .83), or domain × pa-
rameter × sex, F (4, 388) = 1.50, p = .20.

Association of decision tendencies within cost domains
Descriptive data for children’s decision-making parameters
for each cost domain are presented in Table 2. Mean toler-
ance scores were positive for the probability and delay
blocks, indicating that, on average, children were generally
tolerant of uncertainty and generally willing to wait. How-
ever, mean tolerance in the effort block was negative, indi-
cating that, on average, children were disinclined to work
for the median level of reward. As expected, all participants
had positive reward-sensitivity scores in all three blocks, in-
dicating that increases in reward value consistently increased
the probability of participants accepting the card, with indi-
vidual differences in the magnitude of sensitivity to reward.
Comparably, all participants had negative cost-sensitivity
scores, indicating that increases in cost consistently de-
creased the probability of accepting the card, with individual
differences in the magnitude of sensitivity to cost.

Within-domain correlations are seen in the bolded por-
tions of Table 2. Correlations between tolerance and cost
sensitivity indicate that individuals with higher effort toler-
ance were less likely than other children to reject a card as
effort demands further increased. The same pattern emerged
with regard to delay. Thus, within the effort and delay
domains, general tolerance and cost sensitivity appear to
capture similar intra-individual characteristics. There was
also a modest association between higher sensitivity to effort
costs and higher sensitivity to reward, r = �.17. Within the
probability block, tolerance was unrelated to sensitivity to
cost (risk), but those with higher tolerance for uncertainty
showed greater sensitivity to increases in reward. Higher
reward sensitivity was also modestly associated (r = .14)
with less cost sensitivity.

Association of decision tendencies across cost domains
Correlations in the non-bolded portion of the lower triangle
in Table 2 indicate how decision preferences in one cost do-
main related to preferences in the other cost domains. Toler-
ance scores were all positively correlated, with the largest
association between delay and effort (r = .35). Children
who were generally more willing to wait were generally
more willing to work. Smaller correlations were observed be-
tween tolerance of probability and that of delay (r = .12) and
effort (r = .18). Cost sensitivity to delay was associated with
cost sensitivity to effort (r = .23), but neither were correlated
with cost sensitivity to probability. Reward sensitivity in the
delay block was modestly associated with reward sensitivity
in the effort (r = .14) and probability blocks (r = .11), which
were not related.

The pattern of associations among children’s decision
making tendencies indicates a very modest degree of rank
order similarity in tolerance among cost domains, with some
additional associations with cost and reward sensitivity also
emerging as significant. However, the magnitude of these
associations was small and may have only achieved T

ab
le

2.
A
ss
oc
ia
tio

ns
am

on
g
de
ci
si
on

pa
ra
m
et
er
s
(g
en
er
al

to
le
ra
nc
e,
re
w
ar
d
se
ns
iti
vi
ty
,
an
d
co
st
se
ns
iti
vi
ty
)
ac
ro
ss

co
st
do
m
ai
ns

D
el
ay

n
=
40
3

E
ff
or
t
n
=
39
2

P
ro
ba
bi
lit
y
n
=
40
2

1a
.T

ol
er
an
ce

1b
.R

ew
ar
d

1c
.C

os
t

2a
.T

ol
er
an
ce

2b
.R

ew
ar
d

2c
.C

os
t

3a
.T

ol
er
an
ce

3b
.R

ew
ar
d

3c
.C

os
t

1a
.

–
2.
48
**
*

�2
.5
3*
**

1b
.

.0
5

–
.2
0*
*

.7
9*
**

1c
.

.2
9*
**

�.
01

–
.2
9*
**

.9
6*
**

2a
.

.3
5*
**

.0
2

.2
2*
**

–
�5

.1
3*
**

2b
.

�.
14
**

.1
4*
*

.0
6

�.
04

–
.6
1*
**

2c
.

.1
1*

.2
1*
**

.2
3*
**

.4
4*

**
�.

17
**
*

–
.6
7*
**

3a
.

.1
2*

�.
08

.0
6

.1
8*
**

�.
04

.1
3*

–
3b
.

�.
05

.1
1*

.0
9

�.
07

.0
9

.0
9

.2
2*
**

–
3c
.

�.
04

.0
7

�.
08

�.
12
*

.0
6

.0
1

�.
07

.1
4*
*

–
M
ea
n
(S
D
)

1.
62

(5
.2
6)

2.
18

(1
.0
8)

�1
.9
4
(1
.0
6)

�.
99

(5
.1
0)

2.
00

(.
91
)

�2
.2
3
(1
.1
5)

4.
16

(5
.5
2)

1.
39

(.
85
)

�2
.8
9
(1
.6
0)

R
an
ge

�1
8.
70

–
15
.9
0

.3
4
–
5.
78

�6
.0
5
–
�.

34
�1

8.
86

–
14
.7
1

.5
0
–
5.
76

�6
.1
4
–
�.

34
�1

1.
29

–
22
.7
3

.3
4
–
5.
67

�6
.1
4
–
�.

34

M
ea
ns
,s
ta
nd
ar
d
de
vi
at
io
ns

(S
D
),
an
d
ob
se
rv
ed

ra
ng
es

fo
r
ea
ch

of
th
e
de
ci
si
on

pa
ra
m
et
er
s
in

ea
ch

co
st
do
m
ai
n
ar
e
pr
es
en
te
d
in

th
e
bo
tto

m
ro
w
s.
V
al
ue
s
in

th
e
lo
w
er

tr
ia
ng
le
ar
e
co
rr
el
at
io
ns

am
on
g
ta
sk

sc
or
es
.V

al
ue
s
in

th
e

up
pe
r
ri
gh
t
tr
ia
ng
le

ar
e
t-
va
lu
es

fr
om

th
e
pa
ir
ed

t-
te
st
s
of

m
ea
n
di
ff
er
en
ce

be
tw
ee
n
do
m
ai
ns
.

N
ot
e.

*p
<

.0
5.

**
p
<

.0
1.

**
*p

<
.0
01
.

Reward and Cost Sensitivity in Decision Making 19L. M. Gatzke-Kopp et al.

Copyright © 2017 John Wiley & Sons, Ltd. J. Behav. Dec. Making, 31, 12–24 (2018)

DOI: 10.1002/bdm



significance due to the relatively large sample size, suggest-
ing that preferences across the domains are largely unique.
Paired sample t-tests, reported in the upper triangle of
Table 2, further support that preferences in each domain sig-
nificantly differ from one another.

Association of decision tendencies with cognitive ability
Bivariate correlations between decision preferences and all
cognitive measures are reported in Table 3. None of the prob-
ability decision preferences were associated with IQ, verbal
ability, or EF. No associations were observed with delay tol-
erance. However, greater sensitivity to reward in incentiviz-
ing delay was associated with higher scores on all three
cognitive measures. Higher effort tolerance was associated
with better EF and verbal ability, but not with IQ. However,
greater reward sensitivity and less cost sensitivity in the ef-
fort context were associated with higher IQ and EF scores.
Although significant, the magnitude of these correlations
again suggests that decision-making tendencies are not
purely a function of general cognitive ability.

External and discriminant validity of cost domain
decisions
Correlations among all decision preferences and behavioral
traits are also reported in Table 3. Higher academic motiva-
tion was associated with higher effort tolerance and less sen-
sitivity to effort costs, as well as higher sensitivity to reward
in incentivizing both effort and delay. Anxiety and hyperac-
tivity were only associated with preferences in the effort do-
main. Children rated higher in anxiety were generally more
tolerant of effort, but also more sensitive to costs, meaning
that anxious children’s tolerance for effort dropped off more
quickly as effort demands increased. Children rated higher in
hyperactivity were less tolerant of effort, less sensitive to the
incentivizing effects of reward, and more sensitive to in-
creases in effort demand.

Finally, three regression models were used to examine the
unique associations between children’s decision tendencies
and behavioral traits. In Step 1, sex, IQ, verbal ability, and
EF were entered as control variables. The nine scores derived
from the decision-making task were entered in Step 2. De-
spite correlations among some of the predictors, tolerance
values were relatively high (.57 to .93) and variance inflation
factor values were relatively low (1.08 to 1.76) indicating
that variables were appropriately independent. Results are
shown in Table 4.

Academic motivation was significantly associated with
being female and higher cognitive function across measures
(Step 1 (F (4, 336) = 32.08, p < .001). Prediction was im-
proved with Step 2 (ΔF (9, 323) = 2.50, p = .009). Greater
academic motivation was uniquely associated with more

Table 3. Correlations between decision parameters and cognitive abilities or behavioral traits

Task scores IQ
Verbal
ability

Executive
function

Academic
motivation Anxiety Hyperactivity

Delay
Tolerance .01 .02 .06 �.04 .07 .01
Reward sensitivity .17** .12* .16** .14** �.10 �.09
Cost sensitivity .08 .00 .07 �.03 �.02 .08

Effort
Tolerance .09 .11* .23*** .17*** �.12* �.19***
Reward sensitivity .15** .08 .22*** .23*** �.07 �.11*
Cost sensitivity .16** .16** .19*** .12* �.18*** �.15**

Probability
Tolerance .03 .07 .05 �.02 .07 .03
Reward sensitivity .02 �.02 �.03 .03 �.05 .01
Cost sensitivity �.05 .05 �.03 .03 �.10 �.06

Positive correlations with cost sensitivity indicate less influence of increasing costs on the probability of rejecting a card.
Note. N = 350–402.
*p < .05.
**p < .01.
***p < .001.

Table 4. Regression models examining discriminant validity of
decision parameters

Academic motivation Anxiety Hyperactivity

Step 1 R2 .28*** .06*** .19***
Sex �.10* .02 .22***
IQ .23*** �.18** �.07
EF .21*** �.08 �.26***
Verbal .19*** �.04 �.07
Step 2 ΔR2 .05** .06* .05*
Delay
Intercept �.02 .14* .03
Reward .02 �.06 .00
Cost �.11* .00 .17**
Effort
Intercept .13* �.09 �.11
Reward .14** .01 �.05
Cost .02 �.09 �.09
Probability
Intercept �.07 .09 .04
Reward .02 .00 �.01
Cost .04 �.12* �.07

Values are standardized β parameters.
Note.
*p < .05.
**p ≤ .01.
***p ≤ .001.
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sensitivity to delay costs (β = �.11), higher overall effort
tolerance (β = .13), and greater sensitivity to reward in incen-
tivizing effort (β = .14).

Anxiety ratings were uniquely and negatively associated
with IQ in Step 1 (F (4, 301) = 4.98, p = .001). Model predic-
tion was improved with Step 2 (ΔF (9, 288) = 1.94, p = .03).
Higher anxiety ratings were associated with higher tolerance
of delay (β = .14) and greater sensitivity to probability costs
(β = �.12).

Hyperactivity ratings were uniquely associated with being
male and having lower EF (Step 1 F (4, 279) = 17.20,
p < .001). Prediction was significantly improved with Step
2 (ΔF (9, 266) = 1.88, p = .048). Children rated higher in
hyperactivity were less sensitive to increases in delay costs
(β = .17).

DISCUSSION

Results of the present study support hypotheses that chil-
dren’s sensitivity to how rewards and costs influence their
decisions can be meaningfully dissociated and that individual
differences in sensitivity to rewards and costs differ across
delay, probability, and effort domains. Children’s decision
preferences in each cost domain demonstrated unique associ-
ations with behavioral traits, indicating that individual differ-
ences in how children make domain-specific decisions
provide unique and meaningful information about more
global aspects of behavior. These findings offer insight into
potential sources of heterogeneity within suboptimal
decision outcomes, such as risk taking and impulsivity. Dif-
ferentiating between the contributions of reward and cost
sensitivity could have implications for how behavioral inter-
ventions are tailored for individual children.

Distinguishing among tolerance, sensitivity to costs, and
sensitivity to reward
The objective of this study was to dissociate the relative con-
tributions of sensitivity to reward from sensitivity to cost in
decision making, which can be conflated in measures of
discounting functions (Paglieri et al., 2015). Using person-
specific logistic regressions, we were able to estimate an
intercept term as a standardized index of general tolerance,
enabling the comparison across individuals with reference
to a standard reward/cost tradeoff. In addition, we quantified
sensitivity to incremental increases in reward and cost in the
decision to accept an offer. Results supported the hypotheses
that these metrics capture distinct information about individ-
ual differences in decision preferences. The strength of corre-
lation among the three decision parameters differed across
cost domains but was generally low. The highest correlation
was observed in the effort domain. Individuals who were less
tolerant of effort were more sensitive to additional increases
in effort demand, indicating that tolerance and cost sensitiv-
ity each captured some degree of effort aversion. It is possi-
ble that this association is a function of the minimal
increments of cost increase in this paradigm, where each
additional cost unit represented only one additional word to

be alphabetized. Larger incremental increases might facilitate
greater dissociation between these variables. Furthermore,
this correlation may be inflated by the influence of cognitive
ability on both variables. When entered simultaneously into a
regression with cognitive function controlled, only tolerance
contributed uniquely to child behavior.

Results also supported the distinction between sensitivity to
reward and sensitivity to costs. Within-domain correlations be-
tween reward and cost sensitivity were below .2. Furthermore,
tolerance was uncorrelated with reward sensitivity in both the
delay and effort domains, suggesting that individual differ-
ences in sensitivity to reward are unique from individual differ-
ences in aversion to cost in these contexts. Only within the
probability block did greater reward sensitivity correlate with
a higher tolerance for uncertainty, although the magnitude of
this correlation was also small. In addition to reward sensitivity
being relatively independent from aversion to costs, correla-
tions of reward sensitivity across domains were small, despite
reward being administered in an identical manner in all blocks.
These findings are consistent with neuroimaging research that
found differential patterns of brain activation in response to
reward estimated in the context of delay versus effort (Massar,
Libedinsky, Weiyan, Huettel, & Chee, 2015).

A confluence of evidence indicates that individuals’
discounting tendencies in response to delay are independent
of their discounting for probability (Green & Myerson,
2010; Green et al., 1999a; Green et al., 1999b). Our results
generally support this dissociation, although small positive
correlations were observed between delay tolerance and
uncertainty tolerance and between reward sensitivity in the
delay and probability domains. This discrepancy is likely a
function of the relatively larger sample size providing in-
creased power to detect small effects. However, it is possible
that by extracting reward sensitivity from sensitivity to costs,
some shared variance emerged that is not easily detected
when quantifying discounting.

Far less research has sought to examine associations
between delay and probability discounting with discounting
in the effort domain. Some studies have suggested that
discounting for effort is correlated with discounting for
delay, although each still retains unique associations with
other traits (Malesza & Ostaszewski, 2013). Our results were
consistent with evidence of a modest correlation between
domains. It is possible that this correlation reflects the extent
to which waiting itself is an effortful task for children (Hsu
et al., 2015). Future research should examine whether corre-
lations between delay and effort diminish with age.

Decision preferences and general cognitive ability
Previous research suggests that cognitive ability is not
uniformly associated with the ability to make advantageous
decisions across all domains. Results from the current study
are consistent with previous findings that IQ is correlated
with decisions related to delay, but not probability (e.g.
Basile & Toplak, 2015; Karalunas & Huang-Pollock,
2011). Interestingly, intellectual and cognitive measures
were not correlated with sensitivity to delay, but rather were
correlated with sensitivity to the incentivizing properties of
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reward in overcoming delay aversion. The ability to dissoci-
ate sensitivity to reward and cost in the current task therefore
provides an additional level of specificity to how IQ relates
to lower levels of delay discounting. Sensitivity to reward
may be adaptive in facilitating behavioral flexibility to over-
ride trait-level tolerance when appropriately incentivized to
do so (Benningfield et al., 2014).

Decision making in the effort context also evidenced asso-
ciations with non-verbal IQ, EF, and verbal ability. Unlike
the delay context, however, these associations were not
unique to reward sensitivity. Higher scores on all three cog-
nitive measures were generally associated with more toler-
ance for effort, more responsiveness to reward, and less
responsiveness to cost. Given the nature of the task, which
targeted cognitive effort specifically, these associations are
not surprising. Although the task makes use of non-sense
strings of letters in the alphabetizing task to avoid privileging
children’s verbal ability, more fluency with letters is likely to
make performance easier. In addition, the task placed at least
some demand on working memory. The modest magnitude
of the associations implies that a substantial portion of the in-
terindividual differences in decision making are not deter-
mined by cognitive ability.

Validity of decision preferences
The final hypotheses posited that children’s decision prefer-
ences had domain-specific implications for their behavioral
traits. In order to account for shared variance, all nine deci-
sion parameters were examined simultaneously as predictors
of behavioral traits while also controlling for cognitive abil-
ity. As hypothesized, higher levels of teacher-rated academic
motivation were associated with higher levels of effort toler-
ance, as well as greater sensitivity to reward. These results in-
dicate that the present task captured variance associated with
children’s academic behaviors in the classroom beyond vari-
ance accounted for by intellectual ability. The effort block
was the only domain in which the average tolerance scores
were negative, and the only domain that children refused or
became too dysregulated to complete. Emergence of such
frustration provides a glimpse into the challenges teachers
face in engaging students in learning behaviors. Willingness
to exert cognitive effort is known to be an important compo-
nent of learning and predicts academic achievement indepen-
dent of intelligence (Biggs, 1999). The finding that both
tolerance of effort and sensitivity to reward contributed
unique variance in predicting academic motivation suggests
that children differ in terms of both their general willingness
to work and how readily they respond to incentives to moti-
vate effort. The ability to identify different preferences among
students characterized broadly by academic or behavioral
challenges in school may help teachers and parents select
the most appropriate behavioral strategy for a given child.

Results further supported the hypothesis regarding deci-
sions in the context of uncertainty and children’s symptoms
of anxiety. Specifically, children rated higher in anxiety were
less inclined than their peers to choose a card as chances of
winning decreased, indicating that their decisions were more
affected by risk than by reward. Although discounting for

low probability can be adaptive, intolerance of uncertainty
can result in an excessive tendency to withdraw from oppor-
tunities simply because success cannot be guaranteed. In the
current task, there was no condition in which points could
be lost, making the level of risk fairly minimal. A child pre-
sented with a card worth six points at 70% probability must
decide to accept the offer (an expected value of 4.2), or reject
the offer (an expected value of 0). In other words, a child who
rejects this offer is trading a 30% chance of getting no points
for a 100% chance of getting no points. Such a decision is
consistent with the theory that anxiety is associated with an
aversion to uncertainty (Carleton et al., 2012; Charpentier
et al., 2017). Although the behavioral assessments were not
designed to identify anxiety disorders, the findings are consis-
tent with the hypothesis that uncertainty intolerance is associ-
ated with anxious tendencies. Future research can examine
whether preferences in decision making exhibited in child-
hood portend development of more significant anxiety-re-
lated problems as children transition into adolescence.

Unlike the predictions for the effort and probability
blocks, associations with decision preferences in the context
of delay were not entirely consistent with hypotheses. Specif-
ically, delay was the only context in which decision prefer-
ences showed a significant association with each of the
three behavioral measures, and several of these associations
ran counter to predictions. Following studies associating
greater delay discounting among individuals with ADHD
(Scheres et al., 2010), we hypothesized that an aversion to
delay would be associated with symptoms of hyperactivity.
In contrast, hyperactivity was associated with less sensitivity
to delay. Furthermore, in addition to the predicted associa-
tions with decisions related to effort, higher academic moti-
vation was predicted by greater sensitivity to delay. This
discrepancy from the findings in discounting tasks may be
a function of important differences in task design. Delay
discounting tasks often ask children to select between two
options, both with at least some level of reward. In the
present study, however, a decision to decline to wait means
forgoing the opportunity for any reward on that trial and thus
captures delay aversion more specifically. The pattern of
findings here suggests that children rated higher in hyperac-
tivity are not averse to waiting passively if incentivized but
are significantly less tolerant of effort. These findings suggest
a potential value in dissociating the influences of time and
effort, which are often confounded in real-world decisions.

It is also important to note that the unpredicted adaptive as-
sociations with delay aversion emerge only when all decision
preferences are modeled simultaneously, while controlling
for cognitive ability. It is possible that delay aversion is associ-
ated with maladaptive behaviors only in the context of lower
cognitive ability. One study, for instance, found that the asso-
ciation between ADHD and delay discounting was no longer
evident once IQ was accounted for (Wilson, Mitchell, Musser,
Schmitt, & Nigg, 2011). Thus, delay aversion may only be
problematic when accompanied by lower cognitive ability.
The present findings further support recommendations made
by other researchers regarding the importance of incorporating
measures of intellectual ability in the study of decision making
in the context of delay (Olson et al., 2007).

22 Journal of Behavioral Decision Making

Copyright © 2017 John Wiley & Sons, Ltd. J. Behav. Dec. Making, 31, 12–24 (2018)

DOI: 10.1002/bdm



SUMMARY AND LIMITATIONS

Several aspects of the sample and study design warrant con-
sideration. First, although larger sample size is typically pre-
ferred in behavioral research, our sample size was markedly
larger than most decision-making studies, and as such, our
power to detect smaller associations was greatly increased.
Thus, discrepancies between our findings and others in the
literature may be a function of power rather than a true incon-
sistency. Secondly, the age of the present sample may limit
generalizability to other developmental stages. Future
research is needed to determine whether there is rank order
stability in decision preferences across childhood and
whether decision preferences are prospectively associated
with psychological outcomes. In addition, the children in
this study were measured at a time when hormonal changes
begin in preparation for the physical changes of pubertal
development (Mundy et al., 2015). Given the substantial
individual differences in the timing of puberty, more
developmental heterogeneity may exist in this sample than
is evident from chronological age alone. Although no evi-
dence of sexual dimorphism emerged in the present study,
sex-specific patterns could emerge later in development as
pubertal processes continue to influence ongoing brain
development.

Finally, several aspects of the task design may limit gen-
eralizability. Although a large body of research has examined
discounting tendencies from a trait-perspective, several stud-
ies have documented state-related influences on discounting
including sleep deprivation (Reynolds & Schiffbauer, 2004)
and affect (Hewig et al., 2011). Developmental research is
needed to determine whether children are more affected by
state-level fluctuations in their decisions than adults. In addi-
tion, in an effort to reduce assessment time, the use of an
adaptive algorithm employed the assumption that all deci-
sions could be inferred on the basis of previous decisions.
Research in adolescents indicates that consistency is not
characteristic of all participants (Olson et al., 2007). Future
studies should expand the decision task to assess empirically
the extent to which children adhere to consistent decision
rules and whether inconsistency, in and of itself, is a mean-
ingful index of neuroeconomic processes.

In sum, the present study examined a novel decision-
making task designed to dissociate sensitivity to reward from
sensitivity to cost across three different domains of cost.
Findings demonstrate that children’s decisions in the context
of delay, effort, and probability domains are associated with
psychological and behavioral traits and that decision prefer-
ences account for unique variance beyond cognitive ability.
These findings also offer insight into ways to assess and
operationalize heterogeneity in impulsive decision making.
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