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Abstract We used the Balloon Analog Risk Task (BART)
to examine risk taking and sensitivity to punishment, two
relevant aspects of behavioral inhibition, in 203 schoolage children with attention-deficit/hyperactivity disorder
(ADHD), oppositional defiant disorder (ODD), ADHD
+ODD, and controls. Participants earned points on the
BART by pumping 30 separate balloons that exploded at
variable intervals. No points were earned on a trial when
a balloon exploded. The number of pumps across all
balloons estimated risk taking and the reduction in
pumps following balloon explosions was interpreted as
an indicator of sensitivity to negative punishment. We
found that all groups significantly differed from one
another on risk taking. The ADHD+ODD group pumped
the most, followed by the ODD, ADHD, and the control
group, respectively. For sensitivity to negative punishment, all groups performed differently, with the ODD
group showing the least sensitivity to an exploded
balloon, followed by the ADHD, control, and ADHD
+ODD groups, respectively. Children with ADHD+ODD
demonstrated significantly different patterns of risk
taking and sensitivity to negative punishment than
children with either ADHD-only or ODD-only. ADHD
youth with comorbid ODD had the greatest levels of risk
taking, but they were also the most sensitive to negative
punishment. The relationship between ADHD and ODD,
as well as the nature of comorbidity in constructs related
to risk taking and related behaviors, are discussed.
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Attention-deficit/hyperactivity disorder (ADHD) is characterized by an early onset of developmentally aberrant and
impairing levels of inattention and/or hyperactivityimpulsivity (American Psychiatric Association [APA]
2000). The worldwide prevalence of ADHD has been
estimated at 5.3% (Polanczyk et al. 2007). ADHD is one of
the most common referrals for mental health, educational,
and pediatric services (Barkley 1998), and the financial
burden of managing a child with ADHD has been estimated
to be $12,005 to $17,458 per individual annually in the
United States (Pelham et al. 2007). Therefore, childhood
ADHD is highly prevalent with significant public health
implications.
Independent of demographic and clinical confounds,
ADHD prospectively predicts negative outcomes and
impairment. In two separate samples of preschool children
and school-aged girls followed prospectively into adolescence, ADHD probands were less positively adjusted across
multiple domains (i.e., comorbidity, social skills, peer
relationships) than comparisons, even when academic
achievement and ADHD symptoms were excluded from
the definition of positive adjustment (Owens et al. 2009;
Lee et al. 2008). A recent meta-analysis reported that
children with ADHD were significantly more likely to have
ever used nicotine and drugs and to develop nicotine,
alcohol, and drug abuse or dependence in adolescence and
early adulthood (Lee et al. 2011). Thus, ADHD is
characterized by multifinality where negative outcomes
are widely dispersed across behavioral, academic, and
social domains (Cicchetti and Rogosch 1996).
Although behavioral inhibition (BI) deficits have been
proposed as a central feature of ADHD (Aron and Poldrack
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2005; Barkley 1997), its multifactorial nature, including
impulsivity, executive control, working memory, and
vigilance, has complicated efforts to identify its precise
architecture (Congdon and Canli 2005). Risk taking is a BIrelated construct, and consists broadly of the tendency to
engage in negative behavior that compromises health, wellbeing, and the life-course (Jessor 1998). Although engagement in risky behavior increases across childhood and
peaks during adolescence (Steinberg 2007), there are
important individual differences in risk taking propensity
(Tom et al. 2007). Boyer (2006) outlined important
processes that influence risk taking behavior, including the
psychobiological development of cognitive and affective
processes (e.g., knowledge structures, emotion regulation),
which may impact perceptions of risk and vulnerability. In
fact, the ability to accurately gauge and avoid risky or
dangerous situations is necessary to function safely and
adaptively (Garon and Moore 2004; Mann et al. 1989;
Steinberg and Scott 2003).
Risk taking may be relevant to ADHD for several
reasons. For example, risk taking is associated with later
substance use (Burt et al. 2000), a common outcome among
individuals diagnosed with childhood ADHD (Charach et
al. 2011; Lee et al. 2011). ADHD also prospectively
predicted risky driving, sexual behavior, gambling, and
unintentional injury (Breyer et al. 2009; Flory et al. 2006;
Garzon et al. 2008; Thompson et al. 2007). However, it is
unclear whether the association between risk taking and
ADHD is explained by its frequent comorbidity with
disruptive behavior disorders (DBDs) (i.e., oppositional
defiant disorder [ODD] and conduct disorder [CD]).
Lilienfeld and Waldman (1990) reviewed prospective
studies of early ADHD and subsequent antisocial behavior
(ASB) and concluded that most were contaminated by
comorbid DBD, thereby preventing inferences about the
specificity of ADHD and ASB. This limitation may also
pertain to previous studies of ADHD and risk taking given
that previous studies often ignored the possible effects of
comorbid DBD.
A recent study of categorically- and dimensionallydefined ADHD and BI (i.e., impulsivity, delay aversion)
did not account for comorbid externalizing problems
(Paloyelis et al. 2009). There is also evidence that ADHD
was positively associated with BI deficits, controlling for
ODD and CD (Nigg et al. 1998) and that ADHD predicted
BI even after accounting for concurrent ODD among 6–
13 year-old children (de Zeeuw et al. 2008). However,
Kuntsi et al. (2001) reported that differences between
hyperactive and non-hyperactive children on delay aversion
were fully explained by co-occurring DBD. Furthermore,
although children with ADHD versus ADHD+ODD performed equivalently on a delay aversion task (Antrop et al.
2006), it is also possible that ADHD and ODD may interact
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to predict more BI problems or risk taking behavior.
Although theoretical formulations suggest that ADHD is
uniquely associated with impulsivity whereas ADHD and
comorbid ODD are related to socio-affective dysregulation,
including altered responses to reward and punishment
(Hinshaw 2003; Nigg 2003), these models necessitate
formal empirical evaluation. Overall, in light of inconclusive evidence from previous studies (Reynolds et al. 2006)
and the fact that risk taking may be related to DBDs
(Schwebel et al. 2002), it is important to determine the
specificity of risk taking in children with ADHD, DBD, and
their combination.
Both approach and avoidance behaviors are necessary
for adaptive functioning, as individuals must simultaneously seek opportunities for survival and avoid danger (Everitt
and Robbins 2005). Therefore, individuals must effectively
negotiate approach and avoidance tendencies. Functional
magnetic resonance imaging (fMRI) research suggests
overlapping, but dissociable systems are active during tasks
sensitive to approach and avoidance behavior (Wrase et al.
2007). While activation in the ventral striatum was
associated with both reward and punishment cues and the
dorsal striatum was associated with delivered rewards, the
anterior cingulate was related to delivered negative punishments. Differences in these neural systems may be related
to behavioral dysfunction whereas adaptive decisionmaking requires both risk-taking and punishment sensitivity, as evidenced by neuropsychological tests such as the
Iowa Gambling Task (Bechara et al. 1994). Adaptive
behavior, therefore, requires that approach tendencies be
modified by the prospect of punishment. Arnett (1992)
observed that even during adolescence, a developmental
period associated with greatly increased risk taking behavior, the potential for punishment influenced risk taking
(Newman 1987). Individuals vary in sensitivity to threat or
punishment, and extant research provides evidence that
children with ADHD are motivated by the prospect of
punishment. For example, children with ADHD performed
more accurately on tasks when failure resulted in negative
punishment (i.e., the removal of something desired) than on
tasks with no contingency for performance (Carlson et al.
2000; Carlson and Tamm 2000). Previous work on reward
and negative punishment also suggests that the loss of even
small amounts of money increases response time on
behavioral tasks in children with ADHD (Arnett et al.
1996).
However, it is unclear whether the degree of punishment
sensitivity is consistent across children with versus and
without ADHD. Previous studies that examined risk taking
and sensitivity to negative punishment found that children
with ADHD had greater risk taking in conditions of
punishment (DeVito et al. 2008), and fewer behavioral
responses to punishment (Masunami et al. 2009). Both
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studies linked these behaviors to poorer decision-making on
gambling tasks. In addition to ADHD, ODD may also relate to
decreased sensitivity to negative punishment. Compared to
controls, boys with ODD were less likely to modify behavior
that was initially rewarded but subsequently punished
(Matthys et al. 2004). Thus, children with ODD may be less
sensitive to punishment relative to typically developing
children. Notably, because studies to date have largely
utilized two-group comparisons (e.g., ADHD versus nonADHD), they have been unable to clarify the specificity of
patterns of association in multiple clinical groups (e.g.,
ADHD and comorbid ODD), an important consideration in
studies of externalizing problems (Hinshaw and Lee 2003).
Measurement strategies for BI domains vary considerably, although most studies relied on rating scales. This is a
significant limitation because rating scales of child behavior
often rely on exclusively on parental report, which can be
biased by parental psychopathology (Kroes et al. 2003;
Youngstrom et al. 1999). The Balloon Analog Risk Task
(BART; Lejuez et al. 2002) is a computer analog that
presents 30 separate balloons to participants who pump up
balloons for points (more pumps = greater points earned).
However, balloons explode at a variable number of pumps
and no points are earned on that trial. Previous studies
found that balloon pumping on the BART was positively
associated with risky sexual behavior (Lejuez et al. 2005),
smoking (Lejuez et al. 2003), and a composite of substance
use, sexual behavior, delinquency, and health domains
(Lejuez et al. 2007). BART also simultaneously presents
rewards (points) and negative punishment (points revoked
for an exploded balloon), which is necessary to optimally
evoke impulsive responding (Gomez 2003). To our knowledge, this is the first study of the BART in children with
ADHD.
Our goal was to examine risk taking and sensitivity to
punishment via the BART in four groups of children:
ADHD-only, ODD-only, ADHD+ODD, and controls (i.e.,
no ADHD and no ODD). We hypothesized that, relative to
controls, children with ODD-only would exhibit the most
risk taking and be the least sensitive to punishment relative
to children with ADHD only and controls. Given that
previous theory and research does not provide clear
evidence about the nature of risk taking and sensitivity to
punishment in children with ADHD+ODD, we did not
formulate specific hypotheses about differences between
ODD-only versus ADHD+ODD youth.
Table 1 Age, gender, and ODD
status based on ADHD status

ADHD attention-deficit/hyperactivity disorder. ODD oppositional
defiant disorder. *** p<.001

Age Mean (SD)
Gender (% Male)
ODD diagnosis (% Yes)

301

Method
Participants
Participants were 203 (71% male) ethnically diverse (49%
Caucasian) children with (n=103) and without ADHD (n=
100) (Table 1). The full age range consisted of 5–10 year
olds (M=7.39, SD=1.12), though the majority of participants (98%) were between the ages of 6 and 9 at the time
of testing. Participants were recruited using presentations to
ADHD self-help groups, flyers mailed to local schools,
pediatric offices, and clinical service providers, and
referrals from mental health clinics. Children were required
to live with at least one biological parent at least half time
and both parent and child were required to be fluent in
English. Exclusion criteria for all participants consisted of a
Full Scale IQ<70, pervasive developmental, seizure, or any
neurological disorder that prevented full participation in the
study (see Castel et al. 2011 and Humphreys et al. 2011 for
additional details).
ADHD and ODD status were ascertained using a
structured diagnostic interview with the parent. To avoid
recruiting an improbably ‘high-functioning’ control group,
which could exaggerate group differences, control children
who met criteria for any disorder other than ADHD were
included. In order to characterize the precise contribution of
ADHD, ODD, and their comorbidity on risk taking and
punishment sensitivity, we created four clinical groups: (1)
neither ADHD or ODD (Controls; n=87); (2) ADHD
without ODD (ADHD-only; n=55), (3) ODD without
ADHD (ODD-only; n=13); and (4) ADHD and ODD
(ADHD+ODD; n=48).
Procedures
Eligibility for the study was determined through an initial
telephone screening. Parents completed behavior rating
scales and families were invited to our research laboratory
for in-person assessments of child behavior and family
functioning. Whenever possible, children were assessed in
our laboratory without psychotropic medication. Approximately 15% of parents reported that their children were
taking psychotropic medication on the day of the assessment. If a child normally received medication, we asked
that parents and teachers provide ratings based on the
child’s unmedicated behavior. Similar procedures have been
ADHD N=103

No ADHD N=100

7.30 (1.11)
77%
47%

7.49 (1.12)
66%
13%

t-value or χ2
1.21
2.85
27.26***
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used in other ADHD studies, including the Multimodal
Treatment Study of ADHD (Lee et al. 2008; Hinshaw et al.
1997). All interviewers were blind to the child’s diagnostic
status. Parents consented and children assented to all
procedures. The Institutional Review Board approved all
study procedures.
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Scores ranged from −345 to 519. We added 346 to each
case to accommodate data analyses, which required positive
integers. Given that individuals differed in the number of
explosions across the task and each explosion allowed
estimating post explosion behavior, the number of explosions was covaried in the models of post explosion
behavior.

Background Measures
ADHD and ODD

Data Analysis

Diagnostic Interview Schedule for Children—Fourth Edition
(DISC-IV; Schaffer et al. 2000) Diagnostic criteria for
ADHD and ODD were determined by administering the
computerized DISC-IV to each participant’s parent. This
fully structured interview probes required symptoms,
duration, age of onset, and impairment. Test-retest reliability for ADHD diagnosed by the DISC was between .51 and
.64 and for ODD was .54 in the DSM-IV Field Trials
(Lahey et al. 1994a, b). Diagnostic designations from the
DISC have shown predictive validity in other studies of
ADHD (Owens et al. 2009; Lee et al. 2008).

Our goal was to examine risk taking and sensitivity to
punishment in four groups of children: 1) Controls, 2)
ADHD-only, 3) ODD-only, and 4) ADHD+ODD. TotalPumps and PostExp, our two key dependent variables,
reflect counts of behaviors (e.g., number of pumps). We
used a generalized linear model specifying Poisson regression in Predictive Analytics SoftWare Statistics (PASW)
18.0 to accommodate the non-normal distribution, which is
highly characteristic of count data. Next, because the BART
is sensitive to age effects (MacPherson et al. 2010), we
controlled for the child’s age, as well as the BART version.
We conducted two separate Poisson regression models
where the number of pumps from TotalPumps and PostExp
(i.e., count data) constituted our dependent variables and a
dummy-coded variable coded for the four groups represented our independent variable. When an omnibus test for
the dummy-coded group variable significantly predicted the
dependent variable, estimated means for each diagnostic
group was computed, adjusting for covariates. We then
conducted pairwise comparisons using Fisher’s least significant difference (LSD) post hoc test to probe group
differences, thereby providing a conservative test to protect
against Type I error.

Risk Taking and Sensitivity to Punishment
Balloon Analogue Risk Task (BART; Lejuez et al. 2002;
Lejuez et al. 2007) Two different computerized versions of
the BART were used. For both versions, each child was
asked to pump 30 separate balloons and earned points
based on the number of pumps for each balloon (i.e., more
pumps earned more points). Balloons exploded at an
unknown, variable number of pumps, resulting in the loss
of all points for that trial. In the first BART version,
participants pressed the mouse for each pump. In the
second version, participants typed in the number of pumps
for each balloon. Both versions had an average explosion
point of 65 pumps. Children exchanged their points for
stickers at the end of the task. We examined two variables:
(1) total number of pumps across the task (TotalPumps).
The mean TotalPumps score was 923.44 (SD=489.16), and
ranged from 167 to 2288; (2) To assess sensitivity to
negative punishment, for each balloon that exploded, we
subtracted the number of pumps made on the balloon trial
immediately following the exploded balloon from the
number of pumps made on the trial preceding the exploded
balloon. Positive values indicate fewer pumps on the
subsequent balloon whereas negative values indicate more
pumps following a balloon explosion. We summed each
difference score following explosions to approximate post
explosion behavior (PostExp). The mean PostExp score
was 66.67 (SD=144.21), suggesting that, on average,
children pumped less following an exploded balloon.

Results
Table 2 presents the correlation matrix for ADHD and ODD
status with age, sex, and the two outcome variables of
interest (TotalPumps and PostExp). As expected, ADHD
and ODD status were moderately correlated (r=.38). Age
was significantly associated with TotalPumps, but child sex
was not significantly associated with either outcome
variable. A modest significant association was found for
risk taking and sensitivity to negative punishment (r=.18),
suggesting that these constructs are related but meaningfully
different and justify separate examination.
Risk Taking
Controlling for age and BART version, the omnibus test
for the group variable was significantly related to risk
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Table 2 Correlation matrix demographic, predictor, and outcome variables
Age
Age
Male=1
ADHD Y/N
ODD Y/N
TotalPumps
PostExpa

1
−.06
−.11
.04
.16*
−.08

Male

ADHD

ODD

TotalPumps

PostExp

1
.09
.04
−.00
−.08

1
.38***
−.01
−.02

1
.13†
.06

1
.18**

1

FSIQ Full Scale IQ. ADHD attention-deficit/hyperactivity disorder. ODD oppositional defiant disorder. TotalPumps Number of Pumps on the
BART. PostExp Post Explosion behavior on the BART. a Correlation with TotalPumps presented after partialling out number of explosions and
BART version
†p<.10. * p<.05. **p<.01. ***p<.001

taking (i.e., TotalPumps) (Wald χ2 =372.81, p<.001). Post
hoc analyses revealed that all groups significantly differed
from one another with ADHD+ODD children pumping the
most. This was followed by the ODD-only group, and then
the ADHD-only group. The comparison children pumped
the least across the task (Fig. 1).

Discussion

Controlling for age, BART version, and the number of
explosions, the omnibus test for group status and post
explosion behavior was significant (Wald χ2 =200.24,
p < .001). Post hoc tests found that that all groups
significantly differed from one another. As higher values
suggest greater reactivity to explosions (i.e., fewer pumps
following a balloon explosion), the ODD group was the
least sensitive to punishment, followed by the ADHD-only
and the control group (Fig. 2). Interestingly, the ADHD
+ODD group was the most sensitive to punishment.

Among 203 5–10 year-old children (controls, ODD-only,
ADHD-only, ADHD+ODD), “pure” ADHD (i.e., without
ODD) positively predicted increased risk taking relative to
controls. ODD predicted the greatest level of risk taking
(Schwebel et al. 2002), as children with ODD and ADHD
+ODD pumped more than the ADHD-only and control
groups. Children with both ADHD and ODD had the
greatest level of risk taking, further supporting that this
group of children is a clinically significant subgroup of the
population by virtue of its elevated risk for negative
outcomes (Gadow and Nolan 2002; Kuhne et al. 1997).
Results also indicated that the ADHD+ODD group was the
most sensitive to punishment.
ADHD is associated with increased impulsivity on tasks
of motoric inhibition (e.g., Stop Task) (Alderson et al.
2007), yet the association of ADHD with non-inhibitory BI
tasks, such as the BART, appears to vary as a function of

Fig. 1 Total pumps by group status. Note. Means and standard errors
are modeled after adjusting for BART version and age. ADHD =
attention-deficit/hyperactivity disorder. ODD = oppositional defiant
disorder

Fig. 2 Post explosion reactivity by group status. Note. Means and
standard errors are modeled after adjusting for BART version, age, and
number of explosions. Higher numbers indicate greater reduction in
pumps following explosions. ADHD = attention-deficit/hyperactivity
disorder. ODD = oppositional defiant disorder

Sensitivity to Punishment
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comorbid DBDs. Although “pure” ADHD was associated
with moderately higher levels of risk taking compared to
controls, ODD was associated the highest level of risk
taking. These patterns are generally consistent with Nigg’s
(2003) assertion that ADHD-Combined Type and earlyonset CD were prototypical disorders of cognitive and
motivational impulsivity, respectively. Our findings suggest
that deficient motivational gradients may also be related to
ODD, a frequent precursor to early-onset CD (Loeber et al.
2000). The increased risk taking found in children with
ADHD+ODD provides additional evidence that this group
is distinct from ADHD-only or ODD-only (Hinshaw et al.
1993; Lahey et al. 1999). Consistent with these findings,
previous work indicated that children with ADHD and
DBD were more impulsive than children with ADHD-only
(Newcorn et al. 2001). In fact, some negative outcomes
associated with childhood ADHD may be partially
explained by co-occurring DBD, including expulsion and
school drop-out (Barkley et al. 1990).
Our findings support previous research that ODD
predicts risk taking (Garzon et al. 2008; Schwebel et al.
2002) and reduced reactivity to punishment (Matthys et al.
2004; van Bokhoven et al. 2005). Although the interpersonal and affective features of psychopathy are not part
of the diagnostic criteria for ODD (Loeber et al. 2009),
the antecedents of psychopathy can be reliably measured
in young children and predict future conduct problems
(Kochanska and Aksan 2006; Ostrov 2006). Further work
should investigate whether punishment sensitivity is differentially associated with early-onset CD or psychopathic
traits.
The literature consists of inconsistent evidence on the
association of ADHD and sensitivity to punishment,
including reports of diminished reactivity (Masunami et
al. 2009) and comparable sensitivity to controls (Geurts et
al. 2006). Our findings suggest that children with ADHDonly were slightly less sensitive to punishment compared to
control children, but more sensitive than children with
ODD-only. This association is consistent with previous
work that ADHD was positively related to response cost
(Carlson et al. 2000; Carlson and Tamm 2000). We note that
punishment should be differentiated according to negative
punishment (i.e., removal of a desired object) versus
positive punishment (i.e., application of an aversive
stimulus). We suggest that failing to consider DBD in
previous studies may have contributed to findings that
ADHD predicted increased reactivity to negative punishment, given that the comorbid ADHD+ODD group was the
most sensitive to punishment.
Nigg et al. (2004) proposed that children with ADHD
and DBD are centrally characterized by poor affect
regulation. Therefore, although children with ADHD and
DBD engage in greater risk, we cannot assume that they are
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immune to the feedback loop of punishment. In fact, these
children may be too reactive or unable to adaptively
respond to punishment, and therefore may be more inclined
to perform inconsistently across the task by taking greater
risks but also greatly moderating their behavior when their
actions led to an undesirable outcome (i.e., loss of points).
The ability to accurately determine the importance of an
event (i.e., balloon explosion) may require the ability to
efficiently recover from a punishment or negative consequence, and children with ADHD and ODD may be more
prone to excessive emotional reactivity to minor negative
events. Post-explosion behavior may also reflect a failure to
learn the task appropriately. Pleskac (2008) observed that
the sequential nature of the BART implies a learning effect,
which enables participants to determine the nonstationary
probablistic nature of the task. Children with ADHD+ODD
may be slower to learn that the balloon trials were equally
likely to explode over time and that each trial had the same
probability of exploding.
These findings should be considered in light of important limitations. Our cross-sectional design did not address
relevant questions such as the sensitivity of the BART to
ADHD and ODD across time. It should also be noted that
alternative BART outcome measures have been used by
other researchers (e.g., Lejuez et al. 2003; Pleskac 2008)
and our sample size prevented examination of potential sex
or racial-ethnic differences. In addition, some children had
taken their usual medication on the day of testing, and it is
unclear if medication influenced BART performance. Given
that medication use is not randomly distributed in the
population, we could not meaningfully examine the effects
of medication on these findings. Another consideration was
that we did not determine whether ODD per se related to
BART performance or whether ODD was a proxy for
callous-unemotional traits or temperament (e.g., harm
avoidance) or other constitutional features that may
underlie ODD.
It is well known that ADHD is clinically heterogeneous
(Faraone 2000; Wåhlstedt et al. 2009), particularly with
respect to comorbidity. Our findings substantiate the
importance of considering DBD in studies of ADHD, BI,
risk taking, and punishment sensitivity. Given that the
association of ADHD and BART differed by comorbid
ODD, studies of ADHD that ignore DBD may misrepresent
ADHD and critical BI dimensions. For example, comorbid
DBD may mediate the relation between ADHD and
substance use outcomes (Flory and Lynam 2003; Lee et
al. 2011). Whereas ADHD has been linked to negative
outcomes, this study suggests that “pure” ADHD (i.e.,
independent of ODD) may be nominally related to risk
taking whereas ADHD+ODD is related to the greatest
levels of risk taking. In addition, ADHD+ODD was
associated increased sensitivity to punishment unlike the
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“pure” ODD group, which was the least sensitive to
punishment. The field must precisely characterize how
ADHD and DBD, independently and interactively, predict
different facets of risky behavior. Importantly, future studies
must empirically evaluate the underlying architecture of BI
to advance innovations in treatment for the many forms of
psychopathology that are associated with BI deficits.
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