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The present study examined the impact of frustration on risk-taking in college students with low and high ADHD
symptomatology (L-ADHD and H-ADHD). Participants completed the Balloon Analogue Risk Task (BART) fol-
lowing induced frustration from a mood manipulation task (experimental session) and following no mood
manipulation (control session). A manipulation check revealed a significant three-way interaction where the H-
ADHD group reported higher frustration levels compared to the L-ADHD group, particularly in response to the
frustration induction in the experimental condition. Primary results revealed that the L-ADHD group exploded

significantly fewer balloons in the experimental condition compared to the control condition; there was a
nonsignificant difference of balloon explosions across conditions for the H-ADHD group. The study provides
initial laboratory-based support for the impact of frustration on the risk behavior of those with low and high
levels of ADHD, with potential implications for future studies and ultimately for intervention.

1. Introduction

Attention-deficit/hyperactivity disorder (ADHD) is a neurodeve-
lopmental disorder characterized by a pervasive pattern of inattention,
hyperactivity, and/or impulsivity that interferes with functioning and
development (DSM-5, American Psychiatric Association [APA], 2013).
One key problem behavior associated with ADHD is risk-taking
(Kroyzer et al., 2014). Evidence suggests that children and young
adolescents with ADHD are generally more impulsive (Wilson et al.,
2011; Winstanley et al., 2006). Thus, these children engage in more
risk-taking behavior than their counterparts without the disorder
(Kroyzer et al., 2014), and they also evidence continued risk-taking
behavior throughout older adolescence and into adulthood. Throughout
development, risk-taking behaviors become increasingly dangerous and
can include alcohol and substance misuse (Ohlmeier et al., 2008), risky
driving (Richards et al., 2006; Thompson et al., 2007), problem gam-
bling (Breyer et al., 2009), and sexual behavior (Flory et al., 2006).

Being in a negative emotional state can impact risk-taking behavior
(Cetin et al., 2014; Deffenbacher et al., 2001), and this may be

particularly true for young individuals with ADHD (Oliver et al., 2011).
One emotional state that can serve as a risk factor for engaging in risky
behavior is frustration, which is a subjective feeling of unpleasantness
associated with high levels of anticipated extreme effort that an in-
dividual may experience from failing to achieve a desired goal
(Deveney et al., 2013; Perlman et al., 2014; Smith and Ellsworth, 1985;
Yu et al., 2014). Frustration has been induced in a controlled experi-
mental setting in children with and without ADHD through a variety of
mood induction tasks (e.g., Maedgen and Carlson, 2000; Melnick and
Hinshaw, 2000; Scime and Norvilitis, 2006; Walcott and Landau,
2004), with results showing that individuals with ADHD become fru-
strated more easily than those without the disorder. In one particular
study, Scime and Norvilitis (2006) examined task performance on an
arithmetic task of increasing difficulty and a challenging puzzle task in
children ranging in age from 6 to 12 years old with and without ADHD.
Results indicated that children with ADHD became more frustrated
than the comparison children, both in general and when completing the
tasks designed to elicit frustration. Children with ADHD also engaged in
less mood repair, which is a factor of emotional competence (Rockhill
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and Greener, 1999; Salovey et al., 1995) characterized as an in-
dividual’s perceived ability to regulate his or her own emotions (Scime
and Norvilitis, 2006).

Compared to the vast literature examining negative emotion in
children with ADHD, less research has investigated the relationship of
the response in negative emotions in college-aged young adults with
ADHD (Glutting et al., 2005; Weyandt and DuPaul, 2006), possibly due
to ADHD’s status as a neurodevelopmental disorder, with symptom
onset occurring before the age of 12 (DSM-5, APA, 2013). However,
though symptom presentation may begin to differ as individuals pro-
gress through development, the majority of children and early adoles-
cents with ADHD continue to display ADHD symptoms into adulthood
(Weyandt and DuPaul, 2006). More research is needed to examine
college students with ADHD symptoms because they are at greater risk
for academic and psychological difficulties (Weyandt and DuPaul,
2008). Additionally, previous research has demonstrated that proble-
matic substance use peaks in the early 20 s (Littlefield et al., 2009), and
students with ADHD are more likely to use tobacco, marijuana, and
non-marijuana illicit substances and experience alcohol-related pro-
blems (Rooney et al., 2011) and alcohol-use disorders (Rooney et al.,
2012) compared to students without the disorder.

Of the past studies which have explored frustration and its role in
risk-taking in ADHD among young adults, only one study, to our
knowledge, used a controlled laboratory paradigm (as opposed to re-
lying solely on naturalistic assessment). Oliver and colleagues (2011)
utilized a driving task and examined the role of frustration measured
subjectively (through self-report) and objectively (through cardior-
espiratory physiological measures) on driving behavior in 42 young
adults with high (five men and 15 women) versus low (five men and 17
women) ADHD symptoms. Participants with high ADHD symptoms
experienced significantly higher levels of frustration compared to in-
dividuals with low ADHD symptoms in both the baseline driving con-
dition and the frustration driving condition. While this work provides
an important starting point, there is a need for further research which
directly explores the impact of frustration on risk-taking for young
adults with elevated levels of ADHD.

The aim of the present study was to examine the impact of a frus-
tration intervention on risk-taking behavior in young adults with and
without elevated ADHD symptoms. We used the Balloon Analogue Risk
Task (BART; Lejuez et al., 2002), a laboratory task which models risk-
taking where behavior is rewarded (participants earn money by
pumping a virtual balloon) until a certain point; continued risk-taking
results in a negative consequence (after an unknown amount of pumps,
the balloon will explode, and money earned from that balloon is lost).
Previous research has shown that risk-taking on the BART is positively
correlated with self-reported risk-taking behavior, such as alcohol and
drug use, smoking, gambling, aggression, and unprotected sex (Lauriola
et al., 2014; Lejuez et al., 2002; Lejuez et al., 2003a, 2003b). Ad-
ditionally, “at-risk” groups, such as smokers (Lejuez et al., 2005) and
substance users (e.g., Bornovalova et al., 2005; Crowley et al., 2006),
often display differences in behavior on the BART in comparison to
control groups (Lauriola et al.,, 2014). We hypothesized that two
groups, a high versus low ADHD-symptom group, would differ on self-
reported frustration and on risk-taking behavior in the experimental
frustration condition to a greater degree than in a control condition. In
other words, compared to the low ADHD-symptom group, the high
ADHD-symptom group would self-report higher levels of frustration in
both conditions, as well as engage in more risk-taking behavior as
measured by the BART, particularly when frustrated. Additionally, the
difference of frustration and risk-taking behavior would be more pro-
nounced in the experimental condition compared to the control con-
dition.
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2. Method
2.1. Participants

Participants included 41 current college students recruited from a
public university through flyers posted throughout the campus, within a
one-mile radius around the campus, and electronically (e.g., campus
web postings). To participate in the study, interested individuals had to
be: a) between 18 and 25 years old; b) currently enrolled as a university
undergraduate student; c) live away from parents either on- or off-
campus, which has been used extensively in the ADHD literature to
index independency in terms of self-regulating emotion (Rooney et al.,
2011, 2012); and d) be willing to complete both sessions of the study.
Students interested in participating in the study contacted the re-
searchers, who replied with the screener (developed on Qualtrics.com)
to determine eligibility.

Two-hundred eight individuals completed the screener. Of these
participants, 81 met inclusion criteria and were invited to participate in
the study. The 127 individuals who were not eligible to participate in
the study were not current undergraduate students (e.g., they were
recent graduates of the university) or were living with their parents at
the time of study recruitment. Forty individuals were excluded from the
analyses because their total ADHD T-scores on the Conners' Adult
ADHD Rating Scales Self-Report Screening Version (CAARS-S:SV;
Conners et al., 1999) did not fit with either “low” or “high” ADHD
symptomatology; in other words, their scores fell between the
“Average” to “Above average” range. Consistent with our extreme
groups design, we included participants whose total CAARS-S:SV T-
scores were 50 and below ( “Average” to “Much below average”;
Conners et al., 1999) and those with a total ADHD T-score of 65 and
above (classified as having clinical elevations of ADHD symptoms—*-
Much above average” and “Very much above average”). The final
sample included 41 participants (43.9% male) with a mean age of 19.80
(SD = 1.29); 53.7% self-identified as being white/Caucasian, 9.8% as
black/African-American, 17.1% as Asian-American, and 7.3% as La-
tino/-a, and 12.2% as other or of mixed ethnicities. This resulted in 20
L-ADHD (48.8%, range of total T-scores = 34 to 50, M = 45.81,
SD = 4.81) and 21 H-ADHD (51.2%, range of total T-scores = 66 to 90,
M = 77.25, SD = 7.83) participants.

2.2. Procedures

Procedures followed a two-by-two counterbalanced experimental
design, with one between-subject factor (ADHD group: L-ADHD versus
H-ADHD symptoms) and one within-subject factor (condition: control
and experimental). All study procedures were approved by the uni-
versity’s Institutional Review Board (IRB). Participants visited the la-
boratory to complete both sessions, which were separated by one week
(i.e., seven days). Each session included procedures for one of the two
conditions, control or experimental. The order of the conditions was
counterbalanced across participants, with half of both groups randomly
receiving the control condition first and the other half of both groups
receiving the experimental first. Undergraduate and post-baccalaureate
research assistants running the participants were blind to participant
ADHD status.

In the first session, all participants completed informed consent
procedures administered by a research assistant. We then collected
demographic information and measured baseline emotions with the
“pre”-Positive Affect/Negative Affect Scale, which we referred to as
Pre-PANAS (PANAS; Watson et al., 1988) and ADHD symptomatology
utilizing the CAARS-S:SV. After completing the self-report measures,
frustration was either induced or not induced, depending on whether
participants were completing the experimental or control condition.
Participants then completed the PANAS for a second time (Post-PANAS)
and completed the BART. Session two followed procedures identical to
session one, except that participants completed the condition
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(experimental, control) that they did not complete at session one.

Research assistants debriefed participants at the end of session two.
Participants were compensated after both sessions based on their
earnings from the BART, which ranged from $2.00 to $10.00.
Participants were awarded with a bonus of $10.00 at the end of their
second session if they attended and completed both appointments, re-
sulting in a maximum total earning of $30.00.

2.3. Frustration induction

Frustration was induced only in the experimental session. The
frustration induction started after the research assistant collected the
first set of questionnaires (e.g., Pre-PANAS, ADHD history, etc). A
common way to induce anger or frustration in a laboratory setting is
through the use of scripts and deceptions (e.g., Leith and Baumeister,
1996; Lobbestael et al., 2008). As a novel way of inducing frustration in
a way that mimicked a natural setting, the research assistant deceived
participants into believing that s/he misplaced the laptop needed for
the study task, and s/he had participants sit alone in the participant
room without any distractions for 15 min. Fifteen minutes was chosen
as the duration for the mood induction because it was a long enough
time for participants to become frustrated, but short enough for parti-
cipants not to become angry and leave the session before completing
the BART. At five-minute intervals (i.e., five minutes and ten minutes
into the frustration induction), the research assistant checked in with
the participant to notify them of the status of the equipment, as well as
to make sure that participants were not asleep, had not become too
angry during this time, and had not found a way to distract themselves.
If a participant questioned the wait period, the research assistant in-
formed him/her that there was a malfunction with the task/laptop and
that they were waiting for the programmer/computer technician to
check the problem.

2.4. Measures

2.4.1. Positive and negative affect schedule (PANAS; Watson et al., 1988)

The PANAS is a 20-item self-report scale that assesses positive (e.g.,
“enthusiastic” and “attentive”) and negative (e.g., “upset” and “irri-
table”) emotions. Participants indicate on a scale of 0 (“Not at all”) to 10
(“Extremely”) the extent to which they are feeling the emotion in-
dicated. Because our mood induction aimed to induce frustration, we
utilized a slightly modified version of the original PANAS scale.
“Frustrated,” our main emotion variable of interest, replaced “afraid”
because “scared” was already included in the measure, and we had no
purpose for having two separate items related to fear. “Ashamed” was
replaced with “embarrassed,” a less intense adjective for feeling regret,
and “mad” replaced “guilty,” as it has a closer relation to our main
variable of interest (frustration). A modification of the PANAS has been
done in several other published studies (e.g., Amstadter et al., 2012;
Reynolds et al., 2013). The PANAS shows good reliability, and Cron-
bach’s a in our sample was high (session one: Pre-PANAS: a = 0.90 for
positive and 0.89 for negative items; Post-PANAS: a = 0.93 for positive
and 0.88 for negative items; session two: Pre-PANAS: o = 0.93 for
positive and 0.92 for negative items; Post-PANAS: a = 0.94 for positive
and 0.92 for negative items).

Previous studies have used the PANAS before and after mood in-
ductions to assess affect change (e.g., Dowd et al., 2010; Gratz et al.,
2013; Randall and Cox, 2001). Accordingly, we administered the
PANAS after informed consent procedures at the beginning of the ap-
pointment (Pre-PANAS) and again immediately before completion of
the BART (Post-PANAS). Pre- and Post-PANAS items were randomized.

2.4.2. Conners' adult ADHD rating scales self-report screening version
(CAARS-S:SV; Conners et al., 1999)

The CAARS-S:SV is a 30-item self-report measure that assesses DSM-
IV symptoms of attention-deficit/hyperactivity disorder (ADHD) in

157

Behavioural Processes 158 (2019) 155-162

adults (Conners et al., 1999). This self-report screening version of the
CAARS measures the core symptoms of ADHD (Conners et al., 1999).

The CAARS-S:SV is comprised of four subscales: 1) DSM-IV in-
attentive symptoms (nine items); 2) DSM-IV hyperactive-impulsive
symptoms (nine items); 3) DSM-IV total ADHD symptoms (summed
inattentive and hyperactive-impulsive symptoms); and 4) ADHD index
(12 items). Respondents are asked to rate the how much at item applies
to them on a four-point Likert scale (0 = “Not at all, never”; 1 = “Just a
little, once in a while”; 2 = “Pretty much, often”; and 3 = “Very much,
very frequently”). Sample items include, “I have trouble keeping my
attention focused when working,” “I fidget (with my hands or feet) or
squirm in my seat,” and “I am distracted when things are going on
around me.” Raw scores are calculated by adding up all the items in
each subscale, which are then converted to T-scores. The T-score is a
standard score with a mean of 50 and a standard deviation of 10.
Separate norms are provided for men and women in different age in-
tervals (Conners et al., 1999).

Extreme groups for the present study were determined based on the
total ADHD symptoms scale because it included the core symptoms of
ADHD (e.g., Kumar et al., 2011; Steer et al., 2003). Due to our college-
aged sample, we only focused on the 18 to 29-year-old interval of the
measure. Internal consistency for the CAARS-S:SV in our sample was
high (a = 0.95).

2.4.3. ADHD history

The following four questions were asked in order to assess if parti-
cipants had a previous history of ADHD diagnosis and/or a history of
taking ADHD medication: 1) Have you ever been diagnosed with Attention-
Deficit/Hyperactivity Disorder (ADHD)? 2) Have you ever been prescribed
medication for ADHD? 3) Do you currently take medication for ADHD? 4)
Did you take your medication for ADHD today? These questions were
asked to determine if any participants had a previous diagnosis of
ADHD, as well as if any participants had taken medication for ADHD.
Because stimulant drugs decrease impulsive behavior and risk-taking in
individuals with ADHD (White et al., 2007), we wanted to ensure that
these medications would not interfere with study results. To eliminate
ADHD medication as a potential confound, we asked participants not to
take their ADHD medication on the days of their appointments. Parti-
cipants reported that they did not take any ADHD medication on the
days of their appointments, specifically on the day of their experimental
session; only one participant in the H-ADHD group reported that she
took her medication on the day of her control session.

2.4.4. Balloon Analogue Risk Task—auto pump (BART-AP)

The original BART (Lejuez et al., 2002) is a computer task that si-
mulates real-world risk-taking behavior in the laboratory and has been
used with both adolescents (e.g., Lejuez et al., 2003a, 2003b) and adults
(e.g., Lejuez et al., 2002; White et al., 2008) with good test-retest re-
liability (r +0.77; White et al., 2008). On the BART, risk-taking
behavior is rewarded until a point, and further risk-taking results in a
negative consequence. For the current study, a modified version of the
BART, called the BART-AP, was utilized. On the BART-AP, participants
are given the following instructions:

There will be 30 balloons, one at a time, on the screen. For each
balloon, you enter the number of pumps you want to have the computer
pump up the balloon in a box located below the balloon.

BUT remember, balloons explode if you pump them up too much.
The explosion point varies across balloons, ranging from the first pump
to the 128" pump. The ideal number of pumps is 64. What that means,
is that if you were to make the same number of pumps on every balloon,
your best strategy would be 64 pumps for every balloon. This strategy
would give you the most money over a long period of time. However,
the actual number of pumps for any particular balloon will vary, so the
best overall strategy may not be the best strategy for any one balloon.

You earn MONEY for every pump. Each pump earns 1 cent. But if a
balloon explodes, you lose the money you earned on that balloon. To
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Table 1

Descriptive Statistics between Groups.
Variable Total sample L-ADHD H-ADHD t P d

(N =41) (n=21) (n = 20)

Gender (% Male) 43.9% 28.6% 60.0% t(39) = —2.08 .044 0.642
Age (M(SD)) 19.80 (1.29) 19.90 (1.04) 19.70 (1.53) t(39) = 0.50 .617 0.154
Race (% Caucasian) 53.7% 28.6% 80.0% t(39) = 3.76 .001 0.786
CAARS-S:SV T-score Total (M(SD)) 61.15 (17.14) 45.81 (4.81) 77.25 (7.83) t(31.277) = —15.40 .000 4.865

keep the money for a balloon, stop pumping before it explodes and click
on the box labeled “Collect $$$.”

After each $$$ collection or explosion, a new balloon will appear.

As the above directions indicate, the task is comprised of thirty
individually presented blue balloons where participants are able to type
in the number of pumps they would like the program to pump up the
balloon. Consistent with the original BART, pumps ranged from a
minimum of 0 pumps to a maximum of 128 pumps, with the number of
pumps corresponding to the monetary amount (in cents) that they can
earn; each pump corresponds to a one-cent ($0.01) earning, as well as a
balloon inflation of one degree (approximately 0.125 in. or 0.3 cm in all
directions; Lejuez et al., 2002). Money is stored in the participants’
temporary winnings. The participant can stop inflating the balloon at
any time during each trial and then click on the “Collect $$$” button to
save these temporary earnings to the permanent bank. The next balloon
is then presented. Earnings cannot be removed from the permanent
bank. Each balloon has an explosion point, which varies per balloon,
and participants are not told when balloons will pop. If a balloon pops
before the participant transfers temporary winnings into the permanent
bank, all earnings for the balloon are lost, and then participants are
presented with the next balloon.

Previous research compared the outcomes (e.g., adjusted score,
unadjusted score, and target score, as well as the number of exploded
balloons) between the BART and BART-AP. Results indicated that the
BART and BART-AP were positively moderately correlated (r = 0.62,
p < .01), and there were no differences between both behavioral
measures (Pleskac et al., 2008). The main difference between the ori-
ginal BART and the BART-AP is that the latter task, utilized in the
present study, allows participants to enter the number of pumps in
advance that they want to pump the balloon (e.g., MacPherson et al.,
2012). We utilized the BART-AP because individuals with ADHD, or
more ADHD symptoms, could become more easily distracted than those
without ADHD (or less ADHD symptoms); thus, this group would be less
able to perform on the original BART. Furthermore, in past studies that
utilized the original manual BART, participants, both real-world risk
takers and those who are risk aversive, rarely exhibited risk-taking
behavior (Pleskac et al., 2008). In other words, participants pumped
each balloon well under 64 pumps, thus not maximizing their expected
earnings. Additionally, risk-taking on the BART has been confounded
with earning more money compared to non-risk-taking behavior (i.e.,
pumping each balloon well under 64 pumps). Because the aim of this
study was to examine the impact of frustration on risk-taking behavior,
risk-taking may be confounded with optimizing performance (i.e.,
earning more money). Thus, the BART-AP was a stronger measure of
risk-taking behavior than the BART for the current study, as partici-
pants were told that the most optimal strategy overall (i.e., not for one
particular balloon) was to indicate 64 “pumps” on each trial, and event
feedback was provided for each trial.

2.5. Data analytic plan

Preliminary analyses included examining any significant differences
in demographic variables between the two groups and their relations to
the self-reported frustration and BART performance, as well as con-
ducting a manipulation check to examine the impact of our frustration
induction on affect state. Between-group differences were examined

using independent sample t-tests. The manipulation check utilized a
mixed between-within repeated measures analysis of variance
(ANOVA), with ADHD symptomatology grouping (i.e., group) as the
between-subjects factor and condition (control and experimental) and
induction-time (pre-induction and post-induction) as the within-subject
factors.

Primary analyses focused on the outcome variable of BART balloon
explosions, which is how we measured performance on the BART. As
has been done in other studies (e.g., Reynolds et al., 2013), we utilized
explosions as the primary dependent variable to index the negative
consequences of risk-taking behavior compared to the positive rewards
(e.g., adjusted average pumps). A second repeated measures ANOVA
with group as the between-subjects factor and condition as the within-
subjects factor was conducted.

3. Results
3.1. Preliminary analyses

Independent sample t-tests were conducted to examine between
group demographic differences: gender, age, and race (Caucasian
versus non-Caucasian). Results indicated that there were significant
differences across groups on gender and on race (p = .044, d = 0.642
and p = .001, d = 0.786, respectively; see Table 1). Specifically, there
were more males and more Caucasian participants in the H-ADHD
group than in the L-ADHD group. Data from the National Health In-
terview Survey, 1998-2009 (Akinbami et al., 2011) and other research
(Kessler et al., 2006) indicate a similar pattern for gender, such that
males are more likely to have ADHD than females. Regarding previous
research which has examined rates of ADHD across different racial
groups, one longitudinal study found that non-Hispanic Caucasian
children had a higher prevalence of ADHD compared to all other racial
groups early in data collection, but in later years, ADHD prevalence was
similar across non-Hispanic Caucasian, non-Hispanic African-American,
and Puerto Rican children (Akinbami et al., 2011).

While there were significant group differences in demographic
variables, no demographic variable was related to any of the dependent
variables, including the level of frustration as reported on the PANAS
and our primary dependent variable of BART explosions in both the
control and experimental conditions (see Table 2). Given that the utility
of a covariate is determined by the relationship with the dependent
variable(s), none were included as covariates in the final analyses.
However, given potential concerns regarding the strong relationship in
the literature between gender and ADHD, we re-conducted these ana-
lyses controlling for gender and found no change in any of the sig-
nificant results.

3.2. Manipulation check

The effect of the mood manipulation in both conditions was ex-
amined using a mixed-analysis repeated measures analysis of variance
(ANOVA), with two within-subject factors (condition: control condition
and experimental condition; induction-time: pre-induction and post-
induction) and one between-subject factor (group: H- versus L-ADHD).
Results from examining the frustration item of the PANAS revealed a
significant main effect of group (F(1, 39) =9.14, p= .004,
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Table 2
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Correlations among Gender and Race Variables with Outcome Variables of Pre- and Post-Frustration Induction and BART Balloon Explosions.

Condition Variable Total sample L-ADHD H-ADHD
(N =41) (n=21) (n = 20)
Gender Race Gender Race Gender Race
Control Pre-induction 0.09 -0.14 —0.06 0.00 -0.02 0.13
Post-induction 0.04 -0.18 0.12 0.21 -0.24 -0.28
BART explosions 0.18 0.02 0.30 0.19 0.04 -0.14
Experimental Pre-induction —-0.21 —0.09 —-0.20 —0.26 -0.37 0.31
Post-induction -0.07 —-0.21 -0.09 —-0.20 -0.31 0.17
BART explosions 0.18 -0.15 0.11 0.16 0.06 -0.09

Note. All the correlations of gender and race with the pre- and post-induction and BART explosion variables were not statistically significant (i.e., p > .05).

@ 4.
3 |
i
l T High ADHD
2 | symptoms
ns. -@—Low ADHD
14 symptoms
0 T )
Pre-induction Post-induction
®) 4
3 4 p=.074
T l High ADHD
5 symptoms
n.s —e—Low ADHD
14 symptoms
0 T )

Pre-induction Post-induction

Fig. 1. Self-reported frustration levels as a function of ADHD group at pre- and
post-frustration induction in the (a) control condition and (b) experimental
condition.

Table 3
Means and Standard Deviations of Pre- and Post-Frustration Induction and
BART Balloon Explosions in Both the Control and Experimental Condition.

Condition Variable L-ADHD H-ADHD
(n=21) (n = 20)
M SD M SD
Control Pre-induction 1.00 1.76 2.80 2.69
Post-induction 0.81 1.97 2.15 2.13
BART explosions 14.38 2.42 14.60 2.26
Experimental Pre-induction 1.14 2.13 2.05 2.42
Post-induction 1.10 1.84 3.10 2.73
BART explosions 13.33 2.01 14.95 2.69

npz = 0.190); main effects of condition and induction-time were not
significant. Additionally, there was a significant three-way interaction
for condition by induction-time by group (F(1, 39) = 5.95, p = .019,
ny> = 0.132), which suggested that the relationship between condition
(control and experimental) and induction-time (pre- and post-frustra-
tion induction) was significantly different between the H-ADHD and L-
ADHD groups. The H-ADHD group reported higher levels of frustration
compared to the L-ADHD group in response to the frustration induction
in the experimental condition (Fig. 1; refer to Table 3 for reports of
means and standard deviations). Follow-up analyses (individual re-
peated measures ANOVAs for H- and L-ADHD groups in both condi-
tions) indicated that there was no change in self-reported levels of

frustration in the control condition (L-ADHD group: F(1, 20) = 0.88,
p= .358, npz = 0.042; H-ADHD group: F(1, 19) = 1.33, p = .263,
;1p2 = 0.066). In the experimental condition, there was no change in
frustration levels in the L-ADHD group (F(1, 20) = 0.06, p = .803,
1,2 = 0.003), while the change in levels of frustration approached sig-
nificance in the H-ADHD group (F(1, 19) =3.58, p= .074,
ny> = 0.159).

Additionally, there was a significant condition by induction-time
interaction (F(1, 39) = 8.34, p = .006, ”pZ = 0.176). This finding
suggested that if we do not consider whether the participants were in
either the L- or H-ADHD group, the relationship between the two in-
duction times (pre- and post-frustration induction) was different be-
tween the two conditions (control and experimental). Specifically, there
was a difference between pre- and post-frustration induction in the
experimental condition when frustration was induced (Pre- M
(SD) = 1.48(0.32), Post- = 2.10(0.36)) but not in the control condition
(Pre- M(SD) = 1.90(0.35), Post- = 1.60(0.36)).

The PANAS item with the biggest self-reported impact was frustra-
tion. Results examining the other items from the PANAS did not yield
any significant three-way interactions of condition by induction-time by
group.

3.3. Primary analyses

We utilized a mixed-analysis repeated measures ANOVA to examine
BART explosions across the two conditions between the groups, with
condition as the within-subject factor and group as the between-subject
factor. Results indicated no significant main effects of condition or
group. However, there was a significant group by condition interaction
(F(1, 39) = 4.77, p = .035, ,°> = 0.109; Fig. 2). The groups did not
differ in exploded balloons in the control condition; in the experimental
condition, however, there was a difference in the number of exploded
balloons. Follow-up analyses (individual repeated measures ANOVAs
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Fig. 2. BART balloon explosions as a function of ADHD group and conditions.
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for H- and L-ADHD groups) indicated a non-significant difference in the
number of balloons exploded between the control and experimental
conditions for the H-ADHD group (F(1, 19) =0.47, p= .500,
ny° = 0.024). However, the L-ADHD group exploded significantly less
balloons in the experimental condition (F(1, 20) = 7.10, p = .015,
npz = 0.262; see Table 3 for means and standard deviations).
4. Discussion

The present study examined risk-taking behavior with a laboratory
paradigm among college students with and without elevated ADHD
symptoms. College-aged individuals with high or low levels of ADHD
symptoms participated in two sessions: a control condition where no
mood induction occurred and an experimental condition where frus-
tration was induced.

Results from the manipulation check revealed that the H-ADHD
group reported a change in frustration levels that approached sig-
nificance (a difference of 1.05 between pre- and post-self-reported
frustration levels, p = .074, npz = 0.159) following the mood induction
compared to participants in the L-ADHD group (a change of 0.048 in
pre- to post-self-reported frustration levels, p = .803, 1,°> = 0.003). We
expected to see a change in frustration levels overall after the mood
induction in the experimental session compared to the control session,
but examining each group separately pre- to post-induction in both
conditions did not yield significant differences in self-reported frustra-
tion levels. Instead, the overall higher ratings in frustration following
the frustration manipulation were driven by the H-ADHD group.
Participants with higher ADHD symptoms reported higher levels of
frustration across both sessions, with an even higher level of frustration
in the experimental condition. This result is consistent with findings
from previous studies (e.g., Scime and Norvilitis, 2006) in which chil-
dren with ADHD became more frustrated compared to children without
the disorder when completing a challenging task. Our results suggest
that older individuals with more ADHD symptoms continue to feel more
frustration compared to those with less ADHD symptoms. This finding is
particularly relevant when understanding and treating college-aged
individuals with ADHD; approximately 2% to 4% of college students
report clinically significant levels of ADHD symptoms (Weyandt et al.,
2013), and more research is necessary to examine college students with
ADHD symptoms as they are at greater risk for academic and psycho-
logical difficulties (Weyandt and DuPaul, 2008) and for engaging in
risky behaviors (Rooney et al., 2011, 2012).

Additionally, it is notable that we chose to examine frustration le-
vels a priori, which was the only item that resulted in a three-way in-
teraction of Condition by Induction-time by Group, where the H-ADHD
group reported feeling more frustrated post-mood induction compared
to pre-mood induction in the experimental session compared to in the
control session. The other PANAS items yielded no such similar result.

Lastly, participants with low levels of ADHD symptoms (the L-
ADHD group) exploded fewer balloons on the BART, particularly in the
experimental session when frustration was induced, compared to the
comparison group with more ADHD symptoms (the H-ADHD group).
This finding suggests that participants with lower levels of ADHD
symptoms respond to frustration with behavioral inhibition, or at least
with behavior that is more inhibited than that of their peers with
ADHD. Probing the interaction yielded interesting and unexpected re-
sults. The L-ADHD group exploded significantly fewer balloons in the
experimental session after a frustration induction compared to in the
control session; however, it is important to note that levels of frustra-
tion did not change from pre- to post-mood induction in the experi-
mental condition for the L-ADHD group, despite this significant change
in balloon explosions. It could be that the frustration induction was not
strong enough for the L-ADHD group, or perhaps these individuals
regulate their emotions differently compared to the H-ADHD group. On
the other hand, the H-ADHD group reported feeling more frustrated
following our mood induction procedure, though this frustration did
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not lead to change in behavior. It is possible that these individuals may
be risky regardless of the emotional condition or situation. In other
words, the situation may not matter in contributing to their decision to
engage in risk-taking behavior. Furthermore, a body of literature sug-
gests that there exists a motivational deficit in individuals with ADHD,
such that those with the disorder do not modify their behavior as re-
ward conditions change (Kollins et al., 1997; Volkow et al., 2009).
Without a strong enough reward or incentive to inhibit behavior, in-
dividuals, such as children with ADHD (Slusarek et al., 2001) will be
less likely—and possibly less motivated—to change their behavior
given the circumstance.

The finding that individuals with low levels of ADHD symptoma-
tology became less risky suggests that L-ADHD individuals may become
less prone to engage in risk-taking behavior, or may become more risk
aversive. This finding could be due to the fact that we used an extreme
groups design to examine risk behavior in individuals with low versus
high ADHD symptoms instead of examining symptomatology con-
tinuously. We examined two items from the PANAS, “Jittery” and
“Nervousness,” as these items are closest to capturing anxiety and are
synonymous with behavioral inhibition. Results indicated no significant
three-way interactions of Condition by Induction-time by Group
(Jittery: F(1, 39) = 0.21, p= .652, npz = 0.005; Nervousness: F(1,
39) = 0.49, p = .488, npz = 0.012). In examining pre- to post-mood
induction in the experimental condition, the interactions of Induction-
time by Group only approached significance (Jittery: F(1, 39) = 0.67,
p= .418, npz = 0.017; Nervousness: F(1, 39) = 2.68, p= .110,
npz = 0.064). Future research, particularly examining mediating vari-
ables, could examine what causes individuals with lower levels of
ADHD to engage in less risky behavior, as evidenced by findings with
the BART from the current study.

To our knowledge, this study is the third that has found that control
groups (e.g., groups with lower symptomatology) engage in less risky
behavior on the BART compared to a clinical sample. Reynolds and
colleagues (2013) found that individuals in a high-social anxiety group
exploded significantly more balloons in a high-stress condition than in a
low stress condition, while the difference in balloon explosions across
conditions was nonsignificant for the low-social anxiety group (the
control group). More recently, Matusiewicz et al. (2018) found a similar
result in a study examining a sample of female participants with Bor-
derline Personality Disorder (BPD) versus a comparison group without
the disorder. When distressed, female participants with BPD engaged in
more risk-taking on the BART, while those without the disorder en-
gaged in less risk-taking, suggesting that females without BPD became
more risk-aversive, especially compared to a control condition when no
distress was induced. However, more research to examine the re-
lationship between the impact of frustration on risk-taking behavior in
a more normalized, community sample is needed before the conclusion
that individuals with low (to no) ADHD symptomatology engage in less
risk-taking behavior after participation in a mood-induction task can be
made. Additionally, research examining engagement in real-world risk
behaviors (e.g., alcohol or substance use, gambling) as the outcome
would be beneficial in understanding risk behavior between a group
with higher psychopathological symptoms compared to a control
group, such as those with lower symptoms. Although, previous research
supports that BART performance is an appropriate proxy for real-world
risk-taking, such as substance use (including early engagement in sub-
stance use behaviors) and antisocial behaviors (Dahne et al., 2013). For
example, Collado et al. (2014) found that adolescents with more ad-
vanced pubertal scores had higher risk-taking scores on the BART-Y and
engaged in more real-world risky behavior, such as drank alcohol and
gambled for money) compared to adolescents with less advanced
pubertal scores.

This study is marked by several limitations. First, because this was a
pilot study, our sample size was small; additionally, our sample in-
cluded more males than females and more Caucasians than members of
other groups among those with elevated ADHD symptoms. While both
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variables (gender and race) were not related to any dependent variable,
a future replication study nonetheless should balance key demographic
variables across L-ADHD and H-ADHD groups in a larger sample size.
Relatedly, our sample was generally high-functioning in that all parti-
cipants were enrolled in college. Adults with an ADHD diagnosis are
less likely to obtain formal education following high school and have
lower grades while in secondary school (Glutting et al., 2005). Thus,
future research should also examine differences in response to frustra-
tion and risky behavior in a more representative sample of young adults
with ADHD. Another limitation was that the characterization of ADHD
group was based on self-report ratings on the CAARS:SV. Future re-
search could examine the role of negative emotion in the engagement of
risk-taking behavior in a clinical sample of young adults with ADHD by
establishing groups using full DSM diagnostic criteria, as well as pos-
sibly including a longer, more detailed version of the CAARS and cor-
responding observer rating forms. Finally, the BART provides a proxy
for risk-taking in the real world, and future research could explore the
impact of frustration on real-world risk behaviors outside of a con-
trolled laboratory setting.

Despite these limitations, the findings from the current study are the
first, to our knowledge, to examine ADHD symptomatology and general
risk-taking behavior in the context of frustration in a laboratory setting.
Our results examining frustration levels in young adults are consistent
with previous literature which has found that individuals with ADHD
become frustrated more easily than their peers without ADHD
(Maedgen and Carlson, 2000; Melnick and Hinshaw, 2000; Oliver et al.,
2011; Scime and Norvilitis, 2006; Walcott and Landau, 2004). If future
larger-scale studies further replicate and extend these findings, espe-
cially to examine the role of frustration, as well as other possible ne-
gative emotions, there is great potential opportunity in considering
developmentally-appropriate interventions targeting young adults with
ADHD. Future studies also could explore why low-symptom groups
(e.g., our L-ADHD group) engage in less risky behavior in an experi-
mental condition where negative affect is induced compared to high-
symptom groups (e.g., our H-ADHD group).

Finally, results from this study have important implications for
understanding emotion regulation and risk-taking in the context of
frustration among young adults in college. Emotion regulation is
especially important to understand among college students, as they are
required to regulate emotions independently, without the assistance of
an external source such as a parent or guardian figure.

References

Akinbami, L.J., Liu, X., Pastor, P.N., Reuben, C.A., 2011. Attention Deficit Hyperactivity
Disorder Among Children Aged 5-17 Years in the United States, 1998-2009. NCHS
Data Brief, No 70. National Center for Health Statistics, Hyattsville, MD.

American Psychiatric Association, 2013. Diagnostic and Statistical Manual of Mental
Disorders. Retrieved from. 5th ed. . http://dsm.psychiatryonline.org/book.aspx?
bookid =556.

Amstadter, A.B., Daughters, S.B., MacPherson, L., Reynolds, E.K., Danielson, C.K., Wang,
F., Lejuez, C.W., et al., 2012. Genetic associations with performance on a behavioral
measure of distress intolerance. J. Psychiatr. Res. 46 (1), 87-94. https://doi.org/10.
1016/j.jpsychires.2011.09.017.

Bornovalova, M.A., Daughters, S.B., Hernandez, G.D., Richards, J.B., Lejuez, C.W., 2005.
Differences in impulsivity and risk-taking propensity between primary users of crack
cocaine and primary users of heroin in a residential substance-use program. Exp. Clin.
Psychopharmacol. 13 (4), 311. https://doi.org/10.1037/1064-1297.13.4.311.

Breyer, J.L., Botzet, A.M., Winters, K.C., Stinchfield, R.D., August, G., Realmuto, G., 2009.
Young adult gambling behaviors and their relationship with the persistence of ADHD.
J. Gambling Stud. 25 (2), 227-238. https://doi.org/10.1007/s10899-009-9126-z.

Getin, B., Ilhan, M., Yilmaz, F., 2014. An investigation of the relationship between the fear
of receiving negative criticism and of taking academic risk through canonical cor-
relation analysis. Educ. Sci.: Theory Pract. 14 (1), 146-158. https://doi.org/10.
12738/estp.2014.1.1616.

Collado, A., MacPherson, L., Kurdziel, G., Rosenberg, L.A., Lejuez, C.W., 2014. The re-
lationship between puberty and risk taking in the real world and in the laboratory.
Pers. Individ. Differ. 68, 143-148. https://doi.org/10.1016/j.paid.2014.04.019.

Conners, C.K., Erhardt, D., Sparrow, E.P., 1999. Conners’ Adult ADHD Rating Scales
(CAARS): Technical Manual. Multi-Health Systems, North Tonawanda, NY.

Crowley, T.J., Raymond, K.M., Mikulich-Gilbertson, S.K., Thompson, L.L., Lejuez, C.W.,
2006. A risk-taking “set” in a novel task among adolescents with serious conduct and

Behavioural Processes 158 (2019) 155-162

substance problems. J. Am. Acad. Child Adoles. Psychiatry 45 (2), 175-183. https://
doi.org/10.1097/01.chi.0000188893.60551.31.

Dahne, J., Richards, J.M., Ernst, M., MacPherson, L., Lejuez, C.W., 2013. Assessment of
risk taking in addiction research. In: MacKillop, J., de Wit, H. (Eds.), The Wiley-
Blackwell Handbook of Addiction Psychopharmacology. John Wiley & Sons, Ltd., UK,
pp. 209-231. https://doi.org/10.1002/9781118384404. ch8.

Deffenbacher, J.L., Lynch, R.S., Oetting, E.R., Yingling, D.A., 2001. Driving anger:
Correlates and a test of state-trait theory. Pers. Individ. Differ. 31 (8), 1321-1331.
https://doi.org/10.1016/50191-8869(00)00226-9.

Deveney, C.M., Connolly, M.E., Haring, C.T., Bones, B.L., Reynolds, R.C., Kim, P.,
Leibenluft, E., et al., 2013. Neural mechanisms of frustration in chronically irritable
children. Am. J. Psychiatry 170 (10), 1186-1194. https://doi.org/10.1176/appi.ajp.
2013.12070917.

Dowd, H., Zautra, A., Hogan, M., 2010. Emotion, stress, and cardiovascular response: an
experimental test of models of positive and negative affect. Int. J. Behav. Med. 17 (3),
189-194. https://doi.org/10.1007/512529-009-9063-3.

Flory, K., Molina, B.S.G., Pelham Jr, W.E., Gnagy, E., Smith, B., 2006. Childhood ADHD
predicts risky sexual behavior in young adulthood. J. Clin. Child Adolesc. Psychol. 35
(4), 571-577. https://doi.org/10.1207/515374424jccp3504._8.

Gratz, K.L., Tull, M.T., Matusiewicz, A.M., Breetz, A.A., Lejuez, C.W., 2013. Multimodal
examination of emotion regulation difficulties as a function of co-occurring avoidant
personality disorder among women with borderline personality disorder. Pers.
Disord.: Theory Res. Treat. 4 (4), 304-314. https://doi.org/10.1037/per0000020.

Glutting, J.J., Youngstrom, E.A., Watkins, M.W., 2005. ADHD and college students: ex-
ploratory and confirmatory factor structures with student and parent data. Psychol.
Assess. 17 (1), 44-55. https://doi.org/10.1037/1040-3590.17.1.44.

Kessler, R.C., Adler, L., Barkley, R., Biederman, J., Conners, C.K., Demler, O., Zaslavsky,
AM,, et al., 2006. The prevalence and correlates of adult ADHD in the United States:
results from the national comorbidity survey replication. Am. J. Psychiatry 163 (4),
716-723. https://doi.org/10.1176/ajp.2006.163.4.716.

Kollins, S.H., Lane, S.D., Shapiro, S.K., 1997. Experimental analysis of childhood psy-
chopathology: a laboratory matching analysis of the behavior of children diagnosed
with attention-deficit hyperactivity disorder (ADHD). Psychol. Rec. 47 (1), 25.

Kroyzer, N., Gross-Tsur, V., Pollak, Y., 2014. Risk taking in adolescents with attention
deficit hyperactivity disorder on a probabilistic choice task. J. Nerv. Ment. Dis. 202
(3), 247-252. https://doi.org/10.1097/nmd.0000000000000100.

Kumar, G., Faden, J., Steer, R.A., 2011. Screening for attention-deficit/hyperactivity
disorder in adult inpatients with psychiatric disorders. Psychol. Rep. 108 (3),
815-824. https://doi.org/10.2466,/03.05.09.13.15.pr0.108.3.815-824.

Lauriola, M., Panno, A., Levin, L.P., Lejuez, C.W., 2014. Individual differences in risky
decision making: a meta-analysis of sensation seeking and impulsivity with the bal-
loon analogue risk task. J. Behav. Decis. Mak. 27 (1), 20-36. https://doi.org/10.
1002/bdm.1784.

Leith, K.P., Baumeister, R.F., 1996. Why do bad moods increase self-defeating behavior?
Emotion, risk tasking, and self-regulation. J. Pers. Soc. Psychol. 71 (6), 1250-1267.
https://doi.org/10.1037/0022-3514.71.6.1250.

Lejuez, C.W., Aklin, W.M., Bornovalova, M.A., Moolchan, E.T., 2005. Differences in risk-
taking propensity across inner-city adolescent ever- and never-smokers. Nicotine
Tobacco Res. 7 (1), 71-79. https://doi.org/10.1080/14622200412331328484.

Lejuez, C.W., Aklin, W.M., Jones, H.A., Richards, J.B., Strong, D.R., Kahler, C.W., Read,
J.P., 2003a. The balloon analogue risk task (BART) differentiates smokers and non-
smokers. Exp. Clin. Psychopharmacol. 11 (1), 26-33. https://doi.org/10.1037/1064-
1297.11.1.26.

Lejuez, C.W., Aklin, W.M., Zvolensky, M.J., Pedulla, C.M., 2003b. Evaluation of the
balloon analogue risk task (BART) as a predictor of adolescent real-world risk-taking
behaviours. J. Adolesc. 26 (4), 475-479. https://doi.org/10.1016/s0140-1971(03)
00036-8.

Lejuez, C.W., Read, J.P., Kahler, C.W., Richards, J.B., Ramsey, S.E., Stuart, G.L., Brown,
R.A,, et al., 2002. Evaluation of a behavioral measure of risk taking: the balloon
analogue risk task (BART). J. Exp. Psychol.: Appl. 8 (2), 75-84. https://doi.org/10.
1037/1076-898x.8.2.75.

Littlefield, A.K., Sher, K.J., Wood, P.K., 2009. “Maturing out” of problematic alcohol
involvement related to personality change? J. Abnorm. Psychol. 118 (2), 360-374.
https://doi.org/10.1037/a0015125.

Lobbestael, J., Arntz, A., Wiers, R.W., 2008. How to push someone’s buttons: a com-
parison of four anger-induction methods. Cognit. Emot. 22 (2), 353-373. https://doi.
org/10.1080/02699930701438285.

MacPherson, L., Calvin, N.C., Richards, J.M., Guller, L., Mayes, L.C., Crowley, M.J.,
Lejuez, C.W., et al., 2012. Development and preliminary validation of a behavioral
task of negative reinforcement underlying risk-taking and its relation to problem
alcohol use in college freshmen. Alcohol.: Clin. Exp. Res. 36 (6), 950-957. https://
doi.org/10.1111/§.1530-0277.2011.01703.x.

Maedgen, J.W., Carlson, C.L., 2000. Social functioning and emotional regulation in the
attention deficit hyperactivity disorder subtypes. J. Clin. Child Psychol. 29 (1),
30-42. https://doi.org/10.1207/s15374424jccp2901_4.

Matusiewicz, A.K., McCauley, K.L., McCarthy, J.M., Bounoua, N., Lejuez, C.W., 2018.
Current directions in laboratory studies of personality pathology: examples from
borderline personality disorder, psychopathy, and schizotypy. Pers. Disord.: Theory
Res. Treat. 9 (1), 2-11. https://doi.org/10.1037/per00002.36.

Melnick, S.M., Hinshaw, S.P., 2000. Emotion regulation and parenting in AD/HD and
comparison boys: linkages with social behaviors and peer preference. J. Abnorm.
Child Psychol. 28 (1), 73-86. https://doi.org/10.1023/a:1005174102794.

Ohlmeier, M.D., Peters, K., Te Wildt, B.T., Zedler, M., Ziegenbein, M., Wiese, B.,
Schneider, U., et al., 2008. Comorbidity of alcohol and substance dependence with
attention-deficit/hyperactivity disorder (ADHD). Alcohol Alcohol. 43 (3), 300-304.
https://doi.org/10.1093/alcalc/agn014.


http://refhub.elsevier.com/S0376-6357(18)30069-X/sbref0005
http://refhub.elsevier.com/S0376-6357(18)30069-X/sbref0005
http://refhub.elsevier.com/S0376-6357(18)30069-X/sbref0005
http://dsm.psychiatryonline.org/book.aspx?bookid=556
http://dsm.psychiatryonline.org/book.aspx?bookid=556
https://doi.org/10.1016/j.jpsychires.2011.09.017
https://doi.org/10.1016/j.jpsychires.2011.09.017
https://doi.org/10.1037/1064-1297.13.4.311
https://doi.org/10.1007/s10899-009-9126-z
https://doi.org/10.12738/estp.2014.1.1616
https://doi.org/10.12738/estp.2014.1.1616
https://doi.org/10.1016/j.paid.2014.04.019
http://refhub.elsevier.com/S0376-6357(18)30069-X/sbref0040
http://refhub.elsevier.com/S0376-6357(18)30069-X/sbref0040
https://doi.org/10.1097/01.chi.0000188893.60551.31
https://doi.org/10.1097/01.chi.0000188893.60551.31
https://doi.org/10.1002/9781118384404
https://doi.org/10.1016/s0191-8869(00)00226-9
https://doi.org/10.1176/appi.ajp.2013.12070917
https://doi.org/10.1176/appi.ajp.2013.12070917
https://doi.org/10.1007/s12529-009-9063-3
https://doi.org/10.1207/s15374424jccp3504_8
https://doi.org/10.1037/per0000020
https://doi.org/10.1037/1040-3590.17.1.44
https://doi.org/10.1176/ajp.2006.163.4.716
http://refhub.elsevier.com/S0376-6357(18)30069-X/sbref0090
http://refhub.elsevier.com/S0376-6357(18)30069-X/sbref0090
http://refhub.elsevier.com/S0376-6357(18)30069-X/sbref0090
https://doi.org/10.1097/nmd.0000000000000100
https://doi.org/10.2466/03.05.09.13.15.pr0.108.3.815-824
https://doi.org/10.1002/bdm.1784
https://doi.org/10.1002/bdm.1784
https://doi.org/10.1037/0022-3514.71.6.1250
https://doi.org/10.1080/14622200412331328484
https://doi.org/10.1037/1064-1297.11.1.26
https://doi.org/10.1037/1064-1297.11.1.26
https://doi.org/10.1016/s0140-1971(03)00036-8
https://doi.org/10.1016/s0140-1971(03)00036-8
https://doi.org/10.1037/1076-898x.8.2.75
https://doi.org/10.1037/1076-898x.8.2.75
https://doi.org/10.1037/a0015125
https://doi.org/10.1080/02699930701438285
https://doi.org/10.1080/02699930701438285
https://doi.org/10.1111/j.1530-0277.2011.01703.x
https://doi.org/10.1111/j.1530-0277.2011.01703.x
https://doi.org/10.1207/s15374424jccp2901_4
https://doi.org/10.1037/per0000236
https://doi.org/10.1023/a:1005174102794
https://doi.org/10.1093/alcalc/agn014

J.M. Loya et al.

Oliver, M.L., Nigg, J.T., Cassavaugh, N.D., Backs, R.W., 2011. Behavioral and cardio-
vascular responses to frustration during simulated driving tasks in young adults with
and without attention disorder symptoms. J. Atten. Disord. 16 (6), 478-490. https://
doi.org/10.1177/1087054710397132.

Perlman, S.B., Luna, B., Hein, T.C., Huppert, T.J., 2014. fNIRS evidence of prefrontal
regulation of frustration in early childhood. Neuroimage 85 (01), 326-334. https://
doi.org/10.1016/j.neuroimage.2013.04.057.

Pleskac, T.J., Wallsten, T.S., Wang, P., Lejuez, C.W., 2008. Development of an automatic
response mode to improve the clinical utility of sequential risk-taking tasks. Exp. Clin.
Psychopharmacol. 16 (6), 555-564. https://doi.org/10.1037/a0014245.

Randall, D.M., Cox, W.M., 2001. Experimental mood inductions in persons at high and
low risk for alcohol problems. Am. J. Drug Alcohol Abuse 27 (1), 183-187. https://
doi.org/10.1081/ada-100103126.

Reynolds, E.K., Schreiber, W.M., Geisel, K., MacPherson, L., Ernst, M., Lejuez, C.W., 2013.
Influence of social stress on risk-taking behavior in adolescents. J. Anxiety Disord. 27
(3), 272-277. https://doi.org/10.1016/j.janxdis.2013.02.010.

Richards, T.L., Deffenbacher, J.L., Rosén, L.A., Barkley, R.A., Rodricks, T., 2006. Driving
anger and driving behavior in adults with ADHD. J. Atten. Disord. 10 (1), 54-64.
https://doi.org/10.1177/1087054705284244.

Rockhill, C.M., Greener, S.H., 1999. Development of the trait meta-mood scale for ele-
mentary school children. 1999, April. Poster Presented at the Biennial Meeting of
the Society for Research in Child Development in Albuquerque, NM.

Rooney, M., Chronis-Tuscano, A., Huggins, S., 2012. Disinhibition mediates the re-
lationship between ADHD and problematic alcohol use in college students. J. Atten.
Disord. 19 (4), 313-327. https://doi.org/10.1177/1087054712459885.

Rooney, M., Chronis-Tuscano, A., Yoon, Y., 2011. Substance use in college students with
ADHD. J. Atten. Disord. 16 (3), 221-234. https://doi.org/10.1177/
1087054710392536.

Salovey, P., Mayer, J.D., Goldman, S.L., Turvey, C., Palfai, T.P., 1995. Emotional atten-
tion, clarity, and repair: exploring emotional intelligence using the trait meta-mood
scale. In: Pennebarker, J.D. (Ed.), Emotion, Disclosure, and Health. American
Psychological Association, Washington, DC, pp. 125-154. https://doi.org/10.1037/
10182-006.

Scime, M., Norvilitis, J.M., 2006. Task performance and response to frustration in chil-
dren with attention deficit hyperactivity disorder. Psychol. Schools 43 (3), 377-386.
https://doi.org/10.1002/pits.20151.

Smith, C.A., Ellsworth, P.C., 1985. Patterns of cognitive appraisal in emotion. J. Pers. Soc.
Psychol. 48 (4), 813-838. https://doi.org/10.1037/0022-3514.48.4.813.

Steer, R.A., Ranieri, W.F., Kumar, G., Beck, A.T., 2003. Beck depression inventory-II items
associated with self-reported symptoms of ADHD in adult psychiatric outpatients. J.

162

Behavioural Processes 158 (2019) 155-162

Pers. Assess. 80 (1), 58-63. https://doi.org/10.1207/515327752jpa8001_14.

Slusarek, M., Velling, S., Bunk, D., Eggers, C., 2001. Motivational effects on inhibitory
control in children with ADHD. J. Am. Acad. Child Adolesc. Psychiatry 40 (3),
355-363.

Thompson, A.L., Molina, B.S.G., Pelham Jr , W., Gnagy, E.M., 2007. Risky driving in
adolescents and young adults with childhood ADHD. J. Pediatr. Psychol. 32 (7),
745-759. https://doi.org/10.1093/jpepsy/jsm002.

Volkow, N.D., Wang, G.J., Kollins, S.H., Wigal, T.L., Newcorn, J.H., Telang, F., Swanson,
J.M., et al., 2009. Evaluating dopamine reward pathway in ADHD: clinical implica-
tions. JAMA 302 (10), 1084-1091.

Walcott, C.M., Landau, S., 2004. The relation between disinhibition and emotion reg-
ulation in boys with attention deficit hyperactivity disorder. J. Clin. Child Adolesc.
Psychol. 33 (4), 772-782. https://doi.org/10.1207/s15374424jccp3304_12.

Watson, D., Clark, L.A., Tellegen, A., 1988. Development and validation of brief measures
of positive and negative affect: the PANAS scales. J. Pers. Soc. Psychol. 54 (6),
1063-1070. https://doi.org/10.1037/0022-3514.54.6.1063.

Weyandt, L.L., DuPaul, G., 2006. ADHD in college students. J. Atten. Disord. 10 (1), 9-19.
https://doi.org/10.1177/1087054705286061.

Weyandt, L.L., DuPaul, G.J., 2008. ADHD in college students: developmental findings.
Dev. Disabilities Res. Rev. 14 (4), 311-319. https://doi.org/10.1002/ddrr.38.

Weyandt, L., DuPaul, G.J., Verdi, G., Rossi, J.S., Swentosky, A.J., Vilardo, B.S...., Carson,
K.S., 2013. The performance of college students with and without ADHD: neu-
ropsychological, academic, and psychosocial functioning. J. Psychopathol. Behav.
Assess. 35, 421-435. https://doi.org/10.1007/s10862-013-9351-8.

White, T.L., Lejuez, C.W., de Wit, H., 2007. Personality and gender differences in effects
of d-amphetamine on risk taking. Exp. Clin. Psychopharmacol. 15 (6), 599. https://
doi.org/10.1037/1064-1297.15.6.599.

White, T.L., Lejuez, C.W., de Wit, H., 2008. Test-retest characteristics of the balloon
analogue risk task (BART). Exp. Clin. Psychopharmacol. 16 (6), 565-570. https://doi.
org/10.1037/a0014083.

Wilson, V.B., Mitchell, S.H., Musser, E.D., Schmitt, C.F., Nigg, J.T., 2011. Delay dis-
counting of reward in ADHD: application in young children. J. Child Psychol.
Psychiatry 52 (3), 256-264.

Winstanley, C.A., Eagle, D.M., Robbins, T.W., 2006. Behavioral models of impulsivity in
relation to ADHD: translation between clinical and preclinical studies. Clin. Psychol.
Rev. 26 (4), 379-395.

Yu, R., Mobbs, D., Seymour, B., Rowe, J.B., Calder, A.J., 2014. The neural signature of
escalating frustration in humans. Cortex 54, 165-178. https://doi.org/10.1016/j.
cortex.2014.02.013.


https://doi.org/10.1177/1087054710397132
https://doi.org/10.1177/1087054710397132
https://doi.org/10.1016/j.neuroimage.2013.04.057
https://doi.org/10.1016/j.neuroimage.2013.04.057
https://doi.org/10.1037/a0014245
https://doi.org/10.1081/ada-100103126
https://doi.org/10.1081/ada-100103126
https://doi.org/10.1016/j.janxdis.2013.02.010
https://doi.org/10.1177/1087054705284244
http://refhub.elsevier.com/S0376-6357(18)30069-X/sbref0200
http://refhub.elsevier.com/S0376-6357(18)30069-X/sbref0200
http://refhub.elsevier.com/S0376-6357(18)30069-X/sbref0200
https://doi.org/10.1177/1087054712459885
https://doi.org/10.1177/1087054710392536
https://doi.org/10.1177/1087054710392536
https://doi.org/10.1037/10182-006
https://doi.org/10.1037/10182-006
https://doi.org/10.1002/pits.20151
https://doi.org/10.1037/0022-3514.48.4.813
https://doi.org/10.1207/s15327752jpa8001_14
http://refhub.elsevier.com/S0376-6357(18)30069-X/sbref0235
http://refhub.elsevier.com/S0376-6357(18)30069-X/sbref0235
http://refhub.elsevier.com/S0376-6357(18)30069-X/sbref0235
https://doi.org/10.1093/jpepsy/jsm002
http://refhub.elsevier.com/S0376-6357(18)30069-X/sbref0245
http://refhub.elsevier.com/S0376-6357(18)30069-X/sbref0245
http://refhub.elsevier.com/S0376-6357(18)30069-X/sbref0245
https://doi.org/10.1207/s15374424jccp3304_12
https://doi.org/10.1037/0022-3514.54.6.1063
https://doi.org/10.1177/1087054705286061
https://doi.org/10.1002/ddrr.38
https://doi.org/10.1007/s10862-013-9351-8
https://doi.org/10.1037/1064-1297.15.6.599
https://doi.org/10.1037/1064-1297.15.6.599
https://doi.org/10.1037/a0014083
https://doi.org/10.1037/a0014083
http://refhub.elsevier.com/S0376-6357(18)30069-X/sbref0285
http://refhub.elsevier.com/S0376-6357(18)30069-X/sbref0285
http://refhub.elsevier.com/S0376-6357(18)30069-X/sbref0285
http://refhub.elsevier.com/S0376-6357(18)30069-X/sbref0290
http://refhub.elsevier.com/S0376-6357(18)30069-X/sbref0290
http://refhub.elsevier.com/S0376-6357(18)30069-X/sbref0290
https://doi.org/10.1016/j.cortex.2014.02.013
https://doi.org/10.1016/j.cortex.2014.02.013

	An experimental paradigm examining the influence of frustration on risk-taking behavior
	Introduction
	Method
	Participants
	Procedures
	Frustration induction
	Measures
	Positive and negative affect schedule (PANAS; Watson et al., 1988)
	Conners' adult ADHD rating scales self-report screening version (CAARS-S:SV; Conners et al., 1999)
	ADHD history
	Balloon Analogue Risk Task–auto pump (BART-AP)

	Data analytic plan

	Results
	Preliminary analyses
	Manipulation check
	Primary analyses

	Discussion
	References




