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Abstract

Objective: ADHD is related to decision-making deficits in real-life (e.g., substance abuse) and on experimental tasks
(increased preference for risky options). In most tasks, risk and expected value are confounded (risky options have lowest
expected value), making it impossible to disentangle risky from suboptimal (i.e., not choosing highest expected value)
decision-making. We differentiated between risky and suboptimal decision-making in ADHD in two studies. Method
and Results: First, on a multilevel meta-regression analysis (k = 48, n_ADHD = [,144, n_Control = 1,108), ADHD and
controls differed if the risky option was suboptimal (ADHD choosing more risky/suboptimal), whereas groups performed
similar if the risky option was not suboptimal. Second, an empirical study showed that adults with ADHD (n = 40) made
more suboptimal, but not more risky choices than controls (n = 40). Conclusion: These results contribute to a growing
body of evidence that decision-making deficits in ADHD are driven by suboptimal decision-making and not by risk seeking.
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Introduction

ADHD has been related to a broad range of poor health out-
comes (Nigg, 2013). For example, ADHD is characterized by
a plethora of decision-making deficits, such as substance
abuse, reckless driving, sexual risk-taking, and gambling
(Barkley, Murphy, DuPaul, & Bush, 2002; Faregh &
Derevensky, 2011; Flory, Molina, Pelham, Gnagy, & Smith,
2006; Lee, Humphreys, Flory, Liu, & Glass, 2011; Molina &
Pelham, 2003; Sarver, McCart, Sheidow, & Letourneau, 2014).
Real-life decision-making deficits in individuals with ADHD
can have large negative consequences, both on an individual
and a societal level (Nigg, 2013). For example, 26% to 45% of
prison populations is diagnosed with ADHD (Eyestone &
Howell, 1994; Ginsberg, Hirvikoski, & Lindefors, 2010;
Rosler et al., 2004; Westmoreland et al., 2010; Young &
Thome, 2011), and 30% of the adults diagnosed with substance
use disorder have comorbid ADHD (Schubiner, 2005).

In experimental studies, gambling tasks are used to
elucidate mechanisms underlying decision-making defi-
cits (Sonuga-Barke, Cortese, Fairchild, & Stringaris,
2016). Performance on such tasks correlates with several

real-life behaviors, such as delinquency, substance use,
and the number of sexual partners (Parker & Fischhoff,
2005). In a recent meta-analysis, including 37 studies
comparing ADHD and control groups on a gambling task,
a small to medium effect size was found, which was inter-
preted as that ADHD was associated with more risky deci-
sion-making in such tasks (Dekkers, Popma, Agelink van
Rentergem, Bexkens, & Huizenga, 2016).

But what is the origin of these decision-making deficits?
In behavioral economics, there is a distinction between
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Table I. Characteristics of the lowa Gambling Task, Including
the EV and Risk (SD) of All Decks, and Their Correlation.

Risk Correlation EV

Deck p (gain) Gain p (loss) Loss EV (SD) and risk (SD)
A I 100 5 -250 -25 2023

BB I 100 .1 -1,250 -25 407.1

CcC I 50 5 -50 25 586

D I 50 .| -250 25 905 r=-84

Note. EV = expected value.

risky decision-making, defined as choosing the option with
a high variance of potential outcomes, and suboptimal deci-
sion-making, defined as choosing the option with the lowest
expected value (EV; Schonberg, Fox, & Poldrack, 2011;
van Duijvenvoorde et al., 2015). In experimental paradigms
used in psychopathology research however, risk and EV are
often confounded. For example, on the lowa Gambling
Task (IGT), one of the most frequently used tasks, choices
from Deck A and B are suboptimal in terms of EV and are
also risky (although to different degrees; see Table 1 for cal-
culations on the IGT as an example; see Supplement 1 for
the calculations for all tasks included in the meta-analysis).
Such negative correlations between risk and EV occur in
most of the gambling tasks (see Table 2 for an overview of
the correlation between risk and EV on the gambling tasks
used in ADHD research; see Supplement 1 for calcula-
tions). Similarly, in real-life, risk and EV may often be con-
founded in the same direction, as most people would agree
that reckless driving does not only increase the variance of
outcomes but also yields a low EV, as a lifelong injury due
to an accident is not compensated by the occasional joy of
speeded driving or the relief related to reaching a destina-
tion more quickly. However, real-life risk-taking may also
be advantageous. For example, talking with unfamiliar peo-
ple at a party might feel socially risky for some, but in this
case the safe choice (i.e., to avoid unfamiliar people) might
lead to social anxiety and isolation. Similarly, in general,
investing money, instead of saving, may be a risky but
advantageous choice.

Because EV and risk are confounded in many studies,
the effect of ADHD that was observed in the meta-analysis
could be due to enhanced risk-taking or due to suboptimal
decision-making.

Opting for the risky option may be due to different pro-
cesses than opting for the suboptimal low EV option, as risk
and EV are differentially coded in the brain (Mohr, Biele, &
Heekeren, 2010; Mohr, Biele, Krugel, Li, & Heekeren,
2010; Paulsen, Platt, Huettel, & Brannon, 2011; van
Duijvenvoorde et al., 2015). Differential processes are also
supported by the observation that risk-taking is associated
with subjective perception of value and not with subjective
perception of risks (Parker, & Weller, 2015). Similarly,

Table 2. Correlation Between Risk and Expected Value for
Every Gambling Task That Was Used in the Previous and in the
Current Meta-Analysis.

Correlation
Task risk and EV
lowa Gambling Task® (k = 15)* -0.84
Hungry Donkey Task® (k = 4)* -0.84
Child lowa Gambling Task® (k = 3)* -0.97
Foregone Payoff Gambling Task® (k = 2)* -1.00
Game of Dice Task® (k = 4)* -0.96
Cambridge Gamble Task' (k = 7)* 1.00
Modified Cambidge Gamble Taské (k = 1)* 0.80
Gamble Task—risk aversion" (k = 1)# 0.27
Gamble Task—loss aversion” (k = 1)* 0.80
Clicking Paradigm" (k = 4)* 0
Jackpot magnitude’ (k = 1)* -0.63
Jackpot frequency' (k = 1)* -0.53
Gambling Machine Task! (k = 2)# -0.20
Probabilistic Discounting Task* (k = 2)* 0

Note. k represents the number of effect sizes using that particular

tasks that were included in the current meta-analysis. On some tasks,
participants had to perform the same item several times (e.g., in the
lowa Gambling Task, the characteristics of the four decks of cards were
similar on each of the items that were administered). In these cases, the
correlation between risk and EV was the same for all items. In the Table,
these kinds of tasks are indicated by *. However, other tasks used items
with differing characteristics (e.g., Gambling Machine Task). In these
cases, correlations were calculated for all item types separately, and
their mean is displayed in this table. In the Table, these kinds of tasks
are indicated by #. Specific calculations on the correlations for each task
are provided in Supplement |. EV = p (gain) X gain + p (loss) X loss;
Risk (SD) = (p(gain) x (gain — EV)? + p(loss) x (loss — EV)?). EV =
expected value.

Agay et al. (2010), Baker (201 1), Bangma et al. (submitted), Ernst et al.
(2003), Gonzalez-Gadea et al. (2013), Henderson (2007), Hobson, Scott,
and Rubia (2011), Ibanez et al. (2012), Malloy-Diniz, Fuentes, Leite,
Correa, and Bechara (2007; Malloy-Diniz et al., 2008), Mantyl3, Still,
Gullberg, and Del Missier (2012), Masunami, Okazaki, and Maekawa
(2009), Toplak, Jain, and Tannock (2005), Vaurio (2011).

®Geurts, van der Oord, and Crone (2006), Skogli, Andersen, Hovik, and
Qie (2014; Skogli, Egeland, Andersen, Hovik, & @ie, 2014).

“Antonini, Becker, Tamm, and Epstein (2015), Garon, Moore, and Was-
chbusch (2006).

dAgay et al. (2010).

°Baker (201 1), Drechsler, Rizzo, and Steinhausen (2008), Matthies, Phil-
ipsen, and Svaldi (2012), Wilbertz et al. (2012).

fCoghill, Seth, and Matthews (2013), DeVito et al. (2008), Pollak and
Shoham (2015, 2017), Serensen et al. (2017).

8Kroyzer, Gross-Tsur, and Pollak (2014).

"Pollak et al. (2016), respectively, experiment 1.1, 1.2, 2/3.

‘Luman, Oosterlaan, Knol, and Sergeant (2008).

1Bexkens, Jansen, Van der Molen, and Huizenga (2015).

“Scheres et al. (2006).

ADHD-related real-life risk-taking was associated with
subjective value and not with subjective risks (Shoham,
Sonuga-Barke, Aloni, Yaniv, & Pollak, 2016). From this
perspective, it would be predicted that ADHD-related ele-
vated risk-taking is associated with altered subjective
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perception of value leading to suboptimal decision-making.
However, Paulsen et al. (2011) showed that there is a devel-
opmental decrease in the subjective evaluation of risks. If
ADHD is conceptualized as delayed development (Shaw
et al., 2007), it would be predicted that ADHD is charac-
terized by increased risk-taking instead of suboptimal
decision-making.

Disentangling risk seeking and suboptimal decision-
making is highly relevant as it could eventually guide inter-
vention programs aiming at diminishing decision-making
deficits in individuals with ADHD. First experimental evi-
dence favored the account that ADHD is associated with
suboptimal decision-making, and not with risk seeking
(Pollak et al., 2016). Adolescents with and without ADHD
had to choose between safe and risky options that were
similar in terms of EV. Adolescents with ADHD did not
choose the risky option more often than controls, suggest-
ing that when EV is controlled for, ADHD is no longer
associated with decision-making deficits. The aim of the
current study was to further disentangle risky and subopti-
mal decision-making in ADHD. This was investigated in
two consecutive studies. First, an additional moderator
analysis of the recent meta-analysis on decision-making in
ADHD (Dekkers et al., 2016) was performed. In this meta-
analysis, we modeled the confound between risky and sub-
optimal options. Meta-analyses include participants from
several different studies, thereby enhancing generalizabil-
ity of the findings. Second, to directly test the competing
interpretations, an empirical study was performed in adults
with and without ADHD, using a gambling task paradigm
that enables the possibility to disentangle risky and subop-
timal decision-making.

Study |: Meta-Analytical Evidence
Method'

The same literature search was performed as was done pre-
viously (Dekkers et al., 2016), updated with seven studies
until April 2018 (for all study characteristics, see Table 3).
Inclusion criteria were as follows: (a) a comparison between
an ADHD group and a typically developing control group,
(b) performance on a gambling task, (c) availability of
group means and standard deviations on the gambling task,
either in text or by correspondence with the authors, (d)
average 1Q levels of both groups above 80. One exclusion
criterion was added as compared with the previous study,
that is, tasks in which the EV of the options changed dynam-
ically within items (e.g., Balloon Analog Risk Task, Door
Opening Task) were excluded. That is, as the main goal of
this study was to compare outcomes on studies in which the
risky option is advantageous with studies in which the risky
option is disadvantageous, dynamic gambling tasks were
excluded because the relationship between risk and EV

varies within items of the task. In total, 34 studies were
included, with 48 relevant effect sizes.

Meta-regression. Effect sizes were calculated in terms of
standardized mean differences (Hedges’ g), with positive
effect sizes indicating more risky decision-making in
ADHD groups. Random-effects meta-regression analyses
were performed to account for between study variance. As
some studies contributed multiple effect sizes, the meta-
regression analysis consisted of three levels, with the effect
size level nested within the study level (Cheung, 2014;
Konstantopoulos, 2011; Van den Noortgate, Lopez-Lopez,
Marin-Martinez, & Sanchez-Meca, 2013). Furthermore, in
case of multiple effect sizes from the same study, this was
accounted for using the “multiple endpoints” and/or “mul-
tiple treatments” method by Gleser and Olkin (2009).
Potential publication bias (i.e., the tendency that significant
results might be more likely to get published; Easterbrook,
Gopalan, Berlin, & Matthews, 1991) was assessed by a
regression test of funnel plot asymmetry, and using the trim
and fill method (Duval & Tweedie, 2000; Egger, Smith,
Schneider, & Minder, 1997). All analyses were performed
in R with the metafor package (Viechtbauer, 2010).

Moderators. In the current study, two moderator analyses
were performed: (a) a categorical moderator analysis in
which studies in which the risky option was disadvanta-
geous were compared with studies in which the risky option
was similar to (i.e., EVs were equal) or more advantageous
than the safe option, (b) a continuous moderator analysis on
the correlation between risk and EV, as reported in Table 2.

Results

Publication bias.”> Egger’s test (Egger et al., 1997) indicated a
symmetrical funnel plot (z = 1.42, p = .16). The trim and fill
method (Duval & Tweedie, 2000) estimated that zero studies
are missing on the left side of the funnel (see Figure 1). These
analyses both suggest that there is no publication bias.

Risky versus suboptimal: Categorical moderator analysis. A mul-
tilevel meta-regression analysis including 48 effect sizes
from 34 studies (. ADHD = 1,144, n_Control = 1,108)
was performed (see Figure 2). As a moderator, we compared
studies in which the risky option was disadvantageous in
terms of EV (k = 32) with studies in which the risky option
was similar to or more advantageous than the safe option
(k = 16). The proposed moderator was significant, 3, = .40,
p = .018, 95% confidence interval (CI) [.07, .72]; studies in
which the risky option was also disadvantageous in terms of
EV yielded a significant effect size (B, = .37, p <.001, 95%
CI[.17, .56]), whereas studies in which the risky option was
similar or more advantageous than the safe option did not
(B, = —03, p = .831, 95% CI [-.30, .24]).
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Figure |. Funnel plot.

Note. Dots indicate standardized mean differences of studies comparing
ADHD and controls, with positive values indicating higher risky decision-
making in ADHD groups and negative values indicating higher risky
decision-making in controls. Standard errors are depicted on the y-axis.

Risky versus suboptimal: Continuous moderator analysis. Simi-
larly, a continuous moderator analysis was performed
including the correlation between EV and risk (see Table 1
for the correlations of all tasks included into the analysis).
The moderator was significant (3, = —.26, p = .017, 95%
CI [-.48, —.05]; see Figure 3), implying that effect sizes are
larger (i.e., more risky decision-making in ADHD groups as
compared with controls) when the correlation between risk
and EV is negative. That is, when risky decision-making is
less advantageous, group differences are larger, with ADHD
groups engaging in more risky/disadvantageous decision-
making than controls. When risky decision-making is more
advantageous, group differences become smaller.

Conclusion

The first study showed that effect sizes (indicating more
risky decision-making in groups with ADHD than controls)
are larger when risky options are disadvantageous as com-
pared with when they are similar to (i.e., EVs were equal) or
more advantageous. The results of this moderator analysis
can be explained in two different ways. First, individuals
with ADHD have, as compared with controls, problems in
maximizing EV resulting in more risky choices when risky
options are disadvantageous. Second, however, these results
might also imply that participants with ADHD are more risk
seeking than controls, and therefore choose the risky option
more often when it is disadvantageous. However, when the
risky option is not disadvantageous, they do not choose the

risky option more often than controls, as controls will
engage in risk-taking in this case as well, because it is
advantageous.

These two interpretations yield different predictions
regarding the case in which the risky option is advanta-
geous. According to the first interpretation, people with
ADHD would choose the risky option less often than con-
trols when risky is advantageous, as they are less capable of
maximizing EV. On the other hand, according to the second
interpretation, people with ADHD should choose the risky
option either more or as often as controls, as they favor
risky options. To test these two competing explanations,
which could not be disentangled meta-analytically, we con-
ducted an empirical study in adults with ADHD.

Study 2: Empirical Evidence in Adults
With ADHD

To test the two explanations mentioned above, an empirical
study in adults with and without ADHD was performed. In
this study, risk and EV were manipulated: A gambling task
was administered, consisting of a risky and a safe option, in
which the EV of the risky option was either lower than the
safe option (“risky is disadvantageous”) or higher than the
safe option (“risky is advantageous”). The two aforemen-
tioned explanations thus yield different hypotheses.

Hypothesis 1: If decision-making deficits in ADHD
originate in difficulties in maximizing EV, participants
with ADHD as compared with controls are expected to
make fewer advantageous choices. In other words, in the
“risky is disadvantageous” condition, they would choose
the risky option more often than controls, whereas in the
“risky is advantageous” condition, they would choose
the risky option /ess often than controls.

Hypothesis 2: If decision-making deficits in ADHD
originate in enhanced seeking of risks, participants with
ADHD would, as compared with controls, make more
risky choices in the “risky is disadvantageous” condi-
tion. In the “risky is advantageous” condition, they
would either (H2a) make more risky choices than con-
trols or (H2b) they would make as many risky choices as
controls.

Method

The study was approved by the institutional review board
(IRB) and written informed consent was obtained from all
participants.

Participants. Students with and without ADHD were
recruited from the University. Groups comprised partici-
pants with similar age range, gender, and years of educa-
tion. To be included in the ADHD group, participants had to
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Figure 2. Forest plot including categorical moderator analysis.

Note. The standardized mean difference refers to the effect size of the study, with positive values indicating more risky decision-making in ADHD
groups and negative values indicating more risky decision-making in controls. Studies in which the risky option was disadvantageous as compared with
the safe option are marked in blue (dark gray), whereas studies in which the risky option was similar to or more advantageous than the safe option
are marked in red (light gray). Several studies contain more than one effect size; see Table 3 for more details on these different effect sizes. SMD =

Standardized Mean Difference; Cl = confidence interval.
*» < .001.

have a history of a diagnosis of ADHD made by a neurolo-
gist, psychiatrist, or psychologist, and in addition partici-
pants had to meet Diagnostic and Statistical Manual of
Mental Disorders (5th ed.; DSM-5; American Psychiatric
Association [APA], 2013) criteria for ADHD on the ADHD
module of the Schedule for Affective Disorders and Schizo-
phrenia for School-Age Children—Present and Lifetime Ver-
sion (K-SADS-PL, Kaufman et al., 1997), adapted for
adults (see below). History of ADHD was ruled out for con-
trols using the same diagnostic tool. Exclusion criteria for
both groups were self-reported history of a serious neuro-
logical illness (i.e., epilepsy, cerebral palsy) or severe head
injury, and a self-reported history of psychotic or bipolar

depressive disorder. As depression was found to be associ-
ated with enhanced risk aversion (Smoski et al., 2008), a >
2 SD above average score on the depression subscale of the
Hebrew Version of the Brief Symptoms Inventory (BSI;
Derogatis & Melisaratos, 1983; Gilbar & Ben-Zur, 2002)
was considered an exclusion criterion as well for both
groups (see below for a detailed description).

Initially, 88 students were recruited. Two potential
ADHD participants were excluded, one because of not
meeting the K-SADS-PL criteria for ADHD, and the other
because of a > 2 SD score on the BSI. Six potential control
participants were excluded: two because of meeting the
K-SADS-PL criteria for ADHD, and four because of
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Figure 3. Continuous moderator analysis.

Note. Every dot represents a study comparing an ADHD group with a
control group. The value on the y-axis represents the effect size, with
positive values indicating higher risky decision-making in ADHD groups
and negative values indicating higher risky decision-making in controls.
The value on the x-axis represents the correlation between risk and EV
in the gambling task that was used in that particular study. Color coding
resembles Figure 2. EV = expected value.

endorsing the BSI exclusion criteria. Power analysis using
G*Power 3.1.9.2 (Faul, Erdfelder, Lang, & Buchner, 2007)
revealed that the remaining 80 participants could identify a
medium effect (nﬁ = 0.09), using analysis of variance
(ANOVA) at 0.05 significance level and power of 0.8. The
majority of the participants from both groups were ran-
domly assigned to one of the two task conditions. However,
the last participants that were recruited to the study were
non-randomly assigned, to ensure that age, gender, and
years of education were equally distributed.

As medication used to treat ADHD was found to affect
gambling task performance (DeVito et al., 2008), partici-
pants were instructed not to take such medication in the 24
hrs preceding the experiment.

Materials. Participants completed a demographic question-
naire providing background information on age, gender, edu-
cation, and history of diagnosis of and treatment for ADHD.
Confirmation of ADHD diagnosis was obtained by an
adaptation of the ADHD module from the K-SADS-PL
(Kaufman et al., 1997). Probes tapping childhood symptoms
were worded in the past tense, and probes for current symp-
toms were modified using examples of behavior appropriate
for adults. Diagnosis of ADHD was set according to the
DSM-5 criteria, requiring endorsement of symptoms in both
childhood and adulthood. This method was used before with
satisfactory inter-rater reliability and convergent and diver-
gent validity with other scales (Magnusson et al., 2006).

The Hebrew version of the Adult ADHD Self-Report
Scale (ASRS-V1.1; Kessler et al., 2005; Zohar & Konfortes,
2010) was completed as a dimensional measure of ADHD
symptoms, which was used to characterize the groups. The
ASRS includes 18 items corresponding to the Diagnostic
and Statistical Manual of Mental Disorders (4th ed.;
DSM-1V; APA, 1994) diagnostic criteria of ADHD, each
measured for its frequency on a Likert-type scale ranging
from 1 (“never”) to 5 (“very often”’). The questionnaire has
high internal consistency, moderate sensitivity, and high
specificity (Adler et al., 2006).

The Hebrew Version of the BSI (Derogatis & Melisaratos,
1983; Gilbar & Ben-Zur, 2002) is a self-report scale in which
participants rate the extent to which they have been bothered
(0 = “not at all” to 4 = “extremely”) by various psycho-
pathological symptoms in the past week. The inventory con-
sists of several subscales, of which the depression subscale
was used for the current study’s exclusion criterion.

Clicking Paradigm. The Clicking Paradigm was designed
according to Hertwig and Erev’s (2009) description tasks.
The task was programmed in E-Prime and consisted of 24
problems, which were presented in random order. In each
problem, participants had to choose between two options
(cards) that were displayed on the computer screen, one
with a safe outcome and the other with a probabilistic out-
come (see Supplement 2). Immediately after choosing
between options, participants received feedback on the
amount of points they had won on that trial.

In the “risky is disadvantageous” condition, the value of
the safe option was 50% higher than the EV of the probabi-
listic option. For example, participants had to choose
between (a) 18 certain points (i.e., safe option) and (b) a
risky option of 20 points at a probability of 60% (higher
outcome) and 0 points at a probability of 40% (the lower
outcome). In this case, the EV of the safe option is 18 and
that of the risky option is 12, that is, the value of the safe
option is 50% higher than the EV of the risky option.

In the “risky is advantageous” condition, the value of the
probabilistic option was 50% higher than the EV of the safe
option. Participants had to choose between, for example, (a)
6 certain points (i.c., safe option) and (b) a risky option of 20
points at a probability of 60% or 0 points at a probability of
40%. In this case, the value of the safe option is 50% lower
than the EV of the risky option (6 and 12, respectively).

Within the 24 probabilistic options, eight items involved
low probabilities of the lower outcome of the gamble (p <
.1), eight items involved moderate probabilities (.2 < p <
.4), and eight items involved probabilities of p = .5 (see
Supplement 2 for a graphical depiction of the task and for
the parameters of all 24 items).

Participants were provided with detailed explanations
regarding the task and had the opportunity to ask for clari-
fications if needed (see Supplement 2 for specific task
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Table 4. Demographic and Clinical Characteristics by Diagnostic Group and Task Condition.

Diagnostic group Control ADHD
Risky disadv.  Risky adv. Risky disadv.  Risky adv.

Condition (n = 20) (n = 20) (n = 20) (n = 20) Group comparison
Age in years M (SD) 28.40 (4.49) 28.95(4.52) 29.30(3.21) 29.30(3.91) F(3,76) =0.218 (p = .883)
Gender I'l males I'l males I'l males 1 males x*3)=00(p=.1)
Years of education M (SD) 16.15 (1.79) 16.50 (2.84)  15.90 (2.13)  15.95 (2.09) F(3,76) = .295 (p = .829)
ADHD presentation

Predominantly inattentive 9 10

Predominantly hyperactive/impulsive | 2

Combined type 10 8 X*(2) = 0.608 (p = .805)
Use of medication to treat ADHD

No use 8 4

Occasional use 6 5

Regular use 6 I X2(2) = 2.895 (p = .270)
ASRS total score M (SD) 37.85(5.46) 3885 (7.03) 60.45 (6.69) 61.30 (5.16) F(l,76) = 193.47 (b < .001)
Inattention M (SD) 17.80 (4.10) 18.20 (3.65)  29.20 (5.43) 27.55 (8.95) F(l,76) = 61.57 (b < .00l)
Hyperactivity-impulsivity M (SD) 20.05 (3.25) 20.65 (4.72) 31.25(2.91) 30.10 (8.74) F(l,76) = 72.37 (p < .001)
BSI general severity index M (SD) 0.51 (0.43)  0.60 (0.33) 0.89 (0.43) 1.03 (0.41) F(1,75) = 19.61 (p <.00l)

Note. Disadv. = Disadvantageous; Adv. = Advantageous; ASRS = Adult ADHD Self-Report Scale; BSI = Brief Symptom Inventory.

instructions). Participants were told that after completion
of the task, the computer would randomly choose one of
the items, and they would receive the value of that choice
in money. Response time was unlimited and participants
were instructed to ask for breaks whenever they wanted.
After completion, participants received the value of one of
their winning choices, randomly chosen by the computer,
with a conversion rate of 1 point—1 Israeli Shekel (~0.25
Euro).

Procedure. The sessions took place at the ADHD and Deci-
sion Making Lab at the University or at the participants’
houses, according to the preference of the participant. At the
beginning of the session, participants were informed regard-
ing the procedure, after which written informed consent
was obtained. It was ascertained that participants did not
take stimulant medication 24 hrs before testing. Participants
completed the K-SADS-PL interview, the Clicking Para-
digm, and the questionnaires in this order. At the end, par-
ticipants received either 20 Israeli Shekels (~5 Euros) or a
course credit, as well as the number of points they won con-
verted to Shekels. The duration of the entire session was
approximately 45 min.

Statistical approach. Risky choice was defined as choosing
the risky, rather than the safe option, and the number of
risky choices was summed for each participant. This was
used as outcome measure in all analyses. ANOVA was used
to test the effects of diagnostic group (ADHD vs. controls)
and task condition (risky is advantageous vs. risky is disad-
vantageous) on the number of risky choices.

Results

Sample characteristics. Demographic and clinical character-
istics of the sample are presented in Table 4. Groups did not
differ in age, gender, and years of education. Within the
ADHD group, ADHD presentations and regular use of
medication were distributed equally across conditions. As
expected, more ADHD symptoms were observed in the
ADHD group compared with controls.

Decision-Making Task

According to the Kolmogorov-Smirnov test, the number of
risky choices was normally distributed in each of the four
study groups. Test location (i.e., home or lab) did not have
a significant effect on the number of risky choices, #(78) =
32,p=".75.

The ANOVA revealed a large main effect of condition,
F(1,76) = 124.68, p < .001, ni = .621 (Figure 4), indicat-
ing more risky choices in the “risky is advantageous” condi-
tion than in the “risky is disadvantageous” condition.

No main effect of group was found, F(1, 76) = .204, p =
.653, ni = .003 (Figure 4), implying that participants with
ADHD were not more risk seeking than controls. Crucially,
contrasting the second, but supporting the first hypothesis,
there was a group by condition interaction of medium size,
F(1,76) = 5.70, p = .019, n; = .070. Follow-up  tests
indicated that (a) in the “risky is disadvantageous” condi-
tion, participants with ADHD did not choose the risky
option significantly more often than controls, but the direc-
tion of the difference was in the hypothesized direction:
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Figure 4. Number of risky choices over groups and conditions.
Note. ns = not significant.
#p < 05, *p < 01, *kp < 001,

participants with ADHD tended to choose the risky option
more often than controls, #38) = —1.35, p = .187, and (b)
in the “risky is advantageous” condition, participants with
ADHD made fewer risky choices than controls, that is, they
more often opted for the disadvantageous option, #38) =
2.05, p = .048.

Altogether, based on these results, there is more sup-
port for the first hypothesis than for the second hypothe-
sis: ADHD is linked to suboptimal but not linked to risky
decision-making.

Conclusion

The second study aimed to contrast two competing hypoth-
eses regarding ADHD-related risky decision-making,
reflecting either risk seeking or difficulty in maximizing
EV. The EV of the safe option was manipulated to be either
higher or lower than the EV of the risky option. Participants
with ADHD made fewer risky choices than controls when
the risky option was advantageous. This pattern indicates
that ADHD is not associated with risk seeking, but rather
with suboptimal decision-making.

General Discussion

ADHD is associated with decision-making deficits in daily
life (Barkley et al., 2002; Faregh & Derevensky, 2011; Flory
etal.,2006; Lee et al., 2011; Molina & Pelham, 2014; Sarver
et al., 2014). Furthermore, in experimental studies, ADHD is
also characterized by decision-making deficits (Dekkers
etal., 2016). However, until now it remained unclear whether
these deficits originate in risk seeking, or whether they
reflect difficulties in optimizing the EV of decisions. As risk
and EV are confounded in most gambling tasks, it was not
possible to distinguish these two explanations.

The current study showed that ADHD is related to sub-
optimal decision-making, and not to risk secking. Meta-
regression moderator analyses showed significantly more
decision-making deficits in ADHD when risky options were
disadvantageous than when risky options were not disad-
vantageous. In addition, an empirical study showed that
adults with ADHD made fewer risky choices than controls
when the risky option was advantageous. Altogether, this
supports a growing body of evidence that ADHD is not
related to risk seeking but to suboptimal decision-making
(Pollak et al., 2016; Serensen et al., 2017).

Suboptimal decision-making related to ADHD can be
explained in several ways. First, executive functions like
working memory and inhibition are needed to integrate all
different characteristics of options to establish the EV of the
different options (Brand, Labudda, & Markowitsch, 2006).
More specifically, working memory is needed to remember
previous gains and losses and to update the values of the
different alternatives accordingly, and inhibition is needed
to prevent one from choosing impulsively for the tempting
but suboptimal alternative (Brand, Recknor, Grabenhorst,
& Bechara, 2007). Therefore, the profound executive func-
tioning deficits in people with ADHD (Huizenga, van Bers,
Plat, van den Wildenberg, & Van der Molen, 2009;
Martinussen, Hayden, Hogg-Johnson, & Tannock, 2005;
Wilcutt, Doyle, Nigg, Faraone, & Pennington, 2005) could
explain their suboptimal decision-making. Also, executive
functioning is needed to learn from experience, for exam-
ple, by updating the values of the different alternatives as a
consequence of outcomes of previous decisions. According
to many theories, ADHD is associated with difficulties in
learning from experience (Luman, Tripp, & Scheres, 2010).
Similarly, ADHD could be linked to difficulty with EV opti-
mization due to arithmetic problems, as comorbidity
between ADHD and mathematical disorders is substantial
(Capano, Minden, Chen, Schachar, & Ickowicz, 2008).

Second, suboptimal decision-making in ADHD could be
explained by effects of motivation. ADHD is related to
aberrant reinforcement sensitivity (Luman et al., 2010;
Sonuga-Barke, 2003), meaning that higher amounts of rein-
forcement are necessary to perform optimally (e.g., Dovis,
Van der Oord, Wiers, & Prins, 2012). However, most gam-
bling task studies in ADHD did not reinforce their partici-
pants (Dekkers et al., 2016). Therefore, participants with
ADHD might have performed below their optimal ability.

Third, individuals with ADHD tend to have difficulty
investing mental effort (DSM-5, 6th criterion) and may
therefore prefer not to invest mental effort in calculating
EV. To save mental effort, individuals with ADHD might
not base their decisions on a comparison of EVs but use
casier decision-making heuristics instead. Using heuristics,
parts of information are ignored to increase efficiency
(Gigerenzer & Gaissmaier, 2011). For example, a study on
adolescents with behavioral disorders showed that only
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11.7% of them integrated all different attributes of options
(i.e., comparing EVs), whereas others used simpler heuris-
tic strategies (Bexkens, Jansen, Van der Molen, & Huizenga,
2015).

The current study is not without limitations. First and
most importantly, the conclusion that suboptimal deci-
sion-making and not risk seeking is the underlying mech-
anism in real-life decision-making deficits in ADHD
leans on the assumption that experimental decision-mak-
ing tasks model real-life decision-making well. Although
some of these tasks have shown satisfactory correlations
with real-life risk-taking (Lejuez et al., 2007), it is diffi-
cult to capture the dynamics of daily life in a laboratory
task (Pollak et al., 2018). Laboratory tasks are generally
not very emotionally appealing for participants; the stakes
are often low and gains are usually associated with only
moderate degrees of gratification. In real-life, however,
the stakes are often higher and the perceived gratification
related to risky decisions is often much larger (e.g., in
case of criminal activities, speedy driving, unsafe sex,
substance abuse).

Therefore, a future challenge is the development of more
ecologically valid, emotionally appealing decision-making
tasks. Peer influence designs may be a potentially fruitful
direction in this respect. Peer influence may increase the
ecological validity, as it creates an atmosphere more com-
parable with real-life. More specifically, gains and losses
may be perceived as higher in the presence of peers (e.g.,
crashing in a driving simulator may be more embarrassing
if your best friend is watching than when driving alone).
Previous studies showed that adolescents or young adults
took more risks on a traffic-related gambling task or on
driving simulators, as compared with a condition in which
they performed the task alone (Chein, Albert, O’Brien,
Uckert, & Steinberg, 2011; Gardner & Steinberg, 2005;
Rhodes, Pivik, & Sutton, 2015; Weigard, Chein, Albert,
Smith, & Steinberg, 2014).

Second, the current study did not address comorbidity
with other externalizing disorders. Disruptive behavioral
disorders (DBDs) are highly comorbid in ADHD (Jensen
et al., 2001). As some of the symptoms of these disorders
are synonymous with risk-taking, analyzing participants
with ADHD in subgroups with and without comorbid
DBDs might be informative for future studies, thereby
investigating whether the subgroups of ADHD with and
without comorbid DBDs are characterized by different lev-
els of suboptimal decision-making and/or risk seeking.

The current study is relevant for both research and clin-
ical practice. From a theoretical point of view, it is impor-
tant to distinguish between risk seeking and suboptimal
decision-making. Methodologically, for future studies, it
is recommended to move beyond traditional gambling
tasks, in which risk and EV are confounded. A potential
new research direction is to provide participants real-life

dilemmas, in which risk-taking is the advantageous instead
of the disadvantageous option (e.g., investing money, talk-
ing to unfamiliar people at a party). Based on the current
study, the prediction is that ADHD, in these cases, will be
associated with decreased, rather than increased risk-tak-
ing behavior. Furthermore, our findings may shift the
focus, in conceptualizing ADHD-related decision-making
from a positive risk attitude toward a difficulty in EV max-
imization. For clinical practice, the finding that individu-
als with ADHD are not risk seeking as such is important.
Treatment for individuals with ADHD should focus on
improving the quality of their decision-making, as they
tend to make suboptimal decisions more often. If the three
mechanisms which we proposed above (executive func-
tioning deficits, aberrant reinforcement sensitivity, and
avoidance of mental effort) are found to explain decision-
making deficits in ADHD, clinical practice should focus
on these mechanisms. Furthermore, our findings demon-
strate that ADHD relates not only to increased risk-taking
(when the risky option is disadvantageous) but also to
decreased risk-taking (when the risky option is advanta-
geous). Hence, a new focus in clinical practice may be the
identification of those real-life situations in which risk-
taking is advantageous and help clients with ADHD to
choose these preferable options.

To conclude, the current study showed, using both meta-
analytical and experimental methods, that ADHD-related
decision-making deficits are driven by suboptimal decision-
making and not by risk seeking in itself.
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Notes

1. Please note that the methods used in this study are the same
as in the previous study (Dekkers, Popma, Agelink van
Rentergem, Bexkens, & Huizenga, 2016), and therefore show
a high degree of similarity.

2. As this is the only possibility, these analyses were performed
assuming independency of effect sizes.

Supplemental Material

Supplemental material for this article is available online.

References

*References marked with an asterisk indicate studies

included in the meta-analysis.

Adler, L. A., Spencer, T., Faraone, S. V., Kessler, R. C., Howes,
M. J., Biederman, J., & Secnik, K. (2006). Validity of pilot
Adult ADHD Self- Report Scale (ASRS) to rate adult ADHD
symptoms. Annals of Clinical Psychiatry, 18, 145-148. doi:10
.1080/10401230600801077

*Agay, N., Yechiam, E., Carmel, Z., & Levkovitz, Y. (2010).
Non-specific effects of methylphenidate (Ritalin) on cogni-
tive ability and decision-making of ADHD and healthy adults.
Psychopharmacology, 210, 511-519. doi:10.1007/s00213-
010-1853-4

American Psychiatric Association. (1994). Diagnostic and statistical
manual of mental disorders (4th ed.). Washington, DC: Author.

American Psychiatric Association. (2013). Diagnostic and sta-
tistical manual of mental disorders (5th ed.). Arlington, VA:
American Psychiatric Publishing.

*Antonini, T. N., Becker, S. P., Tamm, L., & Epstein, J. N. (2015).
Hot and cool executive functions in children with attention-
deficit/hyperactivity disorder and comorbid oppositional defi-
ant disorder. Journal of the International Neuropsychological
Society, 21, 584-595. doi:10.1017/S1355617715000752

*Baker, J. (2011). Affective decision-making in school-aged
children with Attention Deficit/Hyperactivity Disorder
(ADHD). Retrieved from http://dc.msvu.ca:8080/xmlui
/bitstream/handle/10587/1144/JodieBakerM ASPThesis2011
.pdf?sequence=1

*Bangma, D. F., Koerts, J., Fuermaier, A. B. M., Mueller, A. K.,
Mette, C., Grabemann, M., & Tucha, L. (submitted). Financial
decision-making in adults with ADHD.

Barkley, R. A., Murphy, K. R., DuPaul, G. J., & Bush, T. (2002).
Driving in young adults with attention deficit hyperactivity
disorder: Knowledge, performance, adverse outcomes, and
the role of executive functioning. Journal of the International
Neuropsychological Society, 8, 655-672. doi:10.1017/S135
5617702801345

*Bexkens, A., Jansen, B. R., Van der Molen, M. W., & Huizenga,
H. M. (2015). Cool decision-making in adolescents with
behavior disorder and/or mild-to-borderline intellectual dis-
ability. Journal of Abnormal Child Psychology, 44, 357-367.
doi:10.1007/s10802-015-9996-8

Brand, M., Labudda, K., & Markowitsch, H. J. (2006).
Neuropsychological correlates of decision-making in ambig-
uous and risky situations. Neural Networks, 19, 1266-1276.
doi:10.1016/j.neunet.2006.03.001

Brand, M., Recknor, E. C., Grabenhorst, F., & Bechara, A.
(2007). Decisions under ambiguity and decisions under risk:
Correlations with executive functions and comparisons of
two different gambling tasks with implicit and explicit rules.
Journal of Clinical and Experimental Neuropsychology, 29,
86-99. doi:10.1080/13803390500507196

Capano, L., Minden, D., Chen, S. X., Schachar, R. J., &
Ickowicz, A. (2008). Mathematical learning disorder in
school-age children with attention-deficit hyperactivity dis-
order. The Canadian Journal of Psychiatry, 53, 392-399.
doi:10.1177/070674370805300609

Chein, J. M., Albert, D., O’Brien, L., Uckert, K., & Steinberg,
L. (2011). Peers increase adolescent risk taking by enhanc-
ing activity in the brain’s reward circuitry. Developmental
Science, 14, F1-F10. doi:10.1111/j.1467-7687.2010.01035.x

Cheung, M. W. (2014). Modeling dependent effect sizes with
three-level meta-analyses: A structural equation modeling
approach. Psychological Methods, 19,211-229. doi:10.1037/
20032968

*Coghill, D. R., Seth, S., & Matthews, K. (2013). A comprehen-
sive assessment of memory, delay aversion, timing, inhibition,
decision making and variability in attention deficit hyperac-
tivity disorder: Advancing beyond the three-pathway mod-
els. Psychological Medicine, 44, 1989-2001. doi:10.1017/
S0033291713002547

Dekkers, T. J., Popma, A., Agelink van Rentergem, J. A., Bexkens,
A., & Huizenga, H. M. (2016). Risky decision making in
attention-deficit/hyperactivity disorder: A meta-regression
analysis. Clinical Psychology Review, 45,1-16. doi:10.1016/].
¢cpr.2016.03.001

Derogatis, L. R., & Melisaratos, N. (1983). The Brief Symptom
Inventory: An introductory report. Psychological Medicine,
13, 595-605. doi:10.1017/S0033291700048017

*DeVito, E. E., Blackwell, A. D., Kent, L., Ersche, K. D., Clark,
L., Salmond, C. H., . . . Sahakiana, B. (2008). The effects
of methylphenidate on decision making in attention-deficit/
hyperactivity disorder. Biological Psychiatry, 64, 636-639.
doi:10.1016/j.biopsych.2008.04.017

Dovis, S., Van der Oord, S., Wiers, R. W., & Prins, P. J. M. (2012).
Can motivation normalize working memory and task persis-
tence in children with attention-deficit/hyperactivity disor-
der? The effects of money and computer-gaming. Journal
of Abnormal Child Psychology, 40, 669-681. doi:10.1007/
s10802-011-9601-8

*Drechsler, R., Rizzo, P., & Steinhausen, H.-C. (2008). Decision-
making on an explicit risk-taking task in preadolescents with
attention-deficit/hyperactivity disorder. Journal of Neural
Transmission, 115,201-209. doi:10.1007/s00702-007-0814-5

Duval, S. J., & Tweedie, R. (2000). Trim and fill: A simple fun-
nel-plot-based method of testing and adjusting for publication
bias in meta-analysis. Biometrics, 56, 455-463. doi:10.1111/
j-0006-341X.2000.00455.x

Easterbrook, P. J., Gopalan, R., Berlin, J. A., & Matthews, D. R.
(1991). Publication bias in clinical research. The Lancet, 337,
867-872. doi:10.1016/0140-6736(91)90201-Y

Egger, M., Smith, D. G., Schneider, M., & Minder, C. (1997).
Bias in meta-analysis detected by a simple, graphical
test. British Medical Journal, 315, 629-634. doi:10.1136/
bm;j.315.7109.629


http://dc.msvu.ca:8080/xmlui/bitstream/handle/10587/1144/JodieBakerMASPThesis2011.pdf?sequence=1
http://dc.msvu.ca:8080/xmlui/bitstream/handle/10587/1144/JodieBakerMASPThesis2011.pdf?sequence=1
http://dc.msvu.ca:8080/xmlui/bitstream/handle/10587/1144/JodieBakerMASPThesis2011.pdf?sequence=1

Dekkers et al.

499

*Ernst, M., Kimes, A. S., London, E. D., Matochik, J. A., Eldreth,
D., Tata, S., . . . Bolla, K. (2003). Neural substrates of deci-
sion making in adults with attention deficit hyperactivity dis-
order. The American Journal of Psychiatry, 160, 1061-1070.
doi:10.1176/appi.ajp.160.6.1061

Eyestone, L. L., & Howell, R. J. (1994). An epidemiological study
of attention-deficit hyperactivity disorder and major depres-
sion in a male prison population. Journal of the American
Academy of Psychiatry and the Law, 22, 181-193.

Faregh, N., & Derevensky, J. (2011). Gambling behavior among
adolescents with attention deficit/hyperactivity disorder.
Journal of Gambling Studies, 27, 243-256. doi:10.1007/
$10899-010-9211-3

Faul, F., Erdfelder, E., Lang, A. G., & Buchner, A. (2007).
G*Power 3: A flexible statistical power analysis program
for the social, behavioral, and biomedical sciences. Behavior
Research Methods, 39, 175-191. doi:10.3758/BF03193146

Flory, K., Molina, B., Pelham, W. E., Jr., Gnagy, E., & Smith,
B. (2006). Childhood ADHD predicts risky sexual behavior
in young adulthood. Journal of Clinical Child & Adolescent
Psychology, 35, 571-577. doi:10.1207/s15374424jccp3504_8

Gardner, M., & Steinberg, L. (2005). Peer influence on risk tak-
ing, risk preference, and risky decision making in adoles-
cence and adulthood: An experimental study. Developmental
Psychology, 41, 625-635. doi:10.1037/0012-1649.41.4.625

*@Garon, N., Moore, C., & Waschbusch, D. A. (2006). Decision
making in children with ADHD only, ADHD-anxious/
depressed, and control children using a child version of the
lowa gambling task. Journal of Attention Disorders, 9, 607-
619. doi:10.1177/1087054705284501

*Geurts, H. M., van der Oord, S., & Crone, E. A. (2006). Hot
and cool aspects of cognitive control in children with ADHD:
Decision-making and inhibition. Journal of Abnormal Child
Psychology, 34, 813-824. doi:10.1007/s10802-006-9059-2

Gigerenzer, G., & Gaissmaier, W. (2011). Heuristic decision mak-
ing. Annual Review of Psychology, 62,451-482. doi:10.1146/
annurev-psych-120709-145346

Gilbar, O., & Ben-Zur, H. (2002). Adult Israeli community norms
for the Brief Symptom Inventory (BSI). International Journal
of Stress Management, 9,1-10.doi:10.1023/A:1013097816238

Ginsberg, Y., Hirvikoski, T., & Lindefors, N. (2010). Attention Deficit
Hyperactivity Disorder (ADHD) among longer-term prison
inmates is a prevalent, persistent and disabling disorder. BMC
Psychiatry, 10, Article 112. doi:10.1186/1471-244X-10-112

Gleser, L. J., & Olkin, 1. (2009). Stochastically dependent effect
sizes. In H. Cooper, L. V. Hedges, & J. C. Valentine (Eds.),
The handbook of research synthesis and meta-analysis (2nd
ed., pp. 357-376). New York, NY: Russell Sage Foundation.

*Gonzalez-Gadea, M. L., Baez, S., Torralva, T., Castellanos, F.
X., Rattazzi, A., Bein, V., . . . Ibanez, A. (2013). Cognitive
variability in adults with ADHD and AS: Disentangling the
roles of executive functions and social cognition. Research
in Developmental Disabilities, 34, 817-830. doi:10.1016/j.
ridd.2012.11.009

*Henderson, J. (2007). Decision-making, inhibition, and the
dual pathway model: Exploring links between ADHD
and the Dopamine Transporter gene (DAT 1) in children.
Retrieved from https://repository.library.georgetown.edu
/bitstream/handle/10822/551687/JoshHenderson.pdf
?sequence=1&isAllowed=y

Hertwig, R., & Erev, 1. (2009). The description-experience gap
in risky choice. Trends in Cognitive Sciences, 13, 517-523.
doi:10.1016/j.tics.2009.09.004

*Hobson, C. W., Scott, S., & Rubia, K. (2011). Investigation of
cool and hot executive function in ODD/CD independently
of ADHD. Journal of Child Psychology and Psychiatry, 52,
1035-1043. doi:10.1111/j.1469-7610.2011.02454.x

Hooper, C., Luciana, M., Conklin, H. M., & Yarger, R. S. (2004).
Adolescents’ performance on the lowa Gambling Task:
Implications for the development of decision making and
ventromedial prefrontal cortex. Developmental Psychology,
40,1148-1158.

Huizenga, H. M., van Bers, B. M., Plat, J., van den Wildenberg,
W. P., & van der Molen, M. W. (2009). Task complexity
enhances response inhibition deficits in childhood and adoles-
cent attention-deficit/hyperactivity disorder: A meta-regres-
sion analysis. Biological Psychiatry, 65, 39-45. doi:10.1016/].
biopsych.2008.06.021

*Ibanez, A., Cetkovich, M., Petroni, A., Urquina, H., Baez, S.,
Gonzalez-Gadea, M. L., . . . Manes, F. (2012). The neural
basis of decision-making and reward processing in adults
with euthymic bipolar disorder or attention-deficit/hyperac-
tivity disorder. PLoS ONE, 7, €37306. doi:10.1371/journal.
pone.0037306

Jensen, P. S., Hinshaw, S. P., Kraemer, H. C., Lenora, N., Newcorn,
J. H., Abikoff, H. B, . . . Vitiello, B. (2001). ADHD comor-
bidity findings from the MTA study: Comparing comorbid
subgroups. Journal of the American Academy of Child and
Adolescent Psychiatry, 40, 147-158. doi:10.1097/00004583-
200102000-00009

Kaufman, J., Birmaher, B., Brent, D., Rao, U., Flynn, C., Moreci,
P., ... Ryan, N. (1997). Schedule for Affective Disorders and
Schizophrenia for School-Age Children-Present and Lifetime
Version (K-SADS-PL): Initial reliability and validity data. Journal
of the American Academy of Child and Adolescent Psychiatry, 36,
980-988. doi:10.1097/00004583-199707000-00021

Kessler, R. C., Adler, L., Ames, M., Demler, O., Faraone, S., Hiripi,
E., ... Walters, E. E. (2005). The World Health Organization
adult ADHD Self-Report Scale (ASRS): A short screen-
ing scale for use in the general population. Psychological
Medicine, 35, 245-256. doi:10.1017/S0033291704002892

Konstantopoulos, S. (2011). Fixed effects and variance com-
ponents estimation in three-level meta-analysis. Research
Synthesis Methods, 2, 61-76. doi:10.1002/jrsm.35

*Kroyzer, N., Gross-Tsur, V., & Pollak, Y. (2014). Risk taking
in adolescents with attention deficit hyperactivity disorder
on a probabilistic choice task. The Journal of Nervous and
Mental Disease, 202, 247-252. doi:10.1097/NMD.00000000
00000100

Lee, S. S., Humphreys, K. L., Flory, K., Liu, R., & Glass, K. (2011).
Prospective association of childhood Attention-Deficit/
Hyperactivity Disorder (ADHD) and substance use and abuse/
dependence: A meta-analytic review. Clinical Psychology
Review, 31,328-341. doi:10.1016/j.cpr.2011.01.006

Lejuez, C. W., Aklin, W., Daughters, S., Zvolensky, M., Kahler,
C., & Gwadz, M. (2007). Reliability and validity of the youth
version of the Balloon Analogue Risk Task (BART-Y) in the
assessment of risk-taking behavior among inner-city adoles-
cents. Journal of Clinical Child & Adolescent Psychology, 36,
106-111. doi:10.1080/15374410709336573


https://repository.library.georgetown.edu/bitstream/handle/10822/551687/JoshHenderson.pdf?sequence=1&isAllowed=y
https://repository.library.georgetown.edu/bitstream/handle/10822/551687/JoshHenderson.pdf?sequence=1&isAllowed=y
https://repository.library.georgetown.edu/bitstream/handle/10822/551687/JoshHenderson.pdf?sequence=1&isAllowed=y

500

Journal of Attention Disorders 25(4)

*Luman, M., Oosterlaan, J., Knol, D. L., & Sergeant, J. A.
(2008). Decision-making in ADHD: Sensitive to frequency
but blind to the magnitude of penalty? Journal of Child
Psychology and Psychiatry, 49, 712-722. doi:10.1111/j.1469-
7610.2008.01910.x

Luman, M., Tripp, G., & Scheres, A. (2010). Identifying the neu-
robiology of altered reinforcement sensitivity in ADHD: A
review and research agenda. Neuroscience & Biobehavioral
Reviews, 34, 744-754. doi:10.1016/j.neubiorev.2009.11.021

Magnusson, P., Smari, J., Sigurdardottir, D., Baldursson, G.,
Sigmundsson, J., Kristjansson, K., . . . Gudmundsson, O. O.
(2006). Validity of self-report and informant rating scales of
adult ADHD symptoms in comparison with a semistructured
diagnostic interview. Journal of Attention Disorders, 9, 494-
503. doi:10.1177/1087054705283650

*Malloy-Diniz, L. F., Borges Leite, W., de Moraes, P. H. P., Correa,
H., Bechara, A., & Fuentes, D. (2008). Brazilian Portuguese
version of the lowa Gambling Task: Transcultural adaptation
and discriminant validity. Revista Brasileira de Psiquiatria,
30, 144-148. doi:10.1590/S1516-44462008005000009

*Malloy-Diniz, L. F., Fuentes, D., Leite, W. B., Correa, H.,
& Bechara, A. (2007). Impulsive behavior in adults with
attention deficit/ hyperactivity disorder: Characterization of
attentional, motor and cognitive impulsiveness. Journal of
the International Neuropsychological Society, 13, 693-698.
doi:10.1017/S1355617707070889

*Mantyld, T., Still, J., Gullberg, S., & Del Missier, F. (2012).
Decision making in adults with ADHD. Journal of Attention
Disorders, 16, 164-173. doi:10.1177/1087054709360494

Martinussen, R., Hayden, J., Hogg-Johnson, S., & Tannock, R.
(2005). A meta-analysis of working memory impairments in
children with attention-deficit/hyperactivity disorder. Journal
of the American Academy of Child and Adolescent Psychiatry,
44,377-384. doi:10.1097/01.chi.0000153228.72591.73

*Masunami, T., Okazaki, S., & Mackawa, H. (2009). Decision-
making patterns and sensitivity to reward and punishment
in children with attention-deficit hyperactivity disorder.
International Journal of Psychophysiology, 72, 283-288.
doi:10.1016/].ijpsycho.2009.01.007

*Matthies, S., Philipsen, A., & Svaldi, J. (2012). Risky decision
making in adults with ADHD. Journal of Behavior Therapy
and Experimental Psychiatry, 43, 938-946. doi:10.1016/j.
jbtep.2012.02.002

Mohr, P. N. C., Biele, G., & Heekeren, H. R. (2010). Neural pro-
cessing of risk. The Journal of Neuroscience, 30, 6613-6619.
doi:10.1523/INEUROSCI.0003-10.2010

Mohr, P. N. C., Biele, G., Krugel, L. K., Li, S.-C., & Heekeren,
H. R. (2010). Neural foundations of risk-return trade-
off in investment decisions. Neurolmage, 49, 2556-2563.
doi:10.1016/j.neuroimage.2009.10.060

Molina, B. S., & Pelham, W. E., Jr. (2003). Childhood predictors
of adolescent substance use in a longitudinal study of children
with ADHD. Journal of Abnormal Psychology, 112,497-507.
doi:10.1037/0021-843X.112.3.497

Nigg, J. T. (2013). Attention-deficit/hyperactivity disorder and
adverse health outcomes. Clinical Psychology Review, 33,
215-228. doi:10.1016/j.cpr.2012.11.005

Parker, A. M., & Fischhoff, B. (2005). Decision-making compe-
tence: External validation through an individual-differences

approach. Journal of Behavioral Decision Making, 18, 1-27.
doi:10.1002/bdm.481

Parker, A. M., & Weller, J. A. (2015). Greater decision-making
competence is associated with greater expected-value sensi-
tivity, but not overall risk taking: an examination of concur-
rent validity. Frontiers in psychology, 6, 717.

Paulsen, D. J., Platt, M. L., Huettel, S. A., & Brannon, E. M.
(2011). Decision-making under risk in children, adolescents,
and young adults. Frontiers in Psychology, 2,72. d0i:10.3389/
fpsyg.2011.00072

*Pollak, Y., Oz, A., Neventsal, O., Rabi, O., Kitrossky, L., &
Maeir, A. (2016). Do adolescents with attention-deficit/
hyperactivity disorder show risk seeking? Disentangling
probabilistic decision making by equalizing the favorability
of alternatives. Journal of Abnormal Psychology, 125, 387-
398. doi:10.1037/abn0000140

*Pollak, Y., Shalit, R., & Aran, A. (2018). Risk taking and adult
attention deficit/hyperactivity disorder: A gap between real
life behavior and experimental decision making. Psychiatry
Research, 259, 56-62. doi:10.1016/j.psychres.2017.10.012

*Pollak, Y., & Shoham, R. (2015). Feedback may harm: Role of
feedback in probabilistic decision making of adolescents with
ADHD. Journal of Abnormal Child Psychology, 43, 1233-
1242. doi:10.1007/s10802-015-0016-9

Rhodes, N., Pivik, K., & Sutton, M. (2015). Risky driving among
young male drivers: The effects of mood and passengers.
Transportation Research Part F, 28, 65-76. doi:10.1016/].
trf.2014.11.005

Rosler, M., Retz, W., Retz-Junginger, P., Hengesch, G.,
Schneider, M., Supprian, T., . .. Thome, J. (2004). Prevalence
of Attention Deficit-/Hyperactivity Disorder (ADHD) and
comorbid disorders in young male prison inmates. European
Archives of Psychiatry and Clinical Neuroscience, 254, 365-
371. doi:10.1007/s00406-004-0516-z

Sarver, D. E., McCart, M. R., Sheidow, A. J., & Letourneau, E.
J. (2014). ADHD and risky sexual behavior in adolescents:
Conduct problems and substance use as mediators of risk.
Journal of Child Psychology and Psychiatry, 55, 1345-1353.
doi:10.1111/jepp.12249

*Scheres, A., Dijkstra, M., Ainslie, E., Balkan, J., Reynolds, B.,
Sonuga-Barke, E., & Castellanos, F. X. (2006). Temporal and
probabilistic discounting of rewards in children and adoles-
cents: Effects ofage and ADHD symptoms. Neuropsychologia,
44,2092-2103. doi:10.1016/j.neuropsychologia.2005.10.012

Schonberg, T., Fox, C. R., & Poldrack, R. A. (2011). Mind the
gap: Bridging economic and naturalistic risk-taking with cog-
nitive neuroscience. Trends in Cognitive Sciences, 15, 11-19.
doi:10.1016/j.tics.2010.10.002

Schubiner, H. (2005). Substance abuse in patients with attention-
deficit hyperactivity disorder. CNS Drugs, 19, 643-655.

Shaw, P., Eckstrand, K., Sharp, W., Blumenthal, J., Lerch, J. P.,
Greenstein, D, . . . Rapoport, J. L. (2007). Attention-deficit/
hyperactivity disorder is characterized by a delay in cortical
maturation. Proceedings of the National Academy of Sciences
of the United States of America, 104, 19649-19654.

Shoham, R., Sonuga-Barke, E. J., Aloni, H., Yaniv, 1., & Pollak,
Y. (2016). ADHD-associated risk taking is linked to exag-
gerated views of the benefits of positive outcomes. Scientific
Reports, 6, 34833.



Dekkers et al.

501

*Skogli, E. W., Andersen, P. N., Hovik, K. T., & Qie, M.
(2014). Development of hot and cold executive func-
tion in boys and girls with ADHD: A 2-year longitudi-
nal study. Journal of Attention Disorders, 21, 305-315.
doi:10.1177/1087054714524984

*Skogli, E. W., Egeland, J., Andersen, P. N., Hovik, K. T., &
Qie, M. (2014). Few differences in hot and cold executive
functions in children and adolescents with combined and
inattentive subtypes of ADHD. Child Neuropsychology, 20,
162-181. doi:10.1080/09297049.2012.753998

Smoski, M. J., Lynch, T. R., Rosenthal, M. Z., Cheavens, J. S.,
Chapman, A. L., & Krishnan, R. R. (2008). Decision-making
and risk aversion among depressive adults. Journal of
Behavior Therapy and Experimental Psychiatry, 39, 567-576.
doi:10.1016/j.jbtep.2008.01.004

Sonuga-Barke, E. J. (2003). The dual pathway model of AD/
HD: An elaboration of neuro-developmental characteris-
tics. Neuroscience & Biobehavioral Reviews, 27, 593-604.
doi:10.1016/j.neubiorev.2003.08.005

Sonuga-Barke, E. J., Cortese, S., Fairchild, G., & Stringaris,
A. (2016). Annual Research Review: Transdiagnostic
neuroscience of child and adolescent mental disorders—
Differentiating decision making in attention-deficit/hyper-
activity disorder, conduct disorder, depression, and anxiety.
Journal of Child Psychology and Psychiatry, 57, 321-349.
doi:10.1111/jcpp.12496

*Serensen, L., Sonuga-Barke, E., Eichele, H., van Wageningen,
H., Wollschlaeger, D., & Plessen, K. J. (2017). Suboptimal
decision making by children with ADHD in the face of risk:
Poor risk adjustment and delay aversion rather than general
proneness to taking risks. Neuropsychology, 31, 119-128.
doi:10.1037/neu0000297

*Toplak, M. E., Jain, U., & Tannock, R. (2005). Executive and
motivational processes in adolescents with Attention-Deficit-
Hyperactivity Disorder (ADHD). Behavioral and Brain
Functions, 1, Article 8. doi:10.1186/1744-9081-1-8

Van den Noortgate, W., Lopez-Lopez, J. A., Marin-Martinez, F.,
& Séanchez-Meca, J. (2013). Three-level meta-analysis of
dependent effect sizes. Behavior Research Methods, 45, 576~
594. doi:10.3758/s13428-012-0261-6

van Duijvenvoorde, A. C., Huizenga, H. M., Somerville, L. H.,
Delgado, M. R., Powers, A., Weeda, W. D., . . . Figner, B.
(2015). Neural correlates of expected risks and returns in
risky choice across development. Journal of Neuroscience,
35, 1549-1560. doi:10.1523/INEUROSCI.1924-14.2015

*Vaurio, L. (2011). Emotion-based decision-making in children
with fetal alcohol spectrum disorders. Retrieved from http:/
escholarship.org/uc/item/0Opf907x5

Viechtbauer, W. (2010). Conducting meta-analyses in R with the
metafor package. Journal of Statistical Software, 36, 1-48.

Weigard, A., Chein, J., Albert, D., Smith, A., & Steinberg, L.
(2014). Effects of anonymous peer observation on adoles-
cents’ preference for immediate rewards. Developmental
Science, 17,71-78. doi:10.1111/desc.12099

Westmoreland, P., Gunter, T., Loveless, P., Allen, J., Sieleni, B.,
& Black, D. W. (2010). Attention deficit hyperactivity disor-
der in men and women newly committed to prison: Clinical
characteristics, psychiatric comorbidity, and quality of life.
International Journal of Offender Therapy and Comparative
Criminology, 54, 361-377. doi:10.1177/0306624X09332313

*Wilbertz, G., van Elst, L. T., Delgado, M. R., Maier, S., Feige,
B., Philipsen, A., & Blechert, J. (2012). Orbitofrontal reward
sensitivity and impulsivity in adult attention deficit hyperac-
tivity disorder. Neurolmage, 60, 353-361. doi:10.1016/j.neu-
roimage.2011.12.011

Wilcutt, E. G., Doyle, A. E., Nigg, J. T., Faraone, S. V., &
Pennington, B. F. (2005). Validity of the executive func-
tion theory of attention-deficit/hyperactivity disorder: A
meta-analytic review. Biological Psychiatry, 57, 1336-1346.
doi:10.1016/j.biopsych.2005.02.006

Young, S., & Thome, J. (2011). ADHD and offenders. The World
Journal of Biological Psychiatry, 12, 124-128. doi:10.3109/1
5622975.2011.600319

Zohar, A. H., & Konfortes, H. (2010). Diagnosing ADHD in
Israeli adults: The psychometric properties of the adult ADHD
Self Report Scale (ASRS) in Hebrew. The Israel Journal of
Psychiatry and Related Sciences, 47, 308-315.

Author Biographies

Tycho J. Dekkers is a PhD candidate at the University of
Amsterdam; his dissertation focuses on risk-taking and ADHD.
He is also a licensed health care psychologist, working with chil-
dren and adolescents with behavioral disorders at De Bascule, aca-
demic center for youth psychiatry in Amsterdam.

Joost A. Agelink van Rentergem is a postdoctoral researcher at
the University of Amsterdam, specialized in statistical methods in
(neuro)psychology.

Hilde M. Huizenga is a professor in developmental psychology at
the University of Amsterdam, and specialized in modeling of
behavioral and brain indices of (a)typical development.

Hamutal Raber is a clinical neuropsychologist at the Edmond
and Lily Safra Children’s Hospital, Chaim Sheba Medical Center,
Ramat Gan, Israel, and at the Educational Psychological Service,
Ministry of Education, Israel.

Rachel Shoham is a PhD candidate at the Hebrew University of
Jerusalem and a lecturer at the department of special education of
Talpiot college in Holon, Israel.

Arne Popma is a professor in child psychiatry at VUmc in
Amsterdam and at Leiden University. He also works as a child
psychiatrist at De Bascule, academic center for youth psychiatry in
Amsterdam.

Yehuda Pollak is an assistant professor at the Seymour Fox
School of Education, the Hebrew University of Jerusalem,
Jerusalem, Israel.


http://escholarship.org/uc/item/0pf907x5
http://escholarship.org/uc/item/0pf907x5

