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Abstract: Given characteristic features of ADHD that include behavioral disinhibition
(Barkley, 1997), impulsivity (Patros et al., 2016), and increased reward and novelty
seeking behaviors (Donfrancesco et al., 2015), it is not surprising that the disorder is also
associated with increased risk-taking (Drechsler et al., 2008). The current study used
meta-analytic methods to examine group differences in risk-taking between children and
adults with and without ADHD, while accounting for the limitations of previous reviews.
The present study expands on previous reviews by including a comparison of behavioral
tasks and self-report measures of risk taking, and by examining potential methodological
and sample moderator variables that were not examined in previous systematic (Groen et
al., 2013) and meta-analytic (Dekkers et al., 2016) reviews. Thirty-eight behavioral task
studies (ADHDN = 1,197, TDN = 1,178), twenty-nine self-report measure studies
(ADHDN = 3,991, TDN = 3,292), and eight virtual reality studies (ADHDN = 214, TDN
= 205) provided sufficient data to compute overall between-group effect sizes for risk-
taking. Overall, studies using behavioral tasks (Hedges’ g = .32, p <.001), self-report
measures (Hedges’ g = .39, p <.01), and virtual reality simulators (Hedges’ g = .63, p =
.04) yielded significant medium-magnitude effects, suggesting that children and adults
with ADHD exhibited more risk-taking across all task domains, compared to children and
adults without ADHD. Two meta-regressions were subsequently analyzed for potential
moderating variables in behavioral tasks and self-report measures. Potential sample
moderator variables examined in both meta-regressions included age, percentage of
females, diagnostic grouping method, comorbid disruptive behavior disorders (DBD),
ADHD subtype, and medication use. Potential methodological moderator variables
included probabilistic descriptions, choice set size, reward type, and feedback for
behavioral tasks, and response format and assessment type for self-report measures. All
variables were found to be non-significant moderators in effect size variability.
Collectively, these findings suggest that ADHD is associated with moderately greater
risk-taking behavior, regardless of task type. Moreover, results suggest virtual reality
simulators reality simulators may allow for a more accurate representation of risk-taking
behavior exhibited in children and adults with ADHD, compared to laboratory-based
behavioral tasks and self-report measures, and findings support the utility of virtual
reality simulations in the examination of risk-taking.
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CHAPTER |

INTRODUCTION

Attention-Deficit/Hyperactivity Disorder (ADHD) is the most common
neurodevelopmental disorder of childhood (Perou et al., 2013), with an estimated worldwide
prevalence ranging from 3 to 7% (Polanczyk et al., 2014; Thomas et al., 2015) and approximately
6.1 million children and adolescents in the United States with a current diagnosis (Danielson et
al., 2018). ADHD is characterized by persistent and pervasive hyperactivity, inattention, and/or
impulsivity that leads to functional impairment in multiple settings (American Psychiatric
Association [APA], 2013) and is associated with adverse outcomes that significantly affect
children and adults throughout the lifespan (Seidman, 2006; Shaw et al., 2012; Spencer,
Biederman, & Mick, 2007). A diagnosis of ADHD often incurs impairments that affect multiple
areas of functioning, such as academic underachievement (Daley & Birchwood, 2010; Frazier et
al., 2007), social difficulties (Frederick & Olmi, 1994; Kofler et al., 2011; Maedgen & Carlson,
2000), emotion dysregulation (Graziano & Garcia, 2016; Tarle et al., 2019), and increased risk-
taking among affected children and adults (Groen et al., Dekkers et al., 2016, Mowinckel et al.,
2015).

Risk-taking refers to involvement in behaviors that compromise an individual’s health
and well-being, or involve making decisions when the outcome is unknown (Trimpop, 1994). An
abundance of existing research suggests that ADHD-related symptoms of inattention and
hyperactivity are significantly correlated with specific risk behaviors, such as risky driving

(Barkley & Cox, 2007; Jerome et al., 2006; Richards et al., 2002), substance use and abuse



(Charach et al., 2011; Lee et al., 2011; Nigg et al., 2006), risky sexual behavior (White &
Buehler, 2012), and criminal activities (Pratt et al., 2002). Moreover, converging evidence from
laboratory-based studies that have examined between-group differences in risk-taking among
ADHD and control groups suggest that children and adults with ADHD experience greater loss of
reward (Garon et., 2006; Malloy-Diniz et al., 2007), choose unfavorable outcomes more
frequently (DeVito et al., 2008; Matthies, Philipsen, & Svaldi, 2012), and exhibit poorer risk
adjustment (DeVito et al., 2008; Sgrensen et al., 2017) on gambling tasks.

There are several plausible explanations for frequent risk-taking among children and
adults with ADHD. One possible explanation involves ADHD-related deficits in attentional
processes, such that risk-taking may be influenced by the impaired ability to focus and shift one’s
attention to efficiently reflect possible alternatives (Kiihberger, 1998; Tversky & Kahneman,
1981; Solanto et al., 2007; Young, Morris, Toone, & Tyson, 2007). Another explanation proposes
that ADHD-related deficits in behavioral inhibition (Barkley, 1997) may lead to deficits in other
executive functions, such as working memory, self-regulation, and arousal, which consequently
contributes to less rational decision-making and behavioral control (Barkley, 1997; Groen, et al.,
2013). Alternatively, an aversion to delays (i.e., delay aversion - the motivation to escape or avoid
delay; Sonuga-Barke, 1994, 2003, 2005) in children and adults with ADHD may increase their
propensity to make decisions based on the immediacy of outcomes, rather than reflecting on long-
term alternatives (Marco et al., 2009; Paloyelis et al., 2010; Solanto et al., 2001). Finally, a
growing body of literature suggests that ADHD is associated with moderate to large magnitude
working memory deficits in children (Alderson et al., 2010; Kasper et al., 2012; Kofler et al.,
2010; Martinussen et al., 2005; Rapport et al., 2008; Rapport et al., 2009) and adults (Alderson et
al., 2013; Alderson et al., 2013; Hervey et a., 2004; Hudec et al., 2014) that underlie other
executive functions relevant to risk taking behavior, such as inhibition (Alderson, Rapport,
Hudec, Sarver, & Kofler, 2010; Alderson et al., 2017; Raiker et al., 2012; Tarle et al., 2019) and
decision-making (Bechara & Martin, 2004; Patros et al., 2015).
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Although empirical research and theory provide support for increased risk-taking in
ADHD, findings from extant reviews have been relatively equivocal. For example, a systematic
review of risk-taking on gambling tasks in ADHD found that only 27% of studies reported greater
risk-taking in adults with ADHD, and only 50% of studies reported greater risk-taking in children
with the disorder (Groen et al., 2013). Moreover, several studies included in Groen and
colleague’s (2013) review found less risk-taking among children with ADHD, relative to child
without ADHD (Humphreys et al., 2016; Kroyzer, Gross-Tsur, & Pollak, 2014; Pollak &
Shoham, 2015). Inferences that may be drawn from this review are limited, however, since meta-
analytic methods were not used, and consequently, the magnitude of between-group differences
across studies is not provided. Moreover, conclusions are based on traditional box-score counts of
studies that vary with respect to sample sizes and methodology.

A subsequent meta-analysis reviewed studies that examined risky decision-making in
adults with and without ADHD using the lowa Gambling Task (Mowinckel, et al., 2015).
Although findings indicated that adults with ADHD committed more risky decisions (i.e. chose
disadvantageous options more frequently), relative to adults without the disorder, the magnitude
of this effect was relatively small (Hedges’ g = .23, p =.02). Further, generalizability of these
findings is limited due to the meta-analytic review’s small sample that only included fourteen
effect sizes from 9 studies. Small samples of this type are vulnerable to inaccurate estimations of
effect size confidence intervals, limit heterogeneity within the effect size distribution, and often
preclude examination of potential moderators due to insufficient power. Generalization of
findings from Mowinckel and colleagues’ (2015) review is also limited due to the authors’
decision to exclude studies of children. Indeed, extant research has demonstrated that between-
group (ADHD vs non-ADHD) differences tend to be larger in studies of children and adolescent,
relative to adult studies (Groen et al., 2013), suggesting a downward bias of the overall estimated
effect-size magnitude is likely to the extent that any inferences are made about risk taking in

children and adolescents with ADHD.



A more recent meta-analytic review examined risky decision-making in adults and
children with and without ADHD using laboratory-based gambling tasks (Dekkers et al., 2016).
Thirty-seven studies (52 effect sizes) yielded a medium-magnitude effect size (d = .36, p <.001),
suggesting that ADHD groups exhibit moderately more risky decision-making compared to
control groups (Dekkers et al., 2016). Notably, the magnitude of this effect was larger than that of
Mowinckel and colleagues’ (2015) review. This finding may be explained by the addition of
children and suggests a formal examination of the effect of age on risk-taking effect sizes is
needed. To that end, Dekkers and colleagues’ (2016) review also examined several potential
moderators, including the percentage of participants with comorbid disruptive behavior disorders
in the ADHD group, the percentage of participants with comorbid internalizing disorders in the
ADHD group, average age in years of both the ADHD and control group, and the explicitness of
gambling tasks (i.e., whether the consequence of response options were given to the participants
or if they have to be learned).

Findings indicated that a higher percentage of participants with comorbid disruptive
behavior disorders (i.e., oppositional defiant disorder, conduct disorder, antisocial personality
disorder) in the ADHD group was associated with larger between-group risky decision-making
effect sizes, whereas all other potential moderating variables were not significant. Dekkers et al.’s
review was the first to include children and adults in a meta-analytic examination of potential
moderators and between-group differences in risk-taking between ADHD and non-ADHD
groups. The meta-analytic review, however, unnecessarily excluded studies that did not provide
means and standard deviations of outcome measures, consequently yielding a less-comprehensive
and potentially biased review of the literature. Although the use of means and standard deviations
to calculate effect sizes is generally preferred and tends to yield the most precise effect size
estimates (Lipsey & Wilson, 2001), other metrics such as sample size and p values, t-statistics, F-

statistics, or group frequency rates may also be used to estimate effect sizes (Rosnow &



Rosenthal, 2008). Therefore, an updated review of the literature that is inclusive of all studies
with sufficient data for effect size estimation is warranted.

Collectively, extant findings of risk-taking in ADHD have proven to be equivocal, and
findings from previous systematic and meta-analytic reviews suggest a need for examination of
moderating factors that may explain discrepancies in effect size estimates of risk-taking in
ADHD. While Dekkers and colleagues’ (2016) inclusion of several potential moderators is a step
towards advancement in the literature, further research is needed to examine additional potential
moderators that may contribute to heterogeneity in between-group differences across studies. For
example, several alternate explanatory factors, including gambling task type, comorbidities,
ADHD subtype, medication use, reward type, and demographic variables, were suggested in
Groen et al.’s (2013) systematic review but have not been examined via meta-analytic procedures
(e.g., meta-regression).

It is also notable that previous systematic (i.e., Groen et al., 2013) and meta-analytic (i.e.,
Dekkers et al.2016; Mowinckel et al., 2015) findings are exclusively derived from studies that
used laboratory-based behavioral tasks, which in turn obscures a comprehensive understanding of
the risk-taking construct in ADHD. Examples of common behavioral tasks used to examine
ADHD-related risk-taking include the lowa Gambling Task (IGT; Bechara et al., 1994), the
Cambridge Gambling Task (CGT; Rogers et al., 1999), the Card Playing Task (CPT; Newman,
Patterson, & Kosson, 1987), and the Balloon Analogue Risk Task (BART; Lejuez et al., 2002).
These tasks are thought to provide a metric of risky behavior because they measure a participants’
choice between several options that differ in the probability of reward or punishment (Dekkers et
al., 2016; Groen et al., 2013). Laboratory-based behavioral tasks are likely preferred over self-
report measures due to their ability to provide an objective measure of behavior in a controlled
environment that yields strong internal validity (Dang et al., 2020; Lejuez et al., 2002; Reynolds
et al., 2006), however, they pose several limitations that warrant consideration. For example,
behavioral tasks often narrowly measure a specific domain of risk-taking behavioral processes

5



(e.g., reward sensitivity), and consequently limit inferences that may be made about more general
risk-taking behavior. In addition, the external and ecological validity of laboratory-based
behavioral tasks may vary considerably, as they often require participants to exhibit simple,
irrelevant actions (e.g., clicking a computer mouse) that are tied to reinforcement/punishment
contingencies with relatively low potency or magnitude, relative to risk-taking outcomes that
occur in real-world settings (de-Juan-Ripoll, 2018).

Self-report measures of risk-taking behaviors are a common alternative method to
laboratory-based behavioral tasks that allow for measurement of more “naturalistic” risk-taking
behavior, including driving behavior, sexual behavior, and substance use. Due to significant
associations between ADHD and naturally occurring risk-taking behaviors (Shoham et al., 2016),
standardized ratings scales of risky behaviors, such as the Personal Drinking Habits
Questionnaire (PDHQ; Vogel-Sprott, 1992) and the Alcohol Use Disorders Identification Test
(AUDIT; Babor, de la Fuente, Saunders, & Grant, 1992), arguably provide greater ecological and
external validity relative to laboratory-based metrics. Moreover, compared to behavioral tasks,
self-report measures often provide a measure of domain-specific behavior over an extended
period of time, rather than a measure of optimal performance of a specific behavior in a
controlled environment (Barkley & Fischer, 2011; Barkley & Murphy, 2010; Holst & Thorell,
2019; van Duijvenvoorde et al., 2016). Nevertheless, self-report measures of risk-taking have
several limitations that largely mirror the strengths of laboratory-based behavioral tasks. For
instance, self-report measures are inherently vulnerable to validity and reliability problems, as
they often rely on participants’ self-perceptions of their behavior and are more susceptible to
personal biases and the effects of social desirability (Owens et al. 2007; Wang et al., 2015). Self-
report measures may also be unreliable due to variable interpretations of the wording of items
(Lanyon and Goodstein, 1997) or lapses in participants’ memory (Schwarz & Oyserman, 2001),

particularly among children and adolescents with ADHD.



Recently, there has been an increase in the use of virtual reality simulators in studies of
ADHD-related risk-taking. Virtual reality simulators provide simulations of the real-world in a
high-resolution 3D virtual environment and consequently allow participants to act and react
naturally to various hazards that may elicit risk taking (de-Juan-Ripoll, 2018). For example, a
virtual simulation of driving behavior may involve driving through various virtual environments
(e.g., highway, country, and city) while following verbal directions (e.g., “Take your next right
turn”) provided by the simulator and responding appropriately to unexpected events in the virtual
environment (e.g., car suddenly pulls out into participant’s path; Knouse et al., 2005). Virtual
reality simulators encompass the strengths of both behavioral tasks and self-report measures, by
allowing for careful experimental control while also having strong external validity. Initial
findings from this emerging methodology have shown that children and adults with ADHD
engage in more risk behavior, such as driving longer distances while speeding (Groom, 2015),
being involved in more vehicle collisions (Knouse, 2003), and completing more unsafe road
crossings (Clancy, 2006). Despite the growing popularity of virtual reality in research and its
ability to provide an objective measure while still allowing for flexibility in participants’
responding, the utility of virtual reality simulators in research on risk-taking in ADHD is less
established, compared to other metrics of risk-taking. To date, no previous systematic or meta-
analytic reviews have examined studies of risk-taking via virtual reality simulators.

Collectively, findings from previous reviews of risk-taking in ADHD have been
equivocal, which may be explained by study-wise variability in sample and task characteristics
and the unnecessary exclusion of relevant studies. The current study, therefore, aimed to account
for limitations of previous reviews by including an updated and more comprehensive meta-
analytic review of published studies that was all-inclusive of participant ages, risk-taking
measures (i.e., both behavioral task, self-report, and virtual reality metrics), and effect size
computation procedures. Moreover, the current study provides the first review of examinations of
ADHD-related risk taking via virtual reality simulators. Finally, the present study expanded upon
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previously examined moderators with the addition of several potential methodological and
sample moderator variables that were not examined in previous reviews. Two separate meta-
regressions were completed to examine potential moderator variables of effect size heterogeneity
across behavioral tasks and self-report measures. Potential sample moderator variables examined
in both meta-regressions included age, percentage of females, diagnostic grouping method,
comorbid disruptive behavior disorders, ADHD subtype, and medication use. Potential
methodological moderator variables included probabilistic descriptions, choice set size, reward
type, feedback for behavioral tasks, and response format and assessment type for self-report

measures.



CHAPTER II

METHODOLOGY

Literature Searches

Literature searches were conducted using the Web of Science, PubMed, and
Psychinfo databases and included articles published through July, 2019. All possible
combinations of the following keywords were searched in each of the databases: attention
deficit hyperactivity disorder (i.e., behav* disorder, externalizing disorder, attention,
ADD, ADHD, hyper*), risk-taking (i.e., risk tak*, risk* behave*, risk seek*), risk-taking
tasks (e.g., lowa Gambling, Cambridge Gambling Task, Door Opening Task), and risk
taking behaviors (e.g., driving, sexual behavior, substance use, alcohol use. A root word
followed by an asterisk indicated a search for any derivative of that root word (e.g., risk*
behav* = risk behavior, risk behaviors, risky behavior, and risky behaviors). The Social
Science Citation Index was used to conduct a forward search, and an examination of
citations in included studies was used to conduct a backward search.
Inclusion Criteria

Studies included in the current meta-analysis compared risk-taking in children and
adults with and without ADHD using either behavioral tasks, self-report measures, or
virtual reality simulators. Behavioral measures of risk-taking included laboratory-based

behavioral tasks that required participants to select between two or more options, with at



least one option being disadvantageous. Examples include the lowa Gambling Task (IGT,;
Bechara et al., 1994), the Cambridge Gambling Task (CGT; Rogers et al., 1999), the
Card Playing Task (CPT; Newman, Patterson, & Kosson, 1987), and the the BART
(Lejuez et al., 2002). Outcome variables of behavioral tasks reflected participants’
choices when provided two or more options that differed in the magnitude and/or
probability of gains or losses (e.g., number of cards drawn from a “disadvantageous”
deck compared to an “advantageous” deck).

Studies that utilized virtual reality tasks were examined separately from studies
that used non-virtual reality behavioral tasks, as risk-taking paradigms presented in
virtual reality simulators are qualitatively different from those presented in traditional
laboratory-based behavioral tasks (de-Juan Ripoll et al., 2018). Moreover, no previous
reviews have examined risk-taking in virtual reality, which constituted the need to
examine virtual reality studies independently. Virtual reality simulators of risk-taking
involved simulations of driving, biking, or crossing the street. Outcome variables of
virtual reality tasks reflected behavioral decisions made in the face of risk, such as the
number of virtual collisions, the distance driven while speeding, and the number of
unsafe crossings across the street.

Self-report measures of risk-taking required participants to self-report, via a
questionnaire or interview, information about behaviors that place them in a potentially
disadvantageous situation. Examples included gambling, driving behavior, sexual
behavior, and substance use or abuse (but not substance disorders). Outcome variables of
self-report measures reflected a total count of real-world risky behaviors, such as the

number of driving tickets received (e.g., Barkley, 2002; Knouse, 2005; Rosenbloom,
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2011), the number of sexual partners (e.g., Hetchman, 2018; Olazagasti), or the frequency
rates of engaging in a particular behavior, such as the frequency of substance use
(Lambert, 2005; Molina, 2003; Rooney, 2012). Notably, when studies reported
occurrence rates of a particular behavior over several timeframes (e.g., lifetime use of
drugs and drug use within the past 30 days), the longest timeframe was included (e.g.,
lifetime use of drugs was included instead of drug use within the past 30 days; Pollak,
2018). Additionally, when a study reported occurrence rates of a particular behavior for
several frequency ranges (e.g., 0-5, 6-10, 11-25, or 26+ sexual partners), the most risky
option was included (e.g., 26+ sexual partners; Olazagatasi, 2013).

Additional inclusion criteria required that studies a) were peer-reviewed,
published articles, b) were written in English, ¢) provided sufficient data to compute
between-group effect sizes, d) included samples with an average 1Q greater than 80, e)
included children and adults who received a diagnosis of ADHD based on professional
opinion (e.g., pediatric evaluation), clinical interviews, and/or rating scales, and f)
included a comparison control group.

The initial search yielded 14,018 articles. After an initial review of abstracts, 78
studies were retained based on the inclusion criteria outlined above. Of the remaining 78
studies, one study could not be located (i.e., Zhao-hong et al., 2011), one study did not
provide group data for each comparison group (i.e., Humphreys, 2018), one study used a
non-laboratory based behavioral task (i.e., in-the-moment driving behavior; Merkel,
2016), and seven studies included a sample examined in a more recently published

studies (i.e., Barkley, 1990; Hoza et al., 2013; Molina & Pelham, 2003; Murphy &
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Barkley, 1996; Pollak et al., 2015; Skogli et al., 2014; Thompson et al., 2007). See

Figure 1 for PRISMA flow diagram.

Several of the remaining 68 studies required additional considerations. When a
single study produced multiple effect sizes, only one effect size per each independent
sample was used to avoid violation of the assumption of statistical independence (Lipsey
& Wilson, 2001). Several studies (i.e., Biederman & Faraone, 2006; Dunne, 2014; Egan,
2017; Hechtman, 2018; Huggins, 2015; Lambert, 2005; Luman, 2008; Molina, 2003;
Nikolas, 2016; Odell, 2017; Olazagasti, 2013; Pollak, 2018; Rooney, 2012; Valero, 2017)
reported multiple outcome variables of risky substance use (e.g., use of alcohol,
marijuana, and illicit drugs; Rooney, 2012), multiple risky driving behaviors (e.g.,
collisions and near collisions; Nikolas, 2016), or unrelated behaviors across several risk
domains (e.g., sex partners and police contact; Hetchman, 2018). In such cases, data
provided for each outcome variable reported by a given study was aggregated to calculate
a single effect size. When a single sample produced sufficient data to calculate effect
sizes for two or more measurement modalities (i.e., behavioral tasks, self-report
measures, and virtual reality simulators), one effect size was calculated for each modality
since behavioral tasks, virtual reality simulators, and self-report measures were examined
separately (i.e., Barkley, 1996; Dai, 2016; Pollak, Oz, Neventsal, Rabi, Kitrossky, &
Maeir, 2016; Weafer, 2011; Groom, 2015; Knouse, 2005; Reimer, 2010). Finally, four
studies compared risk-taking in samples of medicated participants and non-medicated
participants (i.e., Abouzari, 2015; Agay, Yechiam, Carmel, & Levkovitz, 2010; DeVito,
2008; Morell, 2019), in which case the non-medicated sample was used to calculate

effect sizes.
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A total of 75 independent effect sizes from 68 studies (ADHDy = 5,191; TDn =
4,471) were included in the review. Specifically, 75 effect sizes were examined across
separate analyses for experimental tasks (38 effect sizes), self-report measures (29 effect
sizes), and virtual reality simulators (8 effect sizes). The current review includes 47
studies previously unexamined via meta-analytic review, in addition to 19 studies from
Groen et al.’s (2013) review, 9 studies from Mowinckel et al.’s (2015) review, and 26

studies from Dekkers et al.’s (2016) review.

Potential Moderators
Moderators Examined in Behavioral Tasks and Self-Report Measures

Age. Previous research has shown that children and adolescents, relative to adults,
engage in disproportionately greater risk-taking (Boyer, 2006; Christakou et al., 2011;
Groen et al., 2013; Steinberg, 2008). Age-related differences may be more pronounced in
ADHD, given that symptoms of hyperactivity and impulsivity tend to attenuate from
childhood into adulthood (Biederman et al., 2000; Ingram et al., 1999), and associated
ontological improvements in cognitive functioning may reduce the propensity to engage
in risk-taking behaviors (Groen et al., 2013). The present study, therefore, expected to
find larger effect sizes among studies with a lower mean-age sample (coded continuously
as years), compared to studies with a higher mean-age sample.

Percentage of Females. Research has consistently indicated that, compared to
females, males are more likely to engage in risk-taking behaviors, including risky sexual
behaviors (Dir et al., 2014), risky financial investments (Charness & Gneezy, 2012), and
risky driving (Turner & McClure, 2003). The present study, therefore, expected to find a

significant moderating effect of sex on risk-taking in children and adults with and without
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ADHD, whereby studies with a lower percentage of females (coded continuously) would
be associated wtih larger effect sizes than studies with a higher percentage of females.

Diagnostic Grouping Method. Inclusion criteria for diagnostic groupings often
vary across studies. For example, some studies rely on narrow-band rating scales
provided by a single informant (e.g., parent or teacher), while others use a more
comprehensive approach including a combination of rating scales provided by multiple
informants (e.g., parent and teacher) and/or clinical interviews. Diagnostic methods that
rely exclusively on a single source of information are vulnerable to validity threats with
respect to grouping participants with and without ADHD, given the non-pathognomonic
nature of ADHD symptoms (Evans et al., 2010; Ford-Jones, 2015). Cross-contamination
of children and adults without ADHD in an ADHD group, and/or children and adults
with ADHD in a control group, is likely to increase both within-group heterogeneity and
between-group homogeneity. The current study, therefore, expected to find larger
between-group effect sizes among studies that utilized comprehensive diagnostic
procedures (coded as 1) with multiple measures and/or multiple informants, compared to
studies that utilized narrow diagnostic procedures with a single measure and/or informant
(coded as 0).

Comorbid Disruptive Behavior Disorders (DBD). Previous research suggest
that ADHD-related risk taking behaviors may be attributed to the disorder’s high
comorbidity with disruptive behavior disorders, including Oppositional Defiant Disorder
(ODD) and Conduct Disorder (CD) in children, and antisocial personality disorder (APD)
in adults (Garzon et al. 2008; Schwebel et al. 2002). To that end, longitudinal research

has indicated that, among children with ADHD, those with comorbid DBD exhibit the
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most risk-taking in adulthood (Biederman et al., 2008; Olazagasti et al., 2013). Further,
compared to adults with only ADHD or DBD, adults with ADHD and comorbid DBD
engage in more substance use (Barkley et al., 2004; Molina & Pelham, 2003; Sarver et
al., 2014; Wilens et al., 2008), risky sexual behavior (Flory et al., 2006), and risky
driving (Barkley et al., 1993). Experimental research has also indicated that performance
on gambling tasks is the most impaired among children and adults with ADHD and
comorbid DBD or APD, compared to children and adults with ADHD only (Groen et al.,
2013). The present study, therefore, expected to find larger effect sizes among studies
that included comorbid DBD diagnoses within the ADHD group. Studies were coded
dichotomously to indicate whether participants with a comorbid DBD diagnosis (i.e.,
ODD, CD and/or APD) were excluded from the ADHD group. Studies that excluded
participants from the ADHD group due to comorbid DBD diagnosis were coded as 1.
Studies that included participants with comorbid DBD in the ADHD group, or did not
specifically exclude comorbid DPD, were coded as 0.

ADHD Subtype. Existing research suggests important differences in risk-taking
across ADHD subtypes, such that performance on risk-taking tasks has demonstrated
more risky decision-making among adolescents with ADHD-C compared to ADHD-I
(Skogli et al., 2014). Similarly, research has indicated a significant association between
performance on risk-taking tasks and symptoms of hyperactivity and impulsivity among
adults with ADHD, but not with symptoms of inattention (Lee & Hinshaw, 2006). In line
with this findings, it was hypothesized that studies with samples of participants with
ADHD-I would be associated with greater effect sizes relative to those that did not.

Studies in the current review were coded dichotomously to indicate whether ADHD
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predominantly inattentive subtype was included (coded as 1) or excluded (coded as 0) in
the ADHD group.

Medication Use. Findings from non-experimental research on stimulant
medication and risk-taking among adolescent and adults with ADHD suggests that
methylphenidate use is associated with decreased real-world risky behaviors, such as
drug abuse (Faraone et al., 2007) and risky sexual behaviors (Chen et al., 2018). In
contrast, findings from experimental research have been mixed, such that nearly equal
numbers of studies have provided evidence of decreased and increased risk taking
following stimulant medication trials (Groen et al.’s (2013). Consequently, behavioral-
task studies included in the current review were coded dichotomously to indicate whether
participants with ADHD were medicated with a psychostimulant (e.g., methylphenidate;
coded as 1) or not medicated with a psychostimulant (coded as 0) during task
administration. Studies that included children or adults that discontinued stimulant
medication use at least 24 hours prior to task administration were also coded as 0. Self-
report studies were similarly coded dichotomously to indicate whether participants were
prescribed stimulant medication for ADHD (coded as 1) or medication-naive (coded as
0). Medication naive participants included children and adults that had never used
stimulant medication for treatment of ADHD.

Moderators Examined in Behavioral Tasks

Probabilistic Descriptions. Methodological variability in studies’ descriptions of
probabilistic outcomes (i.e., chances of winning or losing) may significantly affect
patterns of risk-taking (Pollak & Shoham, 2015) and, consequently, effect size

heterogeneity across studies. For example, explicit decision-making tasks elicit
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“decisions under risk” by providing participants a priori knowledge of probabilistic
outcomes, which in turn allows for a rational determination of the risks and benefits of
each choice alternative (Brand, Labudda, & Markowitsch, 2006). Implicit decision-
making tasks, in contrast, elicit “decisions under ambiguity” by requiring participants to
learn about outcomes and probabilities through experience (Bechara, 2004). As such,
implicit tasks place higher demands on executive functioning by requiring individuals to
remember previous experiences (e.g., working memory; Cui et al., 2015; Hinson et al.
2002; Jameson et al., 2004) and update their existing knowledge of outcomes and
probabilities accordingly (e.g., updating; Brand et al., 2007). Given the large body of
research the provides reliable evidence of moderate to large magnitude executive
function deficits in children (Alderson et al. 2007; Kasper et al. 2012; Lijffijt et al. 2005;
Martinussen et al. 2005; Willcutt & Taylor, 2005) and adults (Adler et al., 2017; Barkley,
1997; Barkley et al., 2008; Brown, 2005) with ADHD, therefore, studies in the current
review that utilized an implicit behavioral task, were expected to be associated with
larger effect sizes, relative to studies that utilized an explicit task. To examine this
hypothesis, studies included in the current review were coded as providing explicit
probabilistic descriptions (i.e., described the outcome of each option, such as in the
Cambridge Gambling Task; coded as 1), or implicit probabilistic descriptions (i.e.,
required learning about the outcome of each option through experience of gains and
losses, such as in the lowa Gambling Task; coded as 0).

Choice Set Size. Previous research has demonstrated that the likelihood of
selecting risky alternatives increases as the choice set size (i.e., number of choice

alternatives) increases (Hills et al., 2013; Noguchi & Hills, 2016). Research in ADHD,
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however, has evidenced equivocal findings and suggest that a greater number of response
options increases the potential for response variability among children and adults with
ADHD, rather than increasing the likelihood for poorer decision-making. For example,
Patros, Alderson, Lea, Tarle (2015) found that, overall, boys with ADHD exhibited more
impaired performance on a decision-making task when compared to typically-developing
boys. However, as the choice set size increased from two to five choices, boys with
ADHD performed more similarly to boys without ADHD and between-group differences
became non-significant. Coinciding with this finding, the current study predicted that
smaller effect sizes would be associated with a larger number of choice alternatives. The
choice set size used in behavioral tasks was coded continuously to indicate the total
number of response options provided to participants. For example, if a participant was
required to choose a card from one of four decks, such as in the lowa Gambling Task
(IGT; Bechara et al., 1994), the study was coded as having a choice set size of four.
Examples of tasks with a choice set size of two included the Balloon Analogue Risk Task
(i.e., choose to pump the balloon or not; BART, Lejuez et al. 2002) and the Card Playing
Task (i.e., choose to continue playing or not; CPT, Newman, Patterson, & Kosson, 1987).
Reward Type. Although tangible (e.g., monetary incentives) and hypothetical
rewards (e.g., points) are commonly used as reinforcers in research on risk-taking, the
extent to which each reward type affects risk-taking behaviors is widely debated. For
example, a subset of basic-cognitive research has found similar risky behavior responses
to both tangible and hypothetical rewards (Bowman & Turnbull, 2003; Johnson & Bickel,
2002; Lagorio & Madden, 2005; Locey, Jones, & Rachlin, 2011; Madden et al., 2004;

Matusiewicz et al., 2013), while other studies have indicated that children (Xu, Fang, &
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Rao, 2013) and adults (Hinvest & Anderson, 2010; Lane et al., 2003) exhibit greater risk
aversion when presented with tangible rewards. Similar findings have been observed
among children and adults with ADHD. Although previous research suggests that
tangible rewards, relative to hypothetical rewards, elicit more risk-taking behaviors in
children with ADHD (Scheres Lee, & Sumiya, 2008), more recent findings suggest
tangible and hypothetical reward tasks elicit equal responses (Pollak et al., 2016).
Overall, it is unclear whether risk-taking behavior is differentially affected by the use of
tangible rewards compared to hypothetical rewards, which warrants a meta-analytic
examination of reward type as a moderating variable of risk-taking. Studies were coded
dichotomously to indicate whether they provided tangible rewards (e.g., such as money,
stickers, or toys; coded as 1) or hypothetical rewards (e.g., points or fictive money coded
as 0) based on task performance. It is noted that several studies allowed participants to
trade in their non-tangible task earnings for tangible reward after task completion (e.g.,
$.01 for every fictive $1.00 earned during game; Ernst, 2003), in which case, they were
coded as a tangible reward study.

Feedback. Adolescents with ADHD appear to demonstrate less risk-taking
behavior on experimental gambling tasks when compared to adolescents without ADHD,
but only under conditions when feedback is provided (Pollak and Shoham, 2015).
Moreover, children without ADHD use feedback to update context information and adapt
responses accordingly, whereas children with ADHD are deficient in this ability and have
a propensity to risk smaller bets in the absence of feedback (Pollak & Shoham, 2015).
These findings suggest that, when feedback is provided to children with ADHD, they

may respond more conservatively and exhibit impaired performance, compared to when
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feedback is not provided. As such, studies that provided feedback during tasks were
expected to be associated with larger effect sizes. Feedback was coded dichotomously to
indicate whether studies provided immediate feedback (i.e., provided information on
gains and/or losses following each individual trial; coded as 1) or delayed feedback (i.e.,
provided information about total gains and/or losses after each block of trials; coded as
0).
Moderators Examined in Self-Report Measures

Response Format. Self-report measures that utilize dichotomous forced-choice
items (e.g., “Do you use recreational drugs?”’) require minimal cognitive effort to
accurately recall the occurrence of a behavior (Schwarz & Oyserman, 2001). In contrast,
Likert scales, semantic differential scales, and open-ended questions (e.g., “How often do
you use recreational drugs?”’) draw upon more cognitive resources to both accurately
recall the occurrence of a behavior and the extent to which it occurs (Schwarz &
Oyserman, 2001). Given that impairment in the ability to recall and manipulate
information (i.e., working memory) has been well-documented in children (Alderson et
al., 2010; Kasper et al., 2012; Kofler et al., 2010; Martinussen et al., 2005; Rapport et al.,
2008; Rapport et al., 2009) and adults (Alderson, Hudec, Patros, & Kasper, 2013;
Alderson, Kasper, Hudec, & Patros, 2013; Hervey, Epstein, & Curry, 2004; Hudec,
Alderson, Patros, & Kasper, 2014) with ADHD, reducing cognitive demands through use
of dichotomous response formats would likely increase the validity of responses provided
by the ADHD group. The present study, therefore predicted that studies using
dichotomous self-report formats would be associated with greater between-group

differences (i.e., larger effect sizes) in risk-taking, compared to non-dichotomous self-
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report formats. Studies that used self-report measures were coded to indicate whether the
response format was dichotomous (coded as 0) or non-dichotomous (coded as 1). When
studies utilized a combination of dichotomous and non-dichotomous responses, they were
coded as non-dichotomous.

Assessment Type. Inaccurate self-reports of externalizing behavior and
associated difficulties have been well-documented in ADHD literature (Owens et al.,
2007; Pelham et al. 2005; Wolraich et al. 2004). Specifically, characteristic symptoms of
ADHD, such as inattention and impulsivity, may lead to careless mistakes, difficulty
following instructions, or failure to complete items when filling out self-report
questionnaires. Interview-style questioning that requires participants to verbally respond
to questions are expected to minimize inaccurate responses by allowing for clarification
of answers and questions, and by having another person present (e.g., the examiner) to
increase on-task behavior. Accordingly, the current study expected to find larger effect
sizes associated with studies that required participants to report on risky behaviors via
interviews (coded as 1) compared to self-report questionnaires (e.g., via paper/pencil or

computer; coded as 0).

Data Analytic Strategy
Estimation of Effect Sizes
Effect sizes were computed using Comprehensive Meta-Analysis Version 3
(CMA-3; Borenstein, Hedges, Higgins, & Rothstein, 2014) software. Hedges’ g effect
sizes were calculated (Hedges’ g; Hedges & Olkin, 1985) to correct for positive bias in
small study samples by weighting effect sizes based on their standard error (i.e., the

standard deviation of the sampling distribution), such that effect sizes of large-sample
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studies were given more weight than small-sample studies; Lipsey & Wilson, 2001;
Viechtbauer, 2010). Random effects models were utilized to adjust for variability in
effect sizes that is assumed to be randomly distributed (i.e., between-study variability), in
addition to subject-level sampling error.

Means and standard deviations were used to calculate effect sizes for 50 studies
(35 behavioral task studies, 11 self-report studies, and 4 virtual reality studies). Twenty-
five studies did not provide means and/or standard deviations, and therefore, effect sizes
were estimated using other metrics, such as sample size and t statistics, sample size and F
statistics, sample size and frequency rates, or odds ratios and confidence intervals.
Positive effect sizes indicated higher mean scores (i.e., greater risk-taking) for the ADHD
group relative to the control group. Several studies reported a mean number of
advantageous choices as a dependent variable, and consequently, larger means reflected
greater risk taking. To ensure consistent comparisons, these outcome variables were
recoded so that higher mean scores reflect more risk-taking. For example, an overall
mean of 10.4 was reversed to -10.4 (i.e., Garon, 2006) to reflect fewer advantageous
choices (i.e., more risk-taking). Effect sizes were classified as small (ES < 0.30), medium
(0.31 <ES >0.66), or large (ES > 0.67), and effect sizes equal to zero indicated no
difference between group means (Cohen, 1992).
Publication Bias

Several methods were used to assess potential publication bias. First, funnel plots
were visually inspected for symmetry of the distribution of effect sizes across studies,
where an asymmetrical distribution would suggest the possibility of publication bias.

Next, Egger's test was used to examine the symmetry of the funnel plot using a regression
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analysis, where greater y intercept values suggest an increased likelihood of publication
bias (Egger et al., 1997). Finally, a Fail-safe N analysis was conducted to estimate the
number of unpublished studies that would be needed to reduce the confidence interval of
an effect size to include zero (i.e., non-significant between-group differences).
Homogeneity Analysis

Two independent Q tests were performed to examine the effect size distribution
across all behavioral tasks and self-report measures. A significant Q indicated that the
assumption of homogeneity was rejected and examination of potential moderator effects
was supported (Lipsey & Wilson, 2001).
Moderator Analyses

Random effects meta-regressions were conducted to provide a measure of overall
fit (Qr) and an error/residual term (Qg) for behavioral task studies and self-report studies.
Whereas a significant Qr indicates that the model accounts for significant variability
among effect sizes, a significant Qe indicates that residual variance is greater than what is
expected from random study-level sampling error (Lipsey & Wilson, 2001). Because
effect size estimates do not necessarily fall on a normal distribution in meta-analysis,
beta-weights from each regression were converted to z scores and compared to a z-
distribution that reflected a standardized difference between values (Lipsey & Wilson,

2001).
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CHAPTER IV

RESULTS

Behavioral Task Analyses

Thirty-eight studies, consisting of 2,375 participants (ADHDn = 1,197, TDn =
1,178), provided sufficient data to calculate an overall effect size for studies that used
behavioral tasks (see Table 1). A statistically significant, medium-magnitude effect size
of 0.32 (95% CI [0.17, 0.47], p < .001) indicated that the ADHD group exhibited
moderately more risk-taking on behavioral tasks, compared to the non-ADHD group (see
Figure 2). A visual inspection of the funnel plot indicated a symmetrical distribution of
effect sizes across studies and Egger’s regression intercept of 2.25 (95% CI [0.01, 4.50],
p = .05) suggested no evidence of publication bias. In addition, the Fail-safe N analysis
revealed that an unlikely 460 unpublished studies with null effects would be needed to
change the confidence interval to include zero.

A significant Q test, Q(37) = 113.31, p < .001, |2 = 67.35, indicated that the
assumption of homogeneity across effect sizes (Hedges’ g range from -0.65 to 1.38) was
rejected and examination of potential moderator effects using meta-regression was
supported (see Table 4). Four effect sizes (i.e., Antonini, 2015; Humphreys, 2011;
Matthys, 1998; van Goozen, 2004) were identified as outliers, but were retained in

analyses based on previous research that suggests outliers may reveal important patterns
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related to study characteristics (Viechtbauer & Cheung, 2010). The mixed-effects meta-
regression model did not explain a significant proportion of effect size variability (Qr =
0.89, df = 6, p =.99), suggesting that the included moderators (i.e., age, percentage of
females, diagnostic grouping method, probabilistic descriptions, choice set size, and
reward type) could not explain significant heterogeneity in the effect size distribution.
Not surprisingly, the significant sum-of-squares residual (Qe = 113.31, df = 37, p <.001)
indicated residual variance in the model beyond study-level sampling error. This finding
suggests that there are likely moderators other than those considered in this review that
affect between-group differences in risk-taking in ADHD and healthy-control groups.
Self-Report Measure Analyses

Twenty-nine studies, consisting of 7,283 participants (ADHDn = 3,991, TDn =
3,292), provided sufficient data to calculate effect sizes for studies that used self-report
measures (see Table 2). A statistically significant, medium-magnitude effect size of 0.39
(95% CI [0.27, 0.51], p < .01) indicated that children and adults with ADHD exhibited
more risk-taking on self-report measures, compared to healthy-control children and adults
(see Figure 3). A visual inspection of the funnel plot indicated a symmetrical distribution
of effect sizes across studies and Egger’s regression intercept of 1.48 (95% CI [-0.47,
4.43], p = .13) suggest no evidence of publication bias. In addition, the Fail-safe N
analysis revealed that an unlikely 1,372 unpublished studies with null effects would be
needed to change the confidence interval to include zero.

A significant Q test, Q(13) = 147.05, p < .001, I?> = 80.96, indicated that the
assumption of homogeneity across effect sizes (Hedges’ g range from -0.28 to 1.22) was

rejected and examination of potential moderator effects using meta-regression was
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supported (see Table 4). Two effect sizes (i.e., Flory, 2006; Groom, 2015) were identified
as outliers, but were retained in analyses. The mixed-effects meta-regression model did
not explain a significant proportion of effect size variability (Qr = 3.00, df =6, p =.81),
suggesting that the included moderators (i.e., age, percentage of females, diagnostic
grouping method, response format and assessment type) could not explain significant
heterogeneity in the effect size distribution. In addition, a significant sum-of-squares
residual (Qe = 147.05, df = 28, p <.001) indicated residual variance in the model beyond
study-level sampling error.
Virtual Reality Task Analyses

Eight studies, consisting of 419 participants (ADHDn = 214, TDn = 205), utilized
virtual reality simulations in their examinations of risk taking and provided sufficient data
to calculate effect sizes (see Table 3). A significant medium-magnitude effect size of 0.63
(95% CI [-0.04, 1.22], p = .04) indicated that children and adults with ADHD exhibited
significantly more risk-taking on behavioral tasks presented in virtual reality, compared
to children and adults without ADHD (see Figure 4). A visual inspection of the funnel
plot indicated a symmetrical distribution of effect sizes across studies and Egger’s
regression intercept of 1.57 (95% CI [-4.34, 7.47], p = .53) suggest no evidence of
publication bias. However, the Fail-safe N analysis revealed that only 7 unpublished
studies with null effects would be needed to change the confidence interval to include
zero. A significant Q test, Q(6) = 48.15, p <.001, I> = 87.54, indicated that the
assumption of homogeneity across effect sizes (Hedges’ g range from -0.41 to 2.69) was

rejected and examination of potential moderator effects using meta-regression was
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supported (see Table 4). However, due to the small sample size of included studies, meta-
regressions were not completed and potential moderators were not examined statistically.
Excluded Moderators

Several additional variables were considered as potential moderators of effect size
variability, but were not examined using meta-regression procedures due to insufficient
data reporting or limited variability across studies. However, these potential moderators
were examined post hoc via a hybrid of meta-analytic and traditional methods common to

systematic reviews.

Only 64% of all behavioral task studies and 34% of all self-report studies were
coded for ADHD subtype because the remaining studies did not report sample
characteristics with regard to ADHD subtype. Twenty behavioral task studies (napHp =
786, ntp = 654) included heterogeneous samples of ADHD that included ADHD-I
(Hedges’ g = .25, p =.01), while only 5 studies (napxp = 118, np = 145) included
samples of only ADHD-C and/or ADHD-H (Hedges’ g = .49, p =.001). Across self-
report studies, only 6 studies (napHp = 304, ntp = 295) included heterogeneous samples
with ADHD-I (Hedges’ g = .54, p <.001), and 4 studies (napHp = 802, ntp = 494)
included homogenous samples of ADHD-C and/or ADHD-H (Hedges’ g = .44, p <.001).

Eight behavioral task studies (naprp = 183, ntp = 214) excluded comorbid DBD
diagnoses from their ADHD sample (Hedges’ g = .29, p = .06), while 30 studies (napHp =
1,014, ntp = 964) did not exclude comorbid DBD diagnoses (Hedges’ g = .33, p <.01).
Within self-report studies, only 5 studies (napHp = 613, ntp = 586) excluded comorbid

DBD diagnoses from their ADHD sample (Hedges’ g = .56, p <.001), while 24 studies
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(napbHp = 3,378, np = 2,706) did not exclude comorbid DBD diagnoses (Hedges’ g = .35,
p <.001).

An examination of medication use across behavioral tasks indicated that 32
studies (NapHp = 1,034, ntp = 947) included ADHD groups not on medication at the time
of task administration (Hedges’ g = .32, p <.001), while only 4 studies (naprp = 119, ntp
=155) included ADHD groups on medication at the time of task administration (Hedges’
g =.08, p =.65). Only 62% of self-report studies provided information about medication
use of participants, with all 18 studies (napHp = 1,780, ntp = 1,534) including ADHD
participants with an active prescription for stimulant medication (Hedges’ g = .41, p <
.001).

Finally, only one behavioral task study (naprp = 37, ntp = 35) did not provide
trial-by-trial feedback and the effect size (Hedges’ g = .43, p =.07) was not significant.
The remaining 37 studies (napwp = 1,160, ntpo = 1,143) provided trial-by-trial feedback

(Hedges’ g = .32, p <.001).
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CHAPTER V

DISCUSSION

The current study updates previous systematic (Groen et al., 2013) and meta-analytic
(Dekkers et al., 2016; Mowinckel et al., 2015) reviews of risk-taking in children and
adolescents with and without ADHD. Findings from previous reviews have been
equivocal and suggest a need for examination of moderating factors that may explain
heterogeneity across studies. As such, the current study provides a unique examination of
potential methodological and sample moderator variables, while comparing effect size
estimates across behavioral task studies. The current review also provides the first
comprehensive examination of self-report measures across several risk-taking domains
(e.g., substance use, risky driving, and risky sexual behavior), as well as a review of the
nascent body of literature that has examined ADHD-related risk taking via virtual reality.
Thirty-nine laboratory-based behavioral task studies, including 10 studies that
were not examined in previous meta-analytic reviews, and 29 self-report studies were
included in the current review. Overall, the aggregated effect size of behavioral task and
self-report studies of ADHD-related risk-taking yielded medium-magnitude effects
(Hedges’ g = .33 and 39, respectively), indicating that children and adults with ADHD
exhibited moderately more risk-taking, compared to children and adults without ADHD.
Contrary to expectations, these findings suggest performance on behavioral tasks parallel

findings from self-report measures of risk-taking that are arguably more ecologically
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valid (Barkley & Fischer, 2011; Barkley & Murphy, 2010; Dang et al., 2020; Holst &
Thorell, 2019), and corroborate previous correlational research suggesting that
performance on behavioral tasks is correlated with self-report measures of behavior
(Kirby et al., 1999, Richards et al., 1999, Swann et al., 2002). Although the magnitude of
effects were consistent with Dekkers and colleagues’ (2016) previous meta-analysis (d =
.36), they are larger than the small-magnitude effect size reported by Mowinckel and
colleagues (2015; Hedges’ g = .23). The discrepancy in effect size magnitudes may
reflect the effect of age on risk-taking, and specifically, the examination of adults in
Mowinckel et al.’s review, compared to the examination of adults and children in the
current review. Alternatively, the difference in magnitude between effect sizes across
reviews may reflect differences in the diversity of tasks included in each review. That is,
Mowinckel et. al.’s review only included studies that used the IGT task, whereas the
present review included any laboratory-based gambling tasks or self-report measure that
assessed for risk-taking behavior. This finding implies that the IGT is associated with
smaller effects, relative to other metrics.

Eight studies that examined risk-taking via virtual reality simulators yielded an
aggregated medium-magnitude effect (Hedges’ g = .63), indicating that children and
adults with ADHD exhibited more risk-taking on virtual reality simulators, compared to
children and adults without ADHD. Consistent with expectations, the magnitude of the
between-group effect size of virtual reality simulators is 49% and 38% larger than the
magnitude of between-group effect sizes of behavioral tasks and self-report measures,
respectively. This findings suggests that virtual reality simulators may be more sensitive

to group differences in risk-taking between ADHD and non-ADHD groups, compared to
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behavioral tasks and self-report measures, and indicates that virtual reality metrics
provide enhanced ecological validity of the evaluation of behavioral and cognitive
responses (Parsey & Schmitter-Edgecombe, 2013). Of note, however, the small sample
size of virtual reality studies and the possibility of publication bias suggest these finding
should be considered with caution.

In addition to overall between-group differences in risk-taking among ADHD and
non-ADHD groups, our findings indicated significant heterogeneity across effect sizes
within each task domain. Specifically, 66%, 81%, and 88% of variability across
behavioral tasks, self-report measures, and virtual reality simulators, respectively, was
accounted for by intra-study variability, rather than by chance. The significant variability
and sufficient sample size of behavioral task and self-report measure studies warranted
the examination of potential moderator variables.

Surprisingly, age was not a significant moderator of effect size variability across
studies that used behavioral tasks or self-report measures. That is, unlike reliable and
well-documented findings that evince a reduction in ADHD-related impairment that
corresponds with ontological development (Bedard et al. 2002; Biederman, Mick, &
Faraone, 2000; Shaw et al., 2007; Hudec et al., 2014), as well as previous findings of a
linear decrease in risky decision-making from childhood to adolescent (Crone & van der
Molen, 2007; Hooper et al., 2004), and from adolescence to adulthood (Crone & van der
Molen, 2007; Mitchell et al., 2008; van Duijvenvoorde et al., 2012) in individuals without
ADHD, risk-taking does not appear to follow a similar trajectory in ADHD. Other
empirical studies, however, have indicated findings consistent with our null results

(Cauffman et al., 2010 ; Overman et al., 2004), which suggest that risk-taking in ADHD
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may have more continuity across the lifespan than previous expectations, and that adults
with ADHD engage in risk-taking at proportionate rates compared to children with
ADHD. Although it was initially suggested that, the larger effect size found in the present
review compared to Mowinckel et al.’s (2015) review may be explained by our inclusion
of children, these findings indicate that a more probable explanation is likely and the
discrepancy in effect sizes cannot be explained by age-related differences.

Contrary to expectations, the percentage of females included in studies did not
significantly moderate between-group effects sizes in behavioral-task or self-reported
risk-taking. In hindsight, the absence of this effect may be explained by contextual
factors associated with sex-related differences in risk-taking. A previous meta-analysis
that investigated sex differences in risk-taking among healthy children and adults
demonstrated that differences in risk-taking exhibited by males and females may be
moderated by several other context-related variables, including biological maturation,
cognitive ability, self-perceptions; perceptions of others, personal values, risk perception,
and characteristics of peer groups (Byrnes et al., 1999). Although this poses an interesting
theory for our examination of sex-differences in risk-taking among children and adults
with ADHD, this investigation is beyond the scope of this meta-analysis and should be
considered for future research.

Diagnostic grouping method was surprisingly not a significant moderator of effect
size variability in risk-taking. Although comprehensive diagnostic procedures typically
increase sensitivity and specificity for diagnostic groupings, unexpected findings with
respect to diagnostic grouping methods are not unprecedented. For example, previous

meta-analytic studies have reported findings of smaller effect sizes associated with more
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comprehensive assessment procedures (Alderson et al., 2007; Kofler et al., 2008).
Authors of these paradoxical effects suggested they may be an artifact of the calculation
of standardized effect size metrics (i.e., a mean difference divided by its pooled standard
deviation). That is, due to the high rates of intra- and inter-individual variability
evidenced in children with ADHD (Buzy et al., 2009; Kofler et al., 2013; Russell et al.,
2006; Uebel et al., 2010), an increase in the homogeneity of groups would likely result in
greater within-in group variation, a corresponding increase in the denominator of Hedge’s
g effect size calculations, and a relatively smaller effect size estimates. Given the present
study’s null effect, however, it may be the case that grouping method matters for
executive functions that serve as core features of ADHD (e.g., working memory,
inhibition), but not for tertiary features such as risk-taking.

The choice set-size of behavioral tasks did not significantly moderate effect size
heterogeneity. A plausible explanation for this unexpected null finding is that the effect
of choice set-size is confounded by the amount of risk, or expected value, attributed to
each choice rather than the number of choices themselves. That is, laboratory-based
behavioral tasks may confound risk-seeking behavior with suboptimal decision-making
by providing risky alternatives that are also less optimal based on their expected value
(Shoham et al., 2016). To that end, research has demonstrated that ADHD and control
groups perform similarly when participants are presented with risky and safe alternatives
that are equal in expected value on a gambling task (Pollak et al. 2016). It is therefore
unclear whether selection of risky alternatives is a result of increased risk-taking or
poorer decision-making, or whether risk-taking in ADHD may be more reflective of a

reification error due to an impaired ability to compare probabilistic outcomes, which then
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impairs choice selection (e.g., making a risky decision). Future studies should examine
between-group differences in risk-taking elicited on tasks with equal expected value to
explore mechanisms of risk taking (e.qg., risky decision making vs. suboptimal decision
making) associated with ADHD.

The present study found several additional moderators to be non-significant. For
instance, methodological variability in the use of explicit or implicit behavioral tasks (i.e.,
probabilistic descriptions) did not significantly moderate effect size variability in risk-
taking across behavioral-task studies, similar to findings demonstrated in Dekkers et al.’s
(2016) meta-analysis. Although implicit tasks may increase risk-taking by placing higher
demands on executive functions (Brand et al., 2007; Cui et al., 2015; Hinson et al. 2002;
Jameson et al., 2004), our finding suggests it is equally plausible that implicit tasks may
also increase conservative responding by impairing decision-making processes (Pollak &
Shoham, 2015). The type of reward provided to participants did not significantly
moderate effect size variability in risk-taking. Our null findings coincide with extant
findings that have indicated similar responses to tangible or hypothetical rewards in
children with ADHD (Pollak et al., 2016). Considering the growing body of research on
aberrant reward process in ADHD (Luman et al. 2010; Sonuga-Barke et al. 2008; Tripp
& Wickens, 2009), however, further investigation on the effects of risk-taking in ADHD
is warranted. Future research should examine different characteristics of reward, such
reward schedules and levels of reward. The type of response format used for self-report
measures, surprisingly, did not significantly moderate effect size variability in risk-taking
between ADHD and control groups. Our null finding may be explained by the tendency

for children and adults with ADHD to underreport the frequency and severity of their
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symptoms (Hemmingsson et al., 2017; Kooij et al., 2008; Sibley et al., 2010; Sibley et al.,
2012). Although non-dichotomous response formats present the opportunity to obtain
more variable information regarding behavior, compared to dichotomous formats,
underreporting in ADHD may produce underestimations of risk-taking behavior. The
type of assessment used for self-report measures was not a significant moderator in effect
size variability in risk-taking. This unexpected finding may be explained by less valid
responding associated with self-report questionnaires due to ADHD-related impairments
(e.g., making careless mistakes, difficulty with understanding instructions, or failure to
complete items; Huizinga & Elliott, 1986; Shaffer et al. 2000) that parallels with less
valid responding associated with the increased tendency to respond in a socially desirable
way or a decreased sense of privacy in the presence of an interviewer (Huizinga & Elliot,

186).

Several variables were considered as potential moderators (i.e., ADHD subtype,
comorbid DBD, medication use, and feedback on behavioral tasks), but were not
examined via meta-regression due to lack of variability and/or insufficient reporting
across studies. A hybrid meta-analytic/systematic review approach indicated that the
effect size of behavioral task studies with ADHD samples that included ADHD-I were,
on average, 51% smaller than studies with homogenous samples of ADHD-C and/or
ADHD-H. Not surprisingly, this finding suggests that children and adults with ADHD-I
exhibit less risk-taking on behavioral tasks, compared to children and adults with ADHD-
C or ADHD-H. Across self-report studies, however, studies with ADHD samples that
included ADHD-I were, on average, 19% larger than studies with homogenous samples

of ADHD-C and/or ADHD-H. These seemingly paradoxical findings between behavioral
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task and self-report studies may indicate that ADHD-related inattention is associated with
less self-awareness on self-report measures of risk-taking, which is consistent with
previous research demonstrating that adolescents and young adults lack insight into their
own behavior (Barkley, 2006; Wolraich et al. 2005).

In addition, the exclusion of participants with comorbid DBD from the ADHD
group in behavioral task studies was not associated with significant between-group
differences. Studies that did not exclude comorbid DBD from the ADHD group, on the
other hand, were associated with significantly greater risk-taking in ADHD groups,
compared to non-ADHD groups. Significant effect sizes of roughly equal magnitude
were found across behavioral and self-report studies, regardless of whether or not they
included or excluded participants with comorbid DBD. As expected, behavioral task
studies that excluded participants on medication were associated with moderate-
magnitude group differences, whereas the aggregated effect size from studies that
included groups on medication was not significant. There was no variability in
medication use across self-report studies, and therefore, no inferences could be made.
Nevertheless, the finding from laboratory-based behavioral studies appears to suggest
that medication use may reduce risky behavior in children and adults with ADHD.
Finally, the absence of trial-by-trial feedback was associated with a non-significant
between-group difference, whereas studies that provided trial-by-trial feedback were
associated with a moderate-magnitude effect size. It is noted, however, that only one
study did not provide trial-by-trial feedback and this finding should therefore be

considered with caution.
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Limitations

The present study is the first to review risk-taking in ADHD across behavioral,
self-report, and virtual reality metrics and provides a unique contribution due to its
examination of potential sample and methodological moderator variables. Nevertheless, a
few potential limitations warrant consideration. For instance, our findings suggest a
strong potential for publication bias among studies that utilized virtual reality simulators.
Although this bias likely reflects the small sample size of only eight effect sizes, rather
than true publication bias, caution is warranted. In addition, the small sample size of
virtual reality studies inhibited our ability to examine potential moderators and reduces
the reliability and external validity of our results, which warrants consideration of the
current study’s findings. Future studies on risk-taking in ADHD should aim to include
measures of risk-taking in virtual environments to further inform the utility of virtual
reality simulations in research.

Finally, although the present study expanded upon prior reviews with the
inclusion of several additional moderators that were not previously investigated, not all
potential moderators could be examined within the scope of the current study. In part, our
inclusion of potential moderators was limited due to insufficient reporting. Several other
potential moderators (e.g., ADHD subtype, medication use, feedback), however, were not
examined due to a lack of variability across studies. Future studies of risk-taking in
ADHD should aim to examine and report these variables so that updated meta-analytic
reviews can examine their potential moderating effects. Likewise, as the growing body of
literature continues to advance, future studies should consider incorporating additional

moderating variables in their analyses, such as schedules of reinforcement, reward
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sensitivity, and presentation of feedback (e.g., visual, verbal, social), to discern variables
that significantly affect between-group differences in risk-taking among ADHD and non-

ADHD groups.
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CHAPTER VI

CONCLUSION

The current study aimed to elucidate differences in risk-taking among children
and adults with and without ADHD through meta-analytic methods, while accounting for
limitations of previous reviews. Results revealed that, when compared to children and
adults without ADHD, ADHD was associated with greater risk-taking behavior across
task domains. The present study also examined potential moderator variables of
behavioral task and self-report studies and found non-significant effects, despite the
finding that there was significant heterogeneity across behavioral task studies and self-
report studies. Future research is needed to investigate additional potential moderators
that may deepen our understanding of risk-taking in ADHD. Taken together, our findings
suggest that children and adults exhibit reliably greater risk-taking behavior, compared to
children and adults without ADHD, and supports convergent validity across risk-taking
task domains. However, findings of the present study indicate that the careful
experimental control and strong external validity provided by virtual reality simulators
may allow for a more accurate representation of risk-taking behavior exhibited in
children and adults with ADHD. Future research is needed to expand on these findings,

however, the utility of virtual reality simulators in risk-taking research is promising.
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APPENDIX

.Overview and Brief History of Attention-Deficit Hyperactivity Disorder

Attention-Deficit/Hyperactivity Disorder (ADHD) is a childhood disorder
characterized by persistent and pervasive hyperactivity, inattention, and/or impulsivity
that leads to functional impairment in multiple settings (American Psychiatric
Association [APA], 2013). Coinciding with previous factor analytic studies suggesting
inattention and hyperactivity-impulsivity as being distinct factors of the disorder (DuPaul
et al.,1998; Willcutt, 2012), ADHD is categorized into domain-specific subtypes,
including ADHD-Predominantly Inattentive Presentation (ADHD-I), ADHD-
Predominantly Hyperactive-Impulsive Presentation (ADHD-H), and ADHD-Combined
Presentation (ADHD-C; APA, 2013). ADHD-I includes symptoms such as difficulty with
sustaining attention, forgetfulness, and distractibility, whereas ADHD-H includes
symptoms such as restlessness, talking excessively, and impulsivity. ADHD-C is
characterized by symptoms that meet criteria for both ADHD-1 and ADHD-H. Although
the field’s current understanding of ADHD is relatively neoteric, symptoms of
inattention, hyperactivity, and impulsivity have been observed in children and adults for
centuries (Lange et al., 2010; Rafalovich, 2001). Dating back to the 1800s, descriptions
of “morbid alterations” of attention (Crichton, 1798), such as being easily distracted and

having difficulty attending to a single object, began to define characteristics of what is
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now operationalized as the inattention construct. Hyperactivity was first conceptualized
in a commonly used allegory depicting motoric over-activity (Hoffmann, 1865), and was
characterized by having the tendency to frequently interrupt and fidget. Despite a
growing awareness of the defining characteristics of ADHD during the 1800s, less was
known about its etiology. Initially, inattention and hyperactivity exhibited by children
were considered residual effects of having a defect in moral control. These symptoms
were defined as being characteristic of self-gratification, including qualities such as
passionateness, spitefulness, lawlessness, and destructiveness (Still, 1902). Therefore,
deficits in attention and hyperactivity were considered a behavioral disorder that could be
managed with parental punishment and discipline.

Following the encephalitis epidemic in the early 1900s, etiological theories began
to emphasize physiological abnormalities of the brain, rather than focusing on deficits of
moral control. A proportion of affected children who survived the encephalitis outbreak
developed significant emotional instability, cognitive deficits, and personality changes
(Conners, 2000; Kessler, 1980; Rothenberger & Neumaérker, 2005), producing
problematic behaviors, such as hyperactivity, distractibility, and irritability (Paterson &
Spence, 1921; Ross & Ross 1976; Stryker, 1925). This phenomenon became known as
“postencephalitic behavior disorder” and spawned the conceptual connection between
physiology and behavior in ADHD (Barkley, 2006; Rothenberger & Neumarker, 2005).
Subsequently, an emergence of physiological research on behavior disorders indicated
there was an association between brain damage and deviant behavior (Ross & Ross,
1976), suggesting hyperactivity was caused by “minimal brain damage” (Kessler, 1980).

Critics argued, however, that not every child with abnormal behavior had brain damage
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and, likewise, brain damage could not solely be inferred from signs of problematic
behavior. Later research suggested that brain dysfunction, rather than brain damage, was
the cause of problematic behaviors (Connors, 2000) and, as such, the term “minimal brain
damage” was replaced by “minimal brain dysfunction.”

Despite many advances in the field and an increased understanding of the etiology
of inattentive and hyperactive symptoms, it was not until 1932, when German physicians
Franz Kramer and Hans Pollnow described observed symptoms of hyperactivity as a
“hyperkinetic disease” that was distinguishable from other brain dysfunctions with
similar symptoms, such as encephalitis and mental retardation (Kramer & Pollnow,
1932). The conceptualization of hyperkinetic disease as being a distinct disorder was the
first to closely resemble what is now referred to as ADHD (Lange et al., 2010).

ADHD was first recognized as a formal disorder in the DSM-11 (APA, 1968) and
was initially termed “hyperkinetic reaction of childhood.” The diagnostic criteria for
hyperkinetic reaction of childhood primarily included symptoms of excessive motor
activity, emphasizing that hyperactivity was viewed as the primary symptom of the
disorder, rather than brain dysfunction (Barkley, 2006; Lange et al., 2010). In the 1970s,
research findings indicated that inattention and impulsivity were also key features of
hyperkinetic reaction of childhood (Barkley, 2006; Douglas, 1972; Lange et al., 2010).
Therefore, the disorder was later re-conceptualized as including problems associated with
hyperactivity, inattention, and impulsivity, and was renamed Attention Deficit Disorder
(ADD) in the DSM-I111 (APA, 1980). Moreover, hyperactivity was no longer considered
the primary symptom of the disorder and, therefore, two subtypes emerged — ADD with

hyperactivity and ADD without hyperactivity. It was not until the publication of the
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DSM-11I-R (APA, 1983) that the moniker Attention Deficit/Hyperactivity Disorder was
first introduced and the hyperactivity distinction was removed due to a lack of empirical
evidence supporting the difference between children and adults with and without
hyperactivity (Lange et al., 2010; McBurnett et al., 1993).

With the publication of the DSM-IV (APA, 1994), the disorder was again re-
conceptualized to include three subtypes — predominantly inattentive subtype,
predominantly hyperactive-impulsive subtype, and combined subtype. Empirical findings
suggested the validity and reliability of the diagnostic criteria would improve with the
restructuring of subtypes (Biederman et al., 1997; Lahey et al., 1994). For example,
factor analytic research suggests two-factor models including inattention and
hyperactivity-impulsivity represent the greatest model fit (DuPaul et al., 1998; Willcultt,
2012), and confirmatory factor analyses suggest the best model is represented using a
single factor that encompasses both hyperactivity and impulsivity as a single symptom
domain (Martel, von Eye, & Nigg, 2010; Toplak et al., 2012; Willcutt, 2012). As such,
the use of subtypes was found to improve detection of the disorder among females, who
primarily presented with the inattentive subtype, young children, who primarily presented
with the hyperactive-impulsive subtype, and adults, who primarily exhibited symptoms
associated with social and occupational impairment (APA, 1994; Lahey et al., 1994;
Lange et al., 2010).

In the most recent update, the DSM-5 (APA, 2013), classifies ADHD as a
neurodevelopmental disorder, rather than a disruptive behavior disorder. Although there
were no substantial changes to the core symptom domains or symptomology of ADHD,

minor revisions to the diagnostic criterion sets were included. For example, symptoms of

94



inattention, hyperactivity, and impulsivity listed in Criterion A were supplemented with
examples that characterize symptoms that manifest in late adolescence and adulthood.
Further, there was a reduction from six to five symptoms needed to meet diagnosis in
older adolescents and adults. In Criterion B, the age of onset changed from before age
seven to before age 12, and impairment at onset is no longer required. The pervasiveness
requirement listed in Criterion C now requires evidence of symptoms in two or more
settings, rather than evidence of impairment in multiple settings. Similarly, the
impairment clause in Criterion D no longer requires that functional impairments be
“clinically significant,” but that only a reduction of the quality of social, academic or
occupational functioning is necessary. Finally, Autism Spectrum Disorder was eliminated
as an exclusionary condition listed in Criterion E.

Additional changes to the overall diagnostic classification of ADHD in the DSM-
5 included a change in the terminology for ADHD subtypes and the addition of two
modifiers for specification of the disorder. The alteration in the nomenclature of
“subtypes” to “presentations” was included to better reflect possible changes in the
manifestation of the disorder over time. Further, the inclusion of modifiers allows for
better specification of the disorder, such as being able to indicate the severity (i.e., mild,
moderate, or severe) and status (e.g., in partial remission) of the disorder.
Prevalence and Heterogeneity of ADHD

With an estimated worldwide prevalence of 7% (Thomas, Sanders, Doust, Beller,
& Glasziou, 2015) and an approximated 11% of children aged 4 to 17 years diagnosed in
the United States (Visser et al., 2014), ADHD is the most common neurodevelopmental

disorder of childhood. Results of a recent epidemiological study suggests that
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approximately 6.1 million children and adolescents in the United States have received an
ADHD diagnosis from a health care provider at some point in their lifetime, and 5.4
million children and adolescents have a current diagnosis (Danielson et al., 2018). In
addition to high prevalence rates, ADHD is often highly comorbid with several
psychiatric and medical conditions (Biederman, Newcorn, & Sprich, 1991; Jensen,
Martin, & Cantwell, 1997; Wilens et al., 2002). The National Survey of Children’s
Health (2016) found that 64% of children with ADHD had at least one comorbid
disorder, with behavioral or conduct problems (52%) being the most common co-
occurring condition, followed by anxiety (33%), depression (17%), and autism spectrum
disorder (14%; Danielson et al., 2018). Other common comorbid conditions include
bipolar disorder (Klassen et al., 2010), learning disabilities (DuPaul, et al., 2013), sleep
disorders (Owens, 2005), and substance abuse (Wilens, 2004).

ADHD was initially conceptualized as a childhood disorder due to lower report of
prevalence in adults (3.4%; Fayyad et al., 2007), relative to children (5.9-7.1%; Willcultt,
2012). However, recent studies provide strong indication that ADHD persists into
adulthood for 35 to 70% of children and adolescents, with an overall prevalence of 4to 5
% in the adult population (Weisler & Goodman, 2008). Whereas the most prevalent
subtype among children is ADHD-I (5.1%), followed by ADHD-C (3.3%) and ADHD-H
(2.9%; Willcutt, 2012), respectively, the most prevalent subtype among adults is ADHD-
C (62%), followed by ADHD-I1 (31%) and ADHD-H (7%; Wilens et al., 2009).
Conversely, ADHD-C is the most prevalent subtype among clinically referred children
(Gaub & Carlson, 1997). Although there has been a long withstanding belief that most

children will eventually outgrow the disorder, as symptoms tend to attenuate in adulthood
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(Resnick, 2005), recent research suggests that ADHD often persists through adolescence
and into adulthood (Barbaresi et al., 2013; Faraone et al., 2000). With a growing
awareness of the chronicity of ADHD, recent updates of the DSM have broadened the
definition of ADHD to account for symptoms and impairment observed in older
adolescents and adults, and allow for greater diagnostic sensitivity into adulthood (APA,
2013).

Coinciding with recent amendments to the DSM, there has been a significant
increase in the prevalence rates of ADHD. From 2003 to 2011, rates of diagnosed ADHD
in the United States increased an average of 5% per year (Visser et al., 2014). Worldwide
prevalence rates of ADHD have increased from 5.29% in 2007 (Polanczyk et al, 2007) to
7.2% in 2015 (Thomas et al., 2015). However, increases in prevalence may be partially
explained by other factors, such as differences associated with sex, culture, and
diagnostic procedures.

Sex differences and ADHD-related heterogeneity. Sex differences have been
widely documented in ADHD literature. Boys are more often diagnosed with ADHD
compared to girls (Biederman et al., 2002; Froehlich et al., 2007; Gaub & Carlson, 1997;
Lee et al., 2008; Sciutto & Eisenberg, 2007; Quinn, 2008), with ratios ranging from 3:1 in
community samples to 9:1 in clinical samples (Gaub & Carlson, 1997; Gershon, 2002).
Research suggests differences in the expression of ADHD symptoms between males and
females may produce variable prevalence estimates (APA, 2000; Gaub & Carlson, 1997,
Gershon, 2002). While girls with ADHD typically exhibit greater internalizing symptoms
(e.g., inattention) and receive diagnoses for inattentive presentation more often, boys with

ADHD typically exhibit greater externalizing symptoms (e.g., hyperactivity) and receive
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more diagnoses of the hyperactive presentation (APA, 2000; Biederman et al., 2002;
Gershon & Gershon, 2002; Skogli et al., 2013). Compared to boys with ADHD, who
often engage in more overt, disruptive behaviors, girls often exhibit symptoms that are
less severe and are more frequently overlooked (Abikoff et al., 2002; Berry, Shaywitz,
and Shaywitz, 1985). Consequently, ADHD in girls is often under-identified and
underdiagnosed, relative to boys (Quinn & Madhoo, 2014; Quinn & Wigal, 2004).
However, some researchers argue that males and females experience symptoms similarly,
asserting that differences in prevalence rates are observed across sexes because only
females with severe symptoms of ADHD are detected, while females with less severe
symptomology are overlooked (Rucklidge, 2008).

Cultural differences and ADHD-related heterogeneity. Differences in ADHD
symptomology observed across cultures may also explain widely varying prevalence
rates. Some argue that heterogeneity of the disorder is attributed to demographic factors
that are associated with geographical differences (Rappley, 2005). Findings from recent
epidemiological studies, for example, suggest prevalence rates in Africa and the Middle
East are lower than in North America (Polanczyk et al., 2007). However, others argue
that variable estimates of ADHD across cultures are better explained by access to health
care, rather than true cultural differences, highlighting the difficulty in identifying and
diagnosing ADHD among minorities (Bird, 2002; Rohde et al., 2005; Swanson, et al.,
1998). Studies have shown that African-Americans with ADHD diagnoses are less likely
to seek and receive treatment than Caucasians (Bussing, Schoenberg, & Perwien, 1998;

Bussing et al., 1998), and parents of Hispanic and African American children are less
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likely to report symptoms of ADHD (Cuffe, Moore, & McKeown, 2005; Pastor &
Rueben, 2005).

Cultural biases introduced during assessment and diagnosis also may affect
prevalence rates. For example, assessment instruments used during diagnostic procedures
are often highly influenced by Western culture and, therefore, lack cultural sensitivity
(Bauermeister, Berrios, Jimenez, Acevedo, & Gordon 1990; Canino & Guarnaccia, 1997;
Coll, Akerman, & Cicchetti, 2000; Lopez & Guarnaccia, 2000). Consequently, the
clinical use of Westernized assessment instruments may provide an underestimation of
prevalence rates in minorities (Barkley, 1998; Bird, 2002). Moreover, the application of
diagnostic criteria and assessment of impairment may be subjective to cultural influence,
producing inaccurate diagnoses that lead to invalid estimates of prevalence rates
(Polanczyk, De Lima, Horta, Biederman, & Rohde, 2007).

Other factors that affect ADHD-related heterogeneity. Additional explanations
of inconsistent prevalence rates of ADHD focus on method variance in diagnostic
procedures, regardless of culture. Specifically, diagnostic decisions are often reliant on
informant-based methods, such as rating scales and information obtained by single
informants (e.g., self-, parent- or teacher-report). However, these diagnostic methods are
often inaccurate and unreliable, especially when measuring symptoms over time (Rabiner
et al., 2010) and across sexes (Makransky & Bilenberg, 2014). For example, studies have
shown that adults with ADHD tend to under-report symptom frequency and severity
(Asherson et al., 2012; Davidson, 2008), while parents and teachers tend to over-report,
which may result in inaccurate prevalence rates (Getahun, Jacobsen, Fassett, Chen,

Demissie, & Rhoads, 2013). Even more, the use of multiple informants to inform
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diagnostic decisions is not exempt from problems, as rater disagreement and the use of
invalid or unreliable measures can complicate differential diagnoses (Amador-Campos et
al., 2006; Antrop et al., 2002; Mitsis et al., 2000; De Los Reyes & Kazdin, 2005;
Wolraich et al., 2004). Consequently, although informant-based methods may be
proficient in identifying an individual’s overall synopsis of their presenting problems,
they may not accurately capture the full scope of ADHD-related symptoms, which likely
influences prevalence rates (Getahun et al., 2013). As such, it is recommended that
professional clinicians use the “gold standard,” including several methods (e.g.,
interviews and questionnaires) and multiple informants (e.g., parent and teachers) when

deriving diagnostic decisions.

Outcomes of ADHD

ADHD is recognized as a psychiatric condition associated with adverse outcomes
that significantly affect children and adults throughout the lifespan (APA, 2013;
Seidman, 2006; Shaw et al., 2012; Spencer, Biederman, & Mick, 2007). Children with
ADHD often incur impairments that affect multiple areas, including academic (Daley &
Birchwood, 2010; Frazier, Youngstrom, Glutting, & Watkins 2007), social (Frederick &
Olmi, 1994; Kofler et al., 2011; Wheeler et al., 2000), and behavioral functioning
(Barkley, 2006; DuPaul et al., 2001). Academic difficulties among children with ADHD
have been extensively documented (Frazier, Youngstrom, Glutting, & Watkins 2007;
Hinshaw, 1992; Hinshaw, 1994; Mash & Barkley, 2003; Zentall, 1993). Children and
adolescents with ADHD often fail to complete and turn in their homework (Power, et al.,
2006), develop poor study skills (Norwalk, Novilitis, & MacLean, 2009), and receive

lower test grades than same-aged peers (Frazier, Youngstrom, Glutting, & Watkins
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2007). With deficits beginning in the early stages of education and persisting through
college (Daley & Birchwood, 2010; Mariani & Barkley, 1997), ADHD is often
associated with a history of academic underachievement, learning disabilities, placements
in special education, and grade retentions (Barkley, 1998; Barkley, 2002; Faraone et al.,
1993; Hinshaw, 1992; Mannuzza et al.,1993; Marshall et al., 1997). Academic
impairments may also lead to social and behavioral problems in the school setting, such
as creating conflicts with peers and teachers, and engaging in disruptive behaviors in the
classroom (Hinshaw, 1992; Pelham, Foster, & Robb, 2007; Zentall, 1993).

Children with ADHD often experience more social functioning difficulties,
relative to typically-developing peers (Kofler et al., 2011; Maedgen & Carlson, 2000).
Compared to non-affected children, children with ADHD often experience more peer
rejection (Bagwell, Molina, Pelham, & Hoza, 2001; Hinshaw & Melnick, 1995; Hoza,
2007; Hoza et al., 2005), less stability in friendships (Blachman & Hinshaw, 2002), and
fewer dyadic friendships (Bagwell, Molina, Pelham, Hoza, 2001; Hoza et al., 2005).
Explanations for poor interpersonal relationships propose that symptoms of inattention
may limit the affected individual’s ability to attend to social cues (Landau & Milich,
1988) and improve social skills through observational learning (Cunningham, Siegel, &
Offord, 1985), whereas symptoms of hyperactivity and impulsivity may promote socially
aversive behaviors (Cervantes et al., 2013; Guevremont & Dumas, 1994; Keown &
Woodard, 2006; Pelham, et al., 2007; Wehmeier et al., 2010). ADHD-related working
memory deficits have also been found to negatively impact social interactions by
impairing affected children’s ability to participate in give-and-take interactions and

refrain from impulsive responding (Kofler et al., 2011; Langberg, Dvorsky, & Evans,
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2013; Phillips, Tunstall, & Channon, 2007). Alternative explanations suggest that social
functioning may be impaired due to emotional difficulties commonly associated with
ADHD. Specifically, children with ADHD often exhibit poor emotion regulation,
compared to non-affected children (Barkley, 2011; Bunford, Evans, Langberg, 2014;
Maedgen & Carlson, 2000; Melnick & Hinshaw, 2000), and are more likely to have low
self-esteem (Barkley et al., 2006; Mannuzza et al., 1998; Slomkowski, Klein, &
Mannuzza, 1995; Sobanski et al., 2008), which may impair an individual’s ability to
obtain and maintain friendships.

Behavioral functioning also is often impaired due to ADHD-related symptoms
(Barkley, 2006; DuPaul et al., 2001). Relative to typically-developing peers, children
with ADHD are more likely to be defiant towards authority, often interrupt or intrude on
others, have trouble waiting for their turn, fidget excessively, have difficulty staying
seated, have difficulty paying attention, and often make careless mistakes (APA, 2013).
Moreover, behavioral problems developed in childhood often persist and lead to negative
outcomes as adolescents and adults (Barbaresi et al., 2013; Faraone et al., 2000; Murphy
& Barkley, 1996). Maladaptive behaviors, such as frequent tardiness, making excessive
mistakes, and having poor organizational and planning skills may result in lower
occupational attainment (Barkley, Murphy, & Fischer, 2008; Harpin, 2005). Adults with
ADHD often hold subordinate occupational positions (Barkley et al. 2008; Mannuzza et
al. 1993), obtain lower incomes (Biederman & Faraone, 2006), and have greater
difficulty sustaining full-time employment (Barkley et al., 2006), compared to non-
affected adults. Lastly, frequent involvement in risky behaviors may increase the

likelihood of automobile violations and accidents (Barkley, Murphy, & Kwasnik, 1996;
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Murphy, & Barkley, 1996), criminal arrests (Babinski et al., 1999; Barkley et al. 2004;
Mannuzza et al. 2008; Molina et al. 2009), risky sexual behaviors (Barkley at al., 2006;
Flory, Molina, Pelham, Gnagy, & Smith, 2007; Harpin, 2005), and substance abuse
(King, lacono, & McGue, 2004; Marshal, Molina, & Pelham, 2003; Molina and Pelham
2003).
Risk-Taking in ADHD

Risk-taking refers to decisions or behaviors that compromise an individual’s
health and well-being, or involve making a selection when the outcome is unknown
(Trimpop, 1994). Given that characteristic symptoms of ADHD include behavioral
inhibition (Barkley, 1997), impulsivity (APA, 2013), and increased reward and novelty
seeking behaviors (Donfrancesco et al., 2015), it is not surprising that the disorder has
been found to be related to more risk-taking (Drechsler et al., 2008; Williams & Taylor,
2005; Barkley 2006). One possible explanation for frequent risk-taking among children
and adults with ADHD involves deficits in attentional processes. For example, risk-
taking may be influenced by the inability to focus and shift one’s attention to efficiently
reflect possible alternatives (Kiihberger, 1998; Tversky & Kahneman, 1981; Solanto et
al., 2007; Young, Morris, Toone, & Tyson, 2007). Another explanation proposes that
children and adults with ADHD are more attracted to risk and novelty (Groen, Gaastra,
Lewis-Evans, & Tucha, 2013), such that affected individuals tend to be risk-takers and
thrill-seekers. Finally, research examining delay aversion (i.e., the motivation to escape
or avoid delay; Sonuga-Barke, 1994, 2003, 2005) in ADHD provides another explanation
for increased risk-taking by children with the disorder. Studies have shown that children

and adolescents with ADHD, relative to non-affected children and adults, are more likely
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to make decisions based on the immediacy of outcomes, rather than reflecting on long-
term alternatives (Marco et al., 2009; Paloyelis, Asherson, Mehta, Faraone, & Kuntsi,

2010; Solanto et al., 2001).

Risk-Taking in Theoretical Models of ADHD
Cognitive-Energetic Model

Sergeant’s (2000) cognitive-energetic model of ADHD posits that deficits
associated with ADHD manifest according to three interdependent levels of information
processing, including computational mechanisms of attention, energetic states, and
management mechanisms. In the first level of information processing, computational
mechanisms of attention include cognitive processes such as encoding, searching,
decision-making, and motor organization (Sergeant, 2000). Energetic states in the second
level of processing include effort, arousal, and activation, in which effort refers to the
energy required to complete a task, arousal refers to responses influenced by stimulus
intensity and novelty, and activation refers to an individual’s physiological readiness to
respond (Sergeant, 2005). Finally, the third level, comprised of management
mechanisms, includes executive functions such as planning, monitoring, and the
detection and correction of errors (Sergeant, 2000, 2005).

According to the cognitive-energetic model, deficits associated with ADHD occur
at each level of information processing, such that attentional difficulties contribute to
non-optimal energetic states, which result in poorer executive performance (Sergeant,
2005). Further, the model suggests that reinforcement (i.e., arousal) may activate the
effort pool (i.e., activation), generating the required energy needed to meet task demands

(i.e., effort; Sergeant, 2000; Luman, Oosterlaan, Sergeant, 2005). In line with this model,
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characteristics of ADHD, such as low levels of arousal, an underactive effort pool, and a
limited capacity to activate cognitive resources explain the propensity for sensation-
seeking and risky decisions. A child with ADHD that quickly grows bored in a
classroom, for example, may find it difficult to attend to lecture and will therefore engage
in disruptive, sensation-seeking behaviors in order to increase levels of arousal. A child
without ADHD, however, may grow bored in the classroom but will likely have the
cognitive resources to combat their boredom, attend to lecture, and refrain from
sensation-seeking behaviors.
Neurodevelopmental Model

Halperin and Schulz’s (2006) neurodevelopmental model of ADHD was
developed in response to previous neuropsychological research that suggest symptoms of
ADHD are associated with underdeveloped neural mechanisms in the prefrontal cortex.
Contrary to previous models suggesting ADHD occurs due to abnormal development of
the prefrontal cortex, Halperin and Schulz’s neurodevelopmental model argues that
ADHD occurs due to neurological dysfunction related to abnormalities of the prefrontal
cortex that manifest early in development and remain static across the lifespan (Halperin
& Schulz, 2006). In order to compensate for cognitive deficits, compensatory
mechanisms and neural plasticity may occur in the prefrontal cortex, leading to the
remission of ADHD-related symptoms in adulthood (Halperin & Schulz, 2006).
Consistent with this model, research has indicated that ADHD-related risk-taking is
associated with dysfunctions of the prefrontal cortex, including impairments in executive
functions that are critical to response inhibition (Clark et al., 2007), and processes

involved in modulating affective behavior and behavioral responses to reward (Tripp &
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Wickens, 2009). Although Halperin and Schulz’s (2006) model coincides with biological
underpinnings said to be involved in risk-taking, the model fails to address the
persistence of risk-taking behaviors across the lifespan among children and adults with
ADHD.
Functional Working Memory Model

The functional working memory model of ADHD (Rapport et al., 2001) is based
on Baddeley’s (2000) multi-component model of working memory — consisting of a
domain-general system involved in executive cognitive processes (i.e., central executive)
and two subsidiary systems involved in the temporary storage and manipulation of
phonological (i.e., phonological loop) and visual (i.e., visuospatial sketchpad)
information — and hypothesizes that ADHD-related deficits in working memory give rise
to phenotypic features of the disorder, such as hyperactivity (Hudec et al., 2015; Rapport
et al., 2009) and inattention (Kofler et al., 2010). The model suggests that biological and
environmental influences are responsible for individual differences in the function of
neurobiological systems, which account for core cognitive and behavioral features of
ADHD (Rapport et al., 2009). Secondary features, such as hyperactivity and inattention,
and tertiary features, such as impairment in academic, social, and emotional functioning,
are therefore considered byproducts of ADHD-related working memory deficits (Rapport
etal., 2001).

Although the functional working memory model does not explicitly address risk
taking, it suggests that working memory deficits serve as a core feature of ADHD and
consequently underlie tertiary features commonly associated with the disorder. Moreover,

recent research suggests deficits in central executive functioning are associated with
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difficulties in inhibition (Alderson, Rapport, Hudec, Sarver, & Kofler, 2010) and
decision-making (Bechara & Martin, 2004), suggesting ADHD-related working memory
deficits may contribute to increased frequency of risky decision-making among affected
children and adults.

Reinforcement Model

Gray’s Reinforcement Sensitivity Theory (RST; 1987) suggests that individual
differences in behavior are related to two major neurobiological systems: the Behavioral
Approach System (BAS) and the Behavioral Inhibition System (BIS). The BAS responds
to cues of reward or relief from punishment, and is characterized by approach behaviors
in response to reinforcement (Pickering, Corr, & Gray, 1999). Individuals with greater
BAS sensitivity are hypothesized to have impaired abilities in self-regulation and tend to
be more impulsive. Alternatively, the BIS responds to signals of punishment, frustrative
non-reward, and novel stimuli (Gray, 1991). Individuals with greater BIS sensitivity are
therefore hypothesized to be more sensitive to punishment and more prone to anxiety
(Corr, 2004; Gray, 1991).

In applying Gray’s RST to ADHD, researchers have highlighted poor behavioral
inhibition (i.e., BIS; Quay, 1988, 1997) and overactive approach behaviors (i.e., BAS;
Newman & Wallace, 1993; Nigg et al., 2006; Patterson & Newman, 1993) as being core
features of ADHD. Specifically, this theory suggests that an underactive BIS in children
and adults with ADHD is associated with difficulty inhibiting ongoing behavior and
diminished sensitivity to punishment and non-reward (Corr, 2008), whereas an overactive
BAS is associated with impulsivity and self-regulation difficulties (Avila & Parcet 2000).

Within this framework, risk-taking in ADHD is explained by a diminished sense of
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caution (i.e., underactive BIS), and an increase in impulsivity and novelty-seeking (i.e.,
overactive BAS).
Behavioral Inhibition Model

Barkley’s (1997) inhibition model of ADHD postulates that behavioral inhibition
is the central-core deficit in children and adults with ADHD. Within this model,
behavioral inhibition is defined as an executive function involved in inhibiting prepotent
responses, delaying immediate, ongoing responses, and preventing extraneous
information from interfering with response processes (Barkley, 1997; Fuster, 1989;
Logan, Cowan, & Davis, 1984). Difficulties in behavioral inhibition are theorized to be
upstream of deficits in other executive functions, including working memory, self-
regulation, internalization of speech, arousal, and reconstitution, which lead to poor
motor control (Barkley, 1997). This model also builds upon previous BAS/BIS theories
(Gray, 1982, 1991; Quay, 1988) and suggests behavioral disinhibition results from an
underactive BIS and an overactive BAS that essentially “overrides” the inhibition process
of the BIS (MacCoon et al. 2004; Patterson & Newman, 1993). Thus, according to
Barkley’s (1997) behavioral inhibition model, ADHD-related deficits in behavioral
inhibition may interfere with an individual’s ability to perceive risk and may contribute to
less rational decision-making and behavioral control in the face of risk.
Delay Aversion Models

According to Sonuga-Barke’s delay aversion models, children and adults with
ADHD are averse towards delay and typically favor smaller immediate rewards over
larger delayed rewards (Kuntsi et al., 2001; Sonuga-Barke, 2002; Sonuga-Barke 2003;

Sonuga-Barke, Bitsakou, & Thompson, 2010; Sonuga-Barke et al., 1992). Sonuga-
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Barke’s (2010) triple pathway model of ADHD describes three distinct pathways
involved in the disorder — delay aversion, inhibitory control, and temporal processing.
Whereas motivational deficits associated with ADHD correspond with atypical responses
to reward and delay aversion, ADHD-related executive deficits are involved in impaired
regulation of thought and action, and account for poor executive functioning and
disinhibition in ADHD (Sonuga-Barke, 2002; 2003). Additional research has indicated
further impairment in temporal processing, suggesting that children and adolescents with
ADHD have difficulty estimating the passage of time (Solanto et al., 2001; Sonuga-Barke
et al., 1994; Sonuga-Barke et al., 2010). The triple pathway model posits that sensitivity
to delay and impairments in temporal processing lead to impulsiveness and excessive
motor activity as a means of distraction from delay (Sonuga-Barke, 2010). Although
different psychological processes modulate each pathway within this model, they are not
conceptualized as competing theories. Sonuga-Barke (2010) proposes that each pathway
shares a common neurobiological framework and the manifestation of ADHD involves
deficits in one, two, or all three areas.

Collectively, the dual and triple pathway models suggest delay aversion is
context-dependent and motivational attitudes are contingent on whether a delay can be
avoided or not (Sonuga-Barke, 2010). When delay is unavoidable and an alternative
option is not available, strategic attentional processes necessary for interpreting
experiences of delay account for ADHD-related inattention and hyperactivity (Sonuga-
Barke, 1994; Sonuga-Barke, De Houwer, De Ruiter, Ajzenstzen, & Holland, 2004).
Within this framework, risk-taking in ADHD may be explained by delay aversion and the

avoidance of choice alternatives that are only beneficial in the long term.
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Table 1. Effect Sizes Across Behavioral Tasks

Study ADH_D Contr_ol ADHD Medication DBQ Prqb._ Choi_ce Tangible ADHD Control Age % Effect
Grouping  Grouping Subtype Use Exclusion Description  Set Size  Reward n n M  Female Size (g)

Agay et al. (2010) Comp Comp All No No Implicit 2 Yes 13 16 328 455 -65
Antonini et al. (2015) Narrow Comp ADHD-I/C No NR Implicit 4 No 67 30 9.0 285  -43
Coghill et al. (2014) Comp Comp All No No Explicit 10 No 83 66 9.0 0.0 .36*
Dai et al. (2016) Comp Comp All No Yes Explicit 2 No 31 29 331 515 .25
DeVito et al. (2008) Comp Narrow NR No No Explicit 10 No 21 22 10.2 0.0 .25
Drechsler et al. (2008) Comp Comp All No No Explicit 14 No 23 24 12.1 6.5 73
Ernst et al. (2003) Comp Comp ADHD-I/C No No Implicit 4 Yes 10 12 29.4 50.0 .07
Garon et al. (2006) Comp Comp ADHD-C No No Implicit 4 Yes 21 21 9.8 19.0 .88**
Geurts et al. (2006) Comp Narrow All No No Implicit 4 No 20 22 100 835 -04
Gonzalez-Gadea et al. (2013) Comp Narrow NR Yes Yes Implicit 4 No 22 21 36.8 580 .36
Hobson (2011) Comp Comp All No No Implicit 4 Yes 31 34 132 21.0 .68**
Hovik et al. (2015) Comp Comp ADHD-C No No Implicit 4 No 33 50 120 375 21
Humphreys & Lee (2011) Narrow Narrow NR Yes NR Implicit 2 Yes 55 87 74 300 -.23
Ibanez et al. (2012) Comp Narrow NR No Yes Implicit 4 No 12 25 33.3 220 .46
Kroyzer et al. (2014) Comp Narrow ADHD-I/C No No Explicit 10 No 32 32 15.7 115  -55*
Luman et al. (2008)? Comp Comp All No No Explicit 4 No 23 20 9.6 235  1.38***
Malloy-Diniz et al. (2007) Narrow Narrow ADHD-I/C No No Implicit 4 No 50 51 33.0 525 .78***
Malloy-Diniz et al. (2008) Narrow Narrow ADHD-C No No Implicit 4 No 25 25 320 500 .69*
Mantyla et al. (2012) Narrow Narrow NR Yes No Implicit 2 No 31 32 303 460 .10
Masunami et al. (2009) Narrow Narrow ADHD-I/C No No Implicit 4 No 14 11 11.6 26.0 .49
Matthies et al. (2012a) Narrow Narrow NR No No Explicit 3 No 15 16 353 485  .84*
Matthies et al. (2012b) Narrow Narrow NR No No Explicit 14 No 14 13 353 485 .30
Matthys et al. (1998) Comp Narrow NR No No Implicit 2 Yes 10 31 9.8 0.0 1.30%**
McLean et al. (2004) Comp Narrow All No No Explicit 10 No 19 19 286 210 -38
Mesrobian et al. (2018) Narrow Comp All No Yes Implicit 6 No 18 18 22.2 58.0  1.05**
Miller et al. (2013) Comp Comp ADHD-I/C No No Implicit 4 No 114 77 196 1000 .28
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Table 1. (continued)

Study ADH_D Contr_ol ADHD Medication DBQ Prqb._ Choi_ce Tangible ADHD Control Age % Effect
Grouping  Grouping Subtype Use Exclusion Description Set Size  Reward n n M  Female Size (g)
Morell & Exposito (2019) Comp Narrow NR No Yes Explicit 10 No 26 19 104  37.0 1.06***
O'Brien & Frick (1996) Comp Comp NR NR Yes Implicit 2 Yes 18 40 8.9 100 .06
Pollak et al. (2016) Narrow Narrow All No No Explicit 2 No 37 35 156 36.0 .43
Pollak et al. (2018) Narrow Narrow ADHD-I/C No No Explicit 10 No 31 31 150 565 .17
Ryan et al. (2013) Narrow Narrow ADHD-C Yes No Implicit 2 No 11 15 199 60.0 .46
Skogli et al. (2017) Comp Narrow ADHD-I/C No No Implicit 2 No 75 47 13.7 43.0 -.08
Sgrensen et al. (2017) Narrow Narrow All No No Explicit 4 No 36 34 10.1 375 .00
Toplak et al. (2005) Comp Comp All No No Implicit 10 Yes 44 34 9.2 36,5 41
van Goozen et al. (2004) Narrow Narrow NR NR No Implicit 4 Yes 26 36 155 36,5  1.25***
Weafer et al. (2011) Comp Narrow All No No Implicit 2 Yes 30 21 94 475 14
Wiers et al. (1998) Comp Narrow  ADHD-H/C No Yes Implicit 2 Yes 28 34 9.1 0.0 .18
Wilbertz et al. (2012) Comp Narrow ADHD-I/C No Yes Explicit 2 Yes 28 28 36.9 0.0 -17
Overall Effect Size 32%**

Note. Comp = Comprehensive; NR = not reported; ADHD-C = ADHD Combined Presentation; ADHD-1 = ADHD Predominantly Inattentive Presentation; ADHD-H = Predominantly

Hyperactive-Impulsive Presentation

2 effect size calculated using aggregated scores

*p<.05; **p<.01, ** p<.001
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Table 2. Effect Sizes Across Self-Report Measures

Study ADH_D Contr_ol ADHD Medication DBQ Response Assessment  ADHD Control  Age % Female Effect
Grouping  Grouping Subtype Use Exclusion Format Type n n M Size (9)

Abouzari et al. (2015) Comp Comp NR Yes No Dichotomous  Questionnaire 23 16 22.49 49 -.28
August et al. (2006) Comp Comp NR NR Yes Non-Dich  Questionnaire 30 98 18.00 27 -.05
Barkley et al. (1996) Comp Narrow NR Yes No Non-Dich Interview 25 23 22.50 38 .75*
Barkley et al. (2002) Comp Comp All Yes No Non-Dich Interview 105 64 21.20 28 49**
Barkley et al. (2004) Comp Comp  ADHD-H/C Yes No Dichotomous Interview 147 73 20.80 90 .38*
Biederman & Faraone (2006)2  Narrow Narrow NR NR No Dichotomous Interview 500 501 32.65 51 41x**
Breyer et al. (2009) Comp Comp NR NR No Dichotomous Questionnaire 47 93 19.95 23 42*
Dai et al. (2016) Comp Comp All Yes Yes Dichotomous  Questionnaire 31 29 33.13 52 5%
Dunne et al. (2014)? Narrow Narrow NR NR No Dichotomous Interview 817 124 34.15 50 25*F*
Egan et al. (2017)? Narrow Narrow NR Yes No Dichotomous Questionnaire 24 173 18.91 58 63***
Flory et al. (2006) Comp Comp NR NR Yes Dichotomous Questionnaire 364 240 17.46 11 .86***
Groom et al. (2015) Comp Comp NR Yes No Non-Dich  Questionnaire 22 21 32.70 21 1.22%**
Hechtman et al. (2016)? Comp Narrow ADHD-C Yes No Non-Dich ~ Questionnaire 476 241 24.70 10 - 22%**
Huggins et al. (2015)? Comp Comp All NR No Non-Dich Questionnaire 44 48 19.64 57 .34
Knouse et al. (2005) Comp Narrow ADHD-C Yes No Non-Dich Questionnaire 44 44 31.93 29 .58**
Lambert & Hartsough (1998) Comp Narrow NR Yes No Non-Dich Interview 169 142 21.95 24 S7x**
Lambert (2005)? Comp Narrow NR Yes No Non-Dich Interview 176 223 26.00 22 24F**
Molina et al. (2003)? Comp Narrow NR NR No Non-Dich Questionnaire 142 100 15.18 6 24%*
Odell et al. (2017)? Narrow Narrow NR NR No Dichotomous Interview 131 265 40.96 25 42F**
Olazagasti et al. (2013)? Comp Comp ADHD-C Yes Yes Non-Dich Interview 135 136 41.45 0 45FF*
Pollak et al. (2016) Narrow Narrow  ADHD-I/C Yes No Non-Dich  Questionnaire 40 40 15.03 35 .60**
Pollak et al. (2018)?2 Narrow Narrow  ADHD-I/C Yes No Non-Dich Interview 31 31 24.83 57 S4Fx*
Reimer et al. (2010) Narrow Narrow NR Yes No Dichotomous Questionnaire 25 35 20.56 40 .05
Rooney et al. (2012)2 Comp Comp All Yes Yes Non-Dich ~ Questionnaire 53 83 19.87 50 J2FF*
Rosenbloom & Wultz (2011) Narrow Narrow NR NR No Non-Dich ~ Questionnaire 19 19 25.50 47 48
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Table 2. (continued)

Study ADH_D Contr_ol ADHD Medication DBD_ Response Assessment  ADHD Control  Age % Eemale E_ffect
Grouping  Grouping Subtype Use Exclusion Format Type n n M Size (g)
Valero et al. (2017)? Narrow Narrow NR NR No Non-Dich Interview 55 207 36.00 13 S7x**
Weafer et al. (2011) Comp Narrow NR Yes No Non-Dich  Questionnaire 33 21 21.70 48 -.28
Wilens et al. (2007) Comp Comp NR NR No Non-Dich  Questionnaire 62 63 19.45 45 -.09
Wymbs et al. (2013) Comp Comp NR Yes No Non-Dich  Questionnaire 221 139 19.01 0 31**
Overall Effect Size .39***

Note. Comp = Comprehensive; NR = not reported; ADHD-C = ADHD Combined Presentation; ADHD-1 = ADHD Predominantly Inattentive Presentation; ADHD-H =

Predominantly Hyperactive-Impulsive Presentation; Non-Dich = Non-Dichotomous
aeffect size calculated using aggregated scores
*p<.05;**p<.01; ** p<.001
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Table 3. Effect Sizes Across Virtual Reality Simulators

Study ADHD Control Age % Effect
n n M Female Size (9)

Barkley et al. (1996) 25 23 22.5 375  .46**
Clancy et al. (2006) 24 24 14.96 50 A2
Classen et al. (2013) 9 22 1466  37.1 1.23*
Groom et al. (2015)? 22 21 32.7 205  2.69**
Knouse et al. (2005) 44 4 3193 285 .20
Nikolas et al. (2016)? 26 37 12 16.35 .44
Reimer et al. (2010) 25 35 20.56 39.5 52**
Stavrinos et al. (2011) 39 39 9.16 29 -40

Overall Effect Size .60*

*p< .01; ** p<.001

aeffect size calculated using aggregated scores
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Table 4. Regression model and moderating variable for behavioral measures and self-report measures

Behavioral Measures

Self-Report Measures

Q df p Q df p
Regression .88 7 1.00 3.00 6 81
Residual 110.09 30 <.001 89.73 22 <.001
R? <.001 A5
Moderator variables B SEB z p B SEB z p
Age -.002 .009 -24 .81 <.001 .01 .03 .98
% Female -.001 .004 -.18 .86 -.001 .003 -.38 .70
ADHD grouping -15 .20 -.78 44 -.211 .18 -1.14 .25
Control grouping A2 A9 .60 .55 -.005 A5 1.39 16
Probabilistic description? -.02 48 -.09 .93
Choice set size? <.001 .03 .00 1.00
Reward? -.02 24 -.09 .93
Response format? -.005 14 -.03 .97
Assessment type® .08 .15 57 57

Note. B = Regression coefficients; df = degrees of freedom; SEB = standard error of the regression coefficients; Q = chi-

square value; R? = variance accounted for by the model

@ not included as moderator in self-report measures meta-regression

® not included as a moderator behavioral tasks meta-regression
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Figure 1. PRISMA Flow Diagram of Included Studies
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Figure 2. Forest plot of behavioral task effect sizes. Circles indicate Hedge’s g
effect sizes for individual studies, whereas the square represents the overall
Hedge’s g effect size across studies. Horizontal lines represent lower and upper
bounds for the effect sizes.
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Figure 3. Forest plot of self-report effect sizes. Circles indicate Hedge’s g effect
sizes for individual studies, whereas the square represents the overall Hedge’s g
effect size across studies. Horizontal lines represent lower and upper bounds for
the effect sizes.
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Figure 4. Forest plot of virtual reality effect sizes. Circles indicate Hedge’s g
effect sizes for individual studies, whereas the square represents the overall
Hedge’s g effect size across studies. Horizontal lines represent lower and upper
bounds for the effect sizes.
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