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In the present analysis, we test the dual systems model of adolescent risk taking in a cross-national
sample of over 5,200 individuals aged 10 through 30 (M � 17.05 years, SD � 5.91) from 11 countries.
We examine whether reward seeking and self-regulation make independent, additive, or interactive
contributions to risk taking, and ask whether these relations differ as a function of age and culture. To
compare across cultures, we conduct 2 sets of analyses: 1 comparing individuals from Asian and Western
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countries, and 1 comparing individuals from low- and high-GDP countries. Results indicate that reward
seeking and self-regulation have largely independent associations with risk taking and that the influences
of each variable on risk taking are not unique to adolescence, but that their link to risk taking varies across
cultures.
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Dual systems models of adolescent risk taking posit that height-
ened risk taking at this age is the result of a maturational imbalance
between brain systems responsible for reward processing, which
mature early in adolescence, and systems responsible for cognitive
control, which do not mature until early adulthood (e.g., Casey,
Getz, & Galvan, 2008; Steinberg, 2008). Consequently, during
middle and late adolescence, youth experience a heightened sen-
sitivity to reward, which impels them toward sensation seeking,
before they have the mature self-regulatory capacities required to
rein in impulsive behavior (Steinberg, 2008). Thus, dual systems
theories postulate that the adolescent-peak in risk taking is a
function of the interaction between brain systems influencing
reward seeking and self-regulatory behaviors, which develop along
distinct and independent trajectories. Although various terms have
been used to describe the behaviors underlying these neurological
systems, for the purposes of this article, we use the term reward
seeking to broadly describe behaviors related to sensation seeking
and reward sensitivity, and self-regulation to describe behaviors
related to cognitive control and response inhibition.

Numerous empirical examinations of the dual systems perspec-
tive exist in both the neuroscientific and psychological literatures
(for a review, see Shulman et al., 2016). However, three issues
have not received sufficient attention. First, few researchers have
directly examined the independent, additive, and interactive con-
tributions of reward seeking and self-regulation to risk taking;
although the brain systems that govern these processes develop
independently, they are thought to function interactively (Galvan
et al., 2006). Second, it is unclear how the interplay between these
two systems differs across developmental periods; their relative
importance for risk taking may vary as a function of age. Finally,
it is unknown whether the dual systems perspective of adolescent
risk taking is generalizable across cultures; although heightened
risk taking in adolescence is seen around the world (World Health
Organization, 2004), it is unknown whether the underlying contri-
butions of reward seeking and self-regulation to risky behavior are
similar in different cultural contexts.

The most robust findings in support of the dual systems model
concern cross-sectional data on the differing developmental tra-
jectories of reward seeking and self-regulation (Harden & Tucker-
Drob, 2011; Shulman et al., 2016; Steinberg et al., 2008), as well
as their underlying neurobiological processes, reward processing,
and cognitive control, respectively (Casey, Jones, & Hare, 2008;
Smith, Chein, & Steinberg, 2013; Spear, 2013). Both self-report
(Harden & Tucker-Drob, 2011; Steinberg et al., 2008) and behav-
ioral indicators (Cauffman et al., 2010) of reward seeking suggest
that this trait increases in early adolescence, peaks in mid- to late
adolescence, and declines into adulthood. In contrast, self-report
(Steinberg et al., 2008) and behavioral indicators (Albert & Stein-
berg, 2011; Huizinga, Dolan, & van der Molen, 2006; Luna et al.,

2004) of self-regulation evince linear changes across age, with
some aspects of self-regulation continuing to mature into the
mid-20s (Albert & Steinberg, 2011). These self-report and behav-
ioral findings are in line with research on the neurodevelopment of
brain regions underlying reward seeking and self-regulation, which
show that the development of subcortical regions responsible for
reward processing occurs earlier and more rapidly than the devel-
opment of cortical regions facilitating cognitive control (Luciana
& Collins, 2012; Mills, Goddings, Clasen, Giedd, & Blakemore,
2014; Somerville & Casey, 2010; Spear, 2013).

Researchers have also linked individual differences in reward
seeking and impulsivity to individual differences in risk-taking.
Self-reported reward seeking is associated with self-reported sub-
stance use (Castellanos-Ryan et al., 2013), delinquency (Harden,
Quinn, & Tucker-Drob, 2012), and risky sexual behavior (Dere-
finko et al., 2014), as well as risk taking on several laboratory tasks
(Figner, Mackinlay, Wilkening, & Weber, 2009; Lauriola et al.,
2014; Steinberg et al., 2008). Likewise, researchers have linked
self-reported impulsivity to self-reported drug use and unprotected
sex (Donohew, Zimmerman, Cupp, Novak, Colon, & Abell, 2000),
delinquency (Harden & Tucker-Drob, 2011), and risk taking on
laboratory tasks (Collado, Felton, MacPherson, & Lejuez, 2014).

When sensation seeking and impulsivity are examined as simul-
taneous predictors of adolescent risk taking, most studies find that
the two are independently associated with risk taking (but see
Steinberg et al., 2008 and Cyders et al., 2009). Donohew and
colleagues (2000), for example, found that both sensation seeking
and impulsive decision-making significantly increased the odds of
9th graders engaging in unprotected sex and substance use. Sim-
ilarly, Shulman and Cauffman (2014) found that, across partici-
pants between the ages of 10 and 30, sensation seeking and
impulse control independently explained variation in risk prefer-
ence. Although these studies are informative, none has examined
whether the two variables interact to influence risk-taking. Relat-
edly, although there is neuroimaging evidence for age-dependent
increases in connectivity between cognitive control regions (e.g.,
prefrontal cortex) and subcortical regions of the brain implicated in
reward processing (e.g., nucleus accumbens; Van Duijvenvoorde,
Achterberg, Braams, Peters, & Crone, 2016), there is little evi-
dence regarding how this interaction is manifested behaviorally.
Understanding the interaction between reward seeking and self-
regulation facilitates our ability to develop practical applications of
the dual systems model, for example, by potentially decreasing
risk taking through improvements in self-regulation (e.g., Duck-
worth & Steinberg, 2015).

Initial support for the interaction between reward seeking and
self-regulation in influencing adolescent risk taking comes from
findings such as those of Donohew and colleagues (2000), who
found that 9th graders high in reward seeking but low in impulsive
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decision-making were less likely to engage in risky sexual behav-
ior than individuals who were high in both. This finding is con-
sistent with those of Castellanos-Ryan and colleagues (2013), who
found that adolescent boys high in reward seeking were less likely
to use marijuana if they also displayed high levels of self-
regulation. Although these studies provide promising preliminary
evidence for the interaction between reward seeking and self-
regulation on risk taking, they are limited in their generalizability,
focusing on male-only (e.g., Castellanos-Ryan et al., 2013) and
adolescent-only (Castellanos-Ryan et al., 2013; Donohew et al.,
2000) samples, and limiting their outcomes to a single category of
risk taking, such as substance use or risky sexual activity. Further-
more, as with most research on risk taking, these studies are
limited in their cultural breadth, focusing only on American youth.

The notion that the combination of an easily aroused reward
system and immature cognitive control contributes to heightened
risk taking has, understandably, been studied mainly in adoles-
cence, the developmental period during which many forms of risky
behavior reach their peak. Consequently, the literature is unclear
on how relations among reward seeking, self-regulation, and risk
taking vary across development. Although some studies have
explored the effects of reward seeking and self-regulation in cross-
sectional samples spanning from early adolescence to early adult-
hood (e.g., Shulman & Cauffman, 2014), these studies have not
considered whether these relations differ across age groups (e.g.,
Does reward seeking only predict risk taking among younger
individuals? Do adults high in reward seeking and low in self-
regulation also take more risks than their peers, as is the case
among adolescents?). Prior studies do not adequately test whether
the dual systems perspective explains risk taking across early,
middle, and late adolescence, as well as in adulthood, during which
self-regulation matures.

Perhaps the biggest gap in work exploring the dual systems
model is an examination of whether the model applies to risk
taking across cultures. Adolescent risk-taking, like all aspects of
adolescent behavior, occurs in a broader cultural context (Stein-
berg, 2014). Adolescents growing up in different parts of the world
are exposed to different norms and have different opportunities for
risky activity. However, the extent to which development in ado-
lescence is dictated by biology is a longstanding question that has
interested scholars since Hall’s original treatise on the subject
(Hall, 1904). Ergo, an important question is whether the relations
between reward seeking, self-regulation, and risk taking are inher-
ent to all adolescents, or vary across cultural contexts. On the one
hand, it might be that changes in reward seeking and self-
regulation are universal features of adolescent development driven
mainly by the biology of the period (Spear, 2013). On the other
hand, it is sensible to speculate that factors such as religion in
Muslim countries (Mauseth, Skalisky, Clark, & Kaffer, 2016) and
the strong emphasis on self-regulation in many Asian countries
(Chaudhary & Sharma, 2012; Chen, Cen, Li, & He, 2005; Weisz,
Chaiyasit, Weiss, Eastman, & Jackson, 1993) moderate how re-
ward seeking and self-regulation influence risk-taking in adoles-
cence. Cross-cultural tests of the dual systems model can shed light
on the external validity of the model, deepen our understanding of
adolescent risk-taking, and inform longstanding questions about
the relative contributions of biology and culture to the course of
adolescent behavioral development more generally.

In the present study, we examine the interaction between reward
seeking and self-regulation as predictors of risk taking from a
developmental and cross-national perspective, using data from a
large-scale investigation of more than 5,200 individuals between
the ages of 10 and 30 from 11 countries. All individuals completed
a battery of self-report and behavioral tasks that include neuropsy-
chological, psychological, and behavioral indicators of reward
seeking, self regulation, and risk taking, many of which are iden-
tical or similar to measures used in previous studies of American
individuals (Cauffman et al., 2010; Steinberg et al., 2008, 2009).
We examine the independent, additive, and interactive contribu-
tions of reward seeking and self-regulation to risk taking and ask
whether these relations differ across development and culture.

Method

Participants

The sample for the present analysis includes 5,227 individuals
between the ages of 10 and 30 (M � 17.05 years; SD � 5.91) from
11 countries: Guang-Zhou and Shanghai, China (N � 489); Me-
dellin, Colombia (N � 498); Nicosia, Cyprus (N � 364); Delhi,
India (N � 417); Naples and Rome, Italy (N � 547); Amman and
Zarqa, Jordan (N � 450); Kisumu, Kenya (N � 483); Manila, the
Philippines (N � 505); several cities in the west of Sweden (N �
416); Chang Mai, Thailand (N � 502); and Durham and Winston-
Salem, the United States (N � 556). The gender distribution for
the full sample is 49.3% male (N � 2,575) and 50.7% female (N �
2,652), and is also nearly even in each age group within each
country.

The participating countries were initially selected for an inter-
national study of parenting and child development, Parenting
Across Cultures (PAC; Lansford et al., 2014). Participants in the
present study were recruited to study age differences in decision
making and risk taking, and were drawn from the same commu-
nities as the PAC families. For the present study, the samples can
be considered primarily working and middle class, and have sim-
ilar standings in terms of within-country socioeconomic status
(SES). Participants in all but the United States did not identify as
being members of any ethnic minority groups. In the United States,
we aimed to enroll approximately equal numbers of Black, Latino,
and White participants.

In each country, the sample was recruited to yield an age
distribution that both facilitated the examination of age differences
within the adolescent decade and to compare adolescents with
three groups of young adults: (a) individuals of traditional college
age (18–21; who in some studies of risky decision-making behave
in ways similar to adolescents; Gardner & Steinberg, 2005); (b)
individuals at an age during which brain maturation is continuing,
presumably in regions that subserve impulse control (22–25); and
(c) individuals older than this putatively still-maturing group (26–
30). To maintain comparability between the present study and
previous ones of American individuals using similar measures, we
used the age groupings used in those earlier studies (e.g., Steinberg
et al., 2008): 10–11, 12–13, 14–15, 16–17, 18–21, 22–25, and
26–30. Although the age groups were comparable with respect to
SES and intelligence (IQ), there were small but significant differ-
ences on these variables between some age groups. Accordingly,
all analyses control for SES and IQ.
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Given our interest in the generalizability of findings across
culture, we also compared patterns of relations among reward
seeking, self-regulation, and risk taking across groups of countries.
Although the sample is large, our ability to discern age differences
in each country was limited by the number of individuals within
each of the age groups. Because we were concerned that analyses
comparing individual countries would be underpowered, we cre-
ated clusters of countries that could be meaningfully grouped
together. Two factors along which countries vary in their views
and treatment of adolescents are with respect to cultural heritage
and economic status. In one set of analyses, based on clusters
defined by cultural heritage, we compared Asian countries (China,
India, Philippines, and Thailand, N � 1,909) and Western coun-
tries (Colombia, Cyprus, Italy, Sweden, and the United States, N �
2,291; Jordan and Kenya do not fit into either cluster and were not
included in these analyses). In a second set of analyses, we
grouped countries according to their relative affluence, using a
median split of Gross Domestic Product (GDP) based on data from
the World Bank: High-GDP (China, Italy, India, Sweden, the
United States, and Thailand, N � 2,899), and low-GDP countries
(Colombia, Philippines, Kenya, Jordan, and Cyprus, N � 2,218).

Procedures

Participants were recruited via flyers posted in neighborhoods
and schools, ads placed in newspapers, and word of mouth. Be-
cause of the varied recruitment methods, we cannot determine
whether those who responded to recruitment ads differ from those
who did not. Informed consent was obtained from all adults age 18
and older, and parental consent and adolescent assent were ac-
quired for all individuals younger than 18.1 Local Institutional
Review Boards (IRBs) approved all procedures.

Participants completed a 2-hr test battery administered on laptop
computers that included several behavioral tasks, self-report mea-
sures, a demographic questionnaire, computerized tests of execu-
tive functions, and an IQ assessment. These sessions were com-
pleted individually in participants’ homes, schools, or other
locations designated by the participants.

To keep participants engaged, they were told they would receive
a base payment for participating, and that they could obtain a
bonus based on their performance on the computer tasks. In
actuality, all participants received the bonus. This strategy was
used to increase motivation to perform well on tasks but ensure
that no participants were penalized for their performance. In the
United States, the base payment was US$30 and the bonus was
US$15. In other countries, the principal investigators and site
coordinators (with the approval of the local IRB) determined an
appropriate amount of payment, accounting for the local standard
of living and minimum wage, and ensuring that the amount was
sufficient to encourage participation but not so large so as to be
coercive. (The participating university in Sweden does not permit
research subjects to be paid, so participants were given three movie
tickets [two as the base payment and one as a bonus] as compen-
sation.)

Following each assessment, the interviewer answered five ques-
tions about the participant’s engagement in the assessment and the
quality of the data. A small number of assessments (3.2%, N �
172) were rated as unusable (e.g., the participant did not appear to
understand the questions or tasks, did not pay attention to instruc-

tions, or was obviously disengaged); these cases were dropped
from the analyses.

Measures

Measures were administered in the predominant language at
each site, following forward- and back-translation and meetings to
resolve ambiguities in linguistic or semantic content (Erkut, 2010;
Maxwell, 1996). Translators were fluent in English and the target
language. In addition to translating the measures, translators noted
items that did not translate well, were inappropriate for the par-
ticipants, were culturally insensitive, or elicited multiple meanings
and worked with site coordinators to make appropriate modifica-
tions. Measures were administered in Mandarin Chinese (China),
Spanish (Colombia and the United States), Italian (Italy), Arabic
(Jordan), Dholuo (Kenya), Filipino (the Philippines), Greek (Cy-
prus), Hindi (India), Swedish (Sweden), Thai (Thailand), and
American English (India, Kenya, the Philippines, and the United
States).

The primary variables for the present analyses include indices of
self-regulation, reward seeking, and risk taking. We operational-
ized these items by creating composites of conceptually similar
behavioral and self-report measures, allowing for more robust
measurement and reducing the likelihood of results being biased
by any one measure. Each composite was computed by averaging
scores on their component variables that had been standardized
either in the sample as a whole, or within each of the four country
clusters, as appropriate. Descriptive statistics for the study mea-
sures are reported in Tables 1 (individual items) and 2 (composite
items) and correlations among the measures in Table 3. Details on
measurement invariance (Asparouhov & Muthen, 2014; Muthen &
Asparouhov, 2013) in the self-report measures across countries are
provided in the supplementary materials.

Risk Taking

The chief outcome variable, risk taking, was computed by
averaging standardized scores on self-reported risk preference and
two behavioral risk-taking tasks.

Self-reported risk preference. Self-reported risk preference
is a subscale of the Benthin Risk Perception scale (Benthin, Slovic,
& Severson, 1993). The Benthin measure presents respondents
with a list of nine risky activities: drinking alcohol, riding in a car
with a drunk driver, smoking cigarettes, vandalism, shoplifting,
going into a dangerous neighborhood, fighting, threatening or
injuring someone with a weapon, and having unprotected sex (this
item was omitted for all participants under 13 and individuals of all
ages in Kenya, Jordan, and India). Participants are asked to rate the
extent to which the potential benefits compare with the costs of
each activity on a four-point scale ranging from much more good
than bad to much more bad than good. The risk preference sub-
scale was chosen over endorsement of risky behaviors because age
differences in self-reported risk taking are likely distorted by
opportunities to take risk, which predictably increase with age.
Risk preference reflects an individual’s inclination to take risk,

1 In Sweden, informed consent was obtained from all participants age 15
and older, and parental consent and adolescent assent were acquired for
individuals younger than 15, per Swedish law.
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which is independent of his or her opportunity to do so. The
reliability for the risk perception subscale is � � .84, with reli-
abilities for separate countries ranging from .78 to .89.

Balloon Analogue Risk Task (BART). A modified version
of the BART (adapted from Lejuez et al., 2002) developed for
use in brain imaging studies was implemented in this study. The
computerized task includes 20 trials in which participants decide
how much air to “pump” into a balloon. To initiate inflation, the
individual must press the space bar. The balloon inflates continu-
ously until the participant pauses inflation by pressing the space
bar again. From this point, participants may continue inflating the
balloon bit by bit. When the desired inflation size is reached,
participants hit a separate key to obtain the points offered. More
points are accrued as the balloon inflates, but at some point, the
addition of more air causes the balloon to burst, in which all points
earned during that trial are lost.

Each balloon has a unique maximum inflation point based on
the number of pumps (either initiated automatically by the com-

puter at the beginning of the trial or by the participant hitting the
spacebar after inflation had been paused). The maximum inflation
point across the 20 trials ranges from 12 to 69 pumps (M � 40.5).
Risk taking is operationalized as the average inflation ratio across
the 20 trials (i.e., the inflated size of a balloon divided by its
maximum inflation point), with higher inflation ratios indicative of
greater risk taking.

Stoplight. The Stoplight game (Steinberg et al., 2008) is an
additional computerized behavioral measure of risk taking. The
player is asked to “drive” a car to a party at a distant location in as
little time as possible, and must pass through 20 intersections, each
marked by a traffic signal. The participant’s vantage point is that
of someone behind the wheel. Before playing, participants are
informed that when approaching an intersection in which the
traffic signal turns yellow, they must decide whether to stop the car
(using the space bar) and wait for the light to cycle back to green,
or attempt to cross the intersection. Participants cannot control the
car’s speed, and the brake only works after the light turns yellow.

Table 1
Means and SEs for Main Study Variables

Variable and age
category M SE

Variable and age
category M SE

Variable and age
category M SE

Risk taking composite Self-regulation composite Reward seeking composite
10–11 �.183 .018 10–11 �.18 .018 10–11 �.065 .022
12–13 �.077 .025 12–13 �.096 .025 12–13 �.007 .029
14–15 .08 .025 14–15 .014 .025 14–15 �.012 .03
16–17 .116 .025 16–17 .103 .026 16–17 .092 .03
18–21 .14 .024 18–21 .177 .023 18–21 .11 .028
22–25 .096 .024 22–25 .173 .024 22–25 .056 .028
26–30 .052 .025 26–30 .174 .025 26–30 �.026 .029
Total .032 .009 Total .052 .009 Total .021 .011

Risk preference Planning Sensation seeking
10–11 1.309 .011 10–11 .704 .008 10–11 .564 .009
12–13 1.333 .014 12–13 .708 .011 12–13 .576 .012
14–15 1.436 .014 14–15 .69 .011 14–15 .566 .012
16–17 1.464 .015 16–17 .706 .011 16–17 .62 .012
18–21 1.476 .014 18–21 .729 .01 18–21 .614 .011
22–25 1.465 .014 22–25 .74 .011 22–25 .597 .011
26–30 1.452 .014 26–30 .737 .011 26–30 .56 .012
Total 1.419 .005 Total .716 .004 Total .585 .004

Stoplight risk index TOL time to first move IGT reward sensitivity
10–11 .421 .007 10–11 4319.231 129.228 10–11 5.469 .666
12–13 .419 .009 12–13 4492.627 174.371 12–13 7.065 .89
14–15 .457 .009 14–15 5397.21 179.497 14–15 7.61 .901
16–17 .427 .009 16–17 5565.75 183.253 16–17 7.945 .906
18–21 .432 .009 18–21 6148.334 165.641 18–21 9.116 .849
22–25 .425 .009 22–25 6152.47 170.981 22–25 8.174 .864
26–30 .385 .009 26–30 6392.952 178.235 26–30 7.384 .895
Total .424 .003 Total 5495.51 63.757 Total 7.537 .322

BART inflation ratio Stroop accuracy
10–11 67.229 .337 10–11 .865 .004
12–13 70.398 .45 12–13 .894 .005
14–15 71.39 .458 14–15 .917 .005
16–17 73.212 .46 16–17 .931 .005
18–21 73.548 .43 18–21 .93 .004
22–25 72.97 .439 22–25 .926 .005
26–30 73.476 .454 26–30 .919 .005
Total 71.746 .163 Total .911 .002

Note. All values are for the entire sample and adjusted for gender (coded 0 � female; 1 � male), intelligence (IQ), and socioeconomic status (SES).
Subsample sizes are as follows 10–11 years (n � 1,191), 12–13 years (n � 702), 14–15 years (n � 667), 16–17 years (n � 623), 18–21 years (n � 715),
22–25 years (n � 670), 26–30 years (n � 660). Composite totals represent z-scores (standardized for the whole sample). Overall means and SEs for these
variables within each of the 11 countries are included in a supplementary table. Risk preference, planning, and sensation seeking are self-report scales, all
other items are behavioral tasks. IGT � Iowa Gambling Task; TOL � Tower of London.
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Participants are told that one of three things may happen depend-
ing on their decision: (a) if brakes are not applied and the car
passes through the intersection without crashing, no time is lost,
(b) if brakes are applied before the light turns red, the car will stop
safely, but 3 s will be lost waiting for the green light, or (c) if
brakes are not applied or applied too late and the car crashes
(accompanied by squealing tires, a loud crash, and the image of a
shattered windshield), 6 s will be lost. Participants must decide
between driving through the intersection to save time (but risk
losing time if a crash occurs), or to stop and wait (and willingly
lose a smaller amount of time). The outcome variable is the
proportion of intersections the participant entered without braking.

Among the 20 intersections, there is one in which the light
remains green and all cars pass through (data from this intersection
are not used). Additionally, there are 14 intersections in which the
latency between the yellow and red lights is long enough for
participants to stop; 10 of these are configured such that running
the red light results in a crash. For two additional intersections, the

latency between the yellow light and crossing vehicle is so short
that almost all participants crash. Finally, within three intersec-
tions, the latency between the yellow light and crossing vehicle is
long enough that participants can run the red light without crash-
ing.

Reward Seeking

Reward seeking was computed by averaging standardized
scores on a measure of self-reported sensation seeking and a
reward processing behavioral task.

Self-reported sensation seeking. Self-reported sensation
seeking was assessed using a subset of six items from the Sensa-
tion Seeking Scale (Zuckerman, Eysenck, & Eysenck, 1978).
Many items on the full 19-item scale appear to measure impulsiv-
ity (e.g., “I often do things on impulse.”). In light of our interest in
distinguishing between impulsivity and sensation seeking, our
measure includes only items clearly indexing thrill- or novelty-

Table 2
Means and SEs for Composites Within Country Clusters

Risk taking composite Reward seeking composite Self-regulation composite

Country
cluster M (SE) Range M (SE) Range M (SE) Range

Asian .0013 (.014) �1.8–2.65 �.0002 (.0163) �3.63–2.02 .0059 (.015) �2.00–2.24
Western .0011 (.013) �2.04–2.46 �.001 (.015) �3.07–1.87 �.0052 (.013) �2.25–2.48
Low-GDP .0015 (.013) �1.71–2.65 .0001 (.015) �3.36–2.04 .0062 (.013) �2.13–2.42
High-GDP .0003 (.012) �1.89–2.72 �.0005 (.013) �3.55–1.92 �.0028 (.012) �1.97–2.36
Full sample .0013 (.009) �1.86–2.77 �.0004 (.001) �3.46–2.00 .0003 (.009) �2.30–2.56

Note. Composite items are averages of z-scores, computed separately for each country cluster. Asian countries include China, Philippines, Thailand, and
India; Western countries include Italy, Sweden, United States, Colombia, and Cyprus. Low-GDP (Gross Domestic Product; see Participants section)
countries include Kenya, Philippines, Colombia, Jordan, and Cyprus; High-GDP countries include China, Italy, Thailand, Sweden, United States, and India.
Risk taking composite computed with z-scores for risk preference, Stoplight, and BART; Reward seeking composite computed with z-scores for sensation
seeking and IGT; Self-regulation composite computed with z-scores for planning, Tower of London, and Stroop.

Table 3
Correlations Among Main Study Variables and Covariates for Entire Sample

Variable Risk pref SL BART SS IGT Planning TOL Stroop Risk comp. Rew comp. SR comp. Age Gender IQ

Risk Pref —
SL .11��� —
BART .10��� .10��� —
SS .22��� .07��� .08��� —
IGT .07��� .04� .03� .03� —
Planning �.18��� �.03 �.05��� �.26��� �.03� —
TOL .06��� .03� .08��� �.02 .05��� .08��� —
Stroop .07��� .05��� .03� .04��� .08��� .04��� .07��� —
Risk Comp. .59��� .64��� .63��� .18��� .06��� �.13��� .08��� .07��� —
Rew Comp. .20��� .07��� .08��� .72��� .72��� �.20��� .02 .09��� .16��� —
SR Comp. �.03 .03� .03� �.12��� .05��� .60��� .63��� .61��� .01 �.05��� 1.00
Age .13��� �.03� .19��� .03� .04� .07��� .19��� .21��� .14��� .05��� .26��� 1.00
Gender .15��� .06��� .14��� .05��� .04��� �.03 .06��� �.03� .18��� .06��� .004 .00 1.00
IQ .001 .06��� .10��� .02 .07��� .09��� .21��� .17��� .06��� .06��� .26��� .16��� .08��� 1.00
SES .04� .01 .04�� .08��� .04�� .002 .02 �.01 .02 .08��� .01 �.07��� .02 .15���

Note. Risk pref � self-reported risk preference; SL � Stoplight; BART � Balloon Analogue Risk Task; SS � self-reported sensation seeking; IGT �
Iowa Gambling Task; Planning � self-reported planning; TOL � Tower of London; IQ � intelligence; SES � socioeconomic status. Items with “comp”
reflect z-score composites for risk taking (Risk), reward seeking (Rew), and self-regulation (SR), respectively. Risk taking composite includes risk
preference, Stoplight, and BART; Reward seeking composite includes sensation seeking and IGT; Self-regulation composite includes planning, Tower of
London, and Stroop. Gender coded as (0 � female) and (1 � male).
� p � .05. �� p � .01. ��� p � .001.
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seeking (e.g., “I like doing things just for the thrill of it”; see
Steinberg et al., 2008). Participants responded either true or false.
Reliability for the 6-item scale is � � .62, with reliabilities for
separate countries ranging from .46 to .78.

Iowa Gambling Task. The Iowa Gambling Task (IGT) was
used to measure reward sensitivity. In this task, individuals attempt
to earn pretend money by playing or passing cards from four
different decks, presented on the computer screen. Two decks are
advantageous and result in monetary gain over repeated play, and
two decks are disadvantageous, producing net loss over repeated
play. The task was administered in six blocks of 20 trials each. The
standard task (Bechara et al., 1994) was modified in two ways.
First, participants decide to play or pass a card from a preselected
deck rather than deciding to draw from any of the four decks (see
Cauffman et al., 2010 for details). This modification is shown to be
more sensitive to individual differences in performance because it
separates the independent effects of gains and losses on subsequent
card selection (Peters & Slovic, 2000). Second, participants re-
ceive information on net gain or loss associated with each card
rather than information on gain and loss separately. This modifi-
cation was made to equate working memory loads across age
groups and to ensure that participants did not unequally weight
rewards and losses within a given trial.

During the task, one of four decks is highlighted and participants
are given 4 s to play or pass the card. A running total of the
participant’s “earnings” appear on each screen. If the participant
passes, the image of the card displays the message “Pass” and the
total amount of money earned does not change. If the participant
plays, a monetary outcome is displayed on the card and the total
amount of money earned is updated. Reward sensitivity is com-
puted as the difference between the percentage of plays from
advantageous decks (relative to the total number of advantageous
cards presented during each block) in the last and first blocks: (%
Play Block 6) – (% Play Block 1; see Cauffman et al., 2010).

Self-Regulation

Self-regulation was assessed by averaging the standardized
scores on a measure of self-reported planning and two behavioral
self-control tasks.

Self-reported planning. As noted earlier, several items on the
19-item Zuckerman Sensation Seeking Scale (Zuckerman et al.,
1978) appear to index impulsivity. We used six items to create an
index of self-reported impulsivity, and reverse-scored this scale to
create a measure of planning (sample item: “I usually think about
what I’m going to do before doing it”). All items were answered
as either true or false and item scores were averaged. Reliability
for this 6-item scale is � � .63, with reliabilities for separate
countries ranging from .47 to .73.

Tower of London. A computerized version of the Tower of
London task (Shallice, 1982) was used to measure impulse control
(see Steinberg et al., 2008). The Tower of London measures
whether one can inhibit acting before a plan is fully formed. The
subject is presented with pictures of two sets of three colored balls
distributed across three rods, one of which can hold three balls, one
two balls, and the last, one ball. The first picture shows the starting
position of the three balls, and the second depicts the goal position.
The subject is asked to move the balls in the starting arrangement
to match the goal arrangement in as few moves as necessary. Five

sets of four problems are presented, beginning with four that can
be solved in a minimum of 3 moves, and progressing to trials that
can be solved in a minimum of 4, 5, 6, and 7 moves. The variable
used for this analysis was the average latency to first move for 6-
and 7-move problems (Albert & Steinberg, 2011; Steinberg et al.,
2008). Latency to first move was measured as the amount of time
that elapses (in milliseconds) between the presentation of each
problem and the subject’s first move, with longer latencies indi-
cating greater impulse control.

Stroop. A computerized version of the classic Stroop color-
word task (Banich et al., 2007) was administered to assess prepo-
tent response inhibition. On each trial, the participant is presented
either a color-word (e.g., “blue,”) or a neutral/noncolor word (e.g.,
“Math,”) and instructed to identify the color of the word (ignoring
its semantic meaning) by pressing a corresponding key as quickly
as possible. All color-word trials are incongruent, such that the
color of the word does not match its semantic meaning (e.g., the
word “blue” displayed in yellow). Participants completed two
48-trial experimental blocks. One block includes an equal mix of
neutral and incongruent trials, and a second block includes a
greater number of neutral than incongruent trials. The order in
which these blocks were presented differed randomly across par-
ticipants. For the present analysis, we used accuracy scores for the
hardest trials (incongruent trials within unequal blocks). These
scores were calculated as the proportion of correct responses on
incongruent trials relative to all trials within unequal blocks.
Higher scores indicate greater response inhibition.

Covariates

Measures of intelligence and SES (as well as gender) were used
as covariates in all analyses.

Intelligence. The Matrix Reasoning subtest of the Wechsler
Abbreviated Scale of Intelligence (WASI) was used to produce an
estimate of nonverbal intellectual ability. This test provides a brief
and reliable measure of general intelligence that is normed across
the life span (Psychological Corporation, 1999). Given the vari-
ability in language across the research sites, the verbal subscale
was not used. Age-normed WASI T scores for the Matrix Reason-
ing subtest range from 20 to 80. Scores lower than 30 were
considered outliers and coded as missing.

Socioeconomic status. Participants reported on the highest
level of education achieved by each of their parents to generate a
measure of SES that was valid across countries. These responses
were given numeric values that represented years of education
completed. A value of 0 indicates no education, values 1 through
12 correspond to grade level (e.g., value of 10 indicates completion
of 10th grade), a value of 13 indicates some college, 14 indicates
a college degree, and 15 represents education beyond college. The
average of the participant’s mother’s and father’s (or primary
caregivers’) education levels were computed to index SES, which
was also used as a covariate in the analyses.

Results

Reward Seeking and Self-Regulation as Predictors of
Risk Taking

Using the entire sample, a linear regression was conducted with
dummy variables for each country (except the United States, which
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was used as the reference variable) entered on the first step;
gender, SES, IQ, and age entered on the second step; the reward
seeking and self-regulation composites on the third; the two-way
interaction between reward seeking and self-regulation on the
fourth; the two-way interactions between each of these composites
and age on the fifth; and finally, the three-way interaction among
the composites and age on the sixth.

Within the full sample, reward seeking and self-regulation dem-
onstrated independent effects on risk taking, controlling for coun-
try, gender, SES, and IQ (see Table 4). As expected, greater reward
seeking predicted higher risk taking, whereas stronger self-
regulation predicted lower risk taking. These effects did not differ
across age. Furthermore, the effect of reward seeking on risk
taking did not differ across levels of self-regulation.

Differences in the Prediction of Risk Taking Across
Country Clusters

We next examined whether these patterns held across groups of
countries that differed in cultural heritage (Asian vs. Western) and
relative affluence (low- vs. high-GDP). Variables were restandard-
ized within each of the four country clusters (Asian, Western,
low-GDP, and high-GDP) before analysis to adjust for cross-
national differences in mean levels and variances. We tested dif-
ferences between age patterns in cultural and economic subgroups
by adding the grouping variable (cultural heritage [0 � Asian and
1 � Western] or GDP [0 � low-GDP and 1 � high-GDP]) to the
model, and entering the interactions between the grouping variable
and the other independent variables (main effects and interactions
listed above). Significant interactions between the independent

variables and the country group variable were probed further with
separate regression analyses within the relevant country cluster.

Asian versus Western countries. Results from the compari-
son of Asian (China, Philippines, Thailand, and India) versus
Western (Italy, Sweden, United States, Colombia, and Cyprus)
countries are presented in Table 5. Only the effect of self-
regulation on risk taking significantly differed between Asian and
Western countries. The two-way and three-way interactions among
age, reward seeking, and self-regulation did not differ between
Asian and Western countries.

The moderating effect of country cluster was probed further by
conducting separate regression analyses within each cultural her-
itage cluster (see Table 6). As shown in Figure 1, self-regulation
was associated with risk taking in Western, but not Asian coun-
tries. In Western countries, higher self-regulation was associated
with less risk taking, whereas in Asian countries, levels of risk
taking did not vary as a function of self-regulation.

Low- versus high-GDP countries. Results from the compar-
ison of low-GDP (Kenya, Philippines, Colombia, Jordan, and
Cyprus) and high-GDP (China, Italy, Thailand, Sweden, United
States, and India) countries are presented in Table 5. The effect of
reward seeking and the interaction between age and self-regulation
significantly differed between country groups.

The significant two-way interaction between reward seeking
and GDP category, and the three-way interaction among age,
self-regulation, and GDP category was probed further by conduct-
ing separate regression analyses within each GDP group (see Table
7). Greater reward seeking was significantly associated with higher
risk taking in both low-GDP and high-GDP countries, but this
effect was stronger in low-GDP countries (see Figure 2). The

Table 4
Regression of Risk Taking on Reward Seeking and Self-Regulation in Entire Sample

Model Variable B SE (B)
Standard

�
Adjusted

R2

1 China .295��� .040 .148 .084
Italy .262�� .038 .139
Kenya �.120� .043 �.053
Philippines .097��� .039 .051
Thailand .152��� .043 .066
Sweden .445��� .041 .208
Colombia .227��� .040 .112
Jordan �.179��� .045 �.072
India .394��� .043 .171
Cyprus .170��� .047 .065

2 Gender .219��� .018 .179 .132
SES .014��� .004 .065
IQ �.001 .001 �.013
Age .013��� .002 .128

3 Reward .121��� .013 .139 .152
Self-Regulation �.041�� .016 �.041

4 Reward � Regulation �.017 .021 �.012 .152
5 Age � Reward .002 .002 .040 .153

Age � Regulation �.013 .007 �.058
6 Age � Reward � Regulation .002 .004 .025 .152

Note. Each country represents a dummy variable where (0 � other and 1 � country); United States omitted
from country list as reference variable. Gender is a dichotomous variable where (0 � female and 1 � male).
Reward reflects the reward seeking z-score composite and Regulation reflects the self-regulation z-score
composite. Composites were standardized for the whole sample. IQ � intelligence; SES � socioeconomic status.
� p � .05. �� p � .01. ��� p � .001.
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interaction between age and self-regulation was only significant in
high-GDP countries. Using data only from high-GDP countries,
partial correlations (pr) between self-regulation and risk taking
were probed within age categories (10–11, 12–13, 14–15, 16–17,
18–21, 22–25, and 26–30, respectively), controlling for SES, IQ,
and gender. Results indicated that the interaction was driven by the
oldest age category (26–30 years), pr � �0.155, p � .011. In
other words, higher self-regulation was associated with less risk
taking among 26- to 30-year-olds only, but risk taking did not
differ across levels of self-regulation within the other age groups.

Discussion

According to dual systems models of adolescent risk taking,
risky behavior during adolescence is the product of the interplay

between an easily aroused reward system and immature self-
control. It is not known, however, whether these two presumed
influences on risky behavior make independent contributions, and,
if so, whether their effects are additive or interactive. Results from
this study of more than 5,200 adolescents and young adults from
11 countries indicate that (a) reward seeking and self-regulation
have largely independent associations with risk taking, (b) the
relations between these traits and risk taking are not unique to
adolescence, and (c) the ways in which reward seeking and self-
regulation are linked to risk taking vary somewhat across cultures.

Although the basic tenets of the dual systems model appear to
hold across cultures, in that risk taking is associated with higher
reward seeking and lower self-regulation, there are cultural differ-
ences in the ways these factors operate. When countries are com-
pared by region (Asian vs. Western), the effect of self-regulation

Table 5
Regression of Risk Taking on Reward Seeking and Self-Regulation Across Country Clusters

Country: Asian/Western Country: Low/High-GDP

Model Variable B SE (B)
Stardard

�
Adjusted

R2 B SE (B)
Standard

�
Adjusted

R2

1 Gender .205��� .020 .165 .063 .213��� .018 .174 .075
SES .010�� .004 .048 .008� .003 .034
IQ �.003� .001 �.040 �.001 .001 �.004
Age .015��� .002 .143 .014��� .002 .140
Reward Seeking .103��� .014 .117 .127��� .013 .147
Self-Regulation �.031 .017 �.031 �.027 .016 �.027

2 Country .016 .021 .012 .063 .004 .019 .003 .075
3 Reward � Regulation �.028 .024 �.019 .066 �.020 .022 �.014 .081

Age � Reward .003 .003 .070 .002 .002 .042
Age � Regulation �.007� .003 �.122 �.006� .003 �.116
Age � Country .005 .004 .073 .012��� .003 .182
Reward � Country .026 .029 .022 �.075�� .027 �.067
Regulation � Country �.092�� .034 �.069 .003 .031 .002

4 Age � Reward � Country �.001 .004 �.018 .067 .001 .004 .010 .081
Reward � Regulation � Country .062 .049 .031 �.020 .046 �.011
Age � Reward � Country �.003 .005 �.043 .006 .005 .092
Age � Regulation � Country �.010 .006 �.145 �.012� .005 �.176

5 Age � Reward � Regulation � Country .003 .008 .024 .066 �.003 .008 �.035 .081

Note. Results from two separate moderation analyses. Country represents a dichotomous variable for country cluster. In the first analysis, the dichotomous
variable represented Asian (0) and Western (1) countries; in the second analysis, the dichotomous variable represented low-GDP (0) and high-GDP (1)
countries. In this table, Country is a stand-in for both variables. Gender is a dichotomous variable where (0 � female and 1 � male). Reward and Regulation
reflect reward seeking and self-regulation z-score composites, respectively. All composites standardized within country cluster. IQ � intelligence; SES �
socioeconomic status.
� p � .05. �� p � .01. ��� p � .001.

Table 6
Follow-Up Regression Analyses Examining the Differential Effect of Self-Regulation on Risk Taking in Asian Versus
Western Countries

Asian countries Western countries

Model Variable B SE (B)
Standard

�
Adjusted

R2 B SE (B)
Standard

�
Adjusted

R2

1 Gender .179��� .030 .150 .038 .243��� .028 .191 .056
SES .010 .005 .051 .014�� .005 .06
IQ �.001 .002 �.018 �.005�� .002 �.061
Age .014��� .003 .137 .015��� .002 .142

2 Self-Regulation .012 .025 .013 .037 �.086��� .024 �.083 .062

Note. Regression results from two separate analyses within individual country clusters. Gender is a dichotomous variable where (0 � female and 1 �
male). Self-Regulation reflects a z-score composite standardized within Asian and Western country clusters, respectively. IQ � intelligence; SES �
socioeconomic status.
�� p � .01. ��� p � .001.
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differs. Within Asian countries, only reward seeking predicts risk
taking, whereas risk taking does not differ across levels of self-
regulation. In contrast, both reward seeking and self-regulation
predict risk taking in Western countries. On the other hand, com-
paring countries by GDP indicates that the effect of reward seeking
on risk taking is stronger in poorer countries. Furthermore, stron-
ger self-regulation is not associated with risk taking in low-GDP
countries, whereas in high-GDP countries, it is associated with less
risk taking, but only among individuals aged 26–30 years.

That reward seeking, but not self regulation, is a consistent
predictor of risk taking across the cultures studied here is conso-
nant with the notion that the brain systems governing these phe-
nomena are differentially influenced by biological and environ-
mental mechanisms. In general, studies have found consistent links
between pubertal maturation and reward seeking (Blakemore, Bur-
nett, & Dahl, 2010; Urošević et al., 2014). To the extent that

puberty is biologically inherent to adolescence and has similar
effects on the brain, the inclination to seek rewarding experiences
should have similar effects on risky behavior cross-culturally. Our
point is not that reward seeking is completely independent of
environmental influences; rather, its association with an inherent
characteristic of development may account for its robustness as a
predictor of risk taking (cf. Chen & Farruggia, 2013). Considering
that more advanced pubertal status is also associated with greater
risk taking in American samples (e.g., Collado et al., 2014), future
research should investigate whether this is also true across cul-
tures, and whether reward seeking mediates the relation between
puberty and risk taking around the world.

On the other hand, cultures vary in the extent to which, and the
means by which, self-regulation is expressed, which may increase

Figure 1. Changes in risk taking as a function of self-regulation between
Asian and Western countries. This effect was significant at p � .01.
Individual regression analyses within the respective country clusters indi-
cated significant slopes for Western (p � .001), but not Asian countries.
Greater self-regulation was associated with declines in risk taking. Levels
of self-regulation along the x-axis are based on scores at the 25th (Low),
50th (Medium), and 75th (High) percentiles in the data. Risk taking scores
are estimated regression coefficients with a constant value of 10 added to
create positive values for the purpose of presentation.

Table 7
Follow-Up Regression Analyses Examining the Interaction Between Age and Self-Regulation on Risk Taking in Low-GDP Versus
High-GDP Countries

Low-GDP countries High-GDP countries

Model Variable B SE (B)
Standard

�
Adjusted

R2 B SE (B)
Standard

�
Adjusted

R2

1 Gender .28��� .028 .231 .062 .184��� .025 .149 .060
SES �.007 .006 �.031 .019��� .004 .089
IQ .004� .002 .055 �.003 .002 �.037
Age .006�� .002 .063 .020��� .002 .193

2 Reward .172��� .020 .195 .101 .095��� .017 .111 .072
Self Regulation �.042 .024 �.042 �.021 .021 �.021

3 Age � Regulation .001 .004 .014 .101 �.012��� .003 �.217 .077

Note. Regression results from two separate analyses within individual country clusters. Gender is a dichotomous variable where (0 � female and 1 �
male). Reward and Self-Regulation reflect z-scores composite standardized within Low- and High-GDP country clusters, respectively. IQ � intelligence;
SES � socioeconomic status.
� p � .05. �� p � .01. ��� p � .001.

Figure 2. Changes in risk taking as a function of reward seeking between
low- and high-GDP countries. This effect was significant at p � .01.
Individual regression analyses within the respective country clusters indi-
cated significant slopes only for low-GDP (p � .001) and high-GDP (p �
.001) countries. Greater reward seeking was associated with steeper in-
creases in risk taking within high-GDP countries compared with low-GDP
countries. Levels of reward seeking along the x-axis are based on scores at
the 25th (Low), 50th (Medium), and 75th (High) percentiles in the data.
Risk taking scores are estimated regression coefficients with a constant
value of 10 added to create positive values for the purpose of presentation.

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.

1602 DUELL ET AL.



variability in the way it is related to other behaviors. Additionally,
the development of self-regulation is hypothesized to be more
susceptible to environmental influence relative to reward seeking
(Smith, Chein, & Steinberg, 2013). The varying role of self-
regulation as an influence of adolescent behavior may be due, for
example, to the protracted development of the prefrontal cortex,
which arguably leaves the development of self-regulatory behav-
iors susceptible to environmental influences, such as cultural ex-
pectations or opportunities affecting the development of self con-
trol, for a greater period of time.

The independent effects of reward seeking and self-regulation
on risk taking in Western countries observed in the present study
are largely consistent with the current literature, which has focused
on American samples (e.g., Donohew et al., 2000; Shulman &
Cauffman, 2014). Western countries typically view adolescence as
a time for self-exploration, and behaviors such as novelty seeking
are tolerated and considered normative (Palladino, 1996). Expec-
tations for self-control are less rigid in Western societies (Chen et
al., 2005), making it unlikely that variations in self-regulation will
have a clear and predictable moderating influence on reward
seeking. Thus, while self-regulation is predictive of less risk taking
among Western youth, the inconsistency with which it is expected
in Western societies may dampen its influence on the effect of
reward seeking. Conversely, there is strong emphasis on self-
control and discipline in Asian countries (Chaudhary & Sharma,
2012; Chen, Cen, Li, & He, 2005; Weisz et al., 1995). This
consistency in expectations for self-regulation may create a con-
text in which the direct impact of self-regulation on risk taking is
hard to discern, but where reward seeking may be a more reliable
predictor of risk taking because it is more variable than self-
regulation. In other words, the moderating impact of self-
regulation on reward seeking may be easier to detect within a
country in which demands for self-regulation, and the cultural
value of this trait, are more reliable and potent.

Considering the dearth of empirical examinations of the dual
systems model in poor versus wealthy countries, we do not have an
obvious explanation for why the effect of reward seeking is stron-
ger in low-GDP countries and the effect of self-regulation is
limited to adults ages 26–30 in high-GDP countries. Considering
the higher prevalence of crime and limited access to resources in
low-GDP countries, reward seeking may be associated with the
drive to gain access to these resources, which may oftentimes
involve taking risks (van Wilsem, 2004). On the other hand, in
high-GDP countries, opportunities for prosperity are compara-
tively abundant and may motivate individuals to invest in future
success by restraining impulses in favor of future goals (Pampel,
2007). Considering that self-regulatory processes do not mature
until the mid-20s, it may be that the effect of self-regulation on risk
taking is not evident until early adulthood; perhaps for younger
individuals, factors such as opportunity play a larger role in risk
taking. We note, however, that these differences between predic-
tors of risk taking in poor and affluent countries are substantively
small.

Most accounts of risky behavior primarily attribute risk taking
to poor self-control. The results of this study suggest this view
might be reconsidered. As Duckworth and Steinberg (2015) have
pointed out, what often looks like poor self control may actually be
perfectly adequate self control that is unable to rein in especially
strong desires for reward. For example, when a child who is given

the famous Marshmallow Test (Mischel, 2014) opts for the imme-
diate reward of one marshmallow rather than waiting for two of
them, it is impossible to determine whether the child’s choice is
driven by poor self control (the usual explanation), a very strong
desire for marshmallows, or both (Steinberg & Chein, 2015). Our
results indicate that variations in individuals’ sensitivity to rewards
may be more important for understanding their proclivity to take
risks than variations in their capacity for self-regulation. At the
very least, the results suggest that both influences on risk-taking
ought to be assessed to better understand why some individuals are
more likely than others to behave recklessly.

Ultimately, our hypothesis that the effect of reward seeking on
risk taking would vary across levels of self-regulation was not
confirmed. This may be evidence that functional coupling between
reward processing and cognitive control brain systems may not be
reliably manifested in observable behavior. Alternatively, it is
possible we did not find evidence for an interaction between
reward seeking and self-regulation because we measured each at a
single time point. Future research would benefit from an exami-
nation of changes in the development of reward seeking and
self-regulation (e.g., Harden & Tucker-Drob, 2011; Quinn &
Harden, 2013) and how the interaction between the development
of these two systems is related to risk taking.

The present study makes two unique contributions to the liter-
ature on adolescent risk taking: first, an examination of both the
additive and interactive effects of reward seeking and self-
regulation on risk taking across a wide range of age groups; much
of the dual systems research focuses on the development of reward
seeking and self-regulation, but few studies have examined their
role in predicting risk taking. Second, this study is one of the first
to examine these relations in a cross-cultural sample. Although our
interpretation of the cultural differences observed in this study is
speculative, our findings provide preliminary evidence that the
relation between reward seeking, self-regulation, and risk taking
varies slightly across cultures. Future studies might examine which
cultural factors contribute to these differences.

This study also has a number of limitations that warrant caution
when interpreting the results. Although the cross-sectional sample
allows us to examine the effects of reward seeking and self-
regulation across different ages, without longitudinal data we are
unable to adequately characterize dynamic changes in these sys-
tems that occur with maturation and development. Additionally,
although we did our best to modify the tasks and self-report
measures so that they could be generalized across cultures, it is still
possible that behavior and self-report data on these tasks hold
different meanings in different contexts. Our use of laboratory-
based measures mitigates this problem somewhat, as the use of
computer games by youth is common across the globe. Granted,
reliance on such measures raises questions about the generalizabil-
ity of the results to real-world situations. Finally, one important
factor that we did not directly examine is emotional arousal. One
possible reason we did not see age differences in the relations
between reward seeking, self-regulation, and risk taking is that age
differences in risk taking are often only apparent under situations
of high arousal (cf. Figner et al., 2009). Thus, the findings of the
present study may only be informative regarding risky behavior
under “cold” conditions.

Although the dual systems model was developed to explain
adolescent risk behavior, it appears that risk taking at all ages is
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influenced in a similar fashion by high reward seeking and poor
self-regulation. Although there were a few departures from the
general pattern, the absence of consistent interactions between age
and the two predictors of risk taking is striking. Thus, the dual
systems model may be not only a useful approach for studying
developmental differences in risky behavior, but may also be a
helpful framework for understanding individual differences in risk
taking at other ages, and across widely disparate cultural contexts.
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