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Abstract
Adolescents are expected to take more risks than adults. The presented study was designed to determine whether adolescent risk-taking results
from high reward sensitivity and poor cognitive control. In particular, we aimed to examine whether the impact of these variables is more visible
in rewarding than non-rewarding conditions. Ninety adolescents (aged 13–16) and 95 young adults (aged 20–28) took part in the study. We
used a driving task in rewarded and non-rewarded conditions to measure risk-taking. We also used tasks measuring reward sensitivity,
cognitive control and impulsivity. Additionally we used self-report measures of reward sensitivity, self-control and everyday risk-taking to see
whether the effects observed for self-reports mimic the effects observed for behavioral tasks. We found that the higher the reward sensitivity,
the more adolescents (but not adults) risk in the rewarded condition of a driving task. We found no impact of cognitive control or impulsivity on
risk-taking, regardless of age and condition. At the self-report level, we found that the higher the reward sensitivity and the poorer the self-
control, the more both adolescents and adults displayed everyday risk-taking behavior.

Background
Adolescence is frequently characterized by increased risk-taking, sensation seeking and impulsivity (Defoe, Dubas, Figner, & van Aken, 2015;
Shulman et al., 2016). According to the most common de�nition formulated in decision science (Figner & Weber, 2011), risk-taking is an
activity that can potentially result in positive and negative outcomes, and the greater the variability of what may happen, the greater the
risk. The Dual Systems Model (Steinberg, 2008; see also an alternative formulation in Casey, Getz & Galvan, 2008, and Luna & Wright, 2016)
explains adolescent risk-taking in terms of brain development.

            According to the model, in adolescence the reward system is highly sensitive to incentives, which results in a propensity for exciting,
novel and risky activities, while cognitive control system has not yet matured enough to successfully suppress potentially hazardous impulses
(Shulman et al., 2016). For behavioral studies this means we should observe the independent or interactive impact of high reward sensitivity
and poor cognitive control on risk-taking. This impact, moreover, should vary as a function of age (it should increase in adolescence and
decrease after young adulthood; Duell et al., 2016).

            High reward sensitivity and its impact on risk-taking in adolescence are well documented in neuroscienti�c and behavioral studies (van
Duijvenvoorde, Peters, Braams, & Crone, 2016; Shulman et al., 2016). At the self-report level, reward sensitivity is usually measured with
sensation seeking (e.g. Harden, Quinn & Tucker-Drob, 2012) or strength of inhibition/activation (e.g., BIS/BAS questionnaires, Kim-Spoon et al.,
2016). At the behavioral level it is measured with decision-making tasks such as the Columbia Card Task (e.g. Duijvenvoorde et al., 2015) or
the Iowa Gambling Task (e.g. Duell et al., 2016), both of which are modi�ed to separate indicators of reward sensitivity and risk-taking. An
alternative tool is the Point Score Reaction Time Task (e.g. Meisel, Fosco, Hawk, & Colder, 2019), which assesses the degree to which reaction
times decline during rewarded compared to non-rewarded blocks.

            Poor cognitive control and its possible impact on risk-taking in adolescence have not been thoroughly examined. Although
neuroscienti�c research indicates that the cognitive control system develops until adulthood (Casey, 2015; Crone & Steinbeis, 2017), and there
is some evidence that this development underlies a decline in risk-taking over time (e.g. Qu, Galvan, Fuligni, Lieberman, & Telzer, 2015), few
studies have found a link between cognitive control and risk-taking at the behavioral level. For example, Botdorf, Rosenbaum, Patrianakos,
Steinberg, & Chein (2017) showed that adolescent risk-taking in a driving task is not related to cognitive control unless it is measured under
arousal. Blair, Moyett, Bato, DeRosse, & Karlsgodt (2018) found that risk-taking in the Balloon Analogue Risk Task is not related to executive
functions, but learning and performance in this task are (see also Figner, Mackinlay, Wilkening, & Weber, 2009). Cognitive control is de�ned in
different ways and measured with various, often uncorrelated tools (Harden et al., 2017). At the self-report level it is usually measured with
impulsivity (e.g. Vazsonyi & Ksinan, 2017) and self-control questionnaires (e.g. Peeters, Oldehinkel, & Vollebergh, 2017). At the behavioral level,
the most common tasks assess inhibition (e.g. Botdorf et al., 2017), working memory (e.g. Blair et al., 2018), and planning (e.g. Duell et al.,
2016).

            The impact of high reward sensitivity and poor cognitive control on risk-taking in adolescence has rarely been tested in behavioral
studies (Shulman et al., 2016). Such research has increased in recent years (Duell et al., 2016; Kim-Spoon et al., 2016; Peeters et al., 2017;
Vazsonyi & Ksinan, 2017; Meisel et al., 2019). In cases in which research focuses on negative risks such as rule breaking and substance use,
an interactive impact of high reward sensitivity and poor cognitive control on adolescent behavior is usually found. For example, Kim-Spoon et
al. (2016) showed that high reward sensitivity predicts earlier onset of substance use in adolescents with poor (but not high) cognitive control.
Peeters et al. (2017) found that better cognitive control at age 11 predicts lower probability of substance use at age 16, and this effect is
stronger in those with high reward sensitivity. Vazsonyi & Ksinan (2017) showed that the greater the discrepancy between self-reported
sensation seeking and impulsivity in adolescence, the more problem behaviors occur. In contrast, Duell et al. (2016), who assessed risk-taking
with behavioral tasks and self-report questionnaires, found that the impact of high reward sensitivity and poor cognitive control on risk-taking
is independent,  not interactive. Moreover, the impact of poor cognitive control on risk-taking was not found in Asian or low-GDP countries,
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while in high-GDP countries it was apparent only among the oldest participants (26–30 years). Among the discussed explanations (e.g.
cultural differences) Duell et al. (2016) suggest that the impact of the studied variables may be more visible when risk is taken in arousing
situations.

            According to the Dual Systems Model, increased risk-taking in adolescents, compared to young adults, does not manifest all the time
but only under situations of high arousal (Figner et al., 2009; Rosenbaum, Venkatraman, Steinberg, & Chein, 2018). Therefore, it seems
reasonable to suppose that the impact of high reward sensitivity and poor cognitive control on adolescent risk-taking manifests in rewarding
rather than non-rewarding conditions. In our study we aimed to test this possibility. We designed a study that includes reward manipulation. To
assess risk-taking in adolescents and young adults, we used a driving task that we asked participants to do twice: (1) with rewards based on
how quickly participants completed the course; (2) with no rewards. In this two conditions we tested the impact of reward sensitivity and
cognitive control on risk-taking. We also used questionnaires to test the impact of self-reported reward sensitivity and self-reported self-control
on everyday risk-taking. We decided to test our hypotheses separately at the behavioral and self-report level due to discrepancies in data from
tasks and self-reports in risk research (Frey, Perdoni, Mata, Rieskamp, & Hertwig, 2017).

            We formulated four research hypotheses. We expected that adolescents are more sensitive to rewards than young adults and that this
difference in sensitivity would manifest (1) in a greater increase of performance in the incentivized visual search task (measuring reward
sensitivity) and (2) in more risk-taking in the driving task when rewarded than non-rewarded. We also expected that (3) risk-taking in the
rewarded condition of the driving task is predicted by age, reward sensitivity, cognitive control and impulsivity. Finally, we expected that (4)
everyday risk-taking would be predicted by age, self-reported reward sensitivity and self-reported self-control, thus mimicking the effects
observed for behavioral tasks.

Method
Participants

One hundred and eighty �ve participants (79 men) took part in the study. The sample contained two groups: adolescents (N = 90, mean age =
14.4, SD = 0.68, range = [13, 16], 40 boys) and young adults (N = 95, mean age = 23.05, SD = 1.51, range = [20, 28], 39 men, university students
and people with vocational education). Adolescents were recruited via parent-teacher conferences in local schools, while adults were recruited
via online advertisements. Parental consent was obtained for all underage participants. Participation was rewarded with vouchers (for a
clothing store, a sporting goods store, a bookstore, or a movie theatre) valued from $5 to $15 (mean $10, equivalents in local currency),
depending on the level of individual performance in the two rewarded tasks (see below). Participants could win $5, $7.5, $10, $12.5 or $15,
depending on the points they scored. The point ranges for each amount were based on the results of the pilot study, which was conducted on
60 adolescents and young adults.

Procedure

The research was conducted in schools (adolescents) or at a university (adults). Before the experiment, all subjects were informed about the
general purpose of the study and the experimental procedure. They were assured anonymity and con�dential storage of the collected data.
They were also informed that they could withdraw their participation at any time and could receive performance feedback after completing the
study. The experiment lasted about 80 minutes with a ten-minute break in the middle of the session. Participants performed a set of tasks
measuring risk-taking, reward sensitivity, cognitive control, and impulsivity. The order of tasks was randomized. Each task was preceded by a
practice session. The amount of the reward was based on performance in two selected tasks (measuring risk-taking and reward sensitivity).
The task measuring risk-taking was performed twice: in the rewarded and the non-rewarded conditions (in random order). Only the result from
the former was included in the overall reward. At the end of the experiment, participants completed three questionnaires measuring everyday
risk-taking, reward sensitivity, and self-control, in a �xed order.

Measures 

Spaceride. The risk-taking measure resembled a racing game with obstacles. The task was similar to the Stoplight task (Chein et al., 2011). The
objective was to �y a spaceship through outer space in order to reach the destination in the shortest possible time (see Figure 1). At any time
during the task, participants could press the accelerate or brake key, or not press any of the keys. When participants chose any of the options,
the spaceship moved at a constant speed (accordingly, fast, slow or medium). On the route there were 10 danger zones in which the spaceship
could collide with a passing asteroid. In each danger zone there was 50% probability that the asteroid would appear, and the probability of its
appearance was distributed uniformly over the whole of each danger zone. Entry into each danger zone was signaled by auditory and visual
stimuli (sound signal, a light on a "radar panel", and the appearance of distant, non-threatening, asteroids in the background). When entering a
danger zone, the participants could press the accelerate key (or not press anything), thereby risking a collision, or press the brake key to avoid
the asteroid. Collisions led to temporary immobilization of the spaceship and consequently prolonged the time of the ride. Our goal was to not
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encourage participants to use either of the two possible strategies (safe or risky), so the expected time of �ight when the safe strategy (using
the brake key through the entire danger zone) was chosen equaled the expected time of �ight when the risky strategy (pressing the accelerate
button) was chosen. The former was 17 seconds, while the latter could be 7 seconds if no asteroid was hit (50% chance) or 26 seconds (7
seconds of �ight plus 19 seconds of punitive immobilization) if an asteroid was hit (50% chance).

            The measure of risk-taking was the proportion of collisions to the number of danger zones in which the asteroid appeared (i.e. the
maximum possible number of collisions). 

Incentivized Visual Search Task (IVS). We created a new task to measure reward sensitivity, operationalized as an increase in visual search
performance along with the growing value of rewards. A 12×10 matrix of �ve-, six- and seven-pointed stars was presented on the screen. The
goal was to search for and mark six-pointed stars by scanning the �eld from left to right, row by row (see Figure A in the Supplement).
Participants had 30 seconds to �nd all six-pointed stars. After this time they were asked to mark the location of the last scanned star (signal or
noise) so we were able to measure the scanned area and estimate the speed of their processing. The task consisted of 16 blocks, each of
which varied in the amount of points the participants could get for correct detection. Depending on the block, the reward was 0, 1, 2 or 5 points
for each correctly marked target (out of 10 in every block). There were four blocks for each reward value and the order of the blocks was
randomized (except for the �rst turn, which was always scored 1 point to establish a reference point). Additionally, to prevent the strategy of
marking all stars (correct and wrong) to maximize the score, at each turn participants lost 1 point for marking a wrong star. The value of the
reward in points appeared before each block on the screen; the number of points scored was displayed after each session.

The difference between correctly indicated stimuli and false alarms was a basic performance measure. To assess participants’ individual
reward sensitivity, we �tted a mixed linear model for which basic performance in the IVS task was assumed to be logarithmically dependent on
the reward value. In the model this dependence included the random effect of participants, so we obtained an individual estimation of the
performance increase parameter over the (log) reward value for every participant (F[1,1058.5] = 30.39, p < .001, marginal R2 = .011, conditional
R2 = .3). These individual estimations were used as a measure of reward sensitivity.

Go/No-go Task. This task is a popular measure of response inhibition (e.g. Logan, 1994). In "go" trials, participants categorized numbers
appearing on the screen as even or odd, but in "no-go" trials (i.e. when a speci�c number, indicated in the instructions, appeared on screen) they
had to refrain from reacting. The version of the task used in this study consisted of 10 blocks, each containing 10 trials (on average 8.33 "go"
and 1.67 "no go" trials). The display time of stimuli was 1 second; the criterion according to which it was necessary to react changed every
block.

 The measure of participants’ cognitive control was d’; this is a complex measure based on signal detection theory that takes into account both
hits and false alarms.

Matching Familiar Figures Test (MFF). We measured impulsivity using Kagan’s MFF Test (Matczak & Kagan, 1992). The test consisted of 12
trials, in each of which participants were shown a black-and-white reference picture (e.g. a house, scissors, a telephone or a tree) and six
visually similar test pictures that differed in small details. The goal in each trial was to �nd the drawing that was identical to the reference
picture. Both the reference picture and all optional pictures were visible all the time, so the task did not involve visual memory. Both response
time and accuracy were recorded. There are two simple strategies which can be used to solve the task. The �rst (impulsive – fast and
incorrect) is to answer as soon as one sees a picture which matches the reference picture. The second (deliberate – slow and accurate) is to
delay answering until one achieves a high certainty that there are no differences between the model and the match. 

Since there are two simple measures of this impulsivity (speed and accuracy), both of which are equally theoretically valid, a complex measure
of this variable was used in the task. As they were correlated (r = -.45, 95% CI = [-.56, -.33]), we used the main principal component of these
variables as a uni�ed measure of impulsivity.

            Risk Behavior Questionnaire. This is a new measure based on the Adolescent Risk-Taking Questionnaire (ARQ; Gullone, Moore, Moss, &
Boyd, 2000), in which participants assess the frequency of risky behaviors using a 5-point scale from 1 – “have never done it” to 5 – “[I do it]
very often”. As the ARQ was developed to study adolescents aged 11–18 years, we modi�ed it in the pilot study (in 197 adolescents and young
adults) to make it applicable for all our age samples by adding items describing risk behaviors that are typical of young adults. After the pilot
study’s data analysis, we removed items with the lowest reliability. The �nal version included 29 risky behaviors (we present it in Table A in the
Supplement). The Cronbach’s α of the questionnaire was .86, 95% CI = [.83, .89]. The mean response to all items was the measure of everyday
risk-taking.

Short Form of the Sensitivity to Punishment and Sensitivity to Reward Questionnaire (SPSRQ-SF). We used the Cooper and Gomez
questionnaire adapted by Wytykowska, Białaszek, & Ostaszewski (2014). This questionnaire consists of 24 yes-no statements  and measures
individual sensitivity of the Behavioral Inhibition System (BIS) and the Behavioral Approach System (BAS) with separate subscales. The
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Cronbach’s α of the Sensitivity to Punishment subscale was .81, 95% CI = [.77, .85], and for the Sensitivity to Reward subscale it was .71, 95%
CI = [.65, .77]. The mean response to all items in the Sensitivity to Reward subscale was the measure of reward sensitivity. The Sensitivity to
Punishment subscale was not analyzed in this study.

Self-Knowledge New Sheet (NAS-50). A questionnaire created by Nęcka et al. (2016) for assessment of self-control. The scale consists of 50
items divided into 5 subscales: goal maintenance, proactive control, initiative and persistence, switching and �exibility, inhibition and
adjournment. The answers are assessed on a 5-point scale from 1 – “de�nitely not” to 5 – “de�nitely yes”. Cronbach’s α in the present
investigation was .87, 95% CI = [.84, .89]. The mean response to all items was the measure of self-control.

Statistical analyses

The analyses of the data were conducted using R (R Core Team, 2019). The effects of reward sensitivity and cognitive control on risk-taking
have been tested on two levels: in behavioral tasks and in self-report measures. In the �rst case, we �tted a linear model for which risk-taking in
the both rewarded and non-rewarded conditions of the Spaceride task depended on reward sensitivity (measured by the IVS task), cognitive
control (in the Go/No-go task), impulsivity (in the MFF test), age group, and interactions between the age group and reward sensitivity and
cognitive control. Additionally, we controlled for gender, group relative age (difference between age and the mean age for the age group) since
some variance in age remained after dichotomization to adolescents and adults, and braking (duration of pressing the brake key in danger
zones with the asteroid in the Spaceride task) since it could have a large impact on the dependent variable, i.e. frequency of crashing. On the
self-report level we �tted a similar linear model to assess the relationship between everyday risk-taking, measured with the Risk Behavior
Questionnaire (dependent variable), and reward sensitivity (measured with SPSRQ-SF), self-control (measured with NAS-50), age group, and
interactions between SPSRQ-SF, NAS-50 and age group. For all signi�cant effects we provide partial R2 as a measure of effect size.

Results
Table 1 presents descriptive statistics and correlations for all measures; Table 2 presents a comparison of mean value for all measures, taking
into account the age group (adolescents vs. young adults).

            Reward sensitivity in the Incentivized Visual Search Task (IVS). Firstly, we assessed performance and tested the �rst hypothesis
concerning difference between adolescents and adults in reward sensitivity in the IVS Task. Two participants (one from each age group) did
not �nish the task. We found no difference between adolescents and adults in performance (F[1,186.42] = 0.33, p = .57, R2 = .016). We found
that adolescents were more sensitive to rewards than adults (β = 0.16, F[1,178] = 4.63, p = .033, partial R2 = .02), which means the logarithmic
increase of performance along with the increase of rewards (0, 1, 2 or 5 points for each correct indication) was greater in adolescents than in
adults (see Figure 2).

            The effect of rewards on risk-taking in the Spaceride task. Secondly, we investigated the effect of rewards on risk-taking and tested the
second hypothesis concerning differences between adolescents and adults in rewarded vs. non-rewarded condition of the Spaceride task. The
linear mixed model was �tted to the data (with random effect of participants on the intercept, see Table 3 for the Anova table). We found no
difference in risk-taking between adults and adolescents (F[1,175.98] = 0.14, p = .71), nor between the rewarded and non-rewarded condition
(F[1,1743.69] = 0.5, p = .48). However, there appeared to be an interaction between these variables: adolescents, but not adults, risked more in
the rewarded than in the non-rewarded condition (F[1, 1744.92] = 5.98, p = .015, partial R2 = .002, see Figure 3). 

Predictors of risk-taking in the Spaceride task. Thirdly, we tested the hypothesis considering age, reward sensitivity, cognitive control and
impulsivity as predictors of risk-taking in the rewarded vs. non-rewarded condition of the Spaceride task. No signi�cant predictors were
identi�ed in the non-rewarded condition. In particular the interaction between age group and reward sensitivity was not signi�cant (F[1, 162] =
0.16, p = .69, see Figure 4, left panel). The Anova table of the model is presented in Table B in the Supplement.

            On the other hand, there appeared to be an interactive effect of age group and reward sensitivity in the rewarded condition (F[1, 162] =
4.48, p = .036, partial R2 = .029). The higher the reward sensitivity, the more adolescents risked compared to adults (see Figure 4, right panel).
The Anova table of the model is presented in Table 4. There were no simple main effects of either cognitive control or impulsivity on risk-taking
in either of the models. 

            Predictors of everyday risk-taking. Finally, we tested the fourth hypothesis considering age, self-reported reward sensitivity and self-
control as predictors of everyday risk-taking. Both age group and gender had a relationship with risk-taking (adults risked more than
adolescents, F[1, 177] = 4.99, p = .027, partial R2 = .032; men risked more than women, F[1, 177] = 16, p < .001, partial R2 = .064). Self-reported
reward sensitivity appeared to have a positive relationship with everyday risk-taking (F[1, 177] = 59.72, p < .001, partial R2 = .15). We also found
a simple negative effect of self-control on risk-taking but the effect was marginal (F[1, 177] = 5.01, p = .026, partial R2 = .001). Neither self-
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reported reward sensitivity nor self-control were signi�cant predictors of everyday risk-taking in the interaction with the age group (see Table 5
for Anova table).

Discussion
According to the �rst tested hypothesis, considering differences between adolescents and adults in reward sensitivity, we found that
adolescents are more sensitive to rewards than adults in the Incentivized Visual Search Task, and this difference in sensitivity manifests in a
slightly greater increase of performance as the value of rewards increases (0, 1, 2 or 5 points for each correctly marked target). Although the
literature does not give a clear answer on whether adolescents respond differently than adults to increasing rewards (Kray et al., 2018), the
effect observed for the IVS Task can be compared with the results of Bjork, Smith, Chen, & Hommer (2010). The authors observed that both
adolescents and adults respond faster and are more accurate as the size of rewards increases (0, 50 cents or 5 dollar blocks) in a monetary
task.

            According to the second tested hypothesis, considering differences between adolescents and adults in risk-taking in rewarded vs. non-
rewarded driving task, we found that adolescents, but not adults, risk more in the rewarded than in the non-rewarded condition. The observed
effect of interaction, although small, is evidence that adolescent risk-taking increases in the presence of rewards; however, this does not mean
that adolescents risk more than adults in the rewarded condition. Rather, they risk slightly less than adults in the non-rewarded condition and
reach the level of adults when rewarded. Our �nding is quite similar to the results of Figner et al. (2009), who tested arousing and non-arousing
versions of the Columbia Card Task in adolescents and adults (feedback, not reward manipulation, was used). The authors showed that
adolescents risk more than adults in the arousing version of the task, and that risk-taking in the arousing relative to non-arousing version is
higher in both age groups. There may be various explanations for why adolescents in our task risked more in the presence of rewards but do
not exceed the level of adults. For example, it is possible that they are not only more sensitive to rewards but also to collisions (and this can
reduce their risk propensity). It should also be noted that risk-taking measured with different behavioral tasks does not always peak in mid-
adolescence, as demonstrated by Duell et al. (2016).

            Our third hypothesis considered age, reward sensitivity, cognitive control and impulsivity as predictors of risk-taking in the rewarded vs.
non-rewarded condition of the driving task. In line with this hypothesis, we found that the higher the reward sensitivity, the more adolescents
risk, compared to adults, in the rewarded condition. The observed effect is consistent with the Dual Systems Model (Shulman et al., 2016;
Rosenbaum et al., 2018) and supports the supposition that the impact of risk predictors is more visible in rewarding conditions. Although it can
be seen that the effect is small, this is not surprising when we consider that reward sensitivity and risk-taking usually correlate weakly when
measured with separate behavioral tasks (e.g. Duell et al., 2016).

            Contrary to the third hypothesis, we found no impact of cognitive control or impulsivity on risk-taking, regardless of age and condition.
This means that the impact of the tested variables may be not visible even if the risk is taken in the presence of rewards. When comparing our
�ndings with the research of other authors (e.g. Duell at el., 2016), it can be seen that correlations between risk-taking and cognitive control
measured with behavioral tasks are usually weak or nonexistent. Some of the possible explanations for this are of a more general nature: for
example, the impact of cognitive control may be more apparent in Western and high-GDP countries (Duell et al., 2016) or in subgroups of
people with problem behavior (Bjork & Pardini, 2015; Romer, Reyna, & Satterthwaite, 2017). There are also explanations of a more detailed
nature: the impact of cognitive control may be not visible unless it is tested under arousal (Botdorf et al., 2017), or cognitive control may affect
task performance rather than risk-taking (Blair et al., 2018; see also Figner et al., 2009). The last-mentioned possibility means that poor
cognitive control may not necessarily enhance risk-taking; instead, it may reduce the ability to learn which strategy in a task is optimal (Figner
et al., 2009). Thus, when both possible strategies (safe and risky) in a risk task are equally good, cognitive control may be not relevant for
either risk-taking or task performance (as in our study). 

            Our last, fourth hypothesis considered age, self-reported reward sensitivity, and self-control as predictors of everyday risk-taking. In line
with the hypothesis, we found that the higher the reward sensitivity and the poorer the self-control, the more risk-taking participants report. Our
�nding is consistent with the results of authors who have shown that both variables affect risk-taking, but its impact is not unique to
adolescence (e.g. Duell et al., 2016). When we compare our results from self-reports and behavioral tasks, it can be seen that the effect of
reward sensitivity observed for self-reports mimics the effect observed for behavioral tasks, but it is larger (in the sense of explained variance)
and not limited to adolescence. The effect of self-control on everyday risk-taking is marginal and does not re�ect anything at the behavioral
level. It is possible that everyday risk-taking, especially negative risks such as rule breaking and substance use, are more visibly related to
control processes (Kim-Spoon et al., 2016; Peeters et al., 2017; Vazsonyi & Ksinan, 2017).

            In conclusion, the purpose of our study was to test whether adolescent risk-taking results from high reward sensitivity and poor
cognitive control. Although this issue has recently been the subject of research by other authors (e.g. Duell et al., 2016; Meisel et al., 2019), our
study is the �rst that attempts to examine whether the impact of both variables is more visible when risk is taken in rewarded than in non-
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rewarded conditions. In addition, examining the impact of reward sensitivity and cognitive control on risk-taking separately at the behavioral
and the self-report levels allows us to see whether the effects observed for self-reports mimic the effects observed for behavioral tasks.
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Tables
Table 1
Correlation matrix and descriptive statistics of measured variables
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  Risk-
taking
(non-

rewarded)

Risk-taking
(rewarded)

Braking
(non-

rewarded)

Braking
(rewarded)

Reward
sensitivity

Cognitive
control

Impulsivity Everyday
risk-

taking

Self-
reported
reward

sensitivity

Self-
reported

self-
control

Age
 

0.03 -0.06 -0.26*** -0.16* -0.13 0.28*** 0.02 0.22** 0.06 -0.11

Risk-taking
(non-
rewarded)

  0.24*** 0.04 -0.22** 0.07 -0.10 0.13 -0.01 0.01 -0.06

Risk-taking
(rewarded)

    -0.17* -0.07 0.12 -0.07 0.11 -0.03 0.02 -0.12

Braking
(non-
rewarded)

      0.32*** 0.01 -0.16* -0.08 -0.23** -0.18* 0.07

Braking
(rewarded)

        -0.06 -0.04 -0.13 -0.20** -0.09 0.03

Reward
sensitivity

 
 

        -0.11 0.05 -0.06 -0.03 0.02

Cognitive
control
 

            -0.25** 0.14 0.06 0.09

Impulsivity
 

              0.05 -0.02 -0.07

Everyday
risk -taking

                0.47*** -0.18*

Self-
reported
reward
sensitivity

                  -0.09

Mean .49 .48 9.68 9.91 0 1.82 -4.21 1.48 .58 3.11
SD .33 .32 6.49 5.88 0.29 0.78 1.21 0.37 0.24 .43
Range [0, 1] [0, 1] [0, 47.97] [0, 27.91] [0, 2.93] [0.04,

4.22]
[-3.02,3.55] [1, 3.17] [0, 1] [2.28,

4.76]
Note: Braking – time of pressing the brake key in danger zones with the asteroid in the Spaceride task.
* p < 0,05; ** p < 0,01; *** p < 0,001.

 
Table 2
The means of measured variables considering age group and results of the comparison tests
  Mean for adolescents Mean for adults t (df) W p  
Risk-taking (non-rewarded) .48 .49   4218 .88  
Risk-taking (rewarded) .5 .6   4598 .37  
Braking (non-rewarded) 11.63 7.83   5921 < .001 ***
Braking (rewarded) 10.91 8.96   4920 .077  
Reward sensitivity 0.05 -0.04   4911 .042 *
Cognitive control 1.57 2.04   2570 < .001 ***
Impulsivity -0.02 0.02 -0.25 (182.74)   .81  
Everyday risk-taking 1.41 1.55   3091 .001 **
Self-reported reward sensitivity 0.56 0.6   3816.5 .21  
Self-reported self-control 3.39 3.28   4857.5 .11  
Note: For the impulsivity the difference was tested with the Welch two sample t-test. For other variables the Wilcoxon rank
sum test with continuity correction was used due to non-normality of at least one of the tested groups.
* p < 0,05; ** p < 0,01; *** p < 0,001.

 
Table 3
Type III Analysis of Variance Table with Satterthwaite's method. The dependent variable was  risk-taking in the Spaceride
task
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  df (numerator) df (denominator) Sum of squares F p  
Age group 1 175.98 0.02 0.14 .71  
Condition 1 1743.69 0.07 0.5 .48  
Gender 1 172.97 0.44 3.29 .07  
Group relative age 1 172.14 0.06 0.45 .5  
Braking 1 1832.29 63.69 480.17 < .001 ***
Accelerating 1 1871 100.39 756.85 < .001 ***
Turn number 1 1756.25 4.7 35.4 < .001 ***
Age group × Condition 1 1744.92 0.79 5.98 .015 *

* p < 0,05; ** p < 0,01; *** p < 0,001.

 

Table 4
Analysis of Variance Table. The dependent variable was risk-taking in the rewarded condition of the Spaceride task

  df Sum of squares F p  
Age group 1 0.1 0.95 .33  
Reward sensitivity (IVS  task) 1 0.2 2.02 .15  
Cognitive control (Go/no go task) 1 0.03 0.26 .61  
Impulsivity (MFF Test) 1 0.06 0.62 .43  
Gender 1 0.36 3.6 .06  
Group relative age 1 0 0.03 .87  
Braking (Spaceride task) 1 0.06 0.58 .45  
Age group × Reward sensitivity 1 0.45 4.48 0.036 *
Age group × Cognitive control 1 0.05 0.53 .47  
Residuals 162        
Note: Adjusted R2 = .023, F[9, 162] = 1.45, p < .001
* p < .05, ** p < .01, ***, p < .001

 
 
Reward sensitivity (IVS  task)
Cognitive control (Go/No go task)
Impulsivity (MFF Test)
Age group (adults)
Reward sensitivity × Age group
Cognitive control × Age group
Impulsivity × Age group

 
 
Table 5
Analysis of Variance Table. The dependent variable was everyday risk-taking (Risk Behavior Questionnaire)

  df Sum of squares F p  
Age group 1 0.46 4.99 .027 *
Self-reported reward sensitivity (SPSRQ-SF) 1 5.48 59.72 < .001 ***
Self-reported self-control (NAS-50) 1 0.46 5.01 .026 *
Gender 1 1.47 16 < .001 ***
Group relative age 1 0.5 5.48 .02 *
Age group × Self-reported reward sensitivity 1 0.26 2.87 .092  
Age group × Self-reported self-control 1 0.22 2.42 .12  
Residuals 177        
Note: Adjusted R2 = .33. F[7, 177] = 13.78. p < .001
* p < .05. ** p < .01. ***. p < .001

Figures
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Figure 1

Screens of the Spaceride task: (A) Safe zone view, (B) Danger zone without asteroid view, (C) Danger zone with asteroid view (collision
avoided).
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Figure 2

Logarithmic relationship between reward size and performance in the Incentivized Visual Search Task for adolescents (solid line) and adults
(dashed line).
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Figure 3

Risk-taking in the Spaceride task depending on condition (non-rewarded vs. rewarded) and age group (adolescents vs. adults). Bars indicate
95% con�dence intervals.
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Figure 4

Risk-taking in the Spaceride task in relation to reward sensitivity measured in the Incentivized Visual Search Task, depending on condition (non-
rewarded, left panel vs. rewarded, right panel) and age group (adolescents, solid line vs. adults dashed line). Bars indicate 95% con�dence
intervals.
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