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Abstract

Arguably, extreme sports athletes exhibit a more significant risk appetite than the general public. Are standard behavioral risk
measures able to capture this? To answer this question, we assessed self-reports of risk taking and measured the risk-taking
behavior of samples of snowboarders and climbers. Two groups of non-athletes, university students and crowdworkers, and
athletes of a sport that does not include the potential of grave injury or death, esports athletes, serve as control conditions
and complement our study. Across these five different groups, 1313 participants performed an online version of the Bal-
loon Analogue Risk Task (BART) and gave self-reports of general willingness to take risks and sports-specific risk taking.
Extreme sports athletes exhibited greater risk taking in the BART than non-athletes and esports athletes. Furthermore,
BART-performance predicted sports-specific risk taking and its affective consequences. Our results speak to the BART’s
ecological validity and the unique role of physical consequences on risk-taking behavior.

Keywords Risk taking - Extreme sports - Esports

Taking risks is an essential part of life. It is often neces-
sary to advance, push boundaries, or succeed. Not sur-
prisingly, individuals’ propensities to take risks have
attracted attention as a crucial determinant of behavior
and have long been in researchers’ interest in psychology
and adjacent fields. Perhaps nowhere else is this ubiquity
of risk taking more apparent than in sports, exemplified
by famous quotes like “you miss 100% of the shots you
don’t take” by hockey’s great Wayne Gretzky. However,
various sports differ drastically in the risks athletes can
take and the potential consequences that loom. In virtu-
ally every sport, taking risks - like playing very aggres-
sively in a video game - can have adverse psychological
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consequences when it is failing (e.g., shame, regret,
embarrassment; e.g., Carver & Scheier, 1990; Zeelenberg,
1999). Some other sports also involve risks with potential
bodily harm, like going for a grab trick after a botched
takeoff in snowboarding, risking potential injuries, or
participating in other extreme sports where errors can
have fatal consequences (Cohen et al., 2018).

It is unclear whether athletes who risk physical harm in
their sports differ in their risk appetite from the general pub-
lic or athletes whose sports involve similar training sched-
ules but not such physical consequences. In examining risk
taking, self-reports and behavioral measures of risk taking
usually make different contributions (Frey et al., 2017). Con-
sequently, in this article, we compare extreme sports athletes
(climbers, snowboarders) with esports athletes (competitive
video game players; Pedraza-Ramirez et al., 2020) and the
general public (students, crowdworkers) using one of the
most popular behavioral risk-elicitation tasks, the Balloon
Analogue Risk Task (BART; Lejuez et al., 2002), along with
self-reports of general and sports-specific risk taking. We
investigate to which degree sports-specific risk appetite can
be captured by the BART beyond self-reports.
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(Self-Reports of) Risk Taking in Sports

If probed for their primary motivation to engage in extreme
sports, most athletes state the positive experiences elicited
by the activity and not the thrill of the inherent risk of
injury or death (e.g., Brymer, 2010; Brymer & Mackenzie,
2017). Hanoch et al. (2006) observed that, on average,
extreme sports athletes do not evince increased risk tak-
ing in non-sport domains like investing or gambling. For
instance, taking the physical risk of BASE jumping is seen
as a mere means to the end of experiencing something
extraordinary (Allman et al., 2009). Because precautions
are taken, extreme sports athletes report being in control
and low perceived risk concerning their extreme activity’s
potential adverse outcomes (see also Baretta et al., 2017).
Conversely, other questionnaire research has shown that
athletes, in general, do exhibit more risky behaviors than
non-athletes. Wetherill and Fromme (2007) observed that
college-bound high school athletes report greater alcohol
use, more sexual partners, and lower perceived risk of
negative consequences of their behavior than non-athletes.
Similarly, differences between sports have been observed;
for instance, Schneider and Greenberg (1992) observed
that tennis players exert less risky behaviors than other
athletes. Further, athletes of high-risk sports score higher
on measures of risk taking than athletes of low-risk sports
(Steinbrink et al., 2020) and show higher levels of sensa-
tion seeking (i.e., the inclination to search for novel and
complex experiences; Crust, 2020). The elevated levels
of sensation seeking of high-risk sports participants have
even been likened to individuals with opioid addiction
(Franques et al., 2003). Simultaneously, however, Barlow
et al. (2013) argue that agency (i.e., the experience of act-
ing in a certain, autonomous way), not sensation seeking,
drives athletes. In sum, these findings seemingly contradict
each other as athletes exert more risky behaviors but are
not necessarily more risk taking in self-report measures.

The Special Case of Esports

In contrast to extreme sports, esports does not pose imme-
diate risks to physical wellbeing. Research on risk taking
among gamers is sparse. Asking undergraduates to play
video games for 30 minutes, Buelow et al. (2015) observed
an increase in some executive functions but no increase
in risk-taking behavior in the BART. Other researchers
observed an association between a history of playing
reckless-driving or other risk-glorifying games and risky
driving (e.g., Fischer et al., 2007; Stollberg & Lange,
2020) or risky behaviors such as smoking, aggression, or

@ Springer

delinquency (e.g., Hull et al., 2014), respectively. How-
ever, some of these findings are disputed (see Hilgard
et al., 2019; Drummond et al., 2021). Furthermore, they
refer more to leisure/casual than competitive gaming and
correlations with specific risky behaviors than general risk
taking or risk appetite.

In competitive gaming, taking risks promises high
rewards; esports today is a high-stakes, multi-million-dol-
lar sport (Gough, 2021). Recent tournaments featured prize
pools of up to $35,000,000, making the five winning team
members each earning more than the Wimbledon Champi-
onships winner. Compared to this heavyweight market sta-
tus, psychological research has been relatively late to catch
up (e.g., Pedraza-Ramirez et al., 2020). The sports-related
risk taking in esports does not include immediate physical
consequences; thus, it remains open whether esports athletes
differ in their risk appetite from the general public or athletes
in sports involving physical risk.

Toward a Better Understanding of Risk
Taking in Sports

Taken together, previous research has focused on sports-
related differences in self-reported risk taking and provided
a largely inconsistent picture. Further, when asked to gauge
their general willingness to take risks, it heavily depends on
which domain extreme sports athletes have on their minds
(Hanoch et al., 2006). In contrast, behavioral risk-taking
measures benefit from eliciting risk taking in a more or less
natural environment (Steiner & Frey, 2021) independent of
beliefs about domain-specific risk taking. One of the most
prominent behavioral measures of risk taking, the Bal-
loon Analogue Risk Task (BART), has been used across
various experimental settings (e.g., brain research, Sehrig
etal., 2021; lab studies, Lauriola et al., 2014), with different
groups of participants (e.g., adolescents, Aklin et al., 2005;
older adults, Rolison et al., 2012), and to investigate diverse
research questions.

The BART is sensitive to situational differences in risk
appetite and predicts various risk-related behaviors. It helped
gather evidence for research questions addressing whether
wearing a bicycle helmet may increase risk-taking behav-
ior (Gamble & Walker, 2016) or whether people before and
after deciding in favor of a goal differ in their risk appe-
tite (Keller & Gollwitzer, 2017). In addition, adolescents’
BART-performances predicted their real-world risk-taking
behaviors (Lejuez et al., 2003), maternal BART-performance
predicted their offsprings’ alcohol use escalation (Banducci
et al., 2015), and inner-city drug users were classified more
accurately when taking their BART scores into account
(Hopko et al., 2006), attesting to its construct validity (see
also Hunt et al., 2005).
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Table 1 Sample Char acFeristics Sample characteristic (hypothesized association with risk taking)
Concerning Risk Appetite,
Relative to Climbers and Athletes Physical risks  Age Gender Incentives
Snowboarders RA) RA) (RN) (& =RA) (RA)
Climbers & Snowboarders \/ \/ X
Gamers \/ X younger more & X
University students X X younger more 9 \/
Crowdworkers X X older more § X
Note. RA resembles risk-increasing variables, RN resembles risk-decreasing variables. Younger, older,
more &, and more  is meant relatively to Climbers and Snowboarders.
The Present Study men, both factors known to promote risk taking. However,

Little is clear about the risk appetite of extreme sports ath-
letes compared to esports athletes and the general public,
partly because of undue reliance on self-report measures
in the literature. Here, we capitalize on the BART, a valid
measure of actual risk-taking behavior that circumvents
some of the shortcomings of self-reported risk taking. We
hypothesize that behavior in the BART is related to real-
world risk taking, demonstrating a higher level of risk taking
in extreme sports athletes due to their habitual enduring of
potential physical consequences compared to non-athletes or
athletes in a sport lacking such consequences (i.e., esports).

To this end, we collected data from five different groups
of respondents. First, we recruited two groups of extreme
sports athletes, climbers and snowboarders (Cohen et al.,
2018), and hypothesized them to be the most risk seeking
because they voluntarily engage in a sport where risk taking
can result in injuries or even death. The other groups’ inclu-
sions were carefully designed to provide a robust test of this
hypothesis as their risk appetite should vary based on sam-
ple characteristics (see Table 1). More specifically, groups
varied across gender, age, and whether they were incentiv-
ized or not. Previous research could show that men are more
willing to take risks than women (e.g., Charness & Gneezy,
2012) and that older individuals are more risk averse than
younger individuals (e.g., Dohmen et al., 2011). Lastly, we
assume that incentivizing performance in the BART will, if
anything, increase risk taking (e.g., as assumed in Lejuez
et al., 2002). However, it has to be noted that the role of
incentives in risk taking is not entirely clear (e.g., Brafas-
Garza et al., 2021; Camerer & Hogarth, 1999). For instance,
Brafias-Garza and colleagues have found no meaningful dif-
ference between incentivized and non-incentivized versions
of measures of risk-taking preferences.

Compared to snowboarders and climbers, esports athletes
were hypothesized to be the most similar to extreme sports,
as esports evinces many parallels (e.g., similar training
schedules, frequent sports-related risk taking). Increasing
potential risk taking when compared to extreme sports ath-
letes, gamers were younger, and the sample comprised more

crucial to our hypothesis, their sport does not involve tak-
ing physical risks, which we assume will lead to decreased
risk taking compared to extreme sports athletes. Students,
our second control sample, were incentivized and relatively
young (both factors known to promote risk taking), consti-
tuting a particularly rigorous control group, while the sam-
ple of crowdworkers comprised more women, and partici-
pants were comparatively older. Both factors are known to
decrease risk taking, which is why we assumed them to be
the most risk averse.

Picking up the hypothesized difference in risk appetite
between non-athletes, esports, and extreme sports athletes
was the focus of this investigation. We further included
sports-specific risk assessments and, for extreme sports
athletes, a scenario to test whether the BART can also pre-
dict sports-specific risk preferences. Importantly, all athletes
had extended experience in their respective sports (e.g., on
average five years for gamers, 15 years for snowboarders),
reported a substantial weekly training load (e.g., on average
for about 318 minutes per week for climbers), and at least
a quarter in each sport were actively participating in com-
petitions at various levels (up to international level). Thus,
our athlete samples can be considered true experts for their
respective sports.

Method

Materials, data, and analysis scripts can be found online at
https://researchbox.org/202.

Design, Participants, and Sample Size
Considerations

We collected data from five different groups (climbers,
snowboarders, gamers, university students, crowdworkers).
While differing in specifics, Qualtrics was used to run all
surveys, and all participants completed the study online.
All participants performed the same implementation of the
BART. For the present investigation, we classified responses
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a) National (3%) b)
15.5(9.8) Years of Experience
3.4 (1.1) Sessions/Week

148.8 (31.6) Minutes/Session | International (1%) National (4%)

International (6%)

16.0 (4.6) Years of Experience
10.2(0.8) 7.3(6.0) Years of Experience

International (12%)

24.3(11.7) Years of
3.0 (1.0) Sessions/Week

100.0 (69.3) Minutes/Session
4.0 (0.0) Average Skil

9.3 (0.6) Average Skill 12.8(5.0) Years of Experience
4.8 (1.7) Sessions/Week
‘ 140.0 (24.5) Minutes/Session

Regional (4%
H ) 9.8 (0.4) Average Skill

12.3(8.1) Years of Experience
3.4 (1.1) Sessions/Week
155.0 (65.5) Minutes/Session
9.4 (0.9) Average Skill

Regional (3%)

19.3(8.0) Years of Experience
2.0 (2.0) Sessions/Week

80.0 (69.3) Minutes/Session
3.0 (0.0) Average Skill

Amateur (13%) \
17.4(8.7) Years of Experience

2.6 (1.8) Sessions/Week

172.0 (153.1) Minutes/Session

3.2 (0.9) Average Skill

No Competition (72%)
9.3 (9.2) Years of Experience
2.6 (1.5) Sessions/Week
118.3(65.2) Minutes/Session
8.0 (1.2) Average Skill

Amateur (20%)

10.5(8.5) Years of Experience
2.7 (1.7) Sessions/Week
103.0 (63.2) Minutes/Session
8.3 (1.1) Average Skil

Climbing

116.0 (23.0) Minutes/Session
3.6(0.5) Average Skill

Snowboarding

4.5 (2.9) Sessions/Week
125.3(93.7) Minutes/Session
6.4 (1.6) Average Skill

National (6%)
6.5 (5.1) Years of Experience
4.2 (2.1) Sessions/Week
128.5 (58.9) Minutes/Session
6.1(1.3) Average Skill

No Competition (49%)
4.6 (4.9) Years of Experience
3.7 (2.2) Sessions/Week
102.0(76.4) Minutes/Session
4.7 (1.6) Average Skill

Regional (17%)

5.6 (5.7) Years of Experience
3.9 (2.6) Sessions/Week
116.6 (73.4) Minutes/Session
5.2 (1.4) Average Skill

No Competition (74%)
14.0(7.4) Years of Experience
1.0 (1.5) Sessions/Week
62.1(81.3) Minutes/Session
2.5 (0.8) Average Skil

Amateur (16%)

456 (3.9) Years of Experience
4.6 (3.6) Sessions/Week
115.1(67.3) Minutes/Session
5.2 (1.4) Average Skill

Esports

Fig. 1 Means (Standard Deviations) for Experience, Training, and Skill as a Function of Group and Competition Level

as started when participants gave their informed consent and
as eligible for data analyses when they performed the BART
and answered at least the question that assesses the general
willingness to take risks (GWR, their stated risk prefer-
ence; Dohmen et al., 2007), even when they did not finish
the whole survey. Moreover, three climbers and one gamer
let all 20 balloons burst, resulting in an undefined average
number of pumps. Sample sizes for different analyses may
vary because of that. Groups varied markedly in their gender
composition from 95% male gamers to 74% female students
and in size from 84 snowboarders to 533 gamers. Neverthe-
less, the collected sample sizes allow for the reliable test
(80% power) of correlations larger or equal to r = .296 in
case of the smallest group (snowboarders) and down to cor-
relations larger or equal to » = .121 and r = .077 in case of
the largest group (gamers) and all participants, respectively
(Faul et al., 2007). Similarly, the sample size allowed for
the reliable test of group differences of larger or equal to
d =0.19 or nzp = .009 in ANOVAs with all participants.
Regarding the multiple regression analyses, the minimum
required increases in R? for a predictor to be detected were
.006, .008, and .018 for the whole sample, all athletes, and
only extreme sports athletes, respectively.

Active Climbers

Climbers were recruited via various online forums,
climbing gyms, and (inter)national climbing federations.
Of 570 climbers who began the survey, 353 (62%) were
eligible for data analysis. Participants were between 18 and
67 years old (M = 31.6, SD = 10.6) and predominantly male
(83%, one respondent indicated other). Climbers indicated
on average 9.9 years of climbing experience (SD = 9.1)
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as well as that they train on average 2.7 times per week
(SD = 1.5) and 118.3 minutes per session (SD = 64.3).
They indicated their level of expertise on the 12-point
Union Internationale des Associations d’Alpinisme-Scale
by an average of 8.2 (SD = 1.2). Translations from other
scales (Yosemite Decimal Systems or French Scale) were
provided to ensure accurate self-descriptions. Furthermore,
28% indicated participating in competitive climbing.
Fig. 1a provides a breakdown of the average experience,
training, and skill across competition levels.

Active Snowboarders

Snowboarders were recruited via various online forums and
with the help of national snowboarding federations. Of 120
snowboarders who began the survey, 84 (70%) were eligi-
ble for data analysis. Participants were between 18 and 62
years old (M = 29.7, SD = 8.4) and predominantly male
(79%). Snowboarders indicated on average 15.1 years of
snowboarding experience (SD = 7.8) as well as that they
train on average 1.9 times per week (SD = 2.7) and 83.2
minutes per session (SD = 97.8). Furthermore, 26% indi-
cated participating in competitive snowboarding. They
indicated their level of expertise as one of four categories
that were described in detail ranging from Beginner (6%) to
Advanced (37%) to Skilled (35%) to Expert (23%), M = 2.7,
SD = 0.9. Figure 1b provides a breakdown of the average
experience, training, and skill across competition levels.

Active Gamers

Gamers were recruited via various online forums. Of 1288
gamers who began the survey, 533 (41%) were eligible for
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data analysis. Of those who dropped out, only one par-
ticipant dropped out after starting the BART (in this case,
directly after the first balloon). Participants were between
18 and 66 years old (M = 24.5, SD = 6.3) and predomi-
nantly male (95%, eight respondents indicated other). Dur-
ing the survey, gamers could decide on one of 71 popular
multiplayer online games or list their own choice as the main
game of interest and indicated on average 5.2 years (SD =
5.1) of playing this game (series). They also indicated that
they train on average 4.2 times per week (SD = 3.6) and
118.3 minutes per session (SD = 184.9) for that game. They
indicated their level of expertise on a 9 point Likert-scale
ranging from Beginner to Master on average as 5.2 (SD =
1.6). Furthermore, 51% indicated participating in gaming
competitions. Figure 1c provides a breakdown of the aver-
age experience, training, and skill across competition levels.

University Students

University students were recruited from the local subject
pool of a German university. Of 202 students who began
the survey, 170 (84%) were eligible for data analysis. Par-
ticipants were between 18 and 55 years old (M = 24.1, SD
= 5.4) and predominantly female (74%). Participants in this
group also constitute the sample of a publication investigat-
ing an unrelated research question (Keller et al., 2021).

Crowdworkers

Crowdworkers were recruited from CloudResearch (Litman
et al., 2017). Of 193 crowdworkers who began the survey,
173 (90%) were eligible for data analysis. Participants were
between 20 and 69 years old (M = 37.9, SD = 11.4) and
predominantly male (57%, one respondent indicated other).

Procedure

We describe the general procedure here; specific procedures
for every group are available online (https://researchbox.
org/202). Participants first gave their informed consent and
demographics (e.g., age and gender; crowdworkers gave
their demographics at the end of the survey). After that, all
athletes (i.e., snowboarders, climbers, and gamers) received
respective sports-related questions to assess their experi-
ence, training routines, and participation in competitions.
Participants then read about the BART and answered five
comprehension check questions. Depending on the group,
they gave on average 4.1 to 4.6 correct answers, with stu-
dents and snowboarders scoring significantly higher than the
other groups, Bonferroni-corrected ps < .046. They received
feedback on any errors regarding these questions. Then, they
performed the BART and answered risk-related questions.
All participants indicated their GWR (Dohmen et al., 2011);

athletes furthermore answered risk-related questions directly
addressing their sport. In the end, participants indicated
whether they completed the survey carefully (98% reported
doing so across all completions), were debriefed, and if
applicable, compensated (only students and crowdworkers;
students furthermore received a bonus dependent on their
BART-performance).

Material
Risk-Taking Behavior: BART

Participants performed 20 trials of an online adaption of the
BART, programmed in Javascript. In the BART, participants
pump up virtual balloons. Each pump increases a balloon’s
size and value, and continuously, participants have to decide
between stopping or going on pumping. While stopping
saves the balloon’s value, going on further increases its value
and its risk to burst, in which case its value is lost to the par-
ticipant. Each balloon had a predetermined breaking point
ranging from 5 to 59 (M = 32) and burst when exceeded.
Please note that as in previous research (e.g., Keller & Goll-
witzer, 2017; Sehrig et al., 2021), the number of balloons
as well as the breaking point ranges were adjusted and thus
deviate from the number of balloons and the three different
breaking point ranges proposed in the BART’s introduction
(Lejuez et al., 2002). We lowered the number of balloons
and the breaking points to make the BART shorter and more
manageable for participants on mobile devices to perform.
Compared to the balloon in the original article that had the
highest breaking point range and 30 trials, our parameters
meant that optimal behavior (i.e., pumping near to the aver-
age breaking point of balloons) would necessitate just one-
third of the clicks or touches (in case of mobile devices) that
the original parameters would have (i.e., 640 vs. 1920 clicks
or touches). Balloons were presented in a fixed order, and
each pump increased the current balloon’s value by 5 points.
These points were presented only after successfully saving
a balloon and were then added to a bank account whose bal-
ance was permanently displayed at the bottom of the screen.
The task was provided in German (students), English (online
sample), or both (athletes). Only for students, these points
were later translated into money and added to their payoff
(10 points = 0.01 €). Respective sounds accompanied pumps
and bursts. Participants were told that there are pumping and
burst sounds and asked to adjust their speakers/headphones
to hear the sounds. Furthermore, five questions probed the
participants’ understanding of the task after the instructions
to ensure that the participants had read and understood the
instructions. We have included this measure because the
nature of the administration as an online study forbade
that participants may ask an experimenter for any further
clarification or information. Also, participants (not only of
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online surveys) are sometimes less attentive than experi-
menters would like them to be (e.g., Oppenheimer et al.,
2009), which makes a further check that instructions for our
primary dependent variable are understood correctly all the
more important.

Most studies assessing risk-taking behavior in the BART
focus on its primary outcome: the average number of pumps
across self-stopped balloons (i.e., the adjusted average num-
ber of pumps; for why only self-stopped balloons can be
used, see Pleskac et al., 2008; Young & McCoy, 2019)
whereas others also looked at the number of burst balloons
as an additional variable (e.g., Frey et al., 2017; Keller &
Gollwitzer, 2017; Young & McCoy, 2019). Although we
expect them to be strongly correlated, they both have empiri-
cal value because looking only at the adjusted average num-
ber of pumps may be misleading in extreme cases. Someone
who pumps four times on all 20 balloons before saving them
would have the same adjusted average number of pumps as
someone who has exceeded the bursting point of all but one
balloon saved early by accident after pumping four times.
However, in terms of the sum of burst balloons, the two
would differ immensely (i.e., 0 vs. 19 burst balloons).

Self-Reported Risk Taking

General Willingness to Take Risks We asked all participants
to rate their willingness to take risks in general on one
widely used and predictive item with a 7-point (11-point for
the crowdworkers; we transformed their answers to fit the
7-point scale of the other groups) response scale (Arslan
et al., 2020; Dohmen et al., 2011). Research has shown this
measure to be extremely easy to understand and therefore
widely applicable (Arslan et al., 2020). Moreover, it is asso-
ciated with concepts known to be associated with risk tak-
ing (e.g., height, gender; Dohmen et al., 2011) and thus has
high external validity. Also, it exhibited similar test-retest
reliability and performed as well as longer, more extensive
measures of willingness to take risks in predicting the fre-
quency of risk taking regarding real-world risks (Frey et al.,
2017).

Sports-Specific Risk Taking We asked athletes to indicate
their immediate and delayed regret after taking a risk,
whether others would describe their sport-specific style
as risky, their regret about having been too passive, and
whether they train when feeling physically unwell.

To assess these five variables, climbers, gamers, and
snowboarders indicated their agreement with the statements
“I get mad at myself when I took a risk while climbing [in
a gamelwhile snowboarding]” and “Others would describe
my climbing [play/riding] style as risky” on 6-point scales
ranging from [/ totally disagree to I totally agree. After that,
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they were asked to assess themselves on the following items:
“I often get mad at myself afterward that I took a risk while
climbing [in a gamel/while snowboarding],” which was
accompanied by examples (e.g., climbing: skipping a hold,
gaming: overextending into enemy territory, snowboard-
ing: dangerous overtaking maneuver), “I often get mad at
myself that I climbed [played/rode] too passively,” and only
for climbers and snowboarders, “I still train [go snowboard-
ing] even if I feel physically unwell,” all three to be answered
on a 100-point visual analog scale ranging from never to
always.

Risk Scenario Moreover, we developed sport-specific sce-
narios for climbers and snowboarders together with experts
(an experienced athlete and a coach). We asked participants
to decide how certain they would have to be that a risky
action will be successful to take this risk:

[Climbing Scenario] You are climbing a route at your
maximum capacity, and there is an opportunity to skip
a hold. If you skip the hold, you could either win time
and, therefore, save energy for the rest of the route, or
lose your way in the route while climbing, lose valuable
energy, and - in the worst-case - fail (take a fall).

In order to decide if you want to skip the hold: How
certain would you have to be that skipping the hold will
be successful?

[Snowboarding Scenario] You are riding a jump at
your maximum capacity, and there is an opportunity to
try a new trick. You could either gain new experience
and, therefore, more trust for further tries or fail, and,
therefore, you block yourself for the next time, and the
worst case is an injury.

In order to decide if you want to perform the trick: How
certain would you have to be that you will land the trick?

Answers were recorded on a 7-point visual analog scale
ranging from I am certain that it is not successful to 50/50
(midpoint) to I am certain that it is successful, and I wouldn’t
have to be certain that I land the trick to 50/50 (midpoint) to /
would have to be certain that I will land the trick, respectively.
Higher scores thus represent a greater need for safety, or to put
it differently, less willingness to endure risks.

Results

First, we tested whether BART-performance correlated with
age, gender, and GWR across all five groups (see Table 2).
The correlations indicate small but statistically significant
relationships between gender and age, pumps, and bursts. On
average, female participants were slightly older, indicated
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Table 2 Correlations (with 95% Confidence Intervals) Between Gender, Age, General Willingness to Take Risks (GWR), and BART-Perfor-

mance (Adjusted Average Number of Pumps and Number of Bursts)

Variable 1 o) 3) @) 5)
(1) Gender n=1301 r=.056*[001,.110] r=—.129%%* [— 182, —075] r=—.086%*[=.140, —.031] r=—.117%%* [=.171, —.063]
(2) Age n=1304 r = —.049 [-.103, .005] r=—.023 [-.078, .031] r=—.030 [-.084, .025]
(3) GWR n=1313 r=.008%%% [044, .151]  r=.149%%* [096, 202]

(4) BART: Pumps
(5) BART: Bursts

n=1309 r=.890%** [.878, .901]

n=1313

Note. Values represent parametric Pearson correlation coefficients. Reasons for varying sample sizes were that a) for correlations with Gender,
only male (0) and female (1) participants were included in the analyses, b) not all participants indicated their age, and c) four participants had

undefined adjusted average number of pumps.
*p < .05. ¥*p < .01. **¥p < .001.

to be less willing to take risks, exerted fewer pumps in the
BART, and let fewer balloons burst. Furthermore, older
participants were less willing to take risks, which also
correlated with pumps and bursts. People who reported
being more willing to take risks also took more risks in the
BART by having a (descriptively) higher adjusted average
number of pumps and an average number of bursts. As
expected, pumps and bursts were highly but not perfectly
correlated. Overall, all variables are correlated in the way
we assumed in Table 1 for both stated and revealed risk
preferences: Older age is associated with less risk taking,
while men are prone to more risk taking. As each association
is stronger for the number of bursts than for the adjusted
average number of pumps, we will focus on bursts in the
subsequent analyses. However, using the number of pumps
instead of bursts did not alter the acceptance or rejection of
any hypothesis.

Regarding the relationships between risk preferences
and highest level of contest participation or (self-reported)
skill level, the picture is different for each group. Because
both contest participation and (self-reported) skill level are
ordinal variables, we will report nonparametric correlation
coefficients for correlations with these variables. While there
was no relationship among climbers, all Ipls < .076, ps >
.152, there were significant positive relationships between
GWR and skill level among both gamers and snowboarders,
p =.168, p < .001, and p = .379, p < .001, respectively.
However, these relationships were not supported by
relationships between skill level and BART-performance,
all Ipls < .118, ps > .286. Furthermore, among gamers,
participation in competitions correlated with GWR, p =
.106, p = .014, but not BART-performance, p = .070, p =
.108. Among snowboarders, GWR and BART-performance
correlated with participation in competitions, p =.299, p =
.006, and p = .249, p = .022, respectively.

General Risk Taking
Self-Reported Risk Taking

An ANOVA with group as the independent variable and
GWR as dependent variable revealed significant differences
between the five groups, F(4, 1308) = 5.15, p < .001, n2 =
.016. Tukey HSD-corrected post-hoc tests reveal significant
differences between crowdworkers and students on one side
and climbers on the other. Gamers and snowboarders fell in
between, being neither significantly more risk seeking than
crowdworkers or students nor less risk seeking than climb-
ers (see Fig. 2).

Risk-Taking Behavior

An ANOVA with group as the independent variable and
bursts as the dependent variable revealed significant differ-
ences between the five groups, F(4, 1308) =30.96, p < .001,
n* = .086 (see also Fig. 2).

As a next step, we tested our specific hypothesis that
snowboarders and climbers are more risk seeking than gam-
ers, students, or crowdworkers. We created dummy variables
for each condition other than climbers and snowboarders.
We then ran a hierarchical linear regression model: As the
first step, we regressed the adjusted average number of
bursts on participants’ gender, age, GWR, and their score
on the BART comprehension check (as this has differed
significantly between groups, see above) which resulted
in an overall significant regression model, F(4, 1288) =
15.03, p < .001, R? = .045. As the second step, we added
the dummy-coded variables for each of the three comparison
groups (i.e., gamers, crowdworkers, and students), which
resulted in a significant improvement in explained vari-
ance, Fpn0.(3, 1285) = 35.61, p < .001, AR? = .073. Fur-
thermore, all three dummy variables were significant (see
Table 3). This indicates that after controlling for gender,
age, GWR, and initial understanding of the BART, climbers
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Fig.2 Self-Reported (GWR) - 7
and Elicited (Bursts) Risk 2 9 A
Taking as a Function of Group. 8
Note. Error Bars represent g - 6
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Table.3 Model C0§fﬁcient§ of Variable Step 1 Step 2
the Linear Regression Testing
the Hypothesis that Climbers B (SE) )4 B (SE) p
and Snowboarders are More
Risk Seeking in the BART than Constant 4.30 (0.64) <.001 6.19 (0.67) <.001
Crowdworkers, Students, and Gender —-0.93 (0.23) <.001 —-0.97 (0.27) <.001
Gamers. Age —0.01 (0.01) 520 —0.01 (0.01) 525
GWR 0.37 (0.72) <.001 0.32 (0.07) <.001
BART: Comprehension Check 0.44 (0.11) <.001 0.33(0.11) .002
Crowdworker -2.64 (0.31) <.001
University student —0.86 (0.34) .012
Gamer —1.77 (0.23) <.001

and snowboarders exhibited more risk taking in the BART
than students, crowdworkers, and gamersl. When converting
the effect sizes from an independent-samples #-test into the
common-language effect size, there is a 65% chance that a
randomly sampled climber or snowboarder let more balloons
burst than a randomly sampled student, crowdworker, or
gamer. Means and standard deviations of pumps and bursts
in the BART as a function of group are depicted in Table 4.

Sports-Specific Risk Taking

Next, we analyzed how much variance in sports-specific risk
taking can be explained by our background variables, GWR,

' An anonymous reviewer was intrigued by the significant effect of
gender in the analyses presented in Table 3. We refrained from dis-
cussing this in the main text because gender effects were not the
focus of our investigation. Further, we had no hypothesis regarding
a difference in gender effects across groups. However, we report and
discuss the requested analyses together with a remark by the anony-
mous reviewer in the supplemental material that can be found in the
researchbox repository accompanying this article. In a nutshell, there
were no differences between genders in risk taking in the BART for
nonathletes. However, there were differences among athletes.

@ Springer

Table4 Means (Standard Deviations) of BART Performance as a
Function of Group.

Group BART: Bursts BART: Pumps
Climbing 8.7 (3.5) 22.2(7.7)
Snowboarding 8.1(3.2) 21.2 (8.1)
Esports 6.9 (3.5) 18.9 (8.2)
Students 7.2 (2.8) 20.5 (6.7)
Crowdworker 5.5(2.9) 17.1 (6.9)

and BART-performance. Therefore, we ran six regression
analyses with all three sports groups combined, using a
hierarchical procedure. First, we controlled for group, age,
and gender. Then, GWR and the number of bursts in the
BART were added as the independent variables of interest in
separate, subsequent steps, gauging their explanatory power
beyond our control variables.

Table 5 provides an overview of these analyses. GWR
correlated with all variables but the need for safety in the risk
scenario. In half of the six variables, BART-performance
was a significant predictor beyond GWR. Most importantly,
the need for safety in the risk scenario was related only to
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Table 5 Linear Hierarchical
Regression Models Regressing
Sports-Related Risk Taking

Dependent variable

AR?

on a Set of Control Variables
(Group, Gender, and Age) and
GWR and Bursts in the BART

Control Variables GWR BART: Bursts
Immediate regret after taking a risk(1-6 scale) 070%** L019%** - (] 2%**
Delayed regret after taking a risk(0-100 scale) 091 *** .009%%* .006*
Others would describe the style as risky(1-6 scale) .086%** 107%% 002
Regret about having been too passive(0-100 scale) .019%** .008%*%* .002
Training even when unwell(0-100 scale; without Gamers) .040%* .010* .003
Need for safety in the scenario(1-6 scale; without Gamers) .014 008" L0523k

Note. Higher values express stronger agreement.***p < .001, **p < .010, *p < .050, 'p < .100.

the number of bursts, meaning that knowing the number of
bursts of participants helped explain about 5% of the vari-
ance in their judgment in response to the risk scenario.

Discussion

We studied differences between extreme sports athletes,
esports athletes, and the general public concerning risk
appetite. BART-performance distinguished between extreme
sports athletes and esports athletes and was meaningfully
related to sports-specific risk preferences. Our three distinct
control groups (i.e., crowdworkers, students, and gamers)
provide evidence for systematic differences in the risk appe-
tite of extreme sports athletes, esport athletes, and the gen-
eral population. Moreover, our results show that the BART
detects these differences and is predictive of sports-specific
risk attitudes. Extreme sports athletes were pumping further,
risking more balloons in the BART than crowdworkers or
students, which reflected a difference in self-reported risk
taking (i.e., the reported GWR).

However, esports athletes indicated the second-highest
GWR of all groups. Most importantly, success in their sport
necessitates risk taking regularly, apparently similar to the
experience of extreme sports athletes who also take risks
regularly. Still, they were significantly less risk seeking than
extreme sports athletes and even students, the latter differ-
ence speaking to the importance of incentives as a motivator
of risk behavior. This finding further highlights the impor-
tance of experiencing physical consequences in one’s sport
regarding elicited but not self-reported risk-taking behavior.
To put it differently, while gamers thought themselves to be
relatively risk seeking, they behaved more risk averse in a
behavioral risk measure.

Regarding extreme sports athletes, our results reveal
that they do not necessarily see themselves as more risk
seeking than other groups in their self-reported risk tak-
ing. However, this is misguiding as the assessment of
risk-taking behavior through the BART revealed essential

differences between groups. Extreme sports athletes show
more extreme values in the BART, a context-independent
measure of risk taking, leading them to surpass an incen-
tivized control group of university students and a sample
of gamers comprising primarily younger men who are
usually considered to be very risk seeking. As a potential
caveat, one should note that we did not assess whether
university students, gamers, or crowdworkers also engage
in extreme sports. However, while it is possible that some
subjects in the student, gamer, or crowdworker samples
were also engaging in risky sports, this would have only
attenuated the difference in risk taking we observed
between extreme and non-extreme sports athletes. In turn,
the results presented here likely underestimate the true
differences that exist between extreme sports athletes and
control samples with respect to the willingness to take
risks.

Moreover, BART-performance was correlated with
affective consequences of risk taking (i.e., immediate and
delayed regret) and, most importantly, with the stated need
for safety to perform a risky behavior that may entail a sig-
nificant competitive advantage but also incurs a significant
chance of injury. These relationships highlight the BART’s
practical value, accounting for variance in sports-related
risk taking and potentially translating into variance in risk
of injury.

However, except for the highest level of contest partici-
pation among snowboarders, the BART did not correlate
with skill or contest participation levels. A tentative expla-
nation could be based on the observation that, in contrast
to the BART-performance, self-reported risk taking cor-
related with skill and contest participation levels across
gamers and snowboarders. Accordingly, a) risk taking does
not vary across skill levels while b) self-perceptions do (cf.
Vaughan et al., 2018). This pattern could reflect the ongo-
ing self-selection into competitions and the feedback they
receive about their skill level. The latter would also be in
line with the relationship between the self-report and how
others would describe their style.
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Conclusion

Behavioral data from 1313 participants across five different
groups suggest that the potential of physically adverse events
inherent in extreme sports is associated with differences in
risk taking between extreme sports athletes (i.e., climbers
and snowboarders), esports athletes, and non-athletes, even
when some non-athletes were incentivized to behave in a
risk-seeking manner. Interestingly, the BART was also a
strong predictor of sports-specific risk taking and its affec-
tive consequences. The results suggest that extreme sports
athletes’ increased risk taking is not necessarily reflected
in their self-reports of willingness to take risks. Our work
validates using the BART as an individual difference meas-
ure in sports. It has significant implications beyond sports
in all domains that necessitate decision-making that might
involve physical harm.
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