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Abstract: For the general public, BASE jumping is considered the ultimate extreme activity. Among
BASE jumpers, those using wingsuits are generally perceived as the most experienced but also as the
most risk-taking. Starting from this observation, we wanted to know whether wingsuit users differed
in their psychological characteristics from other BASE jumpers. More specifically, we hypothesized
that wingsuit users would be characterized by higher levels of mental toughness and by lower levels
of harm avoidance. We also expected them to use more mental training techniques than the other
jumpers. To this end, we conducted a vast survey on a sample of 183 BASE jumpers. Contrary
to our hypotheses, the results did not reveal any significant difference in psychological character-
istics between wingsuit users and other BASE jumpers. This absence of significant differences is
discussed and recommendations for the use of mixed or multi-methods in the study of extreme sports
are proposed.
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1. Introduction

In the last few years, participation in extreme sports has developed rapidly. Perhaps,
as a result, research on extreme sports has also experienced exponential increases [1,2]. Dif-
ferent disciplines such as medicine [3,4], psychology [5], sociology [6] and engineering [7]
try to understand the determinants of the engagement in these activities, the experience
lived by the extreme sports enthusiasts and the effects of these practices at the physiological,
psychological, sociological and mechanical levels. This burgeoning body of research on a
relatively new theme is exciting but raises a series of fundamental questions for scientists
who are playing the role of pioneers. One of them concerns the identification of different
categories of participants within the same discipline.

The starting point of this study lies in the observation of different kinds of BASE
jump practices (BASE jumping involves parachuting from a fixed point, as summarized
by the BASE acronym, which includes the initials of the objects from which jumps are
made: buildings, antennas, spans and earth, where spans mean bridges, domes, or arches,
whereas earth refers to natural formations, usually cliffs). Despite an increase in the
number of participants over the years, BASE jumping remains a niche activity, with around
3000 participants in 2017 based on data from equipment manufacturers [3]. The two main
types of BASE jump are jumps from low objects such as antennas, bridges, and buildings (it
is conventionally understood that “low jumps” are made from objects of less than 200 m)
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and jumps from higher objects such as cliffs. Within this second type of jump, one can
distinguish different practices, mainly related to the type of outfit used for jumping. There
are four main categories of BASE jump “outfits” which are linked to specific kinds of BASE
jump practices: 1. Normal clothes (e.g., pants and jacket) are mainly worn by beginners;
2. tracksuits (i.e., pants and jacket designed for inflation) allow a modicum of stability and
tracking capacity; 3. onesies (i.e., one-piece tracksuits which increase the tracking capacity
and speed); and 4. wingsuits, which transform part of the vertical speed into horizontal
speed. The development of high flight glide ratio wingsuits has allowed the introduction of
new styles of BASE jumping. On the one hand, the use of wingsuits makes objects jumpable
that otherwise would not be. On the other hand, it allows flying down mountain slopes
of various conformations, along ridges or through canyons, posing the premise for a new
style of flight called proximity flying [8]. Effective tracksuit, onesie and wingsuit piloting is
a highly skilled activity [9,10].

From an external perspective, a fundamental difference seems to exist between wing-
suit users and other BASE jumpers. Indeed, there is a widespread perception that wingsuit
BASE jumping is associated with higher risk-taking than other types of cliff jumps. This
perception is partly supported by videos of proximity flying, where wingsuit users fly close
to objects (e.g., ground, trees, and ridges), up to 250 km/h [11]. A study of BASE jump fatal-
ities between 2007 and 2017 also shows that 61% of fatalities are related to wingsuit BASE
jumping, even though wingsuit flying is a relatively minor practice in the discipline [9].
Based on these observations, wingsuit users can be considered as taking more risks than
other BASE jumpers, and, also, as much more experienced [8]. Another widely held idea
is that the level of expertise required to effectively handle a wingsuit is much higher than
other types of flying/falling outfits. All of this contributes to the perception that there are
significantly different categories of BASE jump practice associated with different levels
of risk-taking. Starting from these insights, we wanted to test whether wingsuit users
have different psychological characteristics from other BASE jumpers. Specifically, we
focused on psychological factors classically associated with sports practice and risk-taking,
such as mental toughness, the existence of specific personality traits and the adoption of
psychological strategies, including mental training.

Mental toughness is a personality trait that might be developed following critical inci-
dents, the influence of significant others and targeted interventions [12-15]. Key attributes
of this construct include “coping effectively with pressure and adversity, recovering or
rebounding from setbacks and failures, persisting or refusing to quit, being insensitive or
resilient, having unshakeable self-belief in controlling ones’ destiny, thriving on pressure
and possession of superior mental skills” [16] (p. 165). A vast body of research shows that
sport experience and competency in sport are positively related to mental toughness [17,18].
More specifically, elite athletes were found to be more mentally tough than non-elite and
amateur ones [19-21]. Moreover, evidence suggests that overall mental toughness and
specific sub-dimensions of the construct are significantly and positively related to attitudes
to risk [16,22]. If we subscribe to the assumptions that wingsuit users are more experienced
than the rest of the BASE jumpers and that they take more risks over an extended period of
BASE jump practice, we can expect that wingsuit users are characterized by higher levels
of mental toughness than other BASE jumpers.

In addition to mental toughness, we wondered whether wingsuit users might possess
personality traits that differ significantly from other BASE jumpers. Research on personality
traits and participation in high-risk sports is abundant. A recent meta-analysis carried
out on 149 effect sizes from 39 articles shows that, compared with either low-risk sport
participants or individuals not engaged in any sport, high-risk sport participants were char-
acterized by higher levels of sensation seeking, extraversion and impulsivity [23]. Many
recent studies on the personality of extreme sports athletes have been conducted using the
Temperament and Character Inventory (TCI) [24-28]. The TCI provides a comprehensive
account of personality traits by measuring 7 dimensions of personality [29]: novelty seek-
ing (i.e., tendency to seek out new experiences and active avoidance of frustration), harm
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avoidance (i.e., propensity to inhibit behaviors and worry about future potential problems),
reward dependence (i.e., tendency to maintain behaviors linked to the approval of oth-
ers), persistence (i.e., tendency to persist in the behaviors despite frustration and fatigue),
self-directedness (i.e., will-power, self-determination), cooperativeness (i.e., acceptance
and identification of other individuals) and self-transcendence (i.e., feelings of something
bigger than the self). Current research has shown that, although BASE jumpers are usually
high on novelty-seeking, cooperativeness and self-directedness, and low on harm avoid-
ance and reward dependence, there is no typical or narrowly defined profile of extreme
athletes [24-27]. However, the proposition that wingsuit users are more experienced and
take more risks than other jumpers leads us to hypothesize that they are lower in harm
avoidance than the other BASE jumpers.

In addition to personality variables, we were interested in a set of psychological
strategies implemented in the context of sports practice. These psychological strategies
include mental training, a key factor in the athletes” performance [30]. Mental training
consists of a set of skills such as attention, focus and emotion regulation—and techniques
ranging from self-talk to mental imagery. The use of mental training contributes to the
building of a stronger mindset through the regulation of stress and emotions [31]. A series
of research has indicated that athletes high in mental toughness exhibit more effective use
of psychological strategies [17] and are characterized by an enhanced ability to prevent
unwanted information from interfering with cognition [21,32]. In summary, if we consider
that wingsuit users are more experienced and that they take more risks than the other BASE
jumpers, we can expect them to be characterized by higher levels of mental toughness
and by lower levels of harm avoidance. Based on anecdotal evidence among the BASE
community, we could also expect them to use more mental training techniques than the
other jumpers.

Starting from the insights that wingsuit BASE jumping is both riskier and requires
more experience than other types of BASE jump practices, we made three main hypotheses
regarding the psychological characteristics of wingsuit BASE jumpers compared with
non-wingsuit BASE jumpers.

Hypothesis 1 (H1). We expect wingsuit BASE jumpers to be characterized by higher levels
of mental toughness than other BASE jumpers.

Hypothesis 2 (H2). We hypothesize that wingsuit BASE jumpers should present lower
levels of harm avoidance than the other BASE jumpers.

Hypothesis 3 (H3). We expect wingsuit users to use more mental training techniques than
the other jumpers.

2. Method
2.1. Procedure and Participants

A vast online survey was designed to address our hypotheses. English and French
versions of the questionnaire were distributed through Facebook BASE jump groups and
to the personal network of the main researcher, who is a BASE jumper himself (Regarding
the French version of the questionnaire, validated French versions of most scales were
used. For measures where no French validation was available, items were translated and
then back-translated by a native-speaking researcher in psychology). A total of 183 BASE
jumpers completed the questionnaire between 14 February and 2 March 2020. Besides one
observation which was removed due to its unrealistic pattern of answers, no outlier was
excluded. To test our hypotheses, participants were divided into two subsamples: Wingsuit
BASE jumpers and “other” BASE jumpers. Subsamples’ characteristics are available in
Table 1. Formal ethical approval has been obtained from the Faculty Ethics Committee
from Université libre de Bruxelles (Comité d'Ethique Facultaire, affiliated with the Faculté
des Sciences Psychologiques et de 1'Education).
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Table 1. Samples” Characteristics.

Wingsuit BASE Jumpers Others Chi-square and
Measures N =61 N=121 t-Tests
Gender 7 women 8 women 1.27 (0.08)
Age 38.41 (8.63) 36.24 (9.87) —1.52(0.23)
Years of practice 7.98 (5.75) 4.57 (5.15) —3.91 *** (0.64)
Frequency of practice _ %
(days/year) 70.52 (59.06) 48.79 (51.36) 2.44 *(0.40)
) 259.80

Number of BASE jumps 532.13 (439.46) (367.16) —4.16 *** (0.69)

Other risky activity than BASE Yes (75.4%) Yes (87.6%) —1.932(0.33)

Note: @ = p = 0.057; * = p < 0.05; ** = p < 0.001.

2.2. Measures

Completing the questionnaire took, on average, 15 min. Most indicators consisted
of short, adapted versions of existing scales to maximize the number of answers. Unless
specified, all items were rated on 5-point scales ranging from 1 (“not at all”) to 5 (“very
strongly”). In addition to demographics, participants were asked to answer the questions
listed in the following paragraphs.

Mental Toughness has been measured using an adapted short version of the Sports
Mental Toughness Questionnaire [12,33]. It was composed of 9 items covering the three
main dimensions of mental toughness: Confidence (e.g., “I have an unshakeable confidence
in my ability”; oc = 0.80), Constancy (e.g., “I take responsibility for setting myself challenging
targets”; « = 0.74) and Control (e.g., “I get angry and frustrated when things do not go my
way”; « = 0.71). A total score of Mental Toughness was also computed (x = 0.57).

Temperament and Character Inventory’s seven dimensions were measured using a
short version in 56 items [34,35]. Given their good internal consistency, seven indicators
were computed: novelty seeking (« = 0.57), harm avoidance (x = 0.77), reward dependance
(0e = 0.77), persistence (v = 0.71), self-directedness (cx = 0.68), cooperativeness (x = 0.72) and
self-transcendence (o = 0.89).

Sports Mental Training was measured using a 10-item adapted version of the Sports
Mental Training Questionnaire [31]. Four of the five factors were included: Foundational
Skills (e.g., “I know my own value, my strengths, and weaknesses, and I plan how to
improve them”; « = 0.67), Performance Skills (e.g., “When I am under pressure, I'm able to
relax physically and mentally, so that I am ready to perform”; r = 0.47), Self-Talk (e.g., “I
use self-talk to help myself overcome difficult times”; r = 0.56) and Mental Imagery (e.g.,
“During preparation for the jump I create real and accurate “inner films” planning possible
obstacles and feeling sensations associated with the actual situation to come”; « = 0.70). A
total score of mental training was also computed (o« = 0.77).

3. Results

We voluntarily departed from complex multivariate analyses, as the main objective of
this paper is descriptive comparative, to highlight the psychological differences between
wingsuit users and the other BASE jumpers. As such, the use of comparison analyses
seems especially appropriate. In a first step, we focused on demographic variables. Results
of chi-squared and Welch t-tests show that, although wingsuit users and the other BASE
jumpers do not significantly differ in terms of age and gender balance (We decided to test
whether gender was a significant discriminant variable within the two jumper samples.
Welch’s t-test results show that within the two groups of jumpers, women and men differ
on only one characteristic: participation in other risky activities. In the wingsuit group,
women engage in significantly more other risky activities than men. The pattern is opposite
for the other jumpers. Other than that, men and women do not differ on any other variable.
Based on these results, we decided to compare both groups (wingsuit users and other
jumpers) regardless of their gender in the subsequent analyses), the former carry out
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practice for longer, jump more often and have significantly more BASE jumps than their
counterparts (see Table 1). These results tend to confirm that wingsuit BASE jumpers
are more experienced than the other jumpers. Interestingly, they also report fewer risky
practices outside BASE jumps than the other jumpers (These self-reported practices are
highly varied: Speed flying, paragliding, skydiving, mountaineering, rock climbing, big
wave surfing, kite surfing, diverse forms of diving (e.g., cave, apnea) and highlining.
Interestingly, practices such as walking alone, cycling in a city and sex are also mentioned
by a series of participants. The mention of these last practices suggests a surprisingly
realistic perception of risk-taking).

The values in brackets in the two first columns are Standard Deviations. The values in
brackets in the last column are effect sizes.

In a second step, Welch t-tests were run to grasp the potential psychological differences
between wingsuit BASE jumpers and non-wingsuit BASE jumpers. We used non-parametric
tests given the imbalance in the subsamples’ sizes [36]. Contrary to all our hypotheses, the
results of the comparison tests show no significant differences but one between wingsuit
users and non-wingsuit BASE jumpers. The only exception to this pattern is the level of
self-talk which is significantly lower among wingsuit users than among the other jumpers
(see Table 2).

Table 2. Descriptive Statistics and Comparison Tests for the Main Variables Considered.

WS Base Jumpers Others Welch ¢-Test Effect Size
Measures n==61 P n=121 Value (Cohen’s d)
Mental Toughness—Confidence 3.699 (0.759) 3.548 (0.725) —1.288 (116) —0.204
Mental Toughness—Constancy 4.022 (0.647) 4.014 (0.664) —0.079 (123) —0.012
Mental Toughness—Control 2.738 (0.876) 2.625 (0.815) —0.836 (113) —0.133
Mental Toughness—Total 3.661 (0.547) 3.645 (0.502) —0.187 (112) —0.030
Mental Training—Foundational Skills 3.811 (0.822) 3.774 (0.722) —0.300 (105) —0.048
Mental Training—Performance Skills 4.067 (0.751) 3.933 (0.788) —1.105 (123) —-0.173
Mental Training—Self-Talk 2.867 (1.116) 3.300 (1.127) 2.448 * (119) 0.386
Mental Training—Mental Imagery 3.722 (0.961) 3.878 (0.792) 1.083 (100) 0.177
Mental Training—Total 3.647 (0.660) 3.743 (0.580) 0.961 (106) 0.155
TCI—Cooperativeness 3.936 (0.603) 4.062 (0.597) 1.330 (119) 0.209
TCI—Self-Transcendence 2.557 (0.969) 2.481 (1.087) —0.479 (133) —0.074
TCI—Self-Directedness 3.924 (0.615) 3.996 (0.612) 0.744 (120) 0.117
TCI—Reward- Dependence 3.189 (0.760) 3.351 (0.724) 1.385 (115) 0.219
TCI—Harm Avoidance 2.389 (0.719) 2.413 (0.691) 0.214 (116) 0.034
TCI—Persistence 3.762 (0.622) 3.798 (0.596) 0.365 (116) 0.058
TCI—Novelty-Seeking 3.680 (0.589) 3.766 (0.623) 0.907 (127) 0.141

Note: * p = 0.016; Scales ranged from 1 to 5 (see above). With a single exception, mean levels of all variables
of interest do not significantly differ between wingsuit users and other jumpers. The values in brackets in the
two first columns are Standard Deviations. The values in brackets in the third column are degrees of freedom of
Welch ¢-tests.

In a third step, given the absence of significant differences in personality and mental
training dimensions between wingsuit and non-wingsuit BASE jumpers, we investigated
from an exploratory point of view whether, instead of differences between categories of
jumpers, there would be differences within wingsuit BASE jumpers related to experience.
To carry this out, we conducted bivariate correlations to see if wingsuit users’ experience
level was related to their psychological characteristics. Results of the correlations show
that, besides one dimension of mental toughness and one personality trait (i.e., persistence),
there were no significant correlations between the number of wingsuit BASE jumps and
our variables of interest (see Table 3).
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Table 3. Correlations Between the Number of Wingsuit BASE Jumps and Variables of Interest.

Measures Number of Wingsuit BASE Jumps
Mental Toughness—Confidence —0.056
Mental Toughness—Constancy —0.406 **
Mental Toughness—Control —0.022
Mental Toughness—Total —0.079
Mental Training—Foundational Skills —0.198
Mental Training—Performance Skills 0.004
Mental Training—Self-Talk —0.090
Mental Training—Mental Imagery —0.203
Mental Training—Total —0.192
TCI—Cooperativeness 0.003
TCI—Self-Transcendence 0.038
TCI—Self-Directedness —0.068
TCI—Reward-Dependence —0.082
TCI—Harm Avoidance 0.069
TCI—Persistence —0.363 *
TCI—Novelty-Seeking 0.007
Note: Sig. Two-tailed: * p < 0.05. ** p < 0.01; Correlations between variables have been calculated separately for
the WS BASE subsample.

4. Discussion

The purpose of this study on the largest sample of BASE jumpers mobilized to date
was to consider potential psychological differences that may exist between wingsuit users
and other jumpers. Based on the widespread perception that wingsuit BASE jumping
is associated with higher risk-taking than other types of cliff jumps and that wingsuit
users would be more experienced than other jumpers, we expected the former to differ
from the latter on several psychological factors. More specifically, we hypothesized that
wingsuit users would be characterized by higher levels of mental toughness and by lower
levels of harm avoidance. We also expected them to use more mental training techniques
than the other jumpers. Our results, however, did not reveal the existence of distinct
profiles in terms of these psychological variables. This relative lack of empirical evidence of
psychological differences between wingsuit users and other BASE jumpers can be explained
in at least 3 ways. First, despite actual differences in “objective” experience (i.e., number of
years of practice, number of total jumps, frequency of practice), wingsuit users would not
actually differ from other jumpers in terms of psychological characteristics. Secondly, it
is also possible that many participants who were other jumpers may eventually go on to
become wingsuit users with more time in the sport and therefore confound the differences
in temperament across both groups. A third explanation is that our research method
and measurement tools were not able to capture such differences. We will develop these
hypotheses in the remainder of the discussion.

4.1. A False Dichotomy?

This first option is that wingsuit users and the other BASE jumpers would not sub-
stantially differ in terms of personality and mental characteristics. Another possible in-
terpretation is that psychological variables other than those we measured could explain
the differences in practice. For instance, the perception of risk may be associated with
the different types of practice [37,38], the emotions felt during the edge experience [39,40]
and the feeling of self-efficacy [41] concerning the practice of BASE jumping. Further, the
fact that wingsuit users were less involved in participation in other risk-taking activities
might suggest that obsessionality is an important variable to take into account in future
studies. Nevertheless, what our results suggest is that the distinction between elite (in this
case the wingsuit users) and amateur athletes (in this case the other jumpers) seems less
relevant in BASE jumping than in non-risk sports. In the latter, high-achievement athletes
are frequently distinguished from amateurs in terms of their psychological characteris-
tics [42—46]. In BASE jumping, moving into wingsuit BASE may be a natural progression
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from extended practice and a result of opportunity, rather than based on participants’
psychological characteristics and that effective performance in wingsuit BASE jumping
is likely to require a very similar set of characteristics as effective performance in other
BASE disciplines.

4.2. A Plea in Favor of Mixed or Multi-Methods

In the case of this study, the use of standardized questionnaires and basic quantitative
analyses (statistical methods such as latent profiles analyses could have been used if sam-
ple’s size was close to 500 [47] did not allow us to capture the psychological specificities of
different types of BASE jumpers. We have hypothesized above that this lack of observation
of differences may be due to a real absence of psychological specificities. However, since
the non-observation of statistically significant differences does not mean that there are no
real differences, the use of additional data collection methods, statistics (an important limi-
tation of the present study lies in the lack of multigroup measurement invariance analysis
due to small sample sizes [48]. Treating the French- and English-speaking subsamples as
a whole might have influenced the final results of our analyses), and even, of different
psychological models, would have been of considerable value. History has shown on
several occasions that while extrapolating ideas from one field to another field can have
broad application, it is often the case that important nuances are missed. In sport, a good
example is the early extrapolation of knowledge from mainstream psychology to sport psy-
chology [49]. Although research in the early days was broadly helpful, important nuances
were missed which triggered the move to the development of sport-specific models. Arijs
and colleagues [50] argued that extreme sports need to be recognized as different enough
from mainstream sport that specific models need to be developed for extreme sports. The
need for different models is often accompanied by the need for different research methods.
The present study highlights the limits of purely quantitative designs and suggests that
qualitative methodologies able to draw out nuances are important [50]. Challenges for
research in this area include the fact that quantitative and qualitative research are often
framed by different ontological and epistemological frameworks [51]. Although many have
argued that truly mixed methods are potentially incompatible, studies that utilize one or
the other or collaborative studies that draw on both might provide the evidence required
to produce models suitable for extreme sports. One example of this practice is a study by
Monasterio and Brymer [52] which adopts an autoethnographic approach to explicate a
rock-climbing accident. Their findings show that beyond personality factors—traditionally
measured through quantitative questionnaires—effective climbing is also determined by
the reinforcement of humility and self-awareness.

5. Conclusions

The current research addressed the psychological specificities of wingsuit users com-
pared with the other BASE jumpers. Our results showed that wingsuit users and the other
jumpers displayed quite similar psychological patterns. We tried to explain these results
in at least three ways, one of which constitutes a plea in the favor of the use of mixed
methods for studying the extreme sports experience. In our view, the combination of
understanding real-life motivators and decision-making of individuals, with quantitative
data in populations, is the goal of longer-term research and will enrich not only extreme
sports research but also research into complex behaviors.

Author Contributions: Conceptualization, P.B.; methodology, P.B.; formal analysis, P.B.; investigation,
P.B.; data curation, P.B.; writing—original draft preparation, P.B.; writing—review and editing, P.B.,
E.B., EM. and EF; project administration, P.B. and E.B. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.



Int. |. Environ. Res. Public Health 2022, 19, 3061 80f9

Institutional Review Board Statement: Formal ethical approval has been obtained from the Faculty
Ethics Committee from Université libre de Bruxelles (Comité d’Ethique Facultaire, affiliated with the
Faculté des Sciences Psychologiques et de 'Education—004 /2018 “BASE jump et risques percus”).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The dataset, questionnaire, and ethical approval form have been made
publicly available on the OSF and can be accessed at https:/ /osf.io/umc7j/?view_only=e40404996f5
34ce0a0336ae7d5214081 (accessed on 20 January 2022).

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Brymer, E.; Mackenzie, S.H. Psychology and the extreme sport experience. In Extreme Sports Medicine; Springer: Cham,
Switzerland, 2017; pp. 3-13.

2. Pain, M.T.G.; Pain, M.A. Essay: Risk taking in sport. Lancet 2005, 366, S33-S34. [CrossRef]

3. Feletti, F.; Aliverti, A.; Henjum, M.; Tarabini, M.; Brymer, E. Incidents and injuries in foot-launched flying extreme sports. Aerosp.
Med. Hum. Perform. 2017, 88, 1016-1023. [CrossRef] [PubMed]

4. Feletti, F.; Westman, A.; Mei-Dan, O. BASE jumping and wingsuit flying injuries. In Extreme Sports Medicine; Feletti, F.,, Ed.;
Springer: Cham, Switzerland, 2017; pp. 235-244.

5. Boudreau, P.; Mackenzie, S.H.; Hodge, K. Flow states in adventure recreation: A systematic review and thematic synthesis.
Psychol. Sport Exerc. 2020, 46, 101611. [CrossRef]

6. Routier, G.; Soulé, B. Disengaging from high-risk sports: The identity-based rationales and biographical shifts that lead male
athletes to “give up”. Sport Soc. 2021, 24, 440-458. [CrossRef]

7. Sestak, T.A. The Effect of Surface Materials and Morphology on Wingsuit Aerodynamics. Ph.D. Thesis, Embry-Riddle Aeronautical
University, Daytona Beach, FL, USA, 2017.

8.  Mei-Dan, O.; Monasterio, E.; Carmont, M.; Westman, A. Fatalities in wingsuit BASE jumping. Wilderness Environ. Med. 2013, 24,
321-327. [CrossRef]

9.  Bouchat, P,; Brymer, E. BASE jumping fatalities between 2007 and 2017: Main Causes of Accidents and Recommendations for
Safety. Wilderness Environ. Med. 2019, 30, 407—411. [CrossRef]

10. Stockl, A,; Sieker, J.; Westman, A.; Mei-Dan, O. Practical and Conceptual Analysis of Wingsuit BASE Flight. Muscles Ligaments
Tendons J. 2020, 10, 257-268. [CrossRef]

11.  Brymer, E.; Schweitzer, R. Phenomenology and the Extreme Sports Experience; Routledge: New York, NY, USA, 2017.

12.  Clough Pearle, K.; Sewell, D. Mental toughness: The concept and its measurement. In Solutions in Sport Psychology; Cockerill, L.,
Ed.; Thomson: London, UK, 2002; pp. 32—43.

13.  Cowden, R.G.; Clough, PJ.; Oppong Asante, K. Mental toughness in South African youth: Relationships with forgivingness and
attitudes towards risk. Psychol. Rep. 2017, 120, 271-289. [CrossRef]

14. Gucciardi, D.E; Gordon, S.; Dimmock, J. Evaluation of a Mental Toughness Training Program for Youth-Aged Australian
Footballers: I. A Quantitative Analysis. . Appl. Sport Psychol. 2009, 21, 307-323. [CrossRef]

15.  Jones, G. What Is This Thing Called Mental Toughness? An Investigation of Elite Sport Performers. J. Appl. Sport Psychol. 2002, 14,
205-218. [CrossRef]

16. Crust, L.; Keegan, R. Mental toughness and attitudes to risk-taking. Pers. Individ. Differ. 2010, 49, 164-168. [CrossRef]

17.  Crust, L.; Azadi, K. Mental toughness and athletes’ use of psychological strategies. Eur. J. Sport Sci. 2010, 10, 43-51. [CrossRef]

18. Nicholls, A.R.; Polman, R.C.; Levy, A.R.; Backhouse, S.H. Mental toughness, optimism, pessimism, and coping among athletes.
Personal. Individ. Differ. 2008, 44, 1182-1192. [CrossRef]

19. Chen, M.A,; Cheesman, D.J. Mental toughness of mixed martial arts athletes at different levels of competition. Percept. Mot. Ski.
2013, 116, 905-917. [CrossRef] [PubMed]

20. Shin, D.S.; Lee, K.H. A comparative study of mental toughness between elite and non-elite female athletes. Korean J. Sport Sci.
1994, 6, 85-102.

21. Vaughan, R.; Carter, G.L.; Cockroft, D.; Maggiorini, L. Harder, better, faster, stronger? Mental toughness, the dark triad and
physical activity. Personal. Individ. Differ. 2018, 131, 206-211. [CrossRef]

22.  Bull, S.J.; Shambrook, C.J.; James, W.; Brooks, J.E. Towards an Understanding of Mental Toughness in Elite English Cricketers.
J. Appl. Sport Psychol. 2005, 17, 209-227. [CrossRef]

23.  McEwan, D.; Boudreau, P.,; Curran, T.; Rhodes, R.E. Personality traits of high-risk sport participants: A meta-analysis. J. Res. Pers.
2019, 79, 83-93. [CrossRef]

24. Monasterio, E.; Mulder, R.; Frampton, C.; Mei-Dan, O. Personality characteristics of BASE jumpers. J. Appl. Sport Psychol. 2012, 24,
391-400.

25. Monasterio, E.; Alamri, Y.A.; Mei-Dan, O. Personality Characteristics in a Population of Mountain Climbers. Wilderness Environ.

Med. 2014, 25, 214-219. [CrossRef]


https://osf.io/umc7j/?view_only=e40404996f534ce0a0336ae7d5214081
https://osf.io/umc7j/?view_only=e40404996f534ce0a0336ae7d5214081
http://doi.org/10.1016/S0140-6736(05)67838-5
http://doi.org/10.3357/AMHP.4745.2017
http://www.ncbi.nlm.nih.gov/pubmed/29046177
http://doi.org/10.1016/j.psychsport.2019.101611
http://doi.org/10.1080/17430437.2019.1673370
http://doi.org/10.1016/j.wem.2013.06.010
http://doi.org/10.1016/j.wem.2019.07.001
http://doi.org/10.32098/mltj.02.2020.10
http://doi.org/10.1177/0033294116687516
http://doi.org/10.1080/10413200903026066
http://doi.org/10.1080/10413200290103509
http://doi.org/10.1016/j.paid.2010.03.026
http://doi.org/10.1080/17461390903049972
http://doi.org/10.1016/j.paid.2007.11.011
http://doi.org/10.2466/29.30.PMS.116.3.905-917
http://www.ncbi.nlm.nih.gov/pubmed/24175462
http://doi.org/10.1016/j.paid.2018.05.002
http://doi.org/10.1080/10413200591010085
http://doi.org/10.1016/j.jrp.2019.02.006
http://doi.org/10.1016/j.wem.2013.12.028

Int. |. Environ. Res. Public Health 2022, 19, 3061 90f9

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.
38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Monasterio, E.; Mei-Dan, O.; Hackney, A.C.; Lane, A.R.; Zwir, I.; Rozsa, S.; Cloninger, C.R. Stress reactivity and personality in
extreme sport athletes: The psychobiology of BASE jumpers. Physiol. Behav. 2016, 167, 289-297. [CrossRef] [PubMed]
Monasterio, E.; Mei-Dan, O.; Hackney, A.C.; Cloninger, R. Comparison of the Personality Traits of Male and Female BASE
Jumpers. Front. Psychol. 2018, 9, 1665. [CrossRef] [PubMed]

Cloninger, C.R.; Svrakic, D.M.; Przybeck, T.R. A Psychobiological Model of Temperament and Character. Arch. Gen. Psychiatry
1993, 50, 975-990. [CrossRef] [PubMed]

Monasterio, E. Personality characteristics in extreme sports athletes: Morbidity and mortality in mountaineering and BASE
jumping. In Adventure and Extreme Sports Injuries; Springer: London, UK, 2013; pp. 303-314.

Vealey, S.R. Mental Skills Training in Sport. In Handbook of Sport Psychology; Tenenbaum, G., Eklund, R., Singer, R., Eds.; Wiley:
Hoboken, NJ, USA, 2007.

Behnke, M.; Tomczak, M.; Kaczmarek, L.D.; Komar, M.; Gracz, J. The sport mental training questionnaire: Development and
validation. Curr. Psychol. 2019, 38, 504-516. [CrossRef]

Dewhurst, S.A.; Anderson, R.J.; Cotter, G.; Crust, L.; Clough, PJ. Identifying the cognitive basis of mental toughness: Evidence
from the directed forgetting paradigm. Personal. Individ. Differ. 2012, 53, 587-590. [CrossRef]

Sheard, M.; Golby, J.; Van Wersch, A. Progress toward construct validation of the Sports Mental Toughness Questionnaire (SMTQ).
Eur. J. Psychol. Assess. 2009, 25, 186-193. [CrossRef]

Adan, A.; Serra-Grabulosa, ].M.; Caci, H.; Natale, V. A reduced Temperament and Character Inventory (TCI-56). Psychometric
properties in a non-clinical sample. Pers. Individ. Differ. 2009, 46, 687-692. [CrossRef]

Rigozzi, C.; Rossier, J. Validation d"une version abrégée du TCI (TCI-56) sur un échantillon de jeunes fumeurs et non-fumeurs.
Ann. Médico-Psychol. 2004, 162, 541-548. [CrossRef]

Delacre, M.; Lakens, D.D.; Leys, C. Why Psychologists Should by Default Use Welch'’s t-test Instead of Student’s t-test. Int. Rev.
Soc. Psychol. 2017, 30, 92-101. [CrossRef]

Brymer, E. Risk taking in Extreme Sports: A phenomenological perspective. Ann. Leis. Res. 2010, 13, 218-238. [CrossRef]

Delle Fave, A.; Bassi, M.; Massimini, F. Quality of Experience and Risk Perception in High-Altitude Rock Climbing. J. Appl. Sport
Psychol. 2003, 15, 82-98. [CrossRef]

Hetland, A.; Vittersg, ]. The feelings of extreme risk: Exploring emotional quality and variability in skydiving and BASE jumping.
J. Sport Behav. 2012, 35, 154-180.

MacIntyre, T.E.; Walkin, A.M.; Beckmann, J.; Calogiuri, G.; Gritzka, S.; Oliver, G.; Donnelly, A.A.; Warrington, G. An exploratory
study of extreme sport athletes’ nature interactions: From well-being to pro-environmental behavior. Front. Psychol. 2019, 10,
1233. [CrossRef] [PubMed]

Sklett, V.H.; Loras, H.W.; Sigmundsson, H. Self-Efficacy, Flow, Affect, Worry and Performance in Elite World Cup Ski Jumping.
Front. Psychol. 2018, 9, 1215. [CrossRef] [PubMed]

Brand, R.; Wolff, W.; Hoyer, J. Psychological symptoms and chronic mood in representative samples of elite student-athletes,
deselected student-athletes and comparison students. Sch. Ment. Health 2013, 5, 166-174. [CrossRef]

Mahoney, M.].; Gabriel, T.J.; Perkins, T.S. Psychological Skills and Exceptional Athletic Performance. Sport Psychol. 1987, 1,
181-199. [CrossRef]

Swann, C.; Moran, A.; Piggott, D. Defining elite athletes: Issues in the study of expert performance in sport psychology. Psychol.
Sport Exerc. 2015, 16, 3-14. [CrossRef]

Williams, A.M.; Ford, PR.; Hodges, N.J.; Ward, P. Expertise in sport: Specificity, plasticity, and adaptability in high-performance
athletes. In The Cambridge Handbook of Expertise and Expert Performance; Ericsson, K.A., Hoffman, R.R., Kozbelt, A., Williams, A.M.,
Eds.; Cambridge University Press: Cambridge, UK, 2018; pp. 653-673.

Zakrajsek, R.A.; Raabe, J.; Blanton, J.E. Psychological characteristics of elite athletes. In APA Handbook of Sport and Exercise
Psychology; Anshel, M.H., Petrie, T.A., Steinfeldt, ].A., Eds.; American Psychological Association: Washington, DC, USA, 2019;
Volume 1, pp. 129-148.

Nylund, K.L.; Asparouhov, T.; Muthén, B.O. Deciding on the Number of Classes in Latent Class Analysis and Growth Mixture
Modeling: A Monte Carlo Simulation Study. Struct. Equ. Model. A Multidiscip. ]. 2007, 14, 535-569. [CrossRef]

Byrne, B.M. Testing for Multigroup Invariance Using AMOS Graphics: A Road Less Traveled. Struct. Equ. Model. A Multidiscip. ].
2004, 11, 272-300. [CrossRef]

Dishman, R K. Identity Crises in North American Sport Psychology: Academics in Professional Issues. . Sport Psychol. 1983, 5,
123-134. [CrossRef]

Arijs, C.; Chroni, S.; Brymer, E.; Carless, D. ‘Leave your ego at the door”: A narrative investigation into effective wingsuit flying.
Front. Psychol. Perform. Sci. 2017, 8, 1985. [CrossRef] [PubMed]

Peacock, S.; Brymer, E. Facilitating mental health. In Good Health and Well-Being. Encyclopedia of the UN Sustainable Development
Goals; Leal Filho, W., Wall, T., Azeiteiro, U., Azul, A., Brandlj, L., Ozuyar, P, Eds.; Springer: Cham, Switzerland, 2019.
Monasterio, E.; Brymer, E. Feeding Time at the Zoo: Psychological aspects of a serious rock climbing accident. J. Adventure Educ.
Outdoor Learn. 2021, 21, 323-335. [CrossRef]


http://doi.org/10.1016/j.physbeh.2016.09.025
http://www.ncbi.nlm.nih.gov/pubmed/27693575
http://doi.org/10.3389/fpsyg.2018.01665
http://www.ncbi.nlm.nih.gov/pubmed/30298029
http://doi.org/10.1001/archpsyc.1993.01820240059008
http://www.ncbi.nlm.nih.gov/pubmed/8250684
http://doi.org/10.1007/s12144-017-9629-1
http://doi.org/10.1016/j.paid.2012.04.036
http://doi.org/10.1027/1015-5759.25.3.186
http://doi.org/10.1016/j.paid.2009.01.023
http://doi.org/10.1016/j.amp.2003.09.013
http://doi.org/10.5334/irsp.82
http://doi.org/10.1080/11745398.2010.9686845
http://doi.org/10.1080/10413200305402
http://doi.org/10.3389/fpsyg.2019.01233
http://www.ncbi.nlm.nih.gov/pubmed/31244711
http://doi.org/10.3389/fpsyg.2018.01215
http://www.ncbi.nlm.nih.gov/pubmed/30065687
http://doi.org/10.1007/s12310-012-9095-8
http://doi.org/10.1123/tsp.1.3.181
http://doi.org/10.1016/j.psychsport.2014.07.004
http://doi.org/10.1080/10705510701575396
http://doi.org/10.1207/s15328007sem1102_8
http://doi.org/10.1123/jsp.5.2.123
http://doi.org/10.3389/fpsyg.2017.01985
http://www.ncbi.nlm.nih.gov/pubmed/29204131
http://doi.org/10.1080/14729679.2020.1829494

	Introduction 
	Method 
	Procedure and Participants 
	Measures 

	Results 
	Discussion 
	A False Dichotomy? 
	A Plea in Favor of Mixed or Multi-Methods 

	Conclusions 
	References

