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Abstract

Speed is a main factor affecting the kinematic of snow-sports accidents and the degree of

severity of the resulting injuries. The aim of this study was to measure on-slope actual maxi-

mum speeds of snowboarders and to assess their ability to accurately them with regard to

individual factors such as gender, skill level, age and risk-taking behaviour and actual maxi-

mum speed. The data were obtained from a sample of 312 (67% male, 33% female) adult

recreational snowboarders taking lessons in one of the major resorts in the Spanish Pyre-

nees. The Pearson correlation coefficient was used to investigate the relationship between

maximal measured actual speed and estimated speed for all participants. Multiple linear

regression analysis was used to estimate the impact of individual factors on both the snow-

boarders’ actual maximum speed and their error of estimation. The Pearson correlation

coefficient between estimated and actual maximum speed was 0.52 (P < 0.001) for all par-

ticipants. They underestimated their actual maximum speed on average by 10.05 km/h or

28.62%. All assessed factors were shown to significantly affect the snowboarders’ actual

maximum speed. However, gender, skill level, age and actual maximum speed were shown

to significantly affect the snowboarders’ error of estimation, while risk-taking behavior did

not. Gender, skill level, age and risk-taking behaviour are associated with the actual maxi-

mum speed at which snowboarders ride, while the same individual factors, except for risk-

taking behaviour, and their snowboarding speed seem to affect the ability to estimate actual

maximum speeds in adult recreational snowboarders. The ability to estimate actual speed

accurately is an important factor to avoid accidents on ski slopes and, therefore, having

snowboarders informed about the benefits of speed self-awareness is a key matter for pre-

vention purposes.

Introduction

Injury prevention in sports facilities has been defined as the general planning, human and

material resources allocation, and implementation and control of all measures needed to mini-

mize the risk of accident occurrence and the severity of resulting injuries in sport facilities [1].

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0246931 February 10, 2021 1 / 11

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Carus L, Castillo I (2021) Injury

prevention: Individual factors affecting adult

recreational snowboarders’ actual and estimated

speeds on regular slopes. PLoS ONE 16(2):

e0246931. https://doi.org/10.1371/journal.

pone.0246931

Editor: Ahmed Mancy Mosa, Al Mansour

University College-Baghdad-Iraq, IRAQ

Received: August 10, 2020

Accepted: January 28, 2021

Published: February 10, 2021

Copyright: © 2021 Carus, Castillo. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: All relevant data are

within the manuscript and its Supporting

Information files.

Funding: The authors received no specific funding

for this work.

Competing interests: The authors have declared

that no competing interests exist.

https://orcid.org/0000-0001-6159-2554
https://doi.org/10.1371/journal.pone.0246931
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0246931&domain=pdf&date_stamp=2021-02-10
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0246931&domain=pdf&date_stamp=2021-02-10
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0246931&domain=pdf&date_stamp=2021-02-10
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0246931&domain=pdf&date_stamp=2021-02-10
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0246931&domain=pdf&date_stamp=2021-02-10
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0246931&domain=pdf&date_stamp=2021-02-10
https://doi.org/10.1371/journal.pone.0246931
https://doi.org/10.1371/journal.pone.0246931
http://creativecommons.org/licenses/by/4.0/


Undoubtedly, snow sports entail the risks of accident and injury, attributable either to oneself

or to third parties, leading to more or less severe and undesirable ethical, legal and economic

effects, which impel ski resorts to take the necessary steps to minimize the risk of their occur-

rence [2, 3].

One of the main factors affecting the occurrence of on-slope accidents and the severity of

any resulting injury in ski resorts is the speed of the actors prior to the accident [4, 5]. Past

research has shown how ski and snowboard accidents on regular slopes are very often the

result of excessive speed and how the severity of the resulting injuries is likely to increase as

speed increases, to the extent that fatalities are very often the result of high-speed accidents [4–

9]. The origin of this connection between speed, accidents and the severity of resulting injuries

can be found in the fact that for a given mass, kinetic energy increases as the square of the

velocity (KE = ½ mv2), and that high speed negatively affects the time and distance needed to

conduct an adequate response to avoid obstacles or other persons [10, 11].

It follows that to prevent speed-related injuries in ski resorts, preventive strategies must

include avoiding excessive speed during skiing and snowboarding, as different alpine responsi-

bility codes (issued by ski resorts, winter sports national federations, clubs, etc.) and the Inter-

national Ski Federation (FIS) rules for conduct on slopes have recommended–since they were

first issued in 1967, though there has been a subsequent update to include snowboarders in

2002– [12, 13]. Consequently, in addition to other typical speed control strategies undertaken

by ski resorts, such as using posted speed recommendations or limits, ski patrollers enforcing

rules against high-speed, or creating properly balanced fenced areas and mazes with the inten-

tion of requiring a safe reduction in speed [3, 14], as Ruedl et al. [15] put it for the case of ski-

ers, would be advantageous if users could estimate their individual speed as accurately as

possible. However, as Dickson et al. [3] remark, given that increasing skill levels in many sports

are linked to greater speeds, the concern is that new devices designed to inform users of their

actual speed will add risk as risk-seeking participants strive to better themselves in terms of

how fast they go.

Furthermore, for them to devise excessive speed effective prevention policies, it would be

advantageous that ski resorts’ managers counted on useful insights on the factors that affect

the users’ actual speed and their ability to estimate it. As Dickson et al. [3] recap, to be effective

at controlling speed, there must be an understanding of the speed at which participants are

moving, both by the participants themselves and by those seeking to modify or manage the

participants’ behaviour. Besides, a sound understanding of snowboarding speed is also useful

to assess protective equipment such as helmets used for recreational snow sports, bindings or

ski area padding whose effectiveness depends on the impact speed and the energy involved in

the accident [15–17].

To that ends, previous studies have consistently analyzed how actual speed of on-slopes

snow-sports participants is related to various factors [3, 15, 16, 18–20]. Some of these studies

have studied the skiers’ ability to qualitatively perceive their actual speed [15, 16], others have

studied the skiers’ ability to quantitatively estimate it [3, 15, 18–20], and one studied such abil-

ity among a small subset of a quantitatively indiscriminate mixture of skiers and snowboarders

[19]. However, to the best of our knowledge, no study as of yet has been specifically devoted to

evaluating the actual speeds of the snowboarders and their ability to estimate them.

Therefore, given the importance of the subject for injury prevention policies design and for

the assessment of protective equipment, the aim of this study was to analyse the actual maxi-

mum speeds of snowboarders on groomed slopes with regard to gender, skill level, age and

risk-taking behaviour, and their ability to accurately estimate it with regard to the aforemen-

tioned factors and their actual maximum speed.
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Materials and methods

This study was conducted following the approval of the University of Zaragoza research board,

and the research was carried out following the rules of the Declaration of Helsinki, regarding

research involving human subjects (revised in 2013 in Fortaleza, Brazil).

Data for this study were collected between December 2019 and mid-March 2020 at a major

ski resort in the Spanish Pyrenees, from a sample of 312 adult recreational snowboarders tak-

ing snowboard lessons. All of them gave their informed consent to participate in the

experiment.

The inclusion criterion was an age of 18 years or older. Participants were chosen to largely

represent gender, skill level and age groups in similar proportions to those of the ski school’s

usual populations of snowboarders. Data on gender and age–classified into four groups (�30,

31–40, 41–50, >50) [16, 18]–were recorded at the time of customer registration. However,

when the statistical analysis was first applied to the original data under the consideration of the

four age groups, it revealed that only the group of snowboarders over 50 years had shown sig-

nificantly different actual maximum speeds versus the other three groups, which showed no

significant differences among them. For that reason, age was recoded to conform to two

groups of age (>50 vs�50).

With regard to skill levels, it is a ski school mandatory procedure that all customers taking

lessons demonstrate their maximum skill under the observation of Level III–certified instruc-

tors, who then decide about their skill level on the spot according to Sulheim et al. [21]. Once

skill levels had been so established were then grouped into less-skilled (complete beginners

and low levels) and more-skilled (advanced and experts) [16, 18]. Helmets were mandatory for

all participants in accordance with the ski school’s rules.

Regarding risk-taking behaviour, in this study it is understood to be associated with the per-

sonality trait sensation seeking in reference to the seeking of intense sensations and experi-

ences, and the willingness to take physical and social risk for the sake of such experience [22].

Speed measurements were obtained on groomed runs because previous research has shown

that most snow sports injuries and fatalities occur on well prepared slopes [23, 24], and

because ungroomed runs tend not to lend themselves to fast skiing. These trails are more likely

to be exceptionally steep, narrow, bumpy and twisty; thus, speeds attained on them tend not to

be as fast as groomed trails [3, 19, 23].

Speed measurements were gathered in different environmental conditions and at different

times by a team of experienced snowboard instructors in their normal day’s instructional

activity [25]. Each was furnished with a smartphone preloaded with a recent (December, 2019)

version of a GPS-based snow-sports application for Android (Ski Tracks 1.3.17; Core Coders

Ltd.), previously and satisfactorily used in snow sports speed measurements and which,

among other variables (altitude, number of runs, slope inclination, route followed, etc.), could

record maximum actual speeds [25]. We had its precision previously validated by comparing

Ski Tracks’ results with photocells measurements on a closed racing stadium; the results

proved negligible mean time differences with no systematic bias [26].

Instructors received specific instruction on the operation of the application and were made

aware that participants might attempt to ride at speeds higher than their normal ones due to

being measured; therefore, they stressed to participants that the research focused on normal

snowboarding of the mountain (rhythm, line or combination of turns size) and to put as little

emphasis as possible on the measurement of speed, though participants were aware that this

measurement was taking place [3].

At the starting point of a run matching the participants’ skill level and after the data-record-

ing devices had been fitted, snowboarders were asked to keep them on all the way through the
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completion of a whole run at their will and ease, in the same way they would do if snowboard-

ing on their own. At the bottom of the hill they were asked to estimate what their maximum

speed had been and whether they thought themselves to be cautious or risk-taking snow-

boarders [22].

Positive (overestimation) and negative (underestimation) errors of estimation (EE) were

the resulting differences between estimated speeds, as perceived by the participants, and actual

speeds, as recorded by the apparatus. The closer the EE is to 0, the better was the snow-

boarders’ ability to estimate his or her speed.

Participants’ data were entered into Minitab 19 for Windows (State College, PA, USA) for

analysis and included descriptive statistics to summarize the data (e.g. mean and standard

deviation, as well as maximum speeds) and between-group differences.

The Pearson correlation coefficient and the intraclass correlation coefficients (ICC) were

used to investigate the relationship between actual maximum speed and estimated speed for all

participants [3, 15, 18, 19, 25]. Multiple linear regression analysis was used to estimate the

effect of individual characteristics on both the snowboarders’ actual maximum speed and their

EE. All probability values were two-tailed, and values of .05 or less were considered to indicate

statistical significance.

Results

A total of 312 adult snowboarders (209 [67%] male, 103 [33%] female) with a mean (±SD) age

of 35.5 (±10.4) years participated in this study.

Mean actual maximum speed and mean estimated speeds of all participants were 43.33

(±14.07) km/h and 33.29 (±18.48) km/h, respectively. The Pearson correlation coefficient

between the actual maximum speeds and the estimated speeds was 0.54 (P< 0.001) for all par-

ticipants, while the intraclass correlation coefficient was 0.77 (P = 0.029). A 95.2% (297) of

them underestimated their actual maximum speed while a 4.8% (15) overestimated it. Partici-

pants’ median absolute error of estimation (MAE) was 10.23 (±6.47) km/h, while they under-

estimated their actual speed on average by 10.05 (±6.75) km/h (S1 Fig).

The maximum actual speed was 72.7 km/h, for a male, more-skilled, risky, and between

31–40 years of age, while the minimum was 7.1 km/h, for a female, less-skilled, cautious, and

older than 50 years of age. The highest error was an underestimation of 25.6 km/h or 71.91%

of the actual maximum speed, while the lowest was an overestimation of 3.2 km/h (5.63%).

Mean actual maximum snowboarding speed and mean EEs with regard to gender, skill

level, age and risk-taking behaviour are displayed in Table 1.

Regarding actual maximum speed, the multiple linear regression analysis, with entering all

factors [gender, skill level, age and risk-taking behaviour], showed a significant impact of all of

them on actual maximum snowboarding speed (Table 2).

The final model of the multiple linear regression analysis explains up to 98% of the variance

of actual speed. In order to account for high R and R2 values cross-validation was performed

but differences were only obtained in the third and fourth units after de decimal point. Actu-

ally, the values of the coefficient of determination barely changed, what led us to believe that

the model is dependable enough to make predictions (Table 3).

The results of the multiple linear regression analysis (Table 2) reveal that men who were

more-skilled and rated themselves as risky snowboarders and those younger than 50 years

rode significantly faster by a mean of 8, 25.2, 7 and 5.3 km/h compared to women who were

less-skilled, more cautious, and those older than 50 years, respectively.

With regard to the EE, the results of the multiple linear regression analysis are shown in

Table 4. They show a significant impact of the actual speed, gender, skill level and age on the
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participants’ ability to estimate their actual maximum speed, but not of self-rated risk-taking

behaviour.

Even though self-rated risk-taking behaviour does not show statistical significance, previous

research by Ruedl et al. [18] showed an impac of this factor on the ability of skiers to estimate

speeds as accurately as possible. Therefore, all factors were considered in the final model. The

final model of the multiple linear regression analysis explained 67% of the variance of the EE

(Table 5).

The results of the multiple linear regression analysis (Table 4) reveal that when snow-

boarding speed increased 1 km/h, the EE significantly decreased by 0.68 km/h. Women,

less-skilled snowboarders and snowboarders older than 50 years estimated their actual

maximum speed less accurately by a mean of 8.8, 26.4 and 8.1 km/h compared to men who

were more-skilled snowboarders and snowboarders of or younger than 50 years of age,

respectively.

Table 1. Participants profile and mean values (±SD) of actual maximum speed and errors of estimation with regard to gender, skill level, age and risk-taking

behaviour.

Factors n (%) Actual maximum speed (km/h) EE (km/h)

Underestimations 297 (95.2%) Overestimations 15 (4.8%) Sample� 312 (100%)

Gender

Male 209 (67) 46.35 (±13.60) -9.85 (±6.41) 2.24 (±0.88) -9.27 (±6.77)

Female 103 (33) 37.22 (±12.97) -12.29 (±5.86) 1.32 (±0.73) -11.63 (±6.43)

Skill level

More-skilled 144 (46) 57.12 (±6.28) -6.36 (±4.60) 1.93 (±0.94) -5.49 (±5.04)

Less-skilled 168 (54) 31.51 (±5.56) -13.95 (±5.46) ——— -13.95 (±5.46)

Age

�50 265 (85) 43.83 (±14.26) -10.32 (±6.25) 1.90 (±0.96) -9.68 (±6.67)

>50 47 (15) 40.54 (±12.53) -12.45 (±6.48) 2.35 (±0.05) -12.14 (±6.83)

Risk-taking behavior

Risky 110 (35) 49.97 (±13.85) -13.48 (±7.31) 1.95 (±0.25) -13.34 (±7.44)

Cautious 202 (65) 39.72 (±12.81) -9.01 (±5.02) 1.88 (±0.95) -8.26 (±5.58)

Total 312 43.33 (±14.07) -10.65 (±6.34) 1.93 (±0.94) -10.05 (±6.75)

10.23 (±6.47)

� Negative values show an overall underestimation of actual maximum speeds. The positive value shows the median absolute error (MAE) of estimation of actual

maximum speeds.

———None of the less-skilled snowboarders overestimated their actual maximum speed.

https://doi.org/10.1371/journal.pone.0246931.t001

Table 2. Results of the multiple linear regression analysis of factors affecting the actual maximum speed.

Factor Ba SE Bb t P value

Constant 64.93 .18 353.86 <0.001

Male� vs female -8.06 .19 -42.16 <0.001

More-skilled� vs less-skilled -25.20 .18 -140.59 <0.001

�50� vs >50 -5.30 .25 -21.07 <0.001

Risky� vs cautious -7.05 .19 -37.23 <0.001

a Unstandardized coefficient.
b Standard error of B.

� Reference category.

https://doi.org/10.1371/journal.pone.0246931.t002
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Discussion

Gaining insight into snowboarding speed on regular slopes is decisive to devise successful

injury prevention policies and to evaluate means for users’ protection. Consequently, this

research aims at delving into the understanding of snowboarding speed by studying how indi-

vidual personal factors influence adult recreational snowboarders’ speed and their ability to

estimate it, the intention being that the results obtained will help snowboarders, resort manag-

ers and politicians to make informed decisions about managing on-slope behaviours for the

safety of all snowboarders. For this purpose, the study benefited from using GPS-based tech-

nology, which has been showed to be adequate for snow-sports speed measurements [26, 27].

It consisted of a smartphone new GPS-based application that provided advantages in terms of

flexibility, affordability, and simplicity of operation or public accessibility compared to the

radar guns that were previously used for measuring on-slope speed [25].

In general terms, the main results of this research were that all the individual factors under

study seem to affect the actual speed of recreational adult snowboarders, and that snowboard-

ing actual speed, gender, skill level and age seem to affect snowboarders’ ability to estimate

their actual maximum speeds, whereas risk-taking behaviour does not. The reported Pearson

product-moment correlation coefficient between the actual and estimated maximum speeds

obtained for snowboarders in this study is similar to that obtained for skiers in previous stud-

ies [15, 18, 19]. However, regarding actual speed, the mean speed obtained in this study for

snowboarders of all skill levels is lower than any of those previously measured for skiers [15,

18, 19]. This means that for skiers and snowboarders of equal mass, the average skier has more

kinetic energy (KE = ½ mv2) than does the average snowboarder.

Table 3. Model summary�.

Model R R2 Adjusted R2 R2 change R2 pred Significant chance Durbin-Watson

Ia 0.30 0.09 0.0903 0.09 0.0817 .000 0.07

IIb 0.95 0.90 0.9052 0.81 0.9040 .000 0.65

IIIc 0.96 0.93 0.9316 0.03 0.9306 .000 0.68

IVd 0.99 0.98 0.9876 0.05 0.9873 .000 0.73

� Dependent variable: actual maximum speed in km/h.
a Predictors: gender.
b Predictors: gender, skill level.
c Predictors: gender, skill level, age.
d Predictors: gender, skill level, age, risk-taking behavior.

https://doi.org/10.1371/journal.pone.0246931.t003

Table 4. Results of the multiple hierarchical regression analysis of factors affecting the EE.

Factor Ba SE Bb t P value

Constant 37.04 9.19 4.03 <0.001

Actual speed -0.68 0.14 -4.87 <0.001

Male� vs female -8.79 1.24 -7.11 <0.001

More-skilled� vs less-skilled -26.37 3.59 -7.34 <0.001

�50� vs >50 -8.12 0.97 -8.33 <0.001

Risky� vs cautious 1.62 1.10 1.47 0.14

a Unstandardized coefficient.
b Standard error of B.

� Reference category.

https://doi.org/10.1371/journal.pone.0246931.t004
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In comparison to our results, previous research using radar speed guns by Shealy et al. [19]

and Bailly et al. [15] reported an average of maximum speed recorded for snowboarders of

~39 km/h, which is lower than that obtained in this study by ~4 km/h. or 2.5%. However, the

radar guns they used only measured subjects moving in line with the radar beam, which was

not always the case of the subject because of the turns performed, and might have led to an

underestimation of the actual speed [15]. Therefore, that difference might be accounted for by

the different devices used for measuring purposes and by differences in the sample composi-

tion with respect to gender, skill level, age and risk-taking behavior.

With respect to the skill level, the difference of 25.61 km/h between the average actual maxi-

mum speed of less-skilled and more-skilled snowboarders was the greatest difference noted for

any of the predictors, and translates, for a given mass, into kinetic energy increasing about 3.3

times. Our results show that males rode faster than females, what might be attributable to an

on average higher skill level and more risky behavior in men [18, 28, 29]. Male snowboarders

rode on average at 46.35 km/h, versus only 37.22 km/h for females. This average speed differ-

ence translates into 54% greater kinetic energy for male snowboarders compared to female

snowboarders for snowboarders of equal mass. However, because adult males weigh more

than adult females, on average male snowboarders will have even more kinetic energy. For

example, assuming that the average adult male weighs ~77 kg and the average adult female

~62, an average adult male snowboarder at 46.35 km/h will have ~92% more kinetic energy

than an average adult female snowboarder at 37.22 km/h. Risky snowboarders rode on average

at 49.97 km/h, versus only 39.72 km/h for the cautious. These average speed difference trans-

late into 1.5 greater kinetic energy for risky snowboarders compared to cautious snow-

boarders, for snowboarders of equal mass. In comparison to those older than 50 years,

younger snowboarders rode on average significantly faster, which might be due to a better

physical fitness level and a riskier behavior in younger ages [22, 28].

With regard to speed estimation, our finding that actual maximum speeds were underesti-

mated on average by 10.05 km/h is similar to the observations of Shealy et al. [19] for a quanti-

tatively undetermined mixture of snowboarders and skiers. In contrast to previous research by

Bailly et al. [15] and Ruedl et al. [18], who encountered skiers totally unable to estimate their

actual maximum speed by percentages lower than 240% and 300%, respectively, in this study

snowboarders never made errors of estimation exceeding 72%. Similar to what has been

shown to be the case with skiers [18], our results suggest that the ability to estimate speed was

affected by the snowboarder’s actual speed. However, in contrast to skiers, snowboarders

Table 5. Model summary�.

Model R R2 Adjusted R2 R2 change Significant chance Durbin-Watson

Ia 0.50 0.26 0.26 0.26 .000 1.24

IIb 0.50 0.26 0.26 0.00 .088 1.24

IIIc 0.71 0.51 0.50 0.25 .000 1.56

IVd 0.81 0.67 0.67 0.16 .000 1.88

Ve 0.82 0.67 0.67 0.00 .142 1.89

� Dependent variable: error of estimation (EE) in km/h.
a Predictors: actual speed (km/h).
b Predictors: actual speed (km/h), gender.
c Predictors: actual speed (km/h), gender, skill level.
d Predictors: actual speed (km/h), gender, skill level, age.
e Predictors: actual speed (km/h), gender, skill level, age, risk-taking behavior.

https://doi.org/10.1371/journal.pone.0246931.t005
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almost always (95.2%) underestimated their maximum speed and, in alignment with Shealy

et al. [19], they tended to increasingly underestimate their speed the faster they went.

Also, similar to the case of skiers [18], besides snowboarders’ speed, mainly skill followed

by gender and age seemed to significantly impact on the ability to estimate maximum speeds

as accurately as possible. However, different from skiers, the risk-taking behaviour did not.

Men, more-skilled snowboarders and snowboarders of or younger than 50 years of age showed

a significantly better ability to estimate their actual maximum speed compared to women, less-

skilled snowboarders and snowboarders older than 50 years, respectively. In this sense, we

could speculate, as Ruedl et al. [18] did regarding skiers, that more-skilled snowboarders,

mostly men, ride more days per season and have more snowboarding experience compared to

less-skilled snowboarders, which results in a better ability to accurately estimate their speed,

and that women showing on average a lower ability to estimate their speeds might be partly

related to the greater proportion of less-skilled snowboarders among them found in this study.

In comparison to those who were younger, snowboarders older than 50 showed a worse ability

to estimate speed, which might be due to an age-related decline in the ability to sense changes

in velocity [30].

Even when snowboarders rode at the lowest mean speed (31.51 km/h for less-skilled), their

speed was above the ASTM F2040 “Standard Specification for Helmets Used for Recreational

Snow Sports” evaluation criterion of 22.3 km/h. (2.0 m drop test onto a flat steel anvil steel

with a 300 g max acceleration limit) [31]. Compared to this benchmark, up to 97% of the par-

ticipants’ maximum speeds were higher than that set by the standard, which means that the

kinetic energy of a snowboarder riding within the range of the lowest and the highest mean

actual speeds (57.12 km/h for more-skilled) is between 1.4 and 2.5 times greater than at 22.6

km/h. However, regarding helmet effectiveness in snowboarding the former reflection must be

read with caution because, though helmets offer a finite amount of head protection [32], they

may protect against impacts at higher speeds than what is found in the standards because these

apply linear impact tests and do not address other factors that may concur in an accident, such

as rotational forces, effective mass at impact, impact angle, type of object, quality of snow sur-

face, etc. [17, 33, 34]. As Dickson et al. [3] put it, at a time when resort managers and legislators

are increasingly considering making the wearing of helmets by resort guests mandatory, and

snow sports schools, like the one that cooperated in this study, are making helmets a compul-

sory part of their instructors’ and guests’ gear, this highlights the need to further investigate

the effectiveness of current snow-sports helmets designs to better meet the needs of current

snow-sport behaviours.

Our findings suggest that information on snowboarders’ speeds and factors affecting their

ability to estimate them must be a matter of interest to resort managers and politicians in the

development of their injury prevention strategies. They could identify actual and estimated

speeds associated with different groups of snowboarders and, together with a thorough under-

standing of usage patterns across the resort, might assist them with trail management, signage,

and the implementation of safety strategies for areas of high use and where high-speed trails

merge with areas used by less experienced participants [27].

On the other hand, the conduct of people participating in snow sports highly depends on

their level of knowledge regarding the existing rules [35], and a decisive way of reducing acci-

dents and the severity of resulting injuries related to speed would be to ensure that they are suf-

ficiently familiar with the fact that they must adapt their speed and manner of riding to their

ability and to the prevailing environmental conditions as well as to the density of traffic on the

ski slope [13, 36].

This study evinces that snowboarders in general have a very poor idea of how fast they ride.

It seems necessary that ski resorts undertake policies meant to inform users on how the odds
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of having an accident and the severity of resulting injuries increase with speed and about the

benefits of speed self-awareness for prevention purposes. According to Ruedl et al. [18], the

ability to estimate on-slope speed accurately is an important prerequisite for the reduction of

accidents on ski slopes, and therefore prevention programs should include training of speed

estimation, which could for example easily be integrated into snowboard education courses.

So far, individual estimation and feedback on speed were the only means for ski resort

users to discern their speed-related risk-taking behaviours, but emerging GPS-based technolo-

gies are now providing more accessible means for them to become aware of their actual speed

in real time. Resort managers may hope that the increasing use of technology such as fixed

radars, photocells, dashboards, and other devices with GPS capabilities such as smart phones,

watches or goggles, can be used as prompts to educate users regarding their speed, increasing

their ability to estimate it and, in general, their understanding of their own behaviour [27].

Finally, a limitation of this study was that even though instructors assisting in the data gath-

ering process stressed to participants that the research was focused on their usual riding of the

slope, participants might have attempted to snowboard at higher speeds than their normal

speeds because of the fact that their speeds were being measured. Additionally, our results are

primarily generalizable to snowboarders visiting the Pyrenees, who are mostly Spanish and

French. However, our results on actual maximum snowboard speeds seem to be consistent

with results from the Alps and North America [15, 19].

Conclusion

In conclusion, the factors considered in this study seem to affect both actual maximum speeds

and the ability to estimate them in recreational adult snowboarders. Higher actual speed,

female gender, lower skill, and an age over 50 years were associated with a decreased ability to

estimate actual speed. Besides the importance of having the skills to manage speed and stay in

control, which is paramount to avoid accidents on ski slopes [13], the ability to estimate actual

speed accurately adds to accident and injury prevention because of being a relevant factor to

ride within the limits of both indicated speed zones and protective equipment. Therefore, hav-

ing snowboarders informed about the benefits of speed self-awareness is a key matter for pre-

vention purposes.
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1. Gil J. How to manage sport facilities [Cómo gestionar una instalación deportiva]. Zaragoza, Spain:

Diputación General de Aragón; 2008. [in Spanish].

2. Carús L. Ski accidents and legal responsibility: The Spanish case. Accid Anal Prev. 2010; 42(2): 468–

475. https://doi.org/10.1016/j.aap.2009.09.009 PMID: 20159068

3. Dickson TJ, Terwiel FA, Waddington GS, Trathen SD. Easiest routes and slow zones: how fast do I

go?: speeds and distances of recrational and expert snowsport participants. J ASTM Int. 2012; 9(4):

184–197. https://doi.org/10.1520/JAI104490

4. Takakuwa T, Endo S. Factors determining the severity of ski injuries. J Orthop Sci. 1997; 2(6): 367–

371. https://doi.org/10.1007/BF02488923

5. Bailly N, Llari M, Donnadieu T, Masson C, Arnoux PJ. Head impact in a snowboarding accident. Scand

J Med Sci Sports. 2016; 27(9): 964–974. https://doi.org/10.1111/sms.12699 PMID: 27185578

6. Shealy JE, Ettlinger CF, Johnson RJ. Rates and modalities of death in the U.S.: snowboarding and ski-

ing differences– 1991/92 through 1998/99. In: Johnson RJ, Zucco P, Shealy JE, eds. Skiing Trauma

and Safety: 13th Volume, ASTM, West Conshohocken, PA, USA, 2000; pp. 132–138.

7. Shealy JE, Johnson RJ, Ettlinger CF. On piste fatalities in recreational snow sports in the U.S. In: John-

son RJ, Shealy JE, Yamagishi T, eds. Skiing Trauma and Safety: 16th Volume, ASTM, West Consho-

hocken, PA, USA, 2006; pp. 1–8.

8. Aschauer E, Ritter E, Resch H, Thoeni H, Spatzenegger H. Injuries and injury risk in skiing and snow-

boarding [Verletzungen und Verletzungsrisiko beim Ski- und Snowboardsport]. Unfallchirurg. 2007; 110

(4): 301–306. [in German] https://doi.org/10.1007/s00113-007-1263-1 PMID: 17390119

9. Chamarro A, Fernández-Castro J. The perception of causes of accidents in mountain sports: a study

based on the experiences of victims. Accid Anal Prev. 2009; 41(1): 197–201. https://doi.org/10.1016/j.

aap.2008.10.012 PMID: 19114155

10. Harley EM, Scher IS, Stepan L, Young DE, Shealy JE. Reaction times of skiers and snowboarders. J

ASTM Int. 2010; 7(9): 1–7. https://doi.org/10.1520/JAI102829

11. Schmitt K-U, Muser M. Investigating reaction times and stopping performance of skiers and snow-

boarders. Eur J Sport Sci. 2014; 14(Supp1): S165–S170. https://doi.org/10.1080/17461391.2012.

666267 PMID: 24444201

12. Fédération Internationale de Ski (FIS). 10 FIS Rules for conduct. Chamonix: FIS; 1967.

13. Fédération Internationale de Ski (FIS). 10 FIS Rules for conduct (updated); Oberhofen am Thunersee:

FIS; 2002.

14. Koehle MS, Lloyd-Smith R, Taunton JE. Alpine ski injuries and their prevention. Sports Med. 2002; 32

(12): 785–793. https://doi.org/10.2165/00007256-200232120-00003 PMID: 12238941

15. Bailly N, Abouchiche S, Masson C, Donnadieu T, Arnoux PJ. Recorded speed on alpine slopes: how to

interpret skier’s perception of their speed? In: Scher I, Greenwald R, Petrone N, eds. Snow Sports

Trauma and Safety; Springer, Cham, Germany, 2017; pp. 163–174.

16. Brunner F, Ruedl G, Kopp M, Burtscher M. Factors associated with the perception of speed among rec-

reational skiers. PLoS ONE. 2015; 10(6): 1–10. https://doi.org/10.1371/journal.pone.0132002 PMID:

26121670

17. Scher IS, Stepan LL, Shealy JE, Hoover RW. Examining ski area padding for head and neck injury miti-

gation. J Sci Med Sport. 2020; may (in press): 1–5. https://doi.org/10.1016/j.jsams.2019.11.010 PMID:

31810537

18. Ruedl G, Brunner F, Woldrich T, Faulhaber M, Kopp M, Nachbauer W, et al. Factors associated with

the ability to estimate actual speeds in recreational alpine skiers. Wild Environ Med. 2013; 24(2): 118–

123. https://doi.org/10.1016/j.wem.2012.11.021 PMID: 23491149

19. Shealy JE, Ettlinger CF, Johnson RJ. How fast do winter sports participants travel on alpine slopes? J

ASTM Int. 2005; 2(7): 1–8. https://doi.org/10.1520/JAI12092

20. Dickson TJ, Trathen S, Waddington GS. Speeds of pediatric snowsport participants: insights for injury

prevention strategies. In: Johnson RJ, Shealy JE, Greenwald RM, eds. Skiing Trauma and Safety: 20th

Volume, ASTM, West Conshohocken, PA, USA, 2015; pp. 141–149.

PLOS ONE Individual personal factors affecting snowboarders’ actual and estimated speeds

PLOS ONE | https://doi.org/10.1371/journal.pone.0246931 February 10, 2021 10 / 11

https://doi.org/10.1016/j.aap.2009.09.009
http://www.ncbi.nlm.nih.gov/pubmed/20159068
https://doi.org/10.1520/JAI104490
https://doi.org/10.1007/BF02488923
https://doi.org/10.1111/sms.12699
http://www.ncbi.nlm.nih.gov/pubmed/27185578
https://doi.org/10.1007/s00113-007-1263-1
http://www.ncbi.nlm.nih.gov/pubmed/17390119
https://doi.org/10.1016/j.aap.2008.10.012
https://doi.org/10.1016/j.aap.2008.10.012
http://www.ncbi.nlm.nih.gov/pubmed/19114155
https://doi.org/10.1520/JAI102829
https://doi.org/10.1080/17461391.2012.666267
https://doi.org/10.1080/17461391.2012.666267
http://www.ncbi.nlm.nih.gov/pubmed/24444201
https://doi.org/10.2165/00007256-200232120-00003
http://www.ncbi.nlm.nih.gov/pubmed/12238941
https://doi.org/10.1371/journal.pone.0132002
http://www.ncbi.nlm.nih.gov/pubmed/26121670
https://doi.org/10.1016/j.jsams.2019.11.010
http://www.ncbi.nlm.nih.gov/pubmed/31810537
https://doi.org/10.1016/j.wem.2012.11.021
http://www.ncbi.nlm.nih.gov/pubmed/23491149
https://doi.org/10.1520/JAI12092
https://doi.org/10.1371/journal.pone.0246931


21. Sulheim S, Ekeland A, Bahr R. Self-estimation of ability among skiers and snowboarders in alpine skiing

resort. Knee Surg Sports Traumatol Arthrosc. 2007; 15(5): 665–670. https://doi.org/10.1007/s00167-

006-0122-x PMID: 16845549

22. Ruedl G, Abart M, Ledochowsk L, Burtscher M, Kopp M. Self reported risk taking and risk compensation

in skiers and snowboarders are associated with sensation seeking. Accid Anal Prev. 2012; 48(Sept):

292–296. https://doi.org/10.1016/j.aap.2012.01.031 PMID: 22664693

23. Bergstrom KA, Ekeland A. Effect of trail design and grooming on the incidence of injuries at alpine ski

areas. Br J Sports Med. 2004; 38(3): 264–268. https://doi.org/10.1136/bjsm.2002.000270 PMID:

15155423

24. Posch M, Schranz A, Lener M, Burtscher M, Ruedl G. Incidences of fatalities on Austrian ski slopes: a

10-year analysis. Int J Environ Res Public Health. 2020; 17(8): 1–8. https://doi.org/10.3390/

ijerph17082916 PMID: 32340228

25. Dickson TJ, Terwiel FA. Snowsport instructors: their actual maximum speeds, their estimation of maxi-

mum speed and speed in slow zones, and their knowledge of helmet effectiveness. In: Scher I, Green-

wald R, Petrone N, eds. Snow Sports Trauma and Safety; Springer, Cham, Germany, 2017; pp. 175–

187.

26. Supej M, Holmberg H-C. A new time measurement method using a high-end Global Navigation Satellite

System to analyze alpine skiing. Res Q Exerc Sport. 2011; 82(3): 400–411. https://doi.org/10.1080/

02701367.2011.10599772 PMID: 21957698

27. Dickson TJ, Terwiel FA, Waddington G, Trathen S. Evaluation of the use of a GPS data-logging device

in a snowsport environment. Procedia Eng. 2011; 13: 470–475. https://doi.org/10.1016/j.proeng.2011.

05.116

28. Ruedl G, Pocecco E, Sommersacher R, Gatterer H, Kopp M, Nachbauer W, et al. Factors associated

with self-reported risk-taking behaviour on ski slopes. Br J Sports Med. 2010; 44(3): 204–206. https://

doi.org/10.1136/bjsm.2009.066779 PMID: 20231601

29. Goulet C, Regnier G, Valois P, Ouellet G. Injuries and risk taking in alpine skiing. In: Johnson RJ, Zucco

P, Shealy JE, eds. Skiing Trauma and Safety: 13th Volume, ASTM, West Conshohocken, PA, USA,

2000; pp. 139–146.

30. Scialfa CT, Guzy LT, Leibowitz HW, Garvey PM, Tyrell RA. Age differences in estimating vehicle veloc-

ity. Psychol Aging. 1991; 6(1): 60–66. https://doi.org/10.1037//0882-7974.6.1.60 PMID: 2029369

31. Shealy JE, Johnson RJ, Ettlinger CF. The science behind helmets. Ski Can. 2008; 37: 50–53.

32. Scher I, Richards D, Carhart M. Head injury in snowboarding: Evaluating the protective role of helmets.

J ASTM Int. 2006; 3(4): 1–9. https://doi.org/10.1520/JAI14203

33. Bailly N, Laporte J-D, Afquir S, Masson C, Donnadieu T, Delay J-B, Arnoux P-J. Effect of helmet use on

traumatic brain injuries and other head injuries in alpine sport. Wild Environ Med. 2018; 29(2): 151–158.

https://doi.org/10.1016/j.wem.2017.11.007 PMID: 29397300

34. Richards D, Scher I, Carhart M. Head Kinematics During Experimental Snowboard Falls: Implications

for Snow Helmet Standards. J ASTM Int. 2008; 5(6): 1–7. https://doi.org/10.1520/JAI101406

35. Hildebrandt C, Mildner E, Hotter B, Kirschner W, Höbenreich C, Raschner C. 2011. Accident prevention
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