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Recorded Speed on Alpine Slopes: How to 
Interpret Skier’s Perception of Their Speed?
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Abstract The speed before the accident is a necessary data to understand the injury 
mechanisms and to evaluate means of protection. In order to interpret the reported 
speed of a skier in an accident survey, this study aims to identify the governing 
factors of skiing speed and to propose ranges of speed combining the identified fac-
tors and the skiers’ perception of their speed. Travelling speed of 1399 skiers and 
snowboarders was measured with a radar speed gun. Gender, sport, helmet use, skill 
level, difficulty, and preparation of the slope were recorded. 170 recorded skiers were 
interviewed about their age, their skill level, their perceived speed (“slow to medium,” 
“high,” or “too high”), and their estimated speed (km/h). Linear regression models 
were used to evaluate the effect of each factor on skiing speed. The mean recorded 
speed was 43.4 (±15.2) km/h. It was 37.5 (±9.8) km/h when the perceived speed was 
“low to medium” and 49.0 (±14.6) km/h when the perceived speed was “high.” The 
factors best explaining skiing speed were the skill level (η2 = 0.26) and the slope dif-
ficulty (η2 = 0.19). Gender, age, sport, and slope preparation were found to have a 
small but significant effect (η2 < 0.1; p < 0.05). Those factors also influenced the 
speed perception: for the same perceived speed, “less skilled” skiers and skiers on 
easy slope tended to go on average 6 km/h and 8 km/h slower than the “more skilled” 
and those on medium slope, respectively. Finally, skiers estimated their measured 
speed fairly (r: 0.53). They tended to overestimate the speed when they went slower 
than 35 km/h but underestimated it at higher speed. Ranges of speed were obtained 
regarding perceived speed, skill level, and difficulty of the slope. This should be 
considered when interpreting skiers’ evaluation of their speed in accidents reports.
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1  Introduction

Each year approximately 150,000 ski and snowboard-related injuries are treated in 
a French medical centers [1]. One of the main factors affecting the kinematic of the 
accident and the injury severity is the speed of the participant prior to the accident 
[2, 3]. Indeed, the energy involved in the accident and the kinematic of the fall are 
related to the speed of the participant before the accident. In order to investigate 
these injury mechanisms, it is necessary to develop a robust understanding of skiing 
speed just before the crash. That understanding is also useful to evaluate means of 
protection such as ski helmets and protection mats whose effectiveness depends on 
the impact speed and the energy involved in the accident. In epidemiological study, 
the only available data on skiing speed before the accident, is the victims’ percep-
tion of their own speed [1, 3]. To access skiing speed before the crash, a translation 
between the perceived speed and the measured speed is therefore necessary.

In order to propose such a translation, understanding the factors influencing ski-
ing speed and its perception is crucial. Shealy et al. [4] and later Rueld et al. [5] 
showed that sport, gender, skill level, age, and risk-taking behavior might affect 
both skiing speed and the ability of the skiers to estimate their speed. Recently, 
Brunner et al. [6] also revealed that the skier’s perception of their speed might also 
depend on those factors. However, those studies were conducted on the same kind 
of slopes (medium difficulty); therefore, the difficulty and preparation of ski slope 
were never considered as factors influencing skiing speed.

2  Objective

This study investigates the measured speed on alpines slope and its perception. 
The first objective is to identify the factors having the greatest effect on skiing 
speed. The second objective is to obtain the range of speed regarding those identi-
fied factors and skier’s perception of their speed.

3  Materials/Methods

3.1  First Investigation: Evaluation of the Factors Not Related 
to the Perception of the User

The objective of this first investigation is to identify the factors best explaining the 
skiing speed. Using a discreet radar speed gun with an accuracy of ±2 km/h (Pocket 
radar, Pocket Radar, Inc., Santa Rosa, California), speed measurements were per-
formed in three different French ski resorts [Grand Bornand (n = 158), La Clusaz 
(n  =  747), and Courchevelle (n  =  494)], during five full days of the 2013/2014 
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French winter holidays. A trained observer standing in the skier’s way measured the 
skiing speed during their approach. The radar we used only measured subjects mov-
ing in line with the radar beam which was not always the case of the skier because 
of the turn performed. This might lead to an underestimation of the actual speed. In 
order to limit that underestimation, the speed of the skier was measured during an 
observation period of three or four turns, and only the maximum speed was recorded. 
The observer also recorded helmet use and estimated the gender, and the skill level 
of the skier. The evaluation of the skill level was performed by the same trained 
observer according to criteria defined by Sulheim et al. [7]. The speed of 1399 skiers 
and snowboarders was recorded on wide slopes of different difficulties rated accord-
ing to the European classification of ski slopes: green (very easy), blue (easy), red 
(medium), and black (hard) and of different preparations (well-groomed or bumpy). 
The “bumpy” slopes were slopes left ungroomed during several days, where some 
small moguls had appeared. The bumpy slopes selected in this study were blue (84 
recorded users) and black (62 recorded users). Those slopes were busy because it 
was the middle of the peak season and the weather was sunny. As much as possible, 
the speed measurement was performed on consecutive skiers and snowboarders.

3.2  Second Investigation: Combining the Identified Factors 
with Perception of the User

Based on the identification of the most important factors influencing skiing speed, a 
second investigation was conducted. The aim was to combine those identified fac-
tors with the users’ perception of their speed. 200 randomly selected measured ski-
ers and snowboarders were stopped and interviewed by a research assistant at the 
bottom of the ski slope. The assistant recorded the gender, age, helmet use, sport, as 
well as the skiers’ self-estimation of their skill level (beginner, intermediate, or 
advanced). Users were then showed the observation area where they had been mea-
sured and were asked to estimate their perceived speed (low to medium, high, or too 
high) and their measured speed (km/h). The measured speed was transmitted to the 
research assistant by walkie-talkie and was also recorded. This method is very simi-
lar to the one described on medium slopes by Shealy et al. [4] and Rueld et al. [5]. 
In our second investigation, the slopes selected were large red (medium) and blue 
(easy) because the first investigation had showed that red and blue slopes differ in 
typologies of skill level and speed of the participants and because those are the 
slopes where most accident occur [8].

Due to the small number of interviewed snowboarders (n = 24), only skiers were 
included in the statistical analysis. In the same way, the speed categories “high” and 
“too high” were grouped as well as the skill level “beginner” and “intermediate” 
because only 10 skiers estimated their speed as “too high” and only three declared 
being a beginner.
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3.3  Data Analysis

In order to evaluate the effect of each factor (i.e., whether the mean speed is signifi-
cantly different between groups and by how much), we used the factorial ANOVA 
of a Generalized Linear Model (GLM). This choice was made because the GLM 
enables us to test the effect of each factor regardless of the other factors tested. 
Two- tailed p-values <0.05 were considered for statistical significance. All variables 
with a significant effect (significant difference of mean speed between the catego-
ries) were used in the final model. The variances explained by the models were 
assessed with the coefficient of determination (R2). Effect size was evaluated using 
partial η2 measuring the variance explained by each factor with 0.01, 0.1, and 0.25 
for small, medium, and large effects. We analyzed the measured speed according to 
the perceived speed and the other factors best explaining skiing speed. Additionally, 
we investigated the measured speed regarding the self-estimated speed (in km/h).

4  Results

4.1  First Investigation: Evaluation of the Factors Not Related 
to User’s Perception

1246 skiers and 153 snowboarders were measured in 3 different ski resorts, and on 
10 ski slopes of different difficulties (from very easy to very hard) and different 
preparation (groomed or bumby). The mean skiing speed recorded was 43.4 (±15.2) 
km/h. The mean recorded speeds regarding slope difficulty, slope preparation, skill 
level, sport, gender, and helmet use are presented in Table 1. The results of the linear 
regression model are presented in Table 1. Table 2 summarizes the effects of each 
factor on the measured speed. Skill level (η2 = 0.26; P < 0.001) and slope difficulty 
(η2 = 0.19; P < 0.001) were the factors best explaining the variance of the skiing 
speed. Gender (η2 = 0.06; P < 0.001), sport (η2 = 0.03; P < 0.001), and slope prepa-
ration (η2  =  0.01; P  <  0.001) had a small but significant effect on skiing speed 
(Table 2). However, the effect of the use of helmet was not significant and was not 
included in the final model.

The linear regression model, presented on Table 1, explained 47% of speed vari-
ance. According to this model, intermediate skiers tended to go 11.7 km/h faster 
than beginner and 11.5 km/h slower than advanced skier. Speed of males was higher 
than the speed of females, by a mean of 3.1 km/h. Skiers were 2.8 km/h faster than 
snowboarders. Finally, the slope difficulty and preparation had a great influence on 
skiing speed. Skiers went faster on red and green slopes than on blue slopes by a 
mean of 7.2 km/h and 5 km/h, respectively. However, they travelled 9.0 km/h slower 
on black slope than on blue slope. Users went on average 1.7 km/h faster on a 
well- groomed ski slope than on a bumpy slope.
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Table 1 Speed characteristics (on the left) and results of the multiple linear regression analysis of 
skiing speed considering skill level, gender, sport, helmet use, slope difficulty, and slope preparation 
(on the right)

Measured speed 
(km/h)

Multiple linear  
regression analysis

Mean (SD), range B (SD) T p
All groups (n = 1399) 43.4 (±15.2), 13–98
Regression constant 31.9 (±0.8) 42.4 <0.001
Skill level Advanced (n = 729) 50.0 (±14.8), 21–98 11.54 (±0.6) 20.5 <0.001

Intermediate (n = 603) 37.7 (±11.5), 15–80 Ref* – –
Beginner (n = 67) 23.3 (±8.5), 13–61 −11.7 (±0.9) −12.4 <0.001

Slope 
level

Green (n = 204) 48.4 (±15.4), 19–90 5.0 (±0.7) 7.5 <0.001
Blue (n = 499) 37.8 (±12.3), 13–89 Ref* – –
Red (n = 537) 49.9 (±15.2), 15–98 7.2 (±0.5) 14.4 <0.001
Black (n = 159) 32.7 (±9.2), 15–61 −9.0 (±0.8) −11.8 <0.001

Gender Female (n = 435) 37.0 (±12.2), 13–74 −3.1 (±0.3) −9.4 <0.001
Male (n = 964) 46.3 (±15.5), 13–98 Ref* – –

Sport Snowboard (n = 153) 38.3 (±13.3), 15–80 −2.8 (±0.8) −5.9 <0.001
Ski (n = 1246) 44.0 (±15.3), 13–98 Ref* – –

Grooming Bumpy (n = 146) 33.7 (±10.4), 16–89 −1.71 (±0.5) −3.2 0.001
Groomed (n = 1253) 44.5 (±15.3), 13–98 Ref* – –

Helmet Yes (n = 756) 44.5 (±15.7), 13–93 ** – 0.19
No (n = 643) 42.1 (±14.5), 14–98 Ref* – –

B unstandardized coefficient, SD Standard deviation
*The model’s reference was: an unhelmeted male skier with intermediate skiing ability travelling 
on a well-groomed blue slope
**The effect of helmet use was not significant and it was not considered in the final model

Table 2 Results of the two linear regression models: the first model refers to the first investigation; 
it evaluates the effect of helmet use, slope difficulty, slope preparation, type of sport, gender, and 
skill level on the measured speed. The second model refers to the second investigation; it evaluates 
the effect of slope difficulty, gender, age, helmet use, reported skill level, and perceived speed on 
the measured speed

Factors df F p η2 R2

Model 1: Observer perception (N = 1399)
Evaluated skill level 2 241.90 <0.001 0.258

0.47

Slope difficulty 3 110.21 <0.001 0.192
Gender 1 88.22 <0.001 0.060
Sport 1 34.97 <0.001 0.025
Slope preparation (grooming) 1 10.34 0.001 0.007
Helmet 1 1.71 0.191 0.001

Model 2: User’s perception (N = 176)
Reported skill level 2 24.43 <0.001 0.127

0.39

Perceived speed 1 14.68 <0.001 0.080
Slope difficulty 1 13.24 <0.001 0.073
Age 3 3.32 0.021 0.056
Gender 1 5.34 0.022 0.031
Helmet 1 12.98 0.023 0.030

Df degree of freedom, F F-statistics, η2 effect size (amount of speed variance explained by the fac-
tor), R2 coefficient of determination (amount of speed variance explained by the model)
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4.2  Second Investigation: Interpretation of the Skiers’ 
Estimation of Their Own Speed

176 skiers were stopped and interviewed. Their mean speed was 43.2 km/h, which 
was slightly lower than the mean speed of the skiers in the previous experiment 
(44.0  km/h). Most of the “less skilled” skiers perceived their speed as “low to 
medium”(64%), while among the “more skilled” group (n = 110), 48% declared 
travelling at “high” speed and 9% at a “too high” speed. The mean recorded speeds, 
regarding the reported skill level, skier’s perceived speed, age, gender, helmet use, 
and slope difficulty, are presented in Table 3.

The results of the linear regression model are presented in Table 3. Table 2 sum-
marizes the effects of each factor on the measured speed. The qualitative factor best 
explaining the measured speed was the self-reported skill level (η2 = 0.13; P < 0.001) 
followed by the perceived speed (η2  =  0.08; P  <  0.001) and the slope difficulty 
(η2 = 0.07; P < 0.001). Age, gender, and helmet use had also a small but significant 
effect on user’s speed (η2 < 0.06; P = 0.02). The effect of age was also significant 
(η2 = 0.06; P = 0.02). Participants older than 40 years old were 4.2 (±1.4) km/h 
slower than the younger skier. Figure 1 presents the repartition of measured skiing 
speed regarding the qualitative perception of the speed and the two factors best 

Table 3 Second investigation: Speed characteristics (on the left) and result of the multiple linear 
regression analysis (GLM) of skiing speed considering perceived speed, perceived skill level, 
slope difficulty, gender, age, and helmet use (on the right)

Measured speed 
(km/h)

Multiple linear  
regression analysis

Mean (SD), range B (SD) t p

All groups (n = 176) 43.2 (±13.7), 18–79
Regression constant 42.3 (±1.0) 44.1 31.9 (±0.8)
Perceived 
speed

Low to medium (n = 89) 37.5 (±9.8), 18–63 Ref* – –
High (n = 87) 49.0 (±14.6), 20–79 3.3 (±0.9) 3.83 <0.001

Reported 
skill level

Less skilled (n = 66) 37.1 (±12.2), 18–66 Ref* – –

More skilled (n = 110) 46.8 (±13.2), 22–79 4.3 (±0.9) 4.94 <0.001
Slope 
difficulty

Blue–easy (n = 113) 40.1 (±13.2), 18–79 −3.1 (±0.9) −3.64 <0.001
Red–medium (n = 63) 48.7 (±12.8), 23–76 Ref* – –

Gender Female (n = 50) 37.6 (±9.9), 18–69 −2.1 (±0.9) −2.31 0.02
Male (n = 126) 45.4 (±14.3), 20–79 Ref* – –

Helmet No (n = 84) 39.4 (±11.7), 20–74 −2.1 (±0.9) -2.29 0.02
Yes (n = 92) 46.6 (±14.4), 18–79 Ref* – –

Age <20 (n = 42) 48.4 (±14.5), 20–79 ** – 0.052
20–30 (n = 32) 45.1 (±15.1), 18–76 ** – 0.25
30–40 (n = 52) 43.5 (±12.3), 20–72 Ref* – –
>40 (n = 50) 37.2 (±11.2), 20–72 −4.2 (±1.4) −2.94 0.004

B unstandardized coefficient, SD standard deviation
*The model’s reference was: an helmeted male skier age between 30 and 40 years declaring a low- 
to- medium speed and a beginner or intermediate skill level and travelling on well-groomed red slope
**The difference with the reference was not significative
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explaining the skiing speed, namely, the skill level (a) and the slope difficulty (b). 
The linear regression model including the perceived speed and the reported skill 
level explained 24% of the speed variance. 25% of speed variance was explained by 
the model including the perceived speed and slope difficulty.

Among the 176 skiers interviewed, 166 accepted to give a quantitative estimation 
of their measured speed. Figure 2 presents the measured speed as a function of that 
estimation. The mean estimated speed was 40.6 (±16.5) km/h, while the mean mea-
sured speed was 43.7 (±13.7) km/h. Pearson correlation coefficient between evalu-
ated and measured speed was 0.56 (P < 0.001) and the absolute difference between 
the two speeds was 11 km/h. Finally, the linear regression (R2 = 0.31) revealed that 

Fig. 1 Measured speed (a) regarding the perceived speed and the perceived skill level and (b) 
regarding the perceived speed and the slope difficulty. The boxplots presents the minimum, the first 
quartile, the median (small white square), the third quartile and the maximum speed for each cat-
egory. The outliers are presented with small grey circle

Fig. 2 Users’ quantitative estimation of their own speed with regard to the measured speed

Recorded Speed on Alpine Slopes: How to Interpret Skier’s Perception of Their Speed?
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users travelling at a speed higher than 35 km/h tended to overestimate their speed, 
whereas faster users tended to underestimate their speed.

5  Discussion

The main finding of this work was the identification of the skill level and the diffi-
culty of the slopes as two governing factors of skiing speed. These two factors also 
influence the perception of skiing speed. In order to propose an interpretation of the 
perceived speed registered in an accident report, the ranges of speed were obtained 
considering skill level, sloped difficulty, and perceived speed.

5.1  Factor Best Explaining Skiing Speed

In the first investigation, the mean speed of the 1399 users measured on ski slopes 
of different difficulty was 43.4 (±15.2) km/h. It was 49.9 (±15.2) km/h on medium 
slopes. This result is consistent with the speed measured on ski slopes of medium 
difficulty by Shealy et al. [4] (43.0 (±11.2) km/h) and Rueld et al. [5] (48.2 (±14.3) 
km/h). As in both these studies, we found that skill level, gender, and sport had a 
significant effect on skiing speed. In the second experiment based on 170 skiers 
interviewed, we also found that age had a significant effect on skiing speed accord-
ing to Rueld et al. [5] as well as perceived speed in agreement with Brunner et al. 
[6]. Moreover, we found that the difficulty of slopes and their preparation had a 
significant influence on skiing speed which had not been previously investigated.

The contribution of each factor on the variation of skiing speed was evaluated. In 
the first investigation, evaluating factors not related to user’s perception, we found 
that the two factors best explaining the speed variation was first the skill level 
(η2 = 0.26; P < 0.001) and secondly the difficulty of the slopes (η2 = 0.19; P < 0.001). 
In the second experiment, taking into account perception of skiing speed and of skill 
level, we obtained similar results. The factors accounting for the highest variation of 
speed were the self-reported skill level (η2 = 0.13; P < 0.001), the self-estimated 
speed (η2 = 0.08; P < 0.001) and the slope difficulty (η2 = 0.07; P < 0.001). Gender, 
sport, and age had a small but significant effect (η2 < 0.1; p < 0.05).

The evaluated contribution of each factor was not quite consistent with the work 
of Brunner et al. [6]. In their study, they interviewed and measured the speed of 416 
adult skiers on medium slopes. They found that it was the gender which had the 
highest effect on skiing speed (η2 = 0.07; P < 0.001). The effect of gender was more 
than twice higher than both the effect of perceived speed (η2 = 0.025; P = 0.007) and 
the effect of reported skill level (η2 = 0.01; P = 0.05). These differences are surprising 
but might be partly explained by differences in the methodology of the two studies. 
First, the two studies did not evaluate the same factors: contrary to Brunner et al., 
we included in our study the difficulty of the slope but we did not include the per-
ception of risk taking behavior. Secondly, there was a difference in the categories 
used during the interview to define each factor. For example three categories were 
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used in our study to describe the skill level (beginner, intermediate, and advanced) 
while four categories were used by Brunner et al. (beginner, intermediate, advanced, 
and expert). These categories might have influenced differently the answer of the 
skier. Another explanation might be that skiers did not estimate their skill level cor-
rectly. In an investigation in which skiers were observed while skiing to their best 
ability, Sulheim et al. [7] found that “the correlation between observed and self- 
reported skiing ability was low to fair.” That explanation is supported by the fact 
that when the skill level was evaluated by an observer (first investigation) its effect 
on skiing speed was larger than when evaluated by the skier themselves (second 
investigation) (η2 = 0.26 and η2 = 0.10, respectively). Finally, these differences in the 
effect of each factor on skiing speed might be explained by differences in the loca-
tions, the types of ski resort and the periods in which the studies were performed. 
The data set of Brunner et al. was obtained in 2008–2009 in Austria, while our study 
was conducted in the French Alps, 5 years later.

Users’ skill level, first evaluated by a trained observer and then estimated by the 
users themselves, was among the best explaining factors of speed (η2 = 0.26 and 
η2 = 0.10, respectively). In the first investigation, the skiers evaluated by the observer 
as advanced were on average 11.5  km/h faster than intermediate and 23.2  km/h 
faster than beginner. The effect of the skier’s level had already been identified in 
every studies related to skiing speed [4, 5, 9, 10]. This difference in speed might 
partly explain that advance skiers’ injuries are more likely to be severe [11].

A second important factor was the difficulty of the slope accounting for, respec-
tively, 19.2% and 7.3% of the speed variance in the first and the second investiga-
tions (Table  2). This effect had, to our knowledge, not been evaluated in skiers 
previously. However, it is consistent with the work of Scher et al. [12] showing that 
intermediate snowboarders went faster on medium slopes than on easy slopes. 
According to the first investigation, skiers tended to go 14.4  km/h faster on red 
(medium) slopes than on blue (easy) slopes, probably due to a steeper slopes. On the 
contrary, users tended to go on average 9 km/h slower on black slopes than on blue 
ones. It might be because the increased technicality restricts the maximum speed to 
remain in control as discussed by Dickson et al. [10]. However, the measured speed 
in green slopes was surprisingly high (on average 5 km/h higher than in blue slopes). 
It was observed that the low steepness of the slope might encourage users to go 
straight in order to maintain a high speed rather than to perform turns. Green slopes 
are supposed to be the best areas for beginner. The measured high speed might 
explain that it is on easy slopes that most collisions leading to head injuries occur 
[13]. The preparation of the slope also had a significant effect on the measured 
speed, even if that effect was smaller than that of the difficulty of the slope. Indeed, 
users tended to go significantly slower (1.7 km/h on average, p-value = 0.001) on 
bumpy slopes than on well-groomed slopes (Table 1). According to this finding, the 
preparation of the ski slopes could be used as preventing measures to reduce skier’s 
speed in areas identified as dangerous, such as intersections, low visibility areas, 
and slow zones [10, 14, 15]. More generally those results confirm that the typology 
of the slopes has a great effect on the users’ speed. To better target prevention 
strategies on the slopes, further work should focus on the understanding of skiing speed 
regarding the slope typologies. GPS data-logging devices seem to be a promising 
technology to improve knowledge in that direction [16, 17].

Recorded Speed on Alpine Slopes: How to Interpret Skier’s Perception of Their Speed?
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The effect of the helmet on skiing speed is a controversial issue. According to 
Rueld et al. (2013a), that effect was nonsignificant whereas for Shealy et al. [4], 
helmet users were significantly faster than non-helmet users. In our first experiment, 
we did not find a significant effect between helmet use and the measured speed 
(Table 1, multiple linear regressions). However, in our second experiment, we found 
that there was a significant effect of helmet use on skiing speed, but it was the factor 
which had the smallest effect on skiing speed (η2 = 0.03; P = 0.023). Therefore, 
according to our results helmet use might have an effect on the skiing speed but that 
effect is very small.

5.2  Interpretation of the Skier’s Estimation  
of Their Own Speed

The results of the second investigation demonstrate that the perception of skiing 
speed depends on various factors such as skill level, slope difficulty, age, gender, 
and helmet use. For example, when perceiving their speed as “high,” “less skilled” 
skiers were on average 9 km/h slower than the “more skilled” (42.5 (±14.1) km/h 
and 51.5 (±14.1) km/h, respectively). In order to better interpret the skiers’ estima-
tion of their own speed, we combined their perception of skiing speed with the best 
explaining factors, namely, the skill level and the difficulty of the slope (Fig. 1). To 
combine those information, enable a better prediction of the measured speed. 
Indeed, the regression model including the perception of speed and the reported skill 
level explained 24% of the speed variance. This is 7% higher than the regression 
model including the speed perception only (17%). However, we recorded a high 
variability of the measured speed among the defined categories of skiers as men-
tioned by Brunner et al. [6]: there was almost 50 km/h between the slowest and the 
fastest “less skilled” skiers who estimated their speed as “high.” It shows that skiers’ 
perception of their own skill level and their speed is not very precise nor very reli-
able and has to be taken carefully. We argue that it might be relevant to choose range 
of speed over mean speed in order to describe the speed of a category of skiers.

The quantitative estimation of the measured speed was also studied (Fig. 2). The 
Pearson correlation coefficient between estimated and measured speed was 0.53 
which is consistent with the study of Shealy et al. [4] and Rueld et al. [5] (0.56). And 
the mean absolute difference between measured and estimated speed was 11.3 km/h. 
Interestingly, we found that skiers tended to overestimate their speed when travelling 
at a speed of under 35 km/h and underestimate their speed when travelling faster. 
Previously, Rueld et al. (2013a) had found a similar result but for a speed of 40 km/h. 
Based on those results, speed quantitative estimation should be included in an acci-
dent survey. However, the interpretation of such data is difficult, indeed, as reported 
in Rueld et al. [5], because a few users were incompetent in the evaluation of their 
speed: one skier claimed a speed of 30 km/h when, actually, he travelled at 72 km/h, 
or at the contrary one claimed a 80  km/h speed when he travelled at 32  km/h. 
Moreover, users were very reluctant to estimate quantitatively their speed and we 
doubt that many would accept to give such an interpretation in an accident survey.
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5.3  Limitations

The second experiment was performed in order to interpret the reported speed of a 
skier in an accident survey. Even if there was a large variability in speed among each 
category of users, the study provides approximate speed ranges of these categories. 
For example, the advance skiers who perceived their speed as “low to medium” 
were at a speed of between 18 and 59 km/h, and a majority of them was at a speed 
of between 27 and 35 km/h. However, it is possible that in the medical center, due 
to the traumatic event, the users do not perceive their speed and their skill level the 
same way they would at the bottom of a ski slope.

The radar used in this study was designed to measure the speed of objects of vari-
ous size from tennis ball to car at a speed from 11 to 600 km/h and could operate at 
a temperature as low as −7 °C. It was hence appropriate to measure skiers. Also the 
speed measurements were done in 1/50 s and were hence not affected by the slow 
movement made by the observer to track the skier. However, the radar measured the 
speed only in the direction in which it was pointing. To measure the speed accu-
rately, the observer had to be in the skier’s way which was not the case during the 
skier’s turn. To tackle that issue, we chose to measure the skier during several turns 
and to record the highest measured speed during that observation period. However, 
the speed might still be slightly underestimated by the radar.

The gender and the skill level were evaluated by the observer during the observa-
tion period. The skier was included in the study when the observer was positive 
about their gender. Yet it is worth noticing that in the literature, there is reported bias 
associated with higher skill skiers more easily perceived as male [18].

6  Conclusion

In conclusion, we found that among the evaluated factors, the skiers’ perception, the 
skill level, and the slope difficulty were the most influencing factors of skiing speed. 
These results should be considered in order to improve the prevention strategies on 
the slopes. We also provided ranges of speed associated with the skier’s perception 
of their speed and considering skill level and the slope difficulty. This result pro-
vides insights to interpret the skiers’ assessment of their own speed in an accident 
report. This is, therefore, a first step toward a precise accident reconstruction, lead-
ing to a better understanding of the accident mechanisms and a better evaluation of 
the means of protection.
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Abstract Snowsport safety strategies include resort and equipment design, trail 
management, emergency response, and public education. Snowsport instructors are 
well placed to inform their students about snowsport safety both in the behavior 
they model and the information they provide. To contribute to the evidence-base of 
snowsport safety and helmet awareness, this research explores the actual and esti-
mated maximal speeds of ski and snowboard instructors across a normal work-day 
as well as their knowledge of helmet effectiveness. During winter 2012/13, a conve-
nience sample of 109 instructors was recruited across six resorts in Western Canada 
and were issued with iPhone 3 s loaded with the Ski Tracks app. An anonymous 
questionnaire investigated their prior snowsport experiences, their knowledge of 
snowsport safety, and their understanding of helmet effectiveness. Results indicated 
that snowsport instructors: (1) underestimated their maximal speeds by 12 km/h on 
average; (2) overestimated the overall snowsport injury rate as well as the propor-
tion of head injuries; and (3) overestimated the effectiveness of helmets. Based upon 
these results, if snowsport instructors are to contribute to the knowledge and under-
standing of the snowsport safety of their students then their own knowledge needs 
to be developed with regard to helmet effectiveness.
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1  Introduction

Snowsport safety is a multidisciplinary activity [1] incorporating resort and equipment 
design [2], trail management [3], emergency response through ski patrol [4], industry 
codes such as the Alpine Responsibility Code [5], and public education [6]. Snowsport 
instructors are well placed to contribute to a public education program that addresses 
key snowsport safety issues. However, in order to capitalize upon their ability to 
inform the public, snowsport instructors must be knowledgeable about safety-related 
issues and aware of their own behavior. This research focuses on the knowledge that 
snowsport instructors have with regard to helmets, their awareness of the speeds at 
which they travel, and recommendations regarding designated slow zones.

In an effort to enhance snowsport safety, helmets have been promoted as an 
effective measure to protect against head injuries (e.g., [7–11]). However, recent 
research has demonstrated that even with increased helmet usage in a non- mandatory 
environment, head injuries have not been reduced in proportion to the increased 
usage [12]. It was suggested that this may, in part, be due to an overestimation of the 
effectiveness of a helmet’s protection [13]. Thus, there is debate as to whether hel-
mets should be mandatory [14–16] with evidence that public education may be a 
more effective safety strategy than mandatory usage [17]. However, for risk or 
injury prevention communication to be effective it must empower the user to make 
informed decisions [18].

Further, speed has been associated with the enjoyment of snowsports such as 
skiing and snowboarding (e.g., [19–21]), but also as a contributing factor to injury 
(e.g., [22–24]); yet there are only a few studies that have explored actual speeds in 
snowsport resorts (e.g., [1, 2, 25–31]). Most of this research, as summarized in 
Table 1, has focused on recreational participants with speeds typically recorded on 
limited terrain, or a single run, using static radar guns or speed cameras [25, 29–31]. 
There has been limited work utilizing emerging and more flexible GPS-technology 
to cover whole-resort behaviors where adults have demonstrated higher speeds [2, 

Table 1 Previous English language snowsport speeds research

Study
Data 
collection

Participants 
(n)

Resorts (n) 
and country

Terrain 
covered Method

Range 
(km/h)

Mean 
(km/h)

Shealy 
et al. [30]

2002–03 650 3 USA Open run Radar Not 
indicated

43.0

Williams 
et al. [31]

Not 
indicated

113 2 USA Terrain 
parks and 
gladed 
areas

Radar <18–42 Not 
indicated

Brunner 
et al. [25]

2008–09 416 4 Austria Medium 
slope

Radar Not 
indicated

48.2

Dickson 
et al. [2]

2009 and 
2010

158 pediatric 2 Australia Whole 
resort

GPS 6.3–
82.2 km/h

44.1

Dickson 
et al. [26]

2010–11 102 1 Canada Whole 
resort

GPS 20.2– 
108.5

62.1
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26], nor has there been a specific focus on instructors who may act as safety role 
models and educators.

A common finding from all of this speeds research (Table 1) that is relevant for 
snowsport safety is that most participants, young and old, beginner through expert, 
regularly exceed the flat impact test standards for snowsport helmets which are in 
the range of 20–23 km/h [2, 32–35]. It has been demonstrated that people regularly 
exceed their own recommended speeds for slow zones [26]. Slow zones are typi-
cally identified by prominent signs on slopes and markings on trail maps, and 
include learning areas, areas reserved for children, trail junctions, and busier runs. 
Those signs, according to the Alpine Responsibility Code, should be obeyed [5], but 
there is lack of understanding as to what “slow” means [26]. From a risk manage-
ment or snowsport safety perspective together these may be problematic when argu-
ing for slow zone regulation and mandatory helmet usage and may explain research 
that refers to mitigation of injury rather than prevention [36–39].

To contribute to the evidence-base of snowsport safety, speed regulation, and 
helmet awareness, with respect to professional snowsport instructors, this research 
explores:

 1. The actual and estimated maximum on-snow speeds of professional snowsport 
instructors in six mid-sized Western Canada resorts during a normal work-day

 2. Recommendations for speeds in designated slow zones
 3. Their knowledge and understanding of snowsport helmet effectiveness
 4. The differences that exist between the characteristics of helmet wearers and non- 

helmet wearers and their on-snow behaviors

The broader context of this research is Western Canadian snowsport where the 
governing bodies of ski and snowboard instructors are the Canadian Ski Instructors 
Alliance (CSIA), and the Canadian Association of Snowboard Instructors (CASI). 
They are responsible for instructor training, certification, and ongoing education, 
with education committees responsible for developing content and materials that 
enable and support instructor training, certification, and teaching ([40], Sec 1.3).

The mission statement of the CSIA is that the CSIA “sets the standard for the 
profession of ski teaching” ([40], 1.2). Their manual provides a detailed Code of 
Ethics to be followed, and under the heading Responsible Teaching, demands that 
the activities of members will be done safely and with the best interests of all par-
ticipants in mind ([40], 1.4). The manual reinforces the concept of Duty of Care, 
taught to all instructors in every certification course, encouraging them to act as a 
prudent parent would act, and to conduct themselves as knowledgeable, responsi-
ble, and vigilant guides, acting with strict adherence to the Alpine Responsibility 
Code ([40], 1.10).

Regarding helmet use, “The CSIA supports its members, staff and partners and 
their choices on helmet use while skiing … The CSIA encourages informed helmet 
use” ([40], 1.10). Currently, all CSIA Course Conductors wear helmets while 
 conducting certification courses; however, course participants are not mandated to 
wear helmets. At the time of this research, helmet wearing was not mandatory for 
snowsport instructors in western Canada

Snowsport Instructors: Their Actual Maximum Speeds, Their Estimation of Maximum…
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With respect to speed, the CSIA does not have a stated public position. In 
 instructor certification courses, participants are taught to use “appropriate” 
speed and terrain, suitable to the skill of the guest and the goals of the lesson 
[41]. The CSIA promotes the Alpine Responsibility Code [5] where the first 
item relates to speed: “Always stay in control. You must be able to stop, or avoid 
other people or objects.”

2  Method

In order to explore the on-snow work-day behavior of snowsport instructors and 
their knowledge and understanding of key snowsport safety issues, a convenience 
sample of snowsport instructors was recruited across six resorts in Western Canada 
during the 2012/13 season. Data was collected at each resort over two consecutive 
days. Instructors were approached at their morning meetings and briefed on the 
research; up to ten instructors volunteered each day to participate. Speed, distance, 
and duration over the day were recorded using the “Ski Tracks” app (http://www.
corecoders.com/applications/ski-tracks/) on ten iPhone 3 s. Ski Tracks is a GPS- 
based application that does not require WiFi or Phone connections. This smartphone 
application was chosen to apply a more affordable and publically accessible GPS- 
based technology than in previous research [1, 42]. At the time of this research, Ski 
Tracks was the world’s most downloaded ski application. Ski Tracks is battery effi-
cient (up to 14 h of track recording), runs in the background, is simple to operate, 
does not require a SIM card and is ski/snowboard specific. Readouts include maxi-
mum speed, average speed, ski distance (ascent and descent), accumulated vertical 
distance, number of runs, slope angle, and time duration.

Participants completed an anonymous questionnaire exploring: demographic 
information including age range, previous snowsport experience across four 
snowsport disciplines: snowboarding, alpine skiing, telemarking, and cross-coun-
try skiing (no experience, 1 day, 2–6 days, 7–13 days, 14–27 days, 4–8 weeks, 
>8 weeks); history of serious snowsport injury (i.e., concussion, fracture, disloca-
tion) in each snowsport discipline (no injury, 1, 2, 3, 4, 5, 6, or more); how fast 
they believe that skiers should ski in slow zones (open question); perception of 
their own maximum speed (open question) and distance travelled that day (open 
question); and they were asked to estimate the maximum speed at which a snow-
sport helmet is effective (open question). To explore knowledge of snowsport 
risks, participants were asked, ‘If there are 1000 people on the slopes today, how 
many people do you think will be injured? (<1, 1–5, 6–10, 11–15, 16–20, more 
than 20); and ‘Of all snowsport injuries, what percentage do you think are head 
injuries? (open question). Current GPS use was also explored to track awareness 
and changes in uptake.

With the initial part of the questionnaire completed, and data-recording devices 
fitted, instructors undertook their normal day’s instructional activity. The full  variety 
of lesson types were represented, with guests ranging from beginner through 
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advanced and from very young children through to older adults. Instructors 
 completed the reflective portion of the questionnaire at the end of their work-day. 
No data was collected on client profiles.

Data was entered into SPSS v21 for analysis and included descriptive statistics 
to summarize the data (e.g., mean and standard deviation, as well as mode for speeds 
in slow zones) and between group differences. Chi-squared tests were used to assess 
differences between groups (gender, age, and activity) regarding GPS use and hel-
met use; a paired sample t-test was used to compare instructors’ estimated and 
actual maximum speeds and independent-samples t-tests assessed differences 
between groups (gender, age, and helmet use) regarding actual maximum speeds, 
where ages were recoded into groups for further analysis. A p-value of 0.05 was 
used to determine significance.

3  Results

In the following results, the resorts have been de-identified to protect their anonym-
ity, as was agreed to at the outset of the study.

3.1  Respondents: Demographics, Serious Injuries, and Risk 
Awareness

There were 109 participants from the six resorts over 12 days of data collection, 
36% were females, and 96% had self-reported skill levels of advanced/expert; 78% 
were ski instructors and 22% snowboard instructors, with 75% wearing helmets.

The age range was 19–67 years ( x  = 32.5 years, SD = 11.7), with the largest 
group being 25–34 years (Table 2). The older age groups (45 years and over) had the 
lowest rate of helmet use (67%), while the youngest (15–24 years) had the highest 
rate of helmet use (84%).

Outside this study, GPS-enabled equipment such as watches and Smartphone 
apps was used by 31% of respondents. Pearson Chi-squared analyses demonstrated 

Table 2 A comparison of snowsport helmet use according to age groups

No helmet Helmet worn Total

15–24 years 5 (16%) 27 (84%) 32 (30%)
25–34 years 12 (29%) 29 (71%) 41 (38%)
35–44 years 3 (23%) 10 (77%) 13 (12%)
45–54 years 5 (33%) 10 (67%) 15 (14%)
55 and over 2 (33%) 4 (67%) 6 (6%)

27 (25%) 80 (75%) 107
Missing 2
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that there was no significant difference between GPS use by females and males 
(p  =  0.81), younger and older instructors (p  =  0.96), nor between skiers and 
 snowboarders (p = 0.32).

To consider risk-awareness participants were asked if they had experienced a 
serious snowsport injury, defined as being a concussion, fracture, or dislocation. 
Most alpine ski instructors had experienced a serious injury while skiing (67%), 
which was the same for snowboard instructors who had experienced a serious 
injury while snowboarding. When estimating snowsport injury rates and propor-
tion of head injuries, just 32.7% of instructors correctly estimated the injury rate 
at between 1–5 injuries per 1000 skier-days, 19.6% believed the injury rate was 
16 or more per 1000 skier-days. Others indicated: 0 (0.9%), 6–10 (27.1%), 11–15 
(19.6%). Estimates of the proportion of head injuries ranged from 0 to 80% 
( x  = 22.0%, SD = 17.6), 79.4% estimated that 10% or more of injuries are to the 
head, the remainder indicated: nil (2.8%), 1 (0.9%), 2 (5.6%), 4 (0.9%), 5 (10.3%), 
and 8 (0.9%).

3.2  Duration, Distance Travelled, and Maximum Speeds

Total skiing/boarding time logged was 665 h (2:49–8:50 h, x  = 6:06 h, SD = 1:24 h), 
covering 4389.2 km ( x  =6.6 km travelled per hour). The number of runs taken 
ranged from 1 to 25, with an average of nine runs per work-day (SD  =  4.8). 
Maximum-recorded speeds ranged from 25.9–110.6  km/h ( x   =  64.7  km/h, 
SD  =  17.4). Estimates of their maximum speeds ranged from 10 to 140  km/h 
( x  = 53.0 km/h, SD = 25.3). A paired sample t-test of the estimated and actual 
maximum speeds was significant (t(99) = 5.92, p < 0.001) with instructors underes-
timating their maximum speeds by an average of 12 km/h.

Male instructors travelled faster and further than females, with a 13.6 km/h dif-
ference in mean maximum speeds (69.6 versus 56.0 km/h), and a 6.4 km difference 
in mean distance travelled (23.2 versus 16.8 km). Younger instructors (<25 years) 
travelled less distance and had lower mean maximum speeds than older instructors 
(i.e., 25 years plus). An independent sample t-test analysis was conducted to com-
pare the actual maximum speeds for females and males, as well as younger 
(<25 years) and older (25 years plus) instructors. There was a significant difference 
in the actual maximum speeds for females ( x  = 56.0 km/h, SD = 15.87) and male 
instructors ( x  =69.6 km/h, SD = 16.54; t(105) = 4.15, p = <0.01) and also for 
younger ( x   =  59.1  km/h, SD  =  18.80) and older instructors ( x   =  66.7  km/h, 
SD = 16.43; t(105) = 2.09, p = 0.04). For mean distance travelled, there was a sig-
nificant difference between female ( x   =  28.6  km, SD  =  12.2) and male 
( x   =  46.8  km, SD  =  50.4; t(105)  =  2.222, p =  0.03) instructors, and between 
younger ( x   =  27.7  km, SD  =  10.5) and older ( x   =  45.2  km, SD  =  48.4; 
t(105) = 2.0.28, p = 0.045) instructors. An independent-samples t-test analysis did 
not reveal a significant difference between helmet wearers ( x   =  64.8  km/h, 
SD = 18.3) and non-helmet wearers ( x  = 64.4 km/h, SD = 14.8; t(107) = 2.115, 
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p  =  0.91) nor for GPS users ( x  =63.1  km/h, SD  =  16.4) and non-users ( x  
=65.1 km/h, SD = 18.3; t(100) = 0.53, p = 0.60).

3.3  Slow Zone Recommendations

The range in instructor-recommended maximum speed for slow zones was 
between 2 and 62 km/h ( x  =20.8 km/h, SD = 11.9, mode = 20 km/h), with an 
almost 5 km/h difference in the recommendations between male ( x  =22.6 km/h, 
SD = 12.8) and female ( x  =17.8 km/h, SD = 9.8; t(101) = 1.98, p  =  0.051) 
instructors though not statistically significant. Though there was nearly 3 km/h 
difference in the recommendations of older ( x  =21.6  km/h, SD  =  12.5) and 
younger instructors ( x  =18.8 km/h, SD = 10.6; t(101) = 1.10, p = 0.28), this 
was not statistically significant either. An independent-samples t-test was con-
ducted to compare the recommended maximum speeds in slow zones between 
helmet wearers and non-helmet wearers. There was no significant difference in 
estimates for helmet wearers ( x  =19.9 km/h, SD = 10.7), and non-helmet wear-
ers ( x  = 23.3 km/h, SD = 15.2; t(103) = 1.05, p = 0.30), nor for GPS users ( x  
=18.1 km/h, SD = 9.3) a non-users ( x  = 21.5 km/h, SD = 12.9  t(96) = 1.32, 
p = 0.19).

3.4  Helmet Effectiveness

Helmets were worn by 75% of respondents that day, with the estimates for the maxi-
mum speed to which helmets are effective ranging from 0 to 150  km/h 
( x  = 54.1 km/h, SD = 29.5). An independent-samples t-test was conducted to com-
pare the estimated maximum speeds to which helmets are effective between helmet 
wearers and non-helmet wearers. There was no significant difference in estimates 
for helmet wearers ( x   =  54.3  km/h, SD  =  27.5), and non-helmet wearers 
( x  = 53.7 km/h, SD = 36.5; t(90) = 0.82, p = 0.94). Those with higher maximum 
recorded speeds believed that their helmets were effective to higher speeds.

3.5  Characteristics of Helmet Wearers Vs. Non-Helmet 
Wearers

The only between group difference noted between helmet wearers and non-helmet 
wearers was for alpine skiing vs. snowboarding (1, n = 109) = 0.04 (Table 3). Chi- 
squared tests indicated there was no significant difference for gender (1, 
n = 107) = 0.08, nor age groups (1, n = 107) = 0.14.
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4  Discussion

This novel research was able to utilize new smartphone technology that is expanding 
the repertoire of data collection methods of researchers. The fact that Ski tracks is 
free, is purposely designed for snowsport, does not require phone coverage or net-
work access, and is able to be used around the world, was beneficial to this project.

To be effective, a public education campaign must be based upon accurate data, 
conveyed by trained and knowledgeable people [43]. Snowsport instructors are one 
information conduit to participants who are new to snowsports, and to those looking 
to improve their snowsport skills. This research was undertaken in an effort to assess 
the knowledge and behaviors of these potential snowsport safety educators by 
investigating their: estimated and actual maximum on-snow; recommended speeds 
in designated slow zones, knowledge of snowsport helmets; and to determine if 
there were differences between helmet wearers and non-helmet wearers, so that we 
might gain some insight into the information these experts may need to accurately 
and effectively inform the snowsport public.

Respondents were from across the age spectrum of resort workers, with mostly 
male respondents. Notable is that in this non-mandatory period, 75% of participat-
ing instructors were wearing helmets.

With a range of 26–110 km/h all respondents achieved maximum speeds that 
exceed the test standards of snowsport helmets (e.g., [32, 34]). The lack of differ-
ence in maximum recorded speeds between helmet wearers and non-helmet wearers 
reflects previous research [44], but contrasts with earlier research that did see a dif-
ference [30], which may reflect normalizing of behaviors as helmet wearing 
becomes more common, or it could reflect cultural differences in research sites.

It is not possible to speculate on whether differences in speeds and distance  travelled 
between males and females and older and younger instructors lie in the instructors 
themselves, or in the skill level of guests with whom individual instructors were 

Table 3 Characteristics of helmet wearers and non-helmet wearers

No helmet Helmet worn Total p*

Gender
  Female 6 (15%) 33 (85%) 39 0.08
  Male 21 (31%) 47 (69%) 68
  Total 27 (25%) 80 (75%) 107
Age groups: <25, 25+
  <25 years 5 (16%) 27 (84%) 32 0.14
  25 years plus 22 (29%) 53 (71%) 75
  Total 27 (25%) 80 (75%) 107
Main Snowsport Activity “Today”
  Alpine skiing 25 (29%) 60 (71%) 85 0.04

  Snowboarding 2 (8%) 22 (92%) 24
  Total 27 (25%) 82 (75%) 109

*Chi-squared
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 working. Regarding estimation of speeds, female instructors underestimated their 
actual maximum speed by 16.9 km/h, while males only underestimated maximum 
speeds by 8 km/h. However, of the 31% of instructors who reported GPS-enabled 
equipment already in use, an independent-samples t-test indicated that there was no 
significant difference in their means for maximum speeds, estimated maximum speeds, 
or recommended speeds in slow zones. That said, Mobile Applications (apps) that 
measure speed, distance, vertical accumulated, etc. may be changing the on-hill behav-
ior of snowsport instructors and the general public. Now that these apps are ubiquitous, 
research is needed to ascertain whether this is the case, and if so, is this a safety man-
agement problem. (http://www.banfflakelouise.com/Media- Relations/News-Releases/
RockiesReplay-Allows-Skiers-and-Snowboarders-to-Shred-with-Cred-at-Banff- -
National-Park-Ski-Resorts).

Previous research on slow zone recommendations in a study of a single resort 
[26] revealed a range of 5–60 km/h with a slightly higher mean of 23.8 km/h and a 
higher mode of 30 km/h. Experts in this previous research had a range of 10–50 km.h 
and much higher mean of 33.4 m/h. This survey of instructors across six resorts 
reveals a much more conservative recommendation for slow zones than the broader 
public at just one resort.

With regard to estimates of the speeds to which helmets are effective, there 
was a remarkable 150 km/h range, an indication that, at the time of this research, 
information about the speed to which helmets are tested to meet the helmet’s 
limited performance requirements had failed to reach this group of instructors. 
The mean of 54 km/h across the six resorts is the same as previous research with 
instructors at a single resort [13]. When considering speed and helmet effective-
ness it is worth noting that the kinetic energy at 65 km/h is nearly eight times 
higher than at 23 km/h [30] which will impact the ability of a helmet to reduce 
head accelerations as per the standards. The wide range regarding speeds to 
which helmets are expected to be effective indicates a knowledge gap between 
snowsport instructors and the helmet industry. Commensurate with a risk com-
munication approach it is necessary for instructors to be educated about the 
design and use of helmets relative to the speeds achieved in normal snowsport 
behaviors, in order to be able to provide accurate information to their students 
as part of a broader snowsport safety strategy. The  current mandate to wear hel-
mets while working points to further research to ensure that helmets are being 
used effectively such as looking at how instructors purchase their helmets (used 
versus new), how the helmets fit, how they are worn, and in particular, how they 
are cared for [45].

The higher than average rate of serious injury reported may reflect the higher 
exposure levels of instructors compared to the average participant who only partici-
pates in snowsports 10 days a year [46]. Some instructors are working back-to-back 
winters (teaching in the northern hemisphere December through April and in the 
southern hemisphere June through September), effectively doubling their yearly 
exposure. Having been exposed to or perceiving more serious injuries than the norm 
may have contributed to their overestimation of the risk of injury in the broader 
public, but does not appear to have impacted their behaviors such as maximum 
recorded speeds. Nearly one-third correctly estimated snowsport injuries to be in 
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the range of 1–5 injuries per 1000 skier visits, at the time of the research it was 
closer to 2 per 1000 skier visits in Western Canada [12]; most overestimated the 
head injury rate which was close to 9% of reported injuries at the time [12]. This 
may be a result of the increased interest in head injuries, particularly concussions, 
across a range of sports.

While snowsport instructors are well positioned to support a public education 
campaign, this research has demonstrated that neither the CSIA nor CASI provide 
information through their manuals to their members upon which they can make an 
informed decision about helmet use or the effectiveness of helmets. This raises a 
further question as to who could, or should, help provide relevant information about 
helmet effectiveness. Further, the research has shown that for the sample here, their 
knowledge of snowsport risks, helmet effectiveness, expectations about behaviors 
in slow zones, and their ability to estimate their speeds is problematic if they are to 
be central to a public education campaign that will clarify snowsport safety for the 
broader public.

5  Limitations

Instructors were fitted with the GPS-logging device at the beginning of their 
work- day and turned the devices in at the end of the day. We are unable to deter-
mine whether instructors were working with guests every minute that the devices 
were recording, or whether they may have gone skiing or boarding on their own 
between or after lessons. The research was conducted during the height of the 
Western Canadian snowsport season, during which time most instructors are fully 
utilized, however there is no way to confirm that all data collected represented 
time with students. All instructors were in uniform for the duration of the record-
ing time, so whether with students or not, as they were still in uniform they were 
in the public eye.

While this research was undertaken to try to understand the knowledge levels of 
ski and snowboard instructors in general, the relatively small sample size and the 
convenience sample limits the generalizability to a larger population.

Speed analysis, in the form of maximum speed rather that mean speed, was the 
unit of analysis in this research. This is because the Ski Tracks application mea-
sures speed from the time it begins recording until it is shut off. That means Ski 
Tracks measures speed while standing still, walking, riding the chair lift, etc. With 
Ski Tracks the only reliable measure of speed while sliding downhill is maximum 
speed, as maximum speed cannot occur in situations other than skiing or snow-
boarding while on-hill during the work-day.

Finally, while the focus on speeds was downplayed it was possible that instruc-
tors were aware that speed data was being collected, and as such, may have modi-
fied their behavior, as per the Hawthorne Effect [47].
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6  Conclusion

Consistent with previous research on recreational participants, during this novel 
research that utilized a smartphone application, snowsport instructors: (1) underes-
timated the speeds they travelled by an average of 12 km/h, (2) recommended lower 
slow zone speeds than recreational participants, (3) overestimated the speeds at 
which helmets may be effective, as indicated by industry standards, and (4) overes-
timated the injury risk in snowsports.

Finally, it has been proposed that education programs are the best way to inform both 
instructors and the general public about safe behavior within resorts, involving both the 
use of personal protective equipment and personal and group behavior. Research is 
necessary to determine if this is, in fact, the case in a snowsport environment.
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Abstract Introduction: Ski touring along ski slopes (slope touring) has increased 
in recent years on Austrian ski slopes. Alcohol consumption is proposed to be a risk 
factor in winter sports-related accidents. The aim of this study was to evaluate fac-
tors associated with alcohol intake among uninjured slope tourers.

Methods: A total of 328 slope tourers (45% females) with a mean age of 
43.8 ± 11.8 years were questioned in February and March 2014 in two huts at the 
top of two Austrian ski areas. Questionnaires were conducted during daytime 
(9.00 a.m.–4.00 p.m.) and nighttime hours (5.00 p.m.–9.45 p.m.) with a following 
breath alcohol test. Slope tourers filled in on demographics, skill level, risk-taking 
behavior, ski helmet use, and alcohol consumption. In addition, slope tourers who 
had consumed alcohol were asked to estimate their individual breath alcohol level.

Results: In total, 187 (57%) of the slope tourers reported that they had consumed 
alcohol at the hut. Male sex, a higher BMI, more ski touring experience, and less ski 
helmet use were significantly associated with alcohol intake among slope tourers. 
Mean-tested breath alcohol level was 0.24 ± 0.17‰; this significantly differed from 
the mean estimated breath alcohol level of 0.18 ± 0.12‰. Male slope tourers had a 
significantly higher breath alcohol level than female slope tourers (0.26 ± 0.17 vs. 
0.22 ± 0.15‰, p = 0.014).

Conclusion: Approximately 60% of interviewed slope tourers, predominantly 
males, consumed alcohol in the huts. In addition, male slope tourers had a signifi-
cantly higher breath alcohol level compared to female slope tourers and mean-tested 
breath alcohol level was underestimated by approximately 25% on average.
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1  Introduction

In the Austrian mountainous regions alone, there is an estimated number of eight 
million ski visitors per year [1]. Slope touring (= the ascending of a ski slope with 
ski touring equipment and following downhill skiing on the slope) has increased 
throughout the years with an estimated number of 80,000 slope tourers on Austrian 
ski slopes per year [2]. The region around the city of Innsbruck hosts approximately 
30,000 slope tourers per year [3]. Reasons given for the growing number of slope 
tourers include the easy ascent, physical activity-related health promotion, no risk 
of avalanches on slopes, and social aspects [3]. This progress, however, often causes 
troubles with the lift companies because of safety risks through ascending slope 
tourers during daytime hours and descending slope tourers during nighttime hours 
[2]. Overall, little is known about injuries and risk factors in slope touring. In a 
preliminary study, Ruedl et al. investigated potential factors associated with injuries 
in slope touring [2]. More than 450 slope tourers (60.1% males) with a mean age of 
39.3 ± 14.4 years reported that they perform about 20.6 ± 16.0 slope tours per sea-
son mainly with a partner (48%) and during the day (51%) [2]. A total of 57 persons 
(12.6%) reported that they have suffered at least one injury during slope touring that 
required medical care; this corresponds to a rate of six injuries per 1000 slope tours. 
Main causes of injury were falls (78%) and collisions with another person (15%), 
and the main injured body part was the knee (36%) [2]. Slope tourers with an injury 
history were more likely to report wearing back protectors and to have experienced 
more falls during downhill skiing [2]. They were also more likely to report listening 
to music more often during downhill skiing and to consume alcohol more frequently 
in the hut compared to slope tourers without an injury history [2]. In a survey among 
slope tourers, participants reported to fear an injury mostly through a collision with 
intoxicated, descending skiers while ascending the mountain uphill or an accident 
with the cable winch of a snow groomer while skiing downhill on the slope during 
night [4]. As alcohol consumption is often associated with winter sports-related 
injuries [5], the aim of this study was to evaluate factors associated with alcohol 
intake among uninjured slope tourers.

2  Methods

Slope tourers were assessed at two different skiing huts (>750 m of ascent) in Tyrol, 
Austria. Assessments took place during daytime (9.00 a.m.–4.00 p.m.) and night-
time hours (5.30 p.m.–9.45 p.m.) in February and March 2014. The mean duration 
of completing the questionnaires was about 15–25 min. Inclusion criterion was the 
ascent of the person with skis. Eight persons cancelled the participation at an early 
stage and were therefore excluded. Before leaving the hut, participants were asked 
to perform an alcohol breath test with the LION FUEL CELL SENSOR 500 to 
measure their breath alcohol concentration; to avoid false-positive results, a time 
interval of at least 15 min after the last drink was assured before breathalyzing.
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Besides sociodemographic data (age, sex, BMI, education degree), participants 
were asked about their subjective skill level (beginner/intermediate, advanced, 
expert) according to Sulheim et al. [6] and risk-taking behavior (more cautious vs. 
more risky) according to Sulheim et al. [7] and Ruedl et al. [8], years of experience 
in ski touring, weekly frequency of ski touring (regularly = minimum one tour per 
week vs. irregularly), amount of persons in the group (alone vs. two persons vs. 
three and more persons), and ski helmet use. Additionally, participants had to 
answer questions about how frequently they consumed alcohol during the last five 
ski tours (never vs. once vs. several times vs. always), their perceived alcohol intake 
(Do you feel intoxicated?—not at all vs. little vs. moderate vs. strongly), and their 
estimated alcohol level (in ‰).

3  Statistical Analysis

Data are presented as means and standard deviations and as absolute and relative 
frequencies. Chi-square tests were used to compare the groups of slope tourers with 
and without alcohol intake regarding sex, education degree, time of the day (day vs. 
night), skill level, risk-taking behavior, helmet use, group size, and ski touring fre-
quency. Mann-Whitney-U Tests were used to compare both groups (alcohol vs. no 
alcohol intake) regarding age, BMI, and years of experience. In addition, Mann- 
Whitney- U Tests were used to compare mean breath alcohol level between male and 
female slope tourers. One-way ANOVAs were used to calculate differences between 
mean alcohol level and perceived alcohol intake, and between mean breath alcohol 
level and alcohol consumption during the last five ski tours. Spearman correlation 
analyses were used to show relationships between estimated and measured breath 
alcohol level. All p-values were two-tailed and values of p < 0.05 were considered 
to indicate statistical significance.

4  Results

A total of 328 slope tourers (45% females) with a mean age of 43.8 ± 11.8 years and 
a mean BMI of 23.0 ± 2.9 participated in this study. The majority of the slope tour-
ers were advanced skiers (55%) and performed their sport in a favored group size of 
two people (75%).

In total, 187 (57%) of slope tourers stated that they consumed alcohol in the hut. 
Mean-tested breath alcohol level was 0.24 ± 0.17‰ (range: 0–1.32‰) which sig-
nificantly differed from the mean estimated breath alcohol level of 0.18 ± 0.12‰ 
(range: 0–0.5‰) (p < 0.001). Male slope tourers had a significantly higher breath 
alcohol level than female slope tourers (0.26 ± 0.17 vs. 0.22 ± 0.15‰, p = 0.014).

None of the slope tourers with alcohol intake felt strongly intoxicated. In total, 
11 (6%) participants felt moderately intoxicated with a tested mean alcohol level of 
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0.45 ± 0.35‰, 50 (27%) participants felt little intoxicated with a tested mean alco-
hol level of 0.29 ± 0.17‰, and 126 (67%) participants did not feel intoxicated at all 
with a tested mean alcohol level of 0.21 ± 0.12‰. The subjective feeling of intoxi-
cation showed a significant difference between the three groups in terms of the 
tested breath alcohol level (p < 0.001). There was a strong, significant correlation 
between estimated and measured breath alcohol level (r = 0.854; p < 0.001).

Regarding the alcohol consumption during the last five ski tours, one-way 
ANOVA showed that those participants who drank always (N = 44; mean alcohol 
level of 0.32 ± 0.22‰) or several times (N = 83; mean alcohol level of 0.24 ± 0.14‰) 
had significantly higher mean alcohol levels than those who drank just once (N = 46; 
mean alcohol level of 0.18  ±  0.11‰) or never (N  =  12; mean alcohol level of 
0.20 ± 0.12‰) (p < 0.001).

Table 1 shows two groups of slope tourers divided into an Alcohol Intake Group 
(AIG) and a No-Alcohol Intake Group (NAIG). AIG significantly differed from 
NAIG regarding sex, BMI, ski touring experience, and ski helmet use (see Table 1).

5  Discussion

The aim of this study was to evaluate factors associated with alcohol intake among 
slope tourers who visited mountain top huts in Austria in the winter of 2014. In 
total, 57% of the slope tourers stated that they consumed alcohol in the hut. Based 
on data collected from self-report questionnaires, male sex, higher BMI, more ski 
touring experience, and less ski helmet use were significantly associated with alco-
hol intake among slope tourers. In addition, male slope tourers had a significantly 
higher breath alcohol level than female slope tourers and mean-tested breath alcohol 
level was significantly higher (about 25%) compared to the mean estimated breath 
alcohol level.

The cohort of slope tourers in the current study with a mean age of about 44 years 
consisted primarily of males (55%). In comparison, in the study on slope tourers by 
Ruedl et al. 60% were males and mean age was about 39 years [2]. Furthermore, the 
high number of slope tourers with a self-estimated advanced or expert skiing skill 
level and the favored group size of two persons remain comparable throughout vari-
ous studies [2, 4, 9].

The high number of slope tourers with alcohol consumption in this study must be 
viewed with caution as it needs to be taken into account that assessments were con-
ducted in the huts. Since not all slope tourers visit the huts, a much lower proportion 
of alcohol consumption may be observed if tests were conducted of slope tourers in 
the parking area.

In the current study, 66% of slope tourers who consumed alcohol were males and 
the mean breath alcohol level was significantly higher among male compared to 
female slope tourers. Those sex differences regarding alcohol consumption are 
widely known [10, 11] and occur even in adolescence [12]. Schmid stated that in 
young adults aged 19–20 years, 62% of males and 32% of females consume alcohol 
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[12]. In accordance, it has been reported that mean blood alcohol concentrations are 
significantly higher in a cohort of uninjured male skiers and snowboarders com-
pared to uninjured female skiers and snowboarders [13].

Mean breath alcohol level of slope tourers was 0.24 ± 0.17‰ with a range from 
0–1.32‰. In comparison, Li et al. stated that in biking, a blood alcohol concentra-
tion of 0.02 g/dL (≙ 0.16‰) raises the risk of a fatal or serious injury about 5.6 
times and a blood alcohol concentration of 0.08 g/dL (≙ 0.65‰) increases the risk 
of a fatal or serious injury about 20.2 times [14]. Gaudio et al. detected in a cohort 
of 200 skiers and snowboarders with a major injury trauma that a high blood con-
centration was present in 43% of patients [5]. In addition, in the study by Ruedl 
et al., slope tourers with an injury history reported greater alcohol consumption in 
the hut compared to slope tourers without an injury history [2]. Therefore, one could 
assume that alcohol consumption would be a major risk factor for injuries on ski 
slopes. However, to evaluate the impact of alcohol consumption on injury risk 

Table 1 Characteristics of factors associated with alcohol intake among slope tourers

AIG NAIG p

Sex, Na (%) Female 63 (34) 86 (61) <0.001**
Male 124 (66) 54 (39)

BMI (mean ± SD) 23.3 ± 2.9 22.6 ± 2.8 0.007**
Age (mean ± SD) 44.5 ± 11.3 42.8 ± 12.4 0.172
Education/degree, Na 
(%)

Compulsory school 
graduation/apprenticeship

55 (29) 40 (28) 0.152

A level 50 (27) 24 (17)
University 66 (35) 50 (43)
Other education 16 (9) 17 (12)

Ski touring frequency, 
N (%)

Regularly: min 1/week 129 (69) 61 (43) 0.116
Unregularly 58 (31) 80 (57)

Group sizea, N (%) Alone 34 (18) 27 (19) 0.561
Two people 100 (54) 82 (59)
Three or more 52 (28) 30 (22)

Skill level, N (%) Beginner/intermediate 24 (13) 27 (19) 0.306
Advanced 142 (76) 104 (74)
Expert 21 (11) 10 (7)

Ski touring experience 
[years] (mean ± SD)

15.8 ± 11.8 10.7 ± 9.2 <0.001**

Time of day, N (%) Day 70 (37) 61 (44) 0.262
Night 117 (63) 79 (56)

Helmet, N (%) Yes 68 (36) 70 (50) 0.019*
No 119 (64) 71 (50)

Risk-taking behaviora, 
N (%)

More cautious 147 (80) 117 (84) 0.347
More risky 38 (20) 23 (16)

AIG alcohol intake group, NAIG no-alcohol intake group
*p ≤ 0.05, **p ≤ 0.01
aDue to missing data, the number of participants does not sum up to N = 328
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among winter sport participants, a case-control study design comparing the breath 
or blood alcohol levels of injured to uninjured persons would be necessary. Earlier 
studies using such a study design, however, found no significant differences with 
respect to mean blood alcohol concentration between injured and uninjured winter 
sport participants [13, 15, 16]. In contrast, Burtscher et al. stated that alcohol con-
sumption on the skiing day was a risk factor for falls in skiers and snowboarders 
[17]. This might be due to the fact that alcohol consumption impairs the central 
nervous system function, resulting in decrements in cognitive function and motor 
skills [18]. Although a fall does not imply an injury, self-inflicted falls are the major 
cause for injuries during skiing and snowboarding [17].

The present study found that slope tourers significantly underestimated their 
breath alcohol level considering that the mean-tested breath alcohol level was about 
25% higher compared to the mean estimated breath alcohol level. Underestimation 
of alcohol intoxication might be a risk factor for a fall causing an injury on the ski 
slope.

Regarding participants’ perceptions of alcohol consumption, none of the slope 
tourers with alcohol intake reported feeling strongly intoxicated, and a decreasing 
perception of the individual alcohol level was significantly associated with a 
decreasing mean-tested breath alcohol level. This result implies that many of the 
slope tourers may be unaware of the fact that there is sufficient alcohol in their sys-
tem to potentially cause impairments. Even low doses of alcohol significantly pro-
duced more incorrect reactions during a peripheral vision test [19] and might have 
further impacts on athletic and cognitive performance [18, 20].

In this study, a higher frequency of alcohol consumption during the last five ski 
tours was significantly associated with a higher mean breath alcohol level indicating 
a possible association between drinking frequency during ski tours and level of 
alcohol intoxication. In addition, slope tourers with alcohol consumption reported 
significantly higher BMIs compared to those without alcohol intake. This might be 
due to the fact that studies reported positive findings between alcohol intake and 
weight gain [21, 22].

Slope tourers with and without alcohol consumption did not differ in this study 
with regard to age, group size, educational degree, self-reported skill level, and risk- 
taking behavior. Group size or peer group are likely to influence alcohol consump-
tion as studies have shown that team athletes consume more alcohol than individual 
athletes [10, 23, 24]; however, this result was not reflected in the present study.

Slope tourers with alcohol intake showed a significantly higher mean ski touring 
experience (16 vs. 11 years) compared to those who did not drink alcohol in the hut. 
Although studies indicate that sport participation is associated with alcohol use 
[25], to our knowledge, no literature is available concerning the years of sport par-
ticipation and alcohol intake.

Slope tourers with alcohol intake were significantly less likely to report wearing 
a ski helmet compared to tourers with no alcohol intake (36 vs. 50% helmet use). 
This might be the result of the duration in sport participation because AIG slope tour-
ers have engaged in their sport over a longer period of time (16 years vs. 11 years). 
Since helmet use rates have increased significantly over the last decade, the NAIG 
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might have started slope touring with helmet right from the beginning. As Ruedl 
et al. presented, the head was involved in 14% of injuries among slope tourers [2]. A 
helmet would be a meaningful safety equipment to reduce head injury risk [7].

In conclusion, about 60% of the interviewed slope tourers consumed alcohol in 
the hut. Male sex, a higher BMI, a longer ski touring experience, and less ski helmet 
use were significantly associated with alcohol intake among slope tourers. In addi-
tion, male slope tourers had a significantly higher breath alcohol level than female 
slope tourers and mean-tested breath alcohol level was significantly higher com-
pared to the mean estimated breath alcohol level by about 25%.

Obtained results require preventive interventions to reduce alcohol consumption 
among slope tourers. The interventions should be especially addressed to the group 
of male slope tourers with over 10 years of experience in ski touring and an age of 
about 40 years.
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To What Extent Do Attitudes Regarding Ski 
Helmets Change After a Period of Utilization?
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Abstract Background: Common reasons reported for helmet non-use are impaired 
hearing and impaired vision and an increasing level of risk taking. Therefore, health 
communication programmes should be instituted to get non-helmeted skiers and 
snowboarders to try out helmets to eliminate their potential prejudices. Aim: to 
evaluate whether and to what extent attitudes regarding ski helmets change after a 
period of utilization. Methods: Subjects who wanted to borrow a ski helmet in a ski 
rental shop had to rate 14 attitudes about ski helmets using a 5-point Likert scale 
two times (1) before they borrow a helmet and (2) after the return of the helmet. 
Results: A total of 231 (43.7% females) subjects with a mean age of 35.2 ± 14.3 years 
participated. A ski helmet was used never before, one time, and more times by 21.2, 
16.7, and 62.1%, respectively. There was a significant increase after borrowing in 
the agreement that all winter sport participants should wear a ski helmet (p = .003), 
and that a ski helmet damages the hairstyle (p = .021) while there was a decreasing 
agreement that a ski helmet looks good/is stylish (p = .030). According to a factor 
analysis, attitudes about ski helmets clustered around two major dimensions—
“safety awareness/comfort” and “subjective disadvantages” explaining 42–43% of 
the overall variance. A significant increase in the dimension “safety awareness/com-
fort” from pre- 31.8 ± 5.9 to post-borrowing 32.6 ± 5.9 (p < .001) was found while 
the dimension “subjective disadvantages” did not significantly change (pre: 
18.6 ± 4.3 vs. post: 19.1 ± 4.3, p = .091). Regarding subgroup analysis with these 
two dimensions, previous helmet use (never before vs. one time vs. more times) did 
not show significant differences in the change in attitudes. Conclusion: The ski 
helmet- related dimension “safety awareness/comfort” significantly increased after a 
period of utilization, irrespective of previous helmet use.
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1  Introduction

In recreational alpine skiing and snowboarding, the prevalence of all injuries to the 
head account for up to 20% of all injuries occurred on ski slopes [1–3]. In past 
years, ski helmet usage rate on ski slopes increased up to 80% among recreational 
skiers and snowboarders [2–4]. Although there is convincing evidence of head pro-
tective effects by wearing ski helmets [1, 3, 5], about 20% of skiers and snowboard-
ers do not wear a ski helmet yet on ski slopes [3, 4].

Common reasons reported for helmet non-use are impaired hearing, impaired 
vision, and an increasing level of risk taking [6–8]. In a previous study by Ruedl 
et al. [9], more than 900 persons scored 14 statements on a five-level Likert scale 
about their attitudes regarding ski helmets. While results of this study showed little 
disagreement on the important features of helmets that they could save lives, that 
they do not promote risk compensation and that adults wearing a ski helmet are 
positive role models, helmeted and non-helmeted skiers, and snowboarders differed 
in far less fundamental issues (e.g. hearing, hairstyle, costs), which might be more 
amenable to attitude change [9]. Therefore, health communication programmes 
should be instituted to get non-helmeted skiers and snowboarders to try out helmets 
to eliminate their potential prejudices. According to Andersen et al. [10], helmet 
campaigns should be based on Roger’s “Trialability from Diffusion of Innovation 
Theory” [11] because the ability to utilize an innovation for a trial period is posi-
tively correlated with its rate of adoption [10]. From a health psychological approach 
there is a lack of knowledge how practicing the behaviour might influence attitudes 
toward the behaviour or subjective norms as most of the models neglect conse-
quences of behaviour (i.e. theory of planned behaviour, TBP, Ajzen [12]). In inter-
preting the results from our earlier study [9] we used the Transtheoretical Model 
(TTM) and concluded that specific information in the second stage, “contempla-
tion”, might foster at least the preparation of behaviour change [13]. In a further 
step, it seems necessary to focus on the stage of “action” relying on this model. 
Therefore, the aim of the study was to evaluate whether and to what extent attitudes 
regarding ski helmets change after a period of utilization.

2  Methods

2.1  Study Design

Pre-/post-survey

2.2  Subjects

German-speaking skiers and snowboarders who wanted to borrow a ski helmet in 
one out of three ski rental shops during three consecutive winter seasons from 
2012/13 to 2014/15 were randomly invited to participate. Subjects had to rate 
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attitudes about ski helmet use two times (1) before they borrow a helmet and (2) 
after the return of the helmet. Subjects were asked then for how many days they 
borrowed the helmet and whether they wore the ski helmet (yes vs. no. vs. some-
times). More than 80% of participants filled out also the second questionnaire.

Inclusion criteria were an age >17 years and that subjects wore the helmet at least 
partially during the borrowing time. Informed consent was obtained from all sub-
jects prior to participating in this research. This study was approved by the 
Institutional Review Board of the Department of Sport Science, University of 
Innsbruck.

2.3  Questionnaire

The same 14 questions about attitudes regarding ski helmet use according to our 
previous work [9] were used (Fig. 1, Table 1). Participants scored the 14 statements 
about ski helmets on a five level Likert scale (I disagree totally—I rather disagree—
I disagree/agree partly—I rather agree—I agree totally). In addition, information on 
sex, age, nationality (Austrian vs. others), preferred winter sport (skiing vs. snow-
boarding vs. others), self-estimated skill level (first-day skier/snowboarder, begin-
ner, intermediated, advanced, expert), and risk-taking behaviour (more risky vs. 
more cautious) according to Ruedl et al. [14] were recorded. In addition, previous 
helmet use (never before vs. one time vs. more often) was asked. The fill in of the 
questionnaire took about 5 min.

Fig. 1 Means and standard deviations of 14 statements on attitudes about ski helmets pre- and 
post-borrowing; *p < .05, ~p < .10
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2.4  Statistics

All statistical analyses were performed using SPSS (IBM, New York, USA).
Data are presented as means ± standard deviations if not otherwise stated. 

Wilcoxon tests were used to compare the mean tendency of the 14 items separately 
pre- and post-borrowing. In addition to the analysis of the single items, a principal 
components factor analysis (Varimax rotation) was applied to analyse the dimen-
sions of underlying attitudes. This approach reduces the probability of a type I 
error. After defining the factor structure and reverse scoring of the negatively poled 
items, all items of each dimension were summarized. These calculated dimensions 
were the primary outcome parameters of the study. Cronbach’s α was calculated for 
each dimension at both time points to determine the internal consistency of the 
dimensions.

The differences between the two time points were calculated for the dimensions 
and tested on group differences to check for different attitude changes after borrow-
ing in certain subgroups. Since the data was not normally distributed (tested by 
Kolmogorov–Smirnov-Test), we used nonparametric methods to compare the sub-
groups (Mann–Whitney-U-Test for two subgroups and Kruskal–Wallis for more 
than two subgroups). To assess possible influences on changes of the attitudes of the 
participants’ age and duration of borrowing, Spearman correlation was used.

All p-values were two-tailed and values of p < .05 were considered to indicate 
statistical significance while values of p < .10 were considered as tendencies.

Table 1 Ski helmet attitudes and factor loadings pre- and post-borrowing

F1 (safety awareness/
comfort)

F2 (subjective  
disadvantages)

Pre Post Pre Post
A ski helmet protects from head injuries .71 .66 −.05 .08
A ski helmet interferes with vision −.47 −.49 .53 .46
A ski helmet looks good/is stylish .26 .09 −.36 −.42
A ski helmet is expensive .02 .05 .43 .48
A ski helmet warms the head when weather is cold .81 .72 .06 .07
A ski helmet is uncomfortable −.44 −.60 .39 .30
Adults using ski helmets are role models for 
children

.81 .75 .03 .20

A ski helmet damages the hairstyle .01 −.09 .63 .61
All winter sport participants should wear a ski helmet .69 .62 −.28 −.16
A ski helmet interferes with hearing −.08 −.08 .65 .59
All children on ski slopes should wear ski helmets .81 .76 .03 .10
People using a ski helmet sweat when weather is warm .13 .15 .65 .67
A ski helmet is heavyweight −.56 −.64 .44 .30
A ski helmet increases the individual level of risk 
taking

−.20 −.40 .43 .28
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3  Results

A total of 231 (43.7% females) subjects with a mean age of 35.2 ± 14.3 years ful-
filled the inclusion criteria. Regarding nationality, 26.8% were Austrians and 73.2% 
were from other countries. The preferred winter sport was alpine skiing in 67.0%, 
snowboarding in 29.6%, and other sports in 3.4%. With regard to the self-estimated 
skill level, 8.3% were first-day skiers/snowboarders, 17.5% were beginners, 33.2% 
intermediated, 33.6% advanced, and 7.4% experts. A total of 54.1% considered 
themselves to be rather cautious on ski slopes. A ski helmet was used never before, 
one time, and more times by 21.2, 16.7, and 62.1%, respectively. Mean borrowing 
time of the ski helmet was 5.1 ± 3.4 days.

Figure 1 shows means and standard deviations of all single items pre- and post- 
borrowing. There was a significant increase after borrowing in the agreement that 
all winter sport participants should wear a ski helmet (p =  .003) and that a ski 
helmet damages the hairstyle (p = .021) while there was a decreasing agreement 
that a ski helmet looks good/is stylish (p =  .030). There were also trends of an 
increasing agreement that a ski helmet warms the head when the weather is cold 
(p =  .058) and that people using a ski helmet sweat when the weather is warm 
(p = .071) as well as of a decreasing agreement that a ski helmet is uncomfortable 
(p = .090).

Since the four-dimensional solution of Ruedl et al. [9] could not be confirmed in 
our sample, we proposed a two-dimensional solution (Table 1; dimension 1 = safety 
awareness/comfort, dimension 2: subjective disadvantages). The scree-plots from 
the pre- and post-measurements indicated two dimensions on the basis of the points 
of inflexion. Thereby, 42.8% (pre) and 41.5% (post) of the overall variance could 
be explained. The dimension “safety awareness/comfort” showed a Cronbachs α 
pre- and post-helmet borrowing of .81 and .80, respectively, and the dimension 
“subjective disadvantages” showed a Cronbachs α pre- and post-of .61 and .57, 
respectively.

A significant increase in the dimension “safety awareness/comfort” from pre- 
31.8 ± 5.9 to post-borrowing 32.6 ± 5.9 (p < .001) was found while the dimension 
“subjective disadvantages” did not significantly change (pre: 18.6 ± 4.3 vs. post: 
19.1 ± 4.3, p =  .091). Regarding subgroup analysis with these two dimensions, 
neither factors preferred winter sport, sex, and nationality, nor self-estimated skill 
level, and risk-taking behaviour, nor previous helmet use showed significant differ-
ences in the change in attitudes. However, when never-helmet users, one-time 
helmet users and frequently helmet users were compared at pre- and post-time 
points separately (Table  2), Kruskal Wallis test showed differences in the factor 
“safety awareness/comfort” (both p < .05). Post hoc comparisons revealed that one-
time helmet users scored significantly lower in “safety awareness/comfort” than 
frequently helmet users both pre- (p = .004) and post-borrowing (p = .009). At pre- 
borrowing, never-helmet users scored significantly lower in “safety awareness/com-

fort” than frequently helmet users (p = .015).
No significant correlation between the duration of borrowing, age, and the 

change of attitudes could be observed.
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4  Discussion

The aim of the study was to evaluate whether and to what extent attitudes regarding 
ski helmets changed after a period of utilization. As a main result a significant 
increase in the dimension “safety awareness/comfort” was found after returning the 
helmets while the dimension “subjective disadvantages” did not significantly 
change. In addition, frequently helmet users showed a significant higher score within 
the dimension “safety awareness/comfort” compared to one-time helmet users.

In our earlier work, the dimension “subjective disadvantages” including attitudes 
about hearing, vision, sweating, hairstyle, costs, and weight was highly predictive 
(OR: 2.3) for helmet non-use while the dimension “safety awareness” was nega-
tively associated with helmet non-use (OR: 0.3), i.e. skiers with higher safety aware-
ness are more likely to wear ski helmets [9]. We therefore speculated that the less 
fundamental issues of the dimension “subjective disadvantages” would be more 
amendable to attitude change when non-helmeted skiers and snowboarders try out 
helmets to eliminate their potential prejudices [9]. However, current results in this 
study found no attitude change in the dimension “subjective disadvantages” while 
the dimension “safety awareness/comfort” increased to a small but significant extent.

Interestingly, post hoc analysis revealed significant higher scores within the 
dimension “safety awareness/comfort” among frequently helmet users compared to 
persons who never wore a ski helmet before and who once wore a ski helmet before, 
respectively. Keeping in mind TPB [12] and TTM [13], one might argue that prac-
tising the behaviour might influence attitudes toward the behaviour itself and sub-
jective norms related to this behaviour. Interpreted with caution, acceptable 
consequences of a repeated behaviour may increase the chance to enter the stage of 
“maintenance” in the TTM [13] abetted by redefined attitudes and subjective norms.

With regard to the significant results of single items, after the returning of the 
helmet, participants agreed to a significantly higher extent that all winter sports par-
ticipants should wear a ski helmet. In the study by Ruedl et al. [9] also about one-third 
of helmet non-wearers advocated helmet use for all winter sport participants possibly 
indicating an overall acceptance that a ski helmet protects from head injuries. 

Table 2 Means and standard deviations of the two dimensions in different subgroups of the factor 
previous helmet use pre- and post-loaning

Previous helmet use

Never One time Frequently p

Safety awareness/comfort Pre 30.2 ± 6.0 29.3 ± 6.9 33.0 ± 5.5 .001
Post 31.4 ± 6.8 30.0 ± 6.6 33.5 ± 5.3 .009

Subjective disadvantages Pre 19.3 ± 3.9 19.6 ± 4.3 18.2 ± 4.2 .159
Post 19.9 ± 4.6 19.8 ± 3.8 18.7 ± 4.5 .311

P value according to the Kruskal–Wallis test
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Russell et al. [1] found in their meta-analysis that ski helmet use could reduce head 
injury risk by 35% in the general ski population and by 59% in children. In addition, 
a study by Rughani et al. [5] showed that ski helmet use was associated with reduced 
rates of skull fractures among hospitalized children. More recently, Shealy et al. [3] 
observed that ski helmet use offers very effective mitigation for head injuries such as 
skull fractures and scalp lacerations. In addition, Shealy et  al. [3] found that an 
increased use of helmets was also associated with a significant reduction in poten-
tially serious head injuries, as well as all head injuries.

After the returning of the helmet, participants agreed to a significantly less extent 
that a ski helmet looks stylish. The style factor of a ski helmet might be an important 
individual factor when people decide to buy a helmet. Therefore, manufacturers of 
ski helmets continuously try to improve the style, weight, air ventilation, and com-
fort of their products.

In addition, after returning the borrowed helmet participants also agreed to a 
significantly higher extent that a ski helmet damages the hairstyle. In comparison, 
in the study by Ruedl et al. [9] about a quarter of helmet wearers and non-wearers 
found that a helmet damages one’s hairstyle. However, keeping in mind that most 
head injuries occur when the skier or snowboarder hits his head on the snow during 
a self-inflicted fall [15], head protection should be more important than hairstyle 
protection. In addition, when using a ski cap instead of a ski helmet, hairstyle also 
would be damaged.

In this study, no significant changes could be found according to the most com-
mon reported reasons for helmet non-use, i.e. impaired hearing, impaired vision, 
and an increasing level of risk taking [6–8]. As shown in Fig. 1, the mean level of 
agreement to these three questions was relatively low compared to other questions. 
With regard to these three issues and beside the subjective attitudes of the individu-
als, there are some evidence-based results from recent studies. Tudor et al. [16] and 
Ruedl et al. [17] found that compared to a ski cap a ski helmet showed an increased 
hearing threshold. However, according to Ruedl et al. [17] the degree of the hearing 
impairment when using a ski helmet is less than what is termed as a hearing impair-
ment. In addition, as most injuries on ski slopes occurred after a self-inflicted fall 
without involvement of another skier or snowboarder [2, 15, 18], compared to an 
impaired hearing an impairment of vision might be a more essential factor for safety 
in alpine skiing.

Regarding a limited field of vision when wearing a ski helmet, a study found that 
not the ski helmet per se but an additional use of ski goggles increased mean reaction 
time when using a continuous-tracking-test combined with peripheral signals [19].

According to the so-called risk-compensation hypothesis, there is an ongoing 
debate whether the use of a ski helmet provides a false sense of security, resulting 
in a riskier behaviour on ski slopes [20–22]. We found in a study [14] that self- 
reported risk-taking skiers and snowboarders skied on average 8 km/h faster than 
cautious persons; however, helmet use was nearly equal in both groups. Also, Scott 
et al. [22] found no evidence of risk compensation in their study. In addition, in past 
years ski helmet use increased up to 80% of the overall population on ski slopes [3, 4] 
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expecting also partly an increase in the overall rate of ski injuries due to self- inflicted 
falls or collisions with other winter sport participants if ski helmet use would 
increase one’s risk-taking behaviour. However, ski injury rate continuously 
decreased during the last decades [18, 23] while at the same time ski helmet rate 
continuously increased [2, 3].

In general, the results of this study show that practicing a new safety or health 
behaviour has the potential not only to influence perceived behavioural control as 
indicated in the theory of planned behaviour but also attitudes toward the behaviour. 
According to the TTM of behaviour change [13], not only information but also 
practising the behaviour should be implemented in helmet campaigns focusing to 
increase helmet use on ski slopes. This aspect might be interesting to foster more 
research on the short- and long-term consequences after enhancing new health and 
safety behaviours.

When interpreting the results of our study, it has to be taken into account that the 
reported effects of wearing a ski helmet were relatively small which might partly 
due to a mean borrowing time of only 5 days. It is therefore unknown, how repeat-
able the observed effects are in future studies. Furthermore, a prospective study 
design would bring out more reliable results. Factor analysis of the 14 statements on 
ski helmet attitudes in this study showed a two dimensions solution contrasting the 
four dimensions solution in our earlier study [9] which might be due to differences 
in the number of participants, sex distribution, mean age, preferred winter sport, etc. 
between the two studies. However, the current solution explained about 43% of the 
overall variance which is in accordance with 48% in the study by Ruedl et al. [9]. 
Cronbachs α pre- and post-helmet borrowing of .81 and .80 for the dimension 
“safety awareness/comfort” and Cronbachs α pre- and post-helmet borrowing of .61 
and .57 for the dimension “subjective disadvantages” are higher compared to the 
equivalent values of these two dimensions of .59 and .52, respectively, in the study 
by Ruedl et al. [9]. However, an attitude questionnaire previously validated would 
facilitate the embedding in psychological literature.

Furthermore, results of this study are limited by the fact that only German- 
speaking people were asked and that during the data collection period the helmet- 
wearing rate in Austria increased from about 60% to about 80%. However, this 
study was the first of its kind to observe effects of a period of utilization on ski 
helmet-related attitudes.

In conclusion, repeatedly trying out a ski helmet is positively associated with an 
increase in the dimension “safety awareness/comfort” of winter sport participants. 
Therefore, it is recommended to promote ski-helmet use during the general ski rental 
process by reducing barriers like additional costs or separate ways for customers.
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