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1  |  INTRODUCTION

Alpine skiing is a popular recreational sport, with a sig-
nificant injury risk, but with considerably varying injury 
rates, in both mild and severe injuries.1– 4 Based on the 
concomitant impact on the individual burden of disease 
and healthcare systems, many epidemiological studies 

aimed to identify which risk factors contribute to the risk 
of (severe) injury.

An important risk factor that has repeatedly been asso-
ciated with injury risk is skills level. The results however 
remain inconclusive. Among the less experienced skiers, 
increased injury risk has been described for overall injury 
risk,5– 8 and for more severe injuries.9 Among more skilled 
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Abstract
Skiing and snowboarding are both popular recreational alpine sports, with sub-
stantial injury risk of variable severity. Although skills level has repeatedly been 
associated with injury risk, a validated measure to accurately estimate the actual 
skills level without objective assessment is missing. This study aimed to develop a 
practical validated instrument, to better estimate the actual skills level of recrea-
tional skiers, based on the criteria of the Dutch Skiing Federation (DSF), and cov-
ering five different skill domains. A sample of Dutch recreational skiers (n = 84) 
was asked to fill in a questionnaire reflecting seven, a priori chosen predictors by 
expert opinion, to ski downhill and to be objectively evaluated by expert asses-
sors. The instrument was developed to have a multidimensional character and 
was validated according to the TRIPOD guideline (Transparent reporting of a 
multivariable prediction model for individual prognosis or diagnosis). The sam-
ple reported an overall incorrect self- reported estimation of their skills, compared 
with the observed skill score. The instrument showed good calibration and un-
derwent multiple validation methods. The estimated skills score showed to be 
closer to the observed scores, than self- reportage. Our study provides a practical, 
multidimensional, and validated instrument to estimate the actual skills level. 
It proved to better reflect the actual skills levels compared with self- reportage 
among recreational skiers.
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skiers, higher injury levels have been reported,10 also for 
severe injuries.11– 13

The inconsistent results may be explained by the het-
erogenous skills level assessment. First, the subdivision of 
categorical instruments differ, varying from three8 to five 
categories10,12 not clearly defining the criteria for the cate-
gorical assignment.

Second, most skills level assessments are based on self- 
reported scores, which differ from observed scores, both 
among skiers and in other populations, and with respect to 
different performance outcomes: general fitness level among 
a general population,14 physical activity among skiers15 and 
skiing ability among recreational skiers.16,17 Sulheim et al. 
validated five self- reported questions intended to measure 
actual skills level, reporting a poor to moderate correlation. 
Within the context of self- reportage, the perception of one's 
abilities is generally incorrect. The risk of bias between 
the perceived and actual performance is captured by the 
Dunning– Kruger effect (DKE),18 suggesting that low ability 
leads to a significant overestimation, while a good ability 
leads to an accurate estimation (or marginal underestima-
tion). Existing scales do not correct for the DKE- effect.

Third, to our knowledge, only one study reported as-
sessing skiing skills level through a validated scale,12 
suggesting that its assessment in other studies was not val-
idated. Instrument validation is important in itself to es-
tablish its reliable use,19 but even more so in self- reported 
scales, in light of the DKE- effect and the inconsistent and 
poor correlations with observed values.

An accurate risk factor assessment is essential when aiming 
at risk prevention. Without an accurate skills level assessment, 
its association with injury risk lacks accuracy, potential specific 
preventive strategies may be overlooked, and therefore, its ef-
fect on the reported association, is disputable. To investigate 
its actual influence on injury risk, skills level should ideally be 
assessed objectively. As this is in practice not achievable and 
self- reportage inaccurate, a practical validated instrument is 
needed to better estimate actual skills level. Additionally, as the 
technical skills embrace and reflect abilities of other domains, 
its character should be multidimensional.

In this study, we aimed to develop a validated and mul-
tidimensional instrument for a more accurate estimation of 
the actual skills level, compared with self- reportage. This 
may serve as a first step in establishing a new standard for 
measuring skiing ability in future epidemiological studies.

2  |  MATERIAL AND METHODS

2.1 | Study design and participants

This cross- sectional observational study was based on 
a Dutch sample of recreational skiers. The study was 

approved by the board of Eurocross Assistance, and all 
participants provided written informed consent.

The aim was to examine at least 6 predictors. Further, 
we estimated that an inclusion of 50 subjects a day would 
be achievable. We therefore aimed to recruit at least 100 
Dutch participants. As injuries occur across all ages and 
levels, these were not considered exclusion criteria. We 
only considered important that participants were able to 
understand the questions. This was done upon reasonable 
estimation by the recruiters.

Participants were recruited at two different time points. 
The first sample was obtained during a pilot study, includ-
ing 18 participants skiing in a Dutch indoor ski hall with 
artificial snow, October 2019. The second sample (n = 66) 
was recruited in Flachau, Austria, February 2020.

Both study design and data assessment were developed 
in consultation with an expert team: co- author and trauma 
surgeon K.B., head instructor of the Dutch Ski Federation 
(DSF) R.M. and personal trainer with special winter sport 
accreditation J.M.

2.2 | Data assessment

The pilot study, needed to identify and overcome practi-
cal flaws or unforeseen issues, was performed in a Dutch 
artificial snow indoor ski hall. Despite the static slope 
conditions, the needed technique is most similar to the 
one used on real slopes. Indoor treadmill ski halls present 
equal static conditions, but require a longer adaptation pe-
riod, even among experienced skiers, thus resulting less fit 
for this study. The main study was performed during two 
days in the mountains (Flachau, Austria), under natural 
snow and slope conditions.

After giving informed consent, participants were 
asked to rate themselves (self- reported skill score, SRSS) 
and to fill in a questionnaire, intended to assess the 
predictors. Afterwards, participants were instructed to 
descend the appointed slope, with low to intermediate 
difficulty, in order not to exclude more unexperienced 
subjects. Their observed skill score (OSS) was inde-
pendently assessed by two registered ski- instructors 
and was calculated by taking the mean value of both 
instructors.

Apart from the different slope conditions, assessments 
were identical in both samples. No a priori exclusion cri-
teria were applied.

2.3 | Outcome and predictors

The OSS was considered to reflect the actual skill score, 
and to be the golden standard.
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The OSS was based on the technical skills. For their 
systematical assessment, we developed an evaluation 
form (Supplementary material), based on the DSF evalua-
tion methodology.20 Several technical aspects were evalu-
ated (central balance, inclination of the ski's, shape of the 
turn, level of parallel skiing, symmetry of movement, level 
of knee joint flexion, core stability, choice, and control of 
the speed), resulting in an overall score (i.e., the OSS). 
After evaluation of the pilot study, the items “level of knee 
joint flexion” and “technical preparation” were added to 
the Flachau sample.

The concept of “a good skier” is not yet clearly de-
scribed. Our expert team defined it as someone able 
to handle him/herself under any circumstance. In line 
with this definition, the predictors were a priori chosen 
to cover five skill domains (i.e., self- reported skill level 
score, experience, avoidant behavior, equipment, and 
preparation), based on experience of R.M. and J.M. and 
relevant literature. First, the self- reported skill score 
was included as predictor. Second, since men seem to 
be more prone to injury, gender was included.21 Third, 
we chose the number of skiing days per year, and not 
the number of skiing years, as predictor for experience, 
as some people do not ski every day of their holiday. 
Fourth, more unexperienced skiers tend to avoid skiing 
on cloudy or snowy days; therefore “avoidance of cer-
tain weather conditions” was included. Fifth, among 
all weather conditions, foggy circumstances demand 
more of one's skills, as fog impairs one's vision. Sixth, 
we reasoned that less experienced skiers would not 
be inclined to buy their own gear, and underestimate 
the importance of proper boot fitting, also in terms of 
risk reduction.8 Seventh, experienced skiers often take 
more steep or less well prepared slopes. This requires 
a certain strength of the upper legs. A good physical 
preparation, ensures that the technical performance is 
maintained for a longer period of time, thus reducing 
the risk of exhaustion and the corresponding risk of 
falling.22 We expected experienced skiers to be more 
aware of this, and therefore more physically prepared. 
The questionnaire, developed to assess the predictors 
(Supplementary material), comprised more questions 
than used in this study, to be able to use them in future 
investigations.

Although age has been suggested to play a role in 
both overestimation23 and injury risk, being higher 
among youth and elderly,21 the expert team decided not 
to immediately add “age” as a predictor. In their expe-
rience, the chosen predictors were thought to be more 
relevant.

Reporting was done according to the TRIPOD 
guidelines.24

2.4 | Statistical analyses

All statistical analyses were performed using IBM SPSS 
Statistics version 26 (IBM, New York, NY, USA). Analyses 
were performed on the total sample (i.e., the pilot and 
Flachau sample combined). General sample characteris-
tics were analyzed using means and standard deviations 
(SD) for quantitative variables and percentages for cat-
egorical variables. Missing data were excluded from cal-
culations. To investigate potential differences between 
the pilot and the Flachau sample, independent- samples 
t- test for continuous variables or the χ2- test for categori-
cal variables were performed. To estimate to which extent 
the self- reported scale showed a good fit with the observed 
scores, this association was plotted in a scatter plot and 
in a Bland– Altmann plot to investigate the closeness of 
agreement. To investigate agreements between instruc-
tors, the Cohen's Kappa coefficients were calculated.

To develop the skills level estimation instrument, a mul-
tivariable linear regression analysis was performed using 
the seven a priori chosen predictors and the OSS as out-
come, referred to as the “expert opinion model” (EOM).

The performance of the model was assessed through 
measures of goodness of fit and calibration, in line with the 
TRIPOD- guidelines.19 To assess the model fit we calculated 
the R2, the adjusted R2, and the mean squared prediction 
error (MSPE). To assess the calibration of the model, we con-
structed the calibration plot, and computed the calibration- in- 
the- large and the calibration slope. In addition, we calculated 
the percentage of people for whom our predicted score was 
within 1 point and within 0.5 point of the observed score.

To assess the validity of our model, we performed sev-
eral validation analyses. First, we internally validated the 
model through a random split procedure (i.e., random 
spit model, RSM). We randomly divided our sample in 
two halves, estimated our model in one half and assessed 
all performance measures in the other half. In addition, 
we assessed the performance of our original “expert 
opinion model” stratified by sample (Flachau and Pilot). 
Next, as external validation, we estimated our model in 
the larger Flachau sample, and assessed its performance 
in the pilot sample (i.e., external validation model, EVM).

Next, to further assess robustness of our results, we per-
formed a sensitivity analysis where we estimated a model 
using a backward selection procedure of all potential pre-
dictors, as opposed to our a priori selection of predictors 
(backward selection model, BSM). Again, performance of 
the model was assessed.

Finally, we assessed whether our newly developed 
and validated instrument outperformed the self- reported 
skills score in terms of agreement with the actual OSS, 
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by calculating for what percentage of cases our score was 
closer to the OSS than the self- reported score.

3  |  RESULTS

3.1 | General descriptives

Sample characteristics are presented in Table 1. In the end, 
84 participants were included. Approximately 57% of the 
sample was male, 79.8% was adult. In one case, informa-
tion about age was missing. The mean number of lessons 
was 69.1 hours, the mean experience 15 years, with a mean 
number of skiing days 8.5 a year, and 5.7 hours a day. 42.9% 
stated to know the rules on the slopes. 9.5% prepared them-
selves physically. The mean self- reported score was 7.1 (SD 
1.0) versus a 6.0 (SD 1.4) observed skill score (OSS). 78.6% 
of all cases overestimated their skill level, with a mean level 
of 1.1 points (SD 1.0). In 78,6% of the cases, no disagree-
ment between the instructors was present. Cohen's Kappa 
coefficient for the instructors' OSS was 0.76.

When comparing the Flachau to the pilot group, both 
groups significantly differed with respect to gender, mean 
self- reported and OSS, number of hours a day spent ski-
ing, avoidance of “certain slopes” and black slopes, ski 
boot rental, knowledge about the slope rules, physical 
preparation, and all technical aspects.

Figure  1 illustrates the association between the self- 
reported score and the OSS. The Bland– Altmann plot 
(Figure  2) additionally showed that the limits of agree-
ment for the self- reported skill score and the OSS were 
not met. Additionally, the mean difference between self- 
reported and observed scores was significantly different 
from zero (p = < 0.001), indicating that the self- reported 
score was not representative for the actual objectified 
level, and decreased towards a higher mean OSS.

3.2 | Skills level estimation instrument: 
development and validation of the “Expert 
Opinion Model”

The multivariable regression analysis with the a priori 
chosen predictors as independent variables resulted in the 
following “Expert Opinion Model.”

Explanation of the model: Female = 0, Male = 1. 
For other dichotomous variables: No = 0, Yes = 1.

All performance measures are shown in Table 2. The 
estimated coefficients and standard errors of all models 
are shown in supplementary Table S1. All calibration plots 
in supplementary Figure S2.

The goodness of fit of the EOM is moderate and decreases 
in the external validation. However, calibration of the model 
is good with calibration slopes consistently close to 1 and 
calibration in the large indicating close agreement of our 
instrument with OSS on average. This is reiterated by the 
calibration plots. In addition, in around 80% of cases, our in-
strument was within 1 point of the actual OSS, and in almost 
half of the cases, the difference was smaller than 0.5 point.

Finally, our instrument was closer to the OSS than the 
subjects' self- reported scores in 73.8% of the cases.

4  |  DISCUSSION

In this study, we developed and validated an instrument 
to estimate a recreational skier's skills level.

Our instrument included seven predictors, chosen by 
expert opinion, and was developed based on a sample of 
84 Dutch recreational skiers. The sample was mainly male, 
showed poor physical and technical preparation, reported 
low levels of ski boot rental and an incorrect estimation 
of its skills. Comparison of the Flachau and pilot sample 
showed the pilot group to be overall better prepared, to 
have more experience and better technical skills, and to 
be less avoidant.

To our knowledge, this study is first of its kind. Despite 
previous attempts to estimate the actual skiing ability based 
on self- reported items,16,17 transparent validation has rarely 
been done. The importance of this study lies in the scope 
to accurately assess the association between skills level and 
injury risk, which, based on the suggested inaccurate self- 
reported skills level assessment, is still lacking.

4.1 | Robustness of the model

Several findings suggest that our instrument can be con-
sidered valuable. First, the R2 of our model was 0.640. 
Although not perfect, it can be appreciated as “reasonable.” 
Second, calibration of our model was good, as indicated 
by the calibration in the large, slope and plot, and our in-
strument was within 1 point of the actual scores in almost 
80% of cases. Third, the calibration plot (Supplementary 
Figure  S2) showed a (slightly) better agreement of our 
instrument with the OSS than of the self- reported score 
(Figure 1), indicating that our model better estimates the 
actual skill score than self- reportage. This was reiterated 
by the fact that our instrument was closer to the OSS than 
the self- reported score in 73.8% of the cases.
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T A B L E  1  General characteristics of the sample (n = 84), and comparison between Pilot and Flachau sample

Total sample n = 84 
(% or mean, SD) Flachau n = 66 Pilot n = 18 p- value

Gender‡

Male 48 (57.1%) 34 (51.5%) 14 (77.8%) 0.046*

Female 36 (42.9%) 32 (48.5%) 4 (22.2%)

Age

Mean age 34.9 (15.2) 35.2 (15.9) 33.8 (12.9) 0.69

Missing 1 (1.2%) 1 (1.5%) 0 (0.0%)

0– 18 16 (19.0%) 14 (21.2%) 2 (11.1%) 0.32

18+ 67 (79.8%) 51 (77.3%) 16 (88.9%)

Mean self- reported skill score (SRSS) 
(from 1 to 10)‡

7.1 (1.0) 6.9 (1.0) 7.9 (0.6) <0.001*

Mean observed skill score (OSS) (from 1 
to 10)

6.0 (1.4) 5.7 (1.4) 7.2 (0.80) <0.001*

Overestimation

Yes 66 (78.6%) 52 (78.8%) 14 (77.8%) 0.93

No 18 (21.4%) 14 (21.2%) 4 (22.2%)

Experience

Lesson, number of hours 69.1 (69.8) 70.3 (70.3) 65.2 (69.8) 0.79

Years of skiing 15.3 (11.3) 14.3 (10.8) 18.9 (12.7) 0.18

Skiing days per year‡ 8.5 (6.8) 7.8 (4.0) 10.8 (12.7) 0.33

Hours per day 5.7 (1.1) 5.5 (1.0) 6.4 (1.2) 0.011*

Avoidance, (yes)

Any avoidance 71 (84.5%) 57 (86.4%) 14 (67%) 0.37

Certain slopes 32 (38.1%) 31 (47.0%) 1 (5.6%) 0.001*

Black slopes 24 (28.6%) 24 (36.4%) 0 (0.0%) 0.002*

Certain snow conditions 36 (42.9%) 31 (47.0%) 5 (27.8%) 0.15

Icy slopes 20 (23.8%) 24 (36.4%) 4 (22.2%) 0.26

Certain weather conditions‡ 19 (22.6%) 17 (25.8%) 2 (11.1%) 0.12

Fog 3 (3.6%) 3 (4.5%) 1 (5.6%) 0.86

Crowded spots 46 (54.8%) 35 (53.0%) 11 (61.1%) 0.54

Ski boot rental‡

No, has own ski boots 79 (94.0%) 66 (100.0%) 13 (72.2%) <0.001*

Yes, rents ski boots 5 (6.0%) 0 (0.0%) 5 (27.8%)

Knows the rules

Yes 36 (42.9%) 19 (28.8%) 17 (94.4%) <0.001*

No 48 (57.1%) 47 (71.2%) 1 (5.6%)

Physical preparation before skiing‡

Yes 8 (9.5%) 2 (3.0%) 6 (33.3%) <0.001*

No 76 (90.5%) 64 (97.0%) 12 (66.7%)

Technical preparation before skiing†

Yes 2 (3.0%) 2 (3.0%) NA – 

No 64 (97.0%) 64 (97.0%) NA

Technical aspects

Central balance 5.8 (1.6) 5.4 (1.5) 7.1 (0.8) <0.001*

(Continues)
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4.2 | Additional testing

To further test our instrument, we performed several vali-
dation and sensitivity analyses, adding to face validity. 
Internal validation showed similar performance, reducing 
potential concerns of overfitting. Notably, stratification on 

the pilot sample showed the best performance measures 
of all. As shown in Table 1, the pilot group scored signif-
icantly higher on the OSS. This might explain the better 
performance of the model among the pilot group, most 
likely due to a better self- estimation in this group, in line 
with the DKE.

Total sample n = 84 
(% or mean, SD) Flachau n = 66 Pilot n = 18 p- value

Inclination of the ski's 5.8 (1.6) 5.5 (1.6) 6.8 (1.1) <0.001*

Form of the curve 6.1 (1.7) 5.8 (1.7) 6.9 (1.0) 0.002*

Level of parallel skiing 6.5 (1.7) 6.3 (1.8) 7.4 (0.7) <0.001*

Symmetry of movements 5.4 (1.7) 5.1 (1.6) 6.9 (1.0) <0.001*

Level of knee joint flextion† 4.6 (1.7) 4.6 (1.7) NA – 

Core stability 5.7 (1.8) 5.3 (1.7) 7.1 (0.9) <0.001*

Speed choice and control 6.7 (1.7) 6.6 (1.8) 7.3 (0.9) 0.04*

Abbreviation: NA, not applicable.
†Flachau sample only.
‡A priori chosen predictors.
*p < 0.05.

T A B L E  1  (Continued)

F I G U R E  1  Scatter plot of self- 
reported and the observed skill score

F I G U R E  2  Bland– Altmann plot for 
self- reported and observed skill score. 
The red reference line represents the 
mean difference between SRSS and OSS. 
Both green lines represent the limits of 
agreement (+ 1.96 SD; − 1.96 SD)
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In external validation, performance decreased. The ex-
planation for the lower performance may lie in two fac-
tors. First, the model was developed based on the Flachau 
sample. As mentioned above, the Flachau and pilot sam-
ple differed significantly on several variables. That might 
explain why developing a model on the Flachau sample 
alone shows a lesser performance when testing it in the 
pilot group. Nonetheless, the purpose of the study was to 
develop a model applicable to a Flachau- like population, 
and not only a more prepared group.

Second, the fact that the predictor “ski boot rental” was 
negatively answered by all subjects in the Flachau sam-
ple, weakened the model validation. Additionally, the pilot 
sample size was very small, causing one value to have great 
impact.

Finally, as a check for our chosen predictors, we per-
formed a statistical selection (BSM) as well, which largely 
resulted in the same, though longer, list of predictors. 
Although this model showed a slightly better performance, 
it is important to note that overfitting is a serious concern 
when statistically selecting predictors in small samples and 
a priori selection is therefore preferred.25 Additionally, 4 out 
of the 9 predictors were about avoidance, and 2 about ex-
perience. Correlations between self- reportage and observed 
singular abilities show limited value,17 suggesting an addi-
tional value of a multidimensional approach.

4.3 | Strengths and limitations

Our study presents some limitations. The major limi-
tation is the sample size. First, this might have led to a 
lower accuracy, based on a limited power and goodness 
of fit. Second, it restricted the number of predictors we 
could include, thus possibly omitting other relevant pre-
dictors. Third, unlike others8 “ski boot rental” was not 
found to be a proxy for lower skill scores. This might be 
attributable to the small sample, among whom 5 subjects 
reported to rent ski boots, while having a relative high 
OSS. Finally, we found significant differences between 
the pilot and Flachau sample. This seems to reflect actual 
differences but could also be the result of lack of power. 
The small sample size might be attributable to a number 
of reasons. First, the weather conditions: the second day, 
it was cold and it was snowing. Compared with the first 
recruitment day, the number of skiers who could have 
been asked was scarce. Second, the COVID pandemic 
just made its entrance in Europe, and the news started 
spreading that especially some winter sport resorts were 
subject to infection outbreaks. And third, our second and 
last recruitment day was also the second- last day of the 
Dutch holiday. Possibly, people were physically tired and 
had to prepare for the trip back home.T
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A second limitation was the chosen slope. Although a 
low to medium difficulty slope is more accessible for par-
ticipation, it might not appeal strongly enough to one's 
skills, therefore having limited discriminative value. Third, 
among top and race skiers, the technical skill level is ob-
jectively high, and injury prevention focusses on further 
increasing one's skills, physical strength, and further equip-
ment improvement.26 Therefore, this model is not applica-
ble to assess or compare a professional skier's ability.

Third, the linear assumption might not be appropriate. 
The DKE, trades of which are seen in our sample, suggests 
non- linearity. Therefore, this model might not be fully ad-
equate for the more skilled recreational skiers and could 
be improved upon.

Despite the limitations, our study has several strengths, 
and sets an important first step towards a new skills level ap-
proach, providing a new path for future studies to improve 
and adjust this model. First, this model is first of its kind, 
proposing a better alternative for skills level assessment than 
self- reportage, without the need to objectively assess skiers. 
Second, the model's calibration performance was good, and 
was, extensively tested by various degrees of validation thus 
strongly adding to face validity. Furthermore, it was devel-
oped in line with the TRIPOD- guideline. Third, the model is 
multidimensional, covering multiple skills needed to fulfill 
the definition of “a good skier.” Fourth, the OSS- assessment 
was reliable, likely due to the systematic evaluation form. 
Finally, misinterpretation, and more specifically, overestima-
tion of circumstantial factors or perceived skills, have been re-
ported in non- Dutch recreational downhill skiers before.27– 29 
Although perceived ability could theoretically vary across 
different nationalities and cultures, our conclusions can be 
considered generalizable to the larger sample of recreational 
skiers. Combined with its practical nature, our instrument is 
directly and broadly applicable in studies that aim skills level 
examination and its role in relation to injury risk.

5  |  CONCLUSION

Our study provides a practical, multidimensional, and 
validated prediction instrument of the actual skills level 
among recreational skiers. Its outcomes are more accurate 
than self- estimation. This model is a first step towards a 
new skills level assessment approach, and directly appli-
cable in studies investigating the association between the 
skills level and ski injury.

6  |  PERSPECTIVE

A replication of our study with a larger sample is advis-
able. As the number of included predictors reflects the 

sample size to prevent overfitting, the advisable sample 
size is dependent on the aimed analyses. Predictors as 
age or sport (snowboarding vs. skiing) would be relevant 
predictors, resulting in a sample size of at least 100– 110 
participants. Time and expenses permitting, a minimum 
of 200 participants would be ideal, in order to broader ex-
amine the role of other potential predictors.

First, a larger sample may give the opportunity to dis-
criminate between self- reported level categories, where 
higher levels may better estimate the skiing ability. 
Second, more power could identify other important pre-
dictors, such as age, improving the model's accuracy, or 
allow a more in- depth examination on the discriminative 
value of different slopes.

Despite the smaller proportion and different injury pat-
terns,13 snowboarders show significantly higher incidence 
levels of injuries requiring hospital treatment.30 Our focus 
lied on skiers, but in term of injury risk prevention, future 
research should also examine how (perceived) skills levels 
relate to injury risk among snowboarders.

To better evaluate the role of the skills level in injury 
risk, the current model could be implemented in existing 
studies. By replacing the self- reported skills level with our 
instrument, the outcomes can be compared allowing a 
better insight in the role of skills level in skiing risk injury. 
Applying our instrument in future studies may add to es-
tablish new epidemiological standards in the future.
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