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5 A nationwide intervention to increase helmet use in skiers and snowboarders

Abstract

Objective
Helmet use in Dutch recreational skiers and snowboarders (DRSS) remains low. This study 
evaluated the effects of exposure to a nationwide intervention on relevant determinants of 
helmet use, and helmet use in DRSS.

Methods
The Intervention Mapping protocol was used to develop an in-season intervention programme 
targeted at adult DRSS. A prospective single-cohort study was conducted to evaluate the 
impact of intervention exposure on determinants of helmet use (i.e. knowledge about head 
injury risk and preventive measures, risk perception, attitudes to head injury risk and helmet 
use, intention to helmet use), and self-reported helmet use. A random sample of 363 DRSS 
from an existing panel participated in this study. Data were collected using online question-
naires before and immediately after the 2010/2011-intervention season. In a separate sample 
of 363 DRSS intervention reach was assessed after the 2010/2011-season. 

Results
Overall, no significant associations were found between intervention exposure and the determi-
nants of helmet use. However, subgroup analyses revealed intervention effects on risk percep-
tion and knowledge in specific subpopulations. Intervention exposure had a significant, positive 
effect on helmet use in DRSS (ß=0.23; 95% CI 0.017 to 0.44). Subgroup analyses revealed 
that this effect was found in: (1) skiers, (2) female DRSS, (3) young skiers, and (4) interme-
diate skiers. Overall intervention reach was 28.1%, with differences found between skiers and 
snowboarders. 

Conclusions
Exposure to a nationwide intervention programme was associated with increased self-reported 
helmet use in DRSS. Differences were found in intervention effectiveness and reach between 
subpopulations. These differences must be taken into account when developing and evaluating 
future interventions.

 



71

Ready? Set Go! Finish

Introduction
Alpine skiing and snowboarding are popular winter sports worldwide [275, 276], and practiced by 
approximately 850,000 Dutch [277]. Head injuries are common in skiing and snowboarding [275, 

278, 279] with possible serious consequences, including long-term and serious disabilities, and 
death [275, 276, 280]. Depending on study design and definition used, the proportion of head injuries 
ranges from 3% to 30% of all ski and snowboard-related injuries [275, 278, 279]. This underpins the 
importance for head injury prevention. 

Helmet use is recommended for skiers and snowboarders as they have been shown to reduce 
head injury risk ranging from 15% to 60% [276, 281], with a pooled estimate of risk reduction by 
35% [282]. However, a public health impact can only be achieved if helmets are widely adopted 
and consistently used [24]. Helmet use rate has increased over the last decade from 16% to 25% 
in 2002/2003, up to 73% to 89% in 2013/2014 [283-285]. This may be a consequence of compul-
sory helmet use in several countries for children and during lessons [279, 286], increased public 
awareness about head injury risk and the protective effect of helmets [275, 279, 287, 288], increased 
helmet availability, enhanced design and comfort, and reduced helmet costs [287, 289]. Despite 
these positive developments, helmet use among Dutch recreational skiers and snowboarders 
(DRSS) remained inconsistent [290] and low, with a mere 34% in 2011 [291]. This faces us with the 
challenge to increase helmet use as an effective preventive measure among DRSS. 

As current policy in Europe is to leave the decision to wear a helmet to the adult skier and 
snowboarder, effective implementation strategies should focus on behavioural change as a key 
factor for success [32, 288]. Therefore, in the Netherlands, a nationwide in-season intervention 
was developed intended to increase consistent helmet use among adult DRSS. Previous studies 
indicated that non-legislative community-based approaches can be effective in increasing 
helmet use [292, 293]. However, little is known about the impact of nationwide interventions on 
the uptake of helmets. 

Therefore, the primary aim of this study was to evaluate the effect of this nationwide interven-
tion on relevant determinants of helmet use, and actual helmet use among DRSS. The under-
lying hypothesis was that exposure to the intervention would be associated with a significant 
change in these outcomes. Differences in effect were expected by age, gender, snow sport 
type, and skill level [287, 289, 294, 295]. As such, we evaluated the effect in predefined subpopula-
tions of DRSS as well. While randomised controlled trials are considered the optimal research 
design for establishing intervention effects, randomisation and inclusion of a proper control 
group were not feasible as we evaluated a nationwide intervention. Instead, a prospective 
single-cohort study was used, with self-reported exposure to the intervention as the compar-
ator condition. This design is considered an optimal method to evaluate nationwide (policy-
level) interventions [41]. As an intervention can only have an impact within the target population 
reached [24], the secondary aim was to assess the reach of the intervention within the intended 
target population. 
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Methods

Study design and participants 
A prospective single-cohort study was conducted during the 2010/2011-winter sport season 
to evaluate the effect of exposure to the intervention on changes in relevant determinants of 
helmet use, and self-reported helmet use in DRSS. Measurements were done prior to the inter-
vention start (December 2010; T0) and immediately after the winter sport season (April 2011; 
T1). Online questionnaires were used for data collection. Potential study participants were 
members of an existing Dutch online research panel by their own choice (50,000 members; 
inVotes, No Ties B.V.). This panel is considered representative for the Dutch population because 
of its use in accordance with the Dutch standard of a sampling method, and data collecting 
method [296]. A random sample of 8,650 panel members aged 18-65 years was invited to partic-
ipate in this study by e-mail. Eligible for study inclusion were adult active skiers (aged 18-65 
years), and young snowboarders (aged 18-24 years) as their risk of sustaining a head injury is 
relatively high [279, 280, 297]. Respondents were screened for study eligibility in two steps based on 
the first questions of the online questionnaire. At T0, respondents were invited to complete the 
full T0-questionnaire if they had been active in skiing or snowboarding during the 2009/2010-
season, or intended to be active during the upcoming 2010/2011-season. At T1, all respondents 
with complete data at T0 were invited to complete the full T1-questionnaire if they had been 
active in skiing or snowboarding during the 2010/2011-season (Figure 5.1). 

In order to ensure a representative sample of DRSS into the study, the inclusion of participants 
was stratified by winter sport activity, age and gender, all based on a known distribution of 
DRSS over the period 2006-2009 [213]. Inclusion was closed when a predefined target number 
of respondents was reached (T0: n=775; T1: n=360). The target number of respondents was 
based on pragmatic considerations, in addition to unknown effect rates of a nationwide inter-
vention on helmet use. Respondents with incomplete questionnaires were not included. All 
participants consented to study participation by implication of their panel membership, and 
acceptance of our invitation to participate. No Ethics Committee approval was required as 
study participants were not subject to any (medical) procedures or instructions to change their 
behaviour. 
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Figure 5.1 Flow chart of study participants

Response (n=4,136)
Excluded (n=3,354):
•  No active skier/snowboarder during the 2009/
  2010-season, or no intention to ski/snowboard during 
  the 2010/2011-season (n=2,943)
•  Responded after n reached (n=378)
•  Incomplete questionnaire data (n=33)

Random selection of panel members
18-65 years (n=8,650)

Panel (n=50,000)
Representative sample of Dutch population 18+ years

T0: Complete questionnaire data (n=782)

T1: Complete questionnaire data (n=363)

Excluded (n=419):
•  No active skier/snowboarder during the 
  2010/2011-season (n=68)
•  Responded after n reached (n=344)
•  Incomplete questionnaire (n=7)

Nationwide intervention (December 2010-April 2011)

TO: 

T1: 

Intervention ‘Use your head, wear a helmet’
An in-season intervention ‘Use your head, wear a helmet’ was developed intended to increase 
actual helmet use among adult DRSS, and first implemented in the 2010/2011-winter sport 
season at a national level. The intervention strategy focussed on behavioural change, aimed to 
increase DRSS’ awareness related to the risk of sustaining a head injury in skiing/snowboarding 
and its possible long-term consequences, their motivation to use a helmet, and actual helmet use. 

Multiple complementary intervention components were developed aimed to reach DRSS at a 
local and/or national level. At a local level, the intervention consisted of a special version of a 
high striker or ‘strongman game’ machine that was implemented in four Dutch indoor ski halls 
successively during the season. The strongman game was located at a central and freely acces-
sible location within the ski hall, accompanied by volunteers. Ski hall visitors could strike the 
strongman game on a voluntary basis, or witness someone else strike it: the harder the strike, 
the higher the puck would rise, with indications ranging from headache to skull fracture as 
possible consequences of a blow to the head. Flyers, including information about head injury 
risk and the preventive effect of helmets in skiing/snowboarding, were distributed by volun-
teers accompanying the strongman game, and were freely available at Dutch ski halls during 
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the season. In addition, the intervention consisted of an informative website. The implementa-
tion of the intervention was accompanied by a press release, website banners, and online and 
offline advertisements. A Dutch Olympic snowboard champion acted as intervention ambas-
sador. All intervention components consequently referred to the intervention website, and used 
the slogan ‘Use your head, wear a helmet’ to depict the main intervention objective. 

The intervention was developed using the intervention mapping (IM) protocol [20]. Dutch 
indoor ski halls (used for skiing and snowboarding) with snow surfaces were chosen as inter-
vention setting, as in the Netherlands no natural ski/snowboard facility exists. The integrated 
behavioural change (I-Change) model was used as a theoretical framework to identify rele-
vant determinants and preceding factors of helmet use among DRSS (Figure 5.2) [298]. Relevant 
determinants were identified in the literature, including social support [294], awareness of both 
head injury risk and severity [288], and attitudes towards helmet use [287, 289, 294]. A study among 
DRSS revealed negative cognitions towards helmet use, low risk perception and low knowl-
edge about preventive measures [299]. As a next step, intervention objectives were specified for 
knowledge, risk perception, and attitudes. Appropriate theory-based methods were identified 
from the literature to change these determinants, and translated into practical strategies [20]. 
An overview of practical strategies used (related to the intervention objectives and methods) is 
provided in supplementary file A (page 83). Relevant preceding factors for helmet use in skiers 
and snowboarders (i.e. age, gender, snow sport type, and skill level) [287, 289, 294, 295] were also 
identified in literature, and taken into account in the intervention development and evaluation. 
Both intervention strategy and intervention materials were pilot tested within the setting of a 
Dutch indoor ski hall and adjusted based on the outcomes [300]. 

Figure 5.2   I-Change model (version 2.0) used as a theoretical framework for the development 

and evaluation of the intervention, explaining motivational and behavioural change 

in helmet use (adapted from de Vries, 2013) [298]

Information factors:
•  personal
•  message
•  channel
•  source

Cues
Knowledge

Risk perception
Awareness

Motivation
(intention)

Behaviour

Attitude
Social support
Self-e�cacy

Self-e�cacy
Action plans

Barriers
Facilitators

Preceding factors:
•  behaviour
•  biological
•  psychological
•  social-environmental
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Outcome measures and measurements 
Information on personal characteristics (age, gender), ski/snowboard activity during the season 
(i.e. ski/snowboard/both), self-reported skill level (i.e. beginner/intermediate/advanced/expert 
level), history of head injury in skiing/snowboarding (yes/no), and self-reported (determinants 
of) helmet use was gathered at T0 and T1 through online questionnaires. Determinants of 
helmet use were assessed through 25 items in the questionnaire, divided across the following 
constructs: knowledge, perceived knowledge, risk perception, attitude, social support, and 
intention to helmet use (Table 5.1). Cronbach’s alpha was used to test the internal consistency 
of items within constructs ( -values of ≥0.65). Scores within each construct were summed 
for analyses, leading to the following measures: knowledge (0-2), perceived knowledge (0-6), 
risk perception (0-8), attitude (0-56), social support (0-4), and intention to helmet use (0-1). 
Helmet use was assessed separately for skiing and snowboarding. For participants active in 
both skiing and snowboarding, helmet use was calculated by combining individual scores on 
helmet use in skiing and snowboarding. In order to compare these combined scores with those 
individuals only active in skiing or snowboarding, totals for participants active in both sports 
were recategorised to 0 ‘never’, 1 ‘sometimes’, 2 ‘often’, 3 ‘always’. Outcome measures were 
knowledge, perceived knowledge, risk perception, attitude, intention to helmet use, and self-
reported helmet use.

Table 5.1   Operationalisation of determinants of helmet use, and actual self-reported helmet use 

Measure Operationalisation Number 
of items

Measure-
ment scale

response 
categories

Knowledge Assessment of the proportion of head injuries out of 
every 100 hospital admissions due to a ski/snowboard 
injury

1 Three-point 
Likert scale

0 ‘wrong’, 
1 ‘good esti-
mate’, 2 ‘right’

Perceived 
knowledge

Participants’ judgement whether their knowledge is suf-
ficient about (i) the risks of sustaining ski/snowboard in-
juries, (ii) measures to prevent such injuries, and (iii) the 
importance of helmet use in skiing/snowboarding

3 Three-point 
Likert scale

0 ‘no’, 
1 ‘maybe’, 
2 ‘yes’

Risk 
perception

Participants’ judgment regarding their own risk for 
(i) sustaining a head injury while skiing/snowboard-
ing, and (ii) sustaining such an injury with long-term 
physical consequences

2 Five-point 
Likert scale

0 ‘very low’ to 
4 ‘very high’

Attitude Statements about ski/snowboard helmet use 14 Five-point 
Likert scale

0 ‘I totally dis-
agree’ to 4 ‘I 
totally agree’

Social 
support

Ski/snowboard helmet use by relevant others within 
the participants’ network, and whether they encoun-
tered support for helmet use

4 Dichoto mised 0 ‘no’, 1 ‘yes’

Intention 
to helmet 
use a, b 

Intention to use a helmet (more often) while skiing/
snowboarding

1 Dichotomised 0 ‘no’, 1 ‘yes’

Helmet use b Frequency of self-reported helmet use while skiing/
snowboarding

1 Four-point 
Likert scale

0 ‘never’, 
1 ‘sometimes’, 
2 ‘often’, 
3 ‘always’

a Information was only gathered when respondents did not (always) use a helmet  
b Assessed separately for skiing and snowboarding
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Information on intervention reach and indoor ski hall visits during the season was gathered at 
T1. Reach was defined as the proportion (%) of participants familiar with the intervention and/
or exposed to at least one of its components (strongman game, website, flyer, online/offline 
media; yes/no). For this purpose, a second independent sample of 5,360 panel members was 
invited by e-mail to complete only the T1-questionnaire. This second sample was added to 
avoid possible bias from the T0-measurement in assessing intervention reach. The same eligi-
bility criteria and sampling method were used as outlined for the first sample.

Statistical analyses
Descriptive analyses were used to assess baseline helmet use, intervention reach, and indoor 
ski hall visits during the 2010/2011-season. Differences between subpopulations of DRSS were 
checked using Chi-square-tests. Multiple linear and logistic regression analyses were used to 
evaluate the effect of exposure to the intervention on the outcome measures (i.e. knowledge, 
perceived knowledge, risk perception, attitude, intention to helmet use, and helmet use). This was 
assessed by evaluating the association between intervention exposure and individual changes 
in each outcome measure over the 2010/2011-season (i.e. the differences in the outcome value 
at T1 and T0). All regression analyses were adjusted for baseline helmet use. Additionally, each 
model was individually checked and adjusted for relevant confounding and/or effect modification 
(i.e. age, gender, skill level, visits to participating ski halls during the season, history of ski/snow-
board head injury, winter sport activity, social support). The association between intervention 
exposure and individual changes in each outcome was also evaluated for predefined subpopula-
tions of DRSS, that is, skiers, snowboarders, males and females. Furthermore, subgroup analyses 
for age groups and skill levels were done in skiers only, as the sample sizes were too small for 
snowboarders and for individuals active in both sports. Differences were considered significant 
with a significance level of 0.05. Data were analysed using SPSS 22. 

Results

Participants
At baseline, 4,136 (48%) of the approached panel members responded. Most respondents 
were not included as they were no active skier or snowboarder (71%). A total of 782 eligible 
respondents completed the T0-questionnaire within a week. Herewith, the predefined target 
number of participants was reached and inclusion was closed. All 782 respondents were 
invited to complete the T1-questionnaire. At T1, 75 respondents were excluded and 344 partic-
ipants responded after the predefined target number of participants was reached. As such, 363 
participants with complete data at T0 and T1, were included in the analyses on the association 
between exposure and outcome (Figure 5.1). Most study participants (66%) were skiers, and 
helmet use differed significantly by winter sport activity with lowest helmet use found in skiers 
(Table 5.2). At baseline, only a small percentage of DRSS had a history of head injury in skiing/
snowboarding (4.7%). Of all participants, 15.7% had been active in an indoor ski hall; 54.8% in 
natural ski surroundings, and 29.5% combined both during the season.
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Table 5.2  Characteristics of study participants, indoor ski hall visits and intervention exposure 

during the intervention season; study participants with complete data at T0 and T1 

were included (n=363, %)

Study participants (t1) Baseline helmet use (t0) Indoor ski hall 
visits (t1) 

Intervention 
exposure (t1)

Never Some-
times

Often Always

Overall 43.3 10.2 19.8 26.7 45.2 34.4

Gender

 Male 57.6 44.0 9.6 18.7 27.8 44.0 35.4

 Female 42.4 42.2 11.0 21.4 25.3 46.8 33.1

Age (years)

 18-34 years 65.3 43.8 12.1 20.8 23.3 48.1 30.4*

35-65 years 34.7 42.3 6.5 17.9 33.3 39.7 42.1

Winter sport activity (2010/2011)

Ski 65.6 53.2** 8.6 13.2 25.0 37.0** 31.5*

Snowboard 11.0 34.3 18.8 18.8 28.1 62.5 27.5

Ski + Snowboard 23.4 26.1 10.8 33.3 29.7 60.0 45.9

Ski and age (years) a

 Ski 18-34 years 57.6 56.2 10.9 14.6 19.2 38.7 26.3*

 Ski 35-65 years 42.4 48.9 6.7 11.1 33.3 34.7 38.6

Ski and skill level (self-reported) a

 Beginner 18.1 39.5 9.3 20.9 30.2 65.1** 48.8*

 Intermediate 29.4 46.9 10.9 17.2 25.0 42.9 31.4

 Advanced/expert 52.6 61.9 7.1 8.0 23.0 24.0 25.6

p-value: * <0.05, ** <0.001 between subpopulations 
a Only skiers were included (n=238); respondents active in both skiing and snowboarding, were excluded

Intervention effects 
Overall, no significant associations were found between intervention exposure and any of the 
determinants of helmet use (Table 5.3). Subgroup analyses revealed that intervention expo-
sure was associated with (i) increased risk perception in snowboarders (ß=1.62; 95% CI 0.14 
to 3.09); (ii) decreased knowledge in young skiers (ß=-0.31; 95% CI -(0.57 to 0.057)); and (iii) 
decreased perceived knowledge in novice skiers (ß=-1.22; 95% CI -(2.34 to 0.09)).
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Table 5.3  Values of outcome measures before (T0) and after the intervention season (T1) for 

the exposed and unexposed groups, and overall associations between intervention 

exposure and outcome measures (n=363) based on multiple linear regression 

analyses (for knowledge, perceived knowledge, risk perception, attitude, self-

reported helmet use) and logistic regression analyses (for intention to helmet use)

Outcome 
measure

exposed 
(n=125) a

Unexposed 
(n=238) a

crude model b adjusted model b, c

T0 T1 T0 T1 ß/OR d 95% CI p-value ß/OR d 95% CI p-value

Knowledge 
(objective)

1.26 
(0.62)

1.16 
(0.63)

1.25 
(0.66)

1.28 
(0.65)

-0.11 -(3.05-
0.085)

0.270 -0.14 1,7,8 -(0.31-
0.023)

0.091

Knowledge 
(perceived)

4.88 
(1.50)

4.90 
(1.53)

4.97 
(1.54)

4.94 
(1.41)

0.12 -0.26–
0.49

0.543 -0.201,2,4,5,8 -0.54-
0.15

0.265

Risk 
perception

2.54 
(1.56)

3.34 
(1.74)

2.18 
(1.49)

2.89 
(1.76)

0.16 -0.25-
0.56

0.453  0.0621-3,7,8 -0.35-
0.48

0.768

Attitude 42.2 
(10.28)

44.4 
(9.66)

37.95 
(10.14)

39.96 
(10.46)

0.49 -1.34-
2.32

0.600 -0.191-8 -1.99-
1.55

0.830

Intention e 29.4 31.5 14.8 15.9 1.45 0.51-4.16 0.484  0.211,2,4,7,8 0.026-
1.65

0.137

Helmet use 1.75 
(1.15)

1.98 
(1.11)

1.04 
(1.29)

1.11 
(1.32)

0.34 0.13-0.55 0.002  0.23 8 0.017-
0.44

0.034

OR, odds ratio; CI, confidence interval

Note: Higher scores indicate increased knowledge, risk perception, attitude (more perceived advantages/ less 

disadvantages), intention towards helmet use, and helmet use; significant changes in bold
a  Values are presented as the mean (with corresponding standard deviation), or as percentage of the population 

(for intention) 
b  All models were a priori adjusted for baseline helmet use 
c  Models were additionally adjusted for: 1 baseline value of the outcome measure, 2 age, 3 gender, 4 skill level, 5 

visits to participating ski hall, 6 history of ski/snowboard head injury, 7 winter sport activity, 8 social support 
d OR was used for ‘Intention’
e Only participants who did not (always) use a helmet at T0 and T1 were included in the analyses (n=217)

Consistent self-reported helmet use increased over the intervention period from 26.7% to 
33.9%. Overall, exposure to the intervention was associated with an increase in self-reported 
helmet use (ß=0.23; 95% CI 0.017 to 0.44) (Table 5.3). Both winter sport activity and gender 
acted as effect modifiers in the relationship between intervention exposure and helmet use. 
Subgroup analyses revealed that significant associations between exposure and helmet use 
were found in four subpopulations: skiers, female DRSS, younger skiers, and skiers at an inter-
mediate skill level (Table 5.4). Most DRSS were exposed to multiple intervention components 
(75.2%).
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Table 5.4  Mean values (±SD) of self-reported helmet use before (T0) and after the intervention 

season (T1) for the exposed and unexposed groups, and associations between 

intervention exposure and self-reported helmet use for predefined subpopulations 

based on multiple linear regression analyses

helmet use exposed Unexposed adjusted model a

DRSS (n=363): n T0 T1 T0 T1 ß  95% CI p-value

Winter sport activity

Ski 238 1.50 (1.18) 2.00 (1.19) 0.88 (1.26) 0.90 (1.27) 0.46 8 0.19-0.72 0.001

Snowboard 40 2.00 (0.87) 2.00 (1.00) 0.96 (1.23) 1.29 (1.33) 0.15 3,5,8 -0.73-1.04 0.722

Ski and snowboard 85 2.15 (1.01) 1.95 (1.00) 1.65 (1.25) 1.78 (1.28) -0.40 2.4,5.8 -0.83-0.04 0.073

Gender 

Male 209 1.82 (1.19) 1.92 (1.17) 1.01 (1.29) 1.15 (1.32) 0.12 2,4,5,7,8 -0.19-0.42 0.443

Female 154 1.65 (1.09) 2.08 (1.04) 1.08 (1.30) 1.07 (1.32)  0.35 8 0.03-0.67 0.035

Skiers only (n=238): n T0 T1 T0 T1 ß  95% CI p-value

Age

18-34 years 139 1.11 (1.06) 1.81 (1.21) 0.84 (1.22) 0.85 (1.24) 0.50 8 0.11-0.88 0.012

35-65 years 99 1.87 (1.19) 2.18 (1.16) 0.95 (1.33) 0.97 (1.33)  0.19 5,8 -0.19-0.58 0.316

Skill level

Beginner 43 1.80 (1.11) 2.15 (1.04) 1.36 (1.36) 1.27 (1.24) 0.19 2,8 -0.45-0.83 0.542

Intermediate 70 1.36 (1.14) 2.05 (1.21) 1.17 (1.29) 1.04 (1.32) 0.70 8 0.12-1.28 0.019

Advanced/expert 125 1.41 (1.27) 1.88 (1.29) 0.62 (1.17) 0.73 (1.23) 0.31 5,8 -0.02-0.65 0.068

SD, standard deviation; CI, confidence interval 

 Note: Higher scores indicate increased helmet use; significant changes in bold 
a All models were a priori adjusted for baseline helmet use; models were additionally adjusted for: 1 baseline 

value of the outcome measure, 2 age, 3 gender, 4 skill level, 5 visits to participating ski hall, 6 history of ski/

snowboard head injury, 7 winter sport activity, 8 social support

Intervention reach
A total of 2,540 approached panel members of the second sample responded (47.4%). The 
majority was not eligible (n=2,008) and as such excluded. Another 169 panel members 
responded after the predefined target number of respondents was reached, resulting in a 
second sample of 363 participants. This sample of DRSS was comparable to the first sample 
with respect to age, gender, activity, skill level, and indoor ski hall visits. Overall intervention 
reach was 28.1%. The majority of DRSS exposed to the intervention, had visited a partici-
pating ski hall during the season (65.7%). Intervention reach was significantly lower in skiers 
(23.2%) as compared to snowboarders (27.1%), and DRSS active in both sports (44.6%; Chi2 
test, p=0.002). No other differences in intervention reach were found between subpopulations. 
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Discussion
Our intervention intended to change the preventive behaviour of DRSS to adopt helmets as a 
proven effective measure. We evaluated the impact of exposure to the nationwide interven-
tion in a real-world sport context. Exposure to the intervention was associated with increased 
self-reported helmet use. Subgroup analyses revealed that this association was accomplished 
in four specific subpopulations, that is, in skiers, female DRSS, younger skiers, and skiers at an 
intermediate skill level. However, hardly any association between intervention exposure and 
determinants of helmet use was found. This may be due to the internal validity of the questions 
used. With respect to knowledge, only one quantitative question was used about injury risk. 
The use of multiple questions, both quantitative and qualitative, is preferred. Another explana-
tion may be the use of self-reported outcome data using Likert-scales. Actual differences over 
time may not have been accounted for if participants did not rank themselves in a different 
scale. Although this study did suggest a behavioural change through the intervention, actual 
determinants of this change need to be further elucidated in order to develop more efficient 
and targeted interventions in the future.

Nearly one third of the target population was reached during the 2010/2011-intervention 
season. This is low for a public health intervention targeted at a whole community [301], but 
considered successful as the intervention was implemented successively in only four (out of 
seven) Dutch indoor ski halls with snow surfaces. However, questions can be raised whether the 
intervention was successful in reaching the most relevant subpopulations. Both young, inter-
mediate and expert skilled skiers were relevant target populations given their low helmet use 
rates at baseline. However, intervention exposure and ski hall visits during the season were low 
in these groups. Although the intervention was successful in increasing helmet use in skiers, 
the success rate of the intervention can be expected to increase by optimising its reach within 
young, intermediate and expert skilled skiers. Exposure of the identified subpopulations to the 
intervention should be extended and increased within and next to the indoor ski hall setting. 
These results emphasise the added value of subgroup analyses in the evaluation of an interven-
tion. Moreover, it should be stressed that differentiating relevant subgroups is also important in 
any intervention development [20]. Although differences between subgroups of DRSS (i.e. skiers 
and snowboarders, age groups) had been accounted for in the development of our intervention, 
other characteristics (e.g. by skill level) should be considered as well in future adaptations of 
this programme.

The current study is not the first to evaluate the effect of a nationwide intervention on helmet 
use among skiers and snowboarders. Bianchi et al. evaluated the ‘Protect yourself with a 
helmet’-campaign in Switzerland [302]. Increased observed helmet use rate was found during the 
campaign period, together with increased public risk awareness and vulnerability conscious-
ness. However, in this study only a small correlation was found between campaign recognition 
and helmet use [302], making the impact of the campaign unclear [288]. Increased helmet use was 
attributed to wide media coverage after a few fatal ski injuries involving celebrities during the 
same period [288]. Another study reported on the effects of a community-based programme to 
increase ski/snowboard helmet use, including a social marketing campaign and a free helmet 
loaner programme [303]. An increase in observed helmet use was found, but no information was 
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available on the correlation between campaign recognition and observed helmet use. A recent 
study reported an increase in observed helmet use following a social marketing and educational 
campaign; however, no control group was included [304]. Other national campaigns did address 
snow sport safety in general, including helmet use and education on safe conduct [279, 305]. No 
evaluation studies of these campaigns were found. 

A strength of our study is the use of the IM protocol to develop an evidence-based intervention 
tuned to our target population [20, 32]. Multiple components and strategies were included at an 
individual level within the ski hall setting, and at a national level using health communication 
elements. As such, the intervention was not limited to individuals within the population-at-risk, 
and had characteristics of a public health campaign as well [306]. As DRSS have been reached 
who visited an indoor ski hall and those who did not, intervention components at both levels 
have proven to be of value. 

As we evaluated a nationwide intervention, randomisation and inclusion of a proper control 
group was not feasible. Therefore, we cannot draw conclusions towards the causal effects of 
the intervention on changes in determinants of helmet use, and in self-reported helmet use. 
Instead we used a prospective single-cohort study [307], and assessed the association between 
intervention exposure and individual changes in each outcome measure over the intervention 
season. It is possible that factors other than exposure to the intervention may have contrib-
uted to the observed results. To avoid selection bias, a random sample of panel members was 
invited to participate in our study, and inclusion was stratified based on a known distribution of 
DRSS [213]. However, selection bias may have occurred as ‘first-responders’ were included in the 
analyses, since inclusion was closed at a predefined target number of respondents. Incomplete 
questionnaires were excluded from the analyses. Although the number of incomplete question-
naires was very low, this may have caused bias as well. 

A potential limitation of our study is that outcome measures were based on self-reports, with 
the inherent risk of bias due to ill-reported or unreported data. This may especially be true for 
skill level and helmet use due to a tendency of giving socially desirable responses. It is known 
from previous research that baseline measurements can trigger study participants’ aware-
ness about the topic, and as such bias the effect of the intervention under study [308]. Such a 
mea surement effect must be taken into consideration in our study, especially since the base-
line measurement was conducted shortly before the intervention start. Therefore, we included 
a second independent sample of DRSS to assess intervention reach. Although not significantly 
different, intervention reach was higher among DRSS that had been exposed to the baseline 
measurement as compared to DRSS that had not (34.4% versus 28.1%; Chi2 test, p=0.066). 
As a consequence of including this second sample, we had to limit the number of participants 
in the T1-measurement as compared to the T0-measurement. 
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Conclusions
To our knowledge, this is the first study quantifying the effect of exposure to a nationwide inter-
vention on self-reported helmet use in winter sports. Differences were found in intervention 
effect and reach between subgroups of DRSS. These differences must be taken into account 
when developing and evaluating interventions. Additional research is necessary to determine 
intervention components that impact (most) on helmet use. Although the current study did not 
link a behavioural change in helmet use to actual injury reduction in skiing and snowboarding, 
such a reduction can be expected when helmets are used.

What is already known on this subject
•	Head	injuries	are	common	in	skiing	and	snowboarding	with	possible	serious	consequences,	

including long-term and serious disabilities and death.
•	Helmet	use	is	recommended	for	all	recreational	skiers	and	snowboarders	to	reduce	the	inci-

dence and severity of head injury. 
•	Effective	 implementation	strategies	should	focus	on	behavioural	change	as	a	key	factor	for	

success.

What this study adds
•	Self-reported	helmet	use	differs	significantly	between	subgroups	of	winter	sport	participants.
•	A	nationwide	 intervention	using	multiple	components	and	strategies,	both	at	an	 individual	

and national level (health communication elements), can be successful to increase self-
reported helmet use.

•	Differences	in	intervention	reach	and	effect	between	subgroups	of	a	target	population	should	
be considered when developing and evaluating interventions. 
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Supplementary file A
Intervention objectives, methods and practical strategies used in the intervention ‘Use your 
head, wear a helmet’ aimed to change the behaviour of Dutch recreational skiers and snow-
boarders related to helmet use:

Determinant  
Intervention objective

theory-based 
methods [20]

practical strategies

Knowledge 
DRSS have accurate knowledge 
about risks of (head) injuries in ski-
ing/ snowboarding, possible long-
term consequences of head injuries, 
and helmets as an effective preven-
tive measure.

Information 
transfer 

Chunking 

Using imagery

Information included in website and flyers about the 
injury risk and long-term consequences of head inju-
ries in skiing/snowboarding, and the preventive effect 
of helmets. Practical tips and information about helmet 
purchase. 

Consequent use of the slogan ‘Use your head, wear a hel-
met’ to depict the main intervention objective.

The ‘strongman game’ visualises the possible conse-
quences of a blow to the head while skiing/snowboarding.

Risk perception 
DRSS are aware of their individual 
risk for sustaining a head injury 
while skiing/ snowboarding, and 
the possible long-term (and severe) 
physical consequences of such an 
injury.

 
Consciousness 
raising 

Personalise risk 

Scenario-based 
risk information

Framing

 
As the ‘strongman game’ confronts with consequenc-
es of a blow to the head while skiing/ snowboarding, 
individuals become aware of and acknowledge the 
risks of sustaining a head injury without helmet use; 
3D-animation included in the website visualises the con-
sequences of a blow to the head within the skull.

Information included in website and flyers about the in-
dividual injury risk of a blow to the head from a fall while 
skiing/snowboarding.

Personal stories included in website from individuals who 
did sustain a head injury while skiing/snowboarding.

Gain-framed messages included in website and flyers 
about helmet use, emphasising the advantages (preven-
tive effect) of helmets.

Attitude 
DRSS have a positive attitude re-
garding helmet use as a result of 
perceived advantages over perceived 
disadvantages, and reduced miscon-
ceptions regarding helmet use.

 
Shifting 
perspective;  
Information 
transfer

 
Facts, practical information and tips about helmet pur-
chase and helmet use included in website.

DRSS, Dutch recreational skiers and snowboarders  


