Snowsport Instructors: Their Actual
Maximum Speeds, Their Estimation
of Maximum Speed and Speed in Slow Zones,
and Their Knowledge of Helmet Effectiveness
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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

Data Participants | Resorts () | Terrain Range Mean
Study collection | (n) and country | covered | Method | (km/h) (km/h)
Shealy 2002-03 | 650 3 USA Openrun |Radar | Not 43.0
et al. [30] indicated
Williams | Not 113 2 USA Terrain Radar |<18-42 Not
etal. [31] | indicated parks and indicated
gladed
areas
Brunner | 2008-09 | 416 4 Austria Medium | Radar | Not 48.2
et al. [25] slope indicated
Dickson | 2009 and | 158 pediatric | 2 Australia | Whole GPS 6.3— 44.1
etal. [2] 2010 resort 82.2 km/h
Dickson |2010-11 | 102 1 Canada Whole GPS 20.2— 62.1
et al. [26] resort 108.5
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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

. 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

(O8]

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
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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 7-test was used to compare instructors’ estimated and
actual maximum speeds and independent-samples #-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, ¥ =6:06h, SD =1:24h),
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 7-test of the estimated and actual
maximum speeds was significant (#(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; #(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; 1(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; #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;
1(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; #(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; #(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; #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; #(101) = 1.10, p = 0.28), this
was not statistically significant either. An independent-samples ¢-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; 1(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 #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 -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; #(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 (I,
n =107) = 0.08, nor age groups (1, n=107) =0.14.
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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

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.

Itis 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
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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 #-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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