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ABSTRACT: Motorized winter recreation (snowmobiling and snowbiking) accounts for about a third of
avalanche fatalities in the United States. Although avalanche safety education, outreach, and rescue
equipment ownership have expanded over the past two decades, gaps remain in the adoption and ap-
plication of safety practices.

This study applied the Precaution Adoption Process Model (PAPM) to examine relationships among
experience, avalanche education, confidence, and precautionary practices across three behavioral do-
mains: avalanche education and adoption of rescue gear and airbag technology.

A total of 1,200 survey responses were collected; 667 were considered valid after removing responses
that were outside the scope of precaution adoption. Respondents were predominantly male (82%) and
highly experienced, with most reporting more than 10 winters of backcountry riding and more than 20
days per season. Despite this experience, 67% reported no Level 1 or higher avalanche training.

Respondents reported high confidence in their ability to manage avalanche risk, lead groups, and per-
form rescues regardless of training level. Notably, 31% of respondents without formal training reported
high confidence in their ability to assist effectively in a rescue. Precautionary behaviors, however, were
more strongly associated with training than experience or confidence. Level 1 respondents reported key
practices, including forecast consultation, trailhead checks, group decision-making, and rescue practice,
generally 10-20% more frequently than awareness-trained users. PAPM analysis revealed significant
differences in adoption across behavioral domains. Rescue gear ownership (mean stage = 6.4) out-
paced airbag use (5.9), avalanche education (5.8), and rescue practice (p < .001). Together, these find-
ings suggest a mismatch between perceived preparedness and behaviors supporting effective ava-
lanche risk management, with equipment adoption and confidence outpacing formal education and res-
cue practice.

Improving avalanche safety among motorized users may therefore require shifting emphasis from equip-
ment ownership and experience toward formal education, continued practice, and sustained application
of safety behaviors. Stage-based interventions that address barriers specific to each behavior may help
translate widespread equipment ownership and confidence into more effective avalanche risk manage-
ment.
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1. INTRODUCTION

Motorized users account for approximately one
third of avalanche fatalities in the United States
over the past decade (Colorado Avalanche Infor-

experience alone may not improve avalanche de-
cision-making (Murphy, 2012; Lundstedt, 2016;
Stewart-Patterson & Hanke, 2016).

Avalanche education has been associated with

mation Center, 2026). Improvements in ava-
lanche safety equipment, forecasting, and educa-
tion have likely contributed to reductions in ava-
lanche fatalities among winter backcountry users
(Birkeland et al., 2017), yet gaps remain between
awareness of avalanche risk and adoption of pre-
cautionary behaviors (Niemann et al., 2022). Mo-
torized users may acquire avalanche rescue
equipment before pursuing formal education, and
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changes in risk perception, increased confidence,
and greater use of precautionary measures
(Nichols et al., 2018; Greene et al., 2022; McNeil
et al., 2023). However, much of this research has
focused on skiers and snowboarders. Differences
in terrain use, riding culture, social influences,
and technology suggest these findings may not
transfer directly to motorized users.

Understanding how motorized users adopt ava-
lanche safety behaviors is important for improv-
ing education and public safety messaging. Ra-
ther than progressing continuously from aware-
ness to action, individuals may be at different
stages of readiness for different precautionary
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behaviors. The present study applies the Precau-
tion Adoption Process Model (PAPM) to examine
relationships among experience, avalanche edu-
cation, confidence, and precautionary behaviors
across avalanche education, rescue gear owner-
ship, and airbag use. By examining behavioral
readiness across these domains, we seek to
identify opportunities for interventions aligned
with users' stage of adoption.

2. BACKGROUND

2.1 Avalanche Safety Behaviors in Motorized
Users

Avalanche educators recognized the need for
snowmobile-specific training more than two dec-
ades ago (Chabot, 2002). Since then, curricula
have been developed to address the unique ter-
rain choices, riding behaviors, and rescue chal-
lenges associated with motorized recreation
(Wisner et al., 2010; McGhan et al., 2012; Sta-
ples et al.,, 2014; Hanke & Stewart-Patterson,
2016).

Research suggests that avalanche preparedness
among motorized users is influenced by equip-
ment, education, social norms, hazard infor-
mation, terrain, and technology (Murphy, 2012;
Baker & McGee, 2016; Hanke & Stewart-Patter-
son, 2016; Haegeli & Strong-Cvetich, 2020).
More recently, Geismar (2023) highlighted the
continued need to adapt avalanche education to
motorized users. However, much of the existing
literature has relied on qualitative methods, small
samples, observations or evaluations of educa-
tional programming. Few studies have quantita-
tively examined how motorized users adopt ava-
lanche safety behaviors.

Research on skiers and snowboarders has asso-
ciated avalanche education with improved risk
assessment, increased confidence, and greater
use of safety practices (Silverton et al., 2007;
Nichols et al., 2018; Landrg et al., 2022; Greene
et al., 2022; McNeil et al., 2023). Whether similar
relationships exist among snowmobilers and
snowbikers remains a critical gap in the literature.

2.2 The Precaution Adoption Process Model

The Precaution Adoption Process Model (PAPM)
describes adoption of protective behaviors as a
progression through stages rather than a single
event (Weinstein, 1988; Weinstein et al., 1998;
Weinstein, Sandman, & Blalock, 2008, Glanz et
al, 2024). The seven stages are: (1) unaware, (2)
unengaged, (3) deciding, (4) decided not to act,
(5) decided to act, (6) acting, and (7) mainte-
nance. A key strength of the model is its recogni-
tion that barriers and motivations differ across
stages, allowing interventions to be tailored to an
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individual's readiness to adopt a precautionary
behavior (Weinstein, 1988).

The PAPM has been applied extensively in public
health to identify barriers and guide interventions
for protective behaviors (Gielen et al., 2015; Bu-
chanan et al., 2020; Shin et al., 2022). Avalanche
preparedness is similarly suited to a stage-based
framework because it involves multiple behaviors
that may be adopted at different rates, including
education, rescue equipment, rescue practice,
and risk-management practices.

McCammon, Haegeli, and Gunn (2008) applied
the PAPM to out-of-bounds recreationists and
found that individuals occupied different stages of
awareness and preparedness, suggesting that
avalanche safety is better understood as a pro-
cess of behavioral adoption rather than a simple
knowledge deficit. This framework is particularly
relevant to motorized users who may own rescue
equipment but lack formal education, may com-
plete a course but rarely practice rescue skills, or
possess extensive riding experience without con-
sistently adopting recommended risk-manage-
ment behaviors.

Despite its potential, PAPM has seen limited ap-
plication in avalanche research, and no known
studies have applied it to avalanche safety be-
haviors among motorized users. This study ad-
dresses that gap by examining adoption of ava-
lanche education, rescue gear, and airbags
among snowmobilers and snowbikers to identify
barriers and opportunities for targeted interven-
tion.

3. METHODS

3.1 Survey Development and Distribution

Data for this study were collected through an
online survey of motorized winter recreationists
that examined PAPM stage markers including
adoption of rescue gear, avalanche education
and airbags, confidence and safety practices.
Survey questions were developed to assess ava-
lanche-related behaviors, training history, equip-
ment use, riding experience, and perceptions of
avalanche risk. Questions were developed using
validated PAPM questions and edited for motor-
ized users. The survey was pilot tested and re-
viewed by experts in the field. It was electronically
distributed through avalanche centers, snowmo-
bile organizations, social media platforms, and in-
dustry networks targeting motorized users
throughout the United States. The survey can be
viewed at: https://osf.io/8zd37/.

The survey initially yielded 1,200 responses. For
this analysis, we screened out responses that
were not relevant to the precaution adoption pro-
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cess of motorized recreationists, including pro-
fessional guides, workers, and those with Level 2
or professional training. We also screened out in-
complete responses.

The survey was organized into three sections: 1)
demographics, 2) adoption of avalanche safety
behaviors, and 3) confidence in avalanche risk
management skills. The demographic section in-
cluded questions related to respondent charac-
teristics, riding experience and type, and level of
avalanche education. Experience was assessed
using years of backcountry riding and average
days ridden per season. Avalanche education
was measured by respondents’ highest reported
level of avalanche training, including awareness
presentations, rescue-specific clinic, Level 1,
Level 2, and professional courses.

The PAPM adoption section asked specific ques-
tions concerning three precautionary behaviors:
1) taking an avalanche course, 2) owning ava-
lanche rescue gear, and 3) owning an avalanche
airbag or vest. Responses for each behavior
were classified according to the original seven
PAPM stages and then condensed to the five
stages described below.

The final section of the survey assessed respond-
ents' self-reported confidence in their avalanche
risk management skills, including their ability to
manage avalanche risk, lead groups in avalanche
terrain, and participate effectively in avalanche
rescue.

3.2 PAPM Stage Classification

The formal PAPM conceptualizes behavior adop-
tion through seven distinct stages. In applied sur-
vey research however, early stages can be diffi-
cult to delineate. Consequently, we have modi-
fied the original PAPM staging scheme (Table 1).

Stages 1 through 3 (Unaware, Unengaged, and
Deciding) were combined into a single category
labeled No adoption. Although these stages differ
conceptually, respondents in each stage had not
yet adopted or had practical engagement with the
precautionary behaviors.

Stage 4 (Decided not to act) represented re-
spondents who had considered the precautionary
behavior and choose not to adopt it. This stage is
important for intervention design because adop-
tion barriers may involve perceived costs, low
perceived benefits, or skepticism about the value
of the behavior.

Stage 5 (Decided to act) was classified as Will
adopt. Individuals in this stage accept the value
of the precautionary behavior but had not yet im-
plemented it. At this stage, interventions likely in-
volve reducing barriers and facilitating action.
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Stage 6 (Acting) denoted those who had adopted
the precautionary behaviors (e.g. purchased
equipment, attended a class) but had not realized
full benefits of the behavior. Interventions typi-
cally focus on removing barriers to practicing or
fully implementing the safety behavior.

Stage 7 (Maintenance) represents successful im-
plementation of the precautionary behavior. Be-
yond merely purchasing equipment or attending
a class, this stage involved decisively improving
personal safety through practice. Interventions
for these individuals focus on reinforcement,
competence, and continued engagement.

The resulting five-stage framework emphasizes
the differences most relevant to avalanche edu-
cation and intervention design while maintaining
the central theoretical principles of the PAPM.

Stage PAPM  Description
stage(s)
. No meaningful engagement
No adoption 1-3 with precautionary behavior
Decided not 4 Conscious decision made not
to adopt to adopt the behavior
Will adopt 5 Intends to adopt but has not
yet acted

Acting 6 Behavior has been adopted

. Behavior is practiced to im-
Maintenance 7

prove safety

Table 1. Stages used in this study were adapted from
the original PAPM classification criteria.

In order to better understand gaps and barriers to
education behavior adoption, Stages 6 and 7
were surveyed regarding six additional discrimi-
nators (Table 2) to provide a more granular pic-
ture of adoption behaviors.

Participants’ responses were classified inde-
pendently for avalanche education, rescue gear
ownership, and avalanche airbag use. Partici-
pants' responses to specific questions would
lead them to the correct next section based on
their previous answers. Detailed PAPM coding
criteria can be found at https://osf.io/8zd37/.

If you have taken an avalanche safety course, how often do
you practice the following:

1. Read the public forecast.
2. Check group transceivers before leaving the trailhead.

3. Notice signs of stable or unstable conditions while trav-
eling.

4. Make decisions as a group (human factors/group dy-
namics).

5. Choose travel techniques to reduce avalanche risk.

6. Practice your rescue skills.

Table 2. Discriminators for stages 6 and 7 provided in-
sights into behavior adoption and reporting consistency.
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3.3 Analysis approach

In order to examine differences between adoption
stages, respondents’ demographics, training,
confidence, and behavior were compared using
response proportions in each category.

Respondents were staged for avalanche educa-
tion, rescue gear adoption, and airbag use using
the definitions in Table 1. Because PAPM stages
were repeated ordinal measures, differences
were evaluated using the Friedman test and sig-
nificant effects were identified using Conover’'s
post hoc comparison test. Analysis was per-
formed using R-package PMCMRplus (Pohlert,
2024) on the JASP platform (JASP, 2026).

4. RESULTS

4.1 Survey demogqgraphics

The survey received 1200 responses, 667 of
which were considered valid after removing re-
sponses that were outside the scope of precau-
tion adoption: professionals, non-relevant users
Level 2 graduates and incomplete forms. The
maijority of respondents were snowmobilers; only
8% of respondents identified themselves as
snowbikers. Our final sample was 82% male and
the most common reported riding styles were
boondocking (riding in trees and creeks 28%), hill
climbing (27%) and trail riding (27%) followed by
touring or utility riding (9%) and snowmobile to ski
(6%). Rescue gear (transceiver, shovel, probe)
ownership was also common, with 92% reporting
ownership of at least one of these items for at
least one season and 71% reporting ownership of
an airbag pack or vest. Regionally, the majority of
responses (81%) came from Oregon, Utah,
Washington, Alaska, Idaho and Montana.

Most respondents were quite experienced with
63% reporting 10 or more winters snowmobiling
in the backcountry. Of these, 25% reported 10-20
winters and 38% reported more than 20 winters.
Eighty-two percent reported spending more than
11 days per winter snowmobiling in the back-
country. Of these, 26% reported 21-30 days, 15%
reported 30-50 days, and 5% reported more than
50 days.

Some level of avalanche education was common
among respondents, with 27% reporting that their
highest level of training was an awareness semi-
nar, 17% an avalanche rescue clinic, 33% a Level

1, and 17% reporting no avalanche training. Six
percent indicated “other” avalanche training de-
scribed by respondents as videos, reading books
or learning from a mentor.

4.2 PAPM stage differences

The survey results were coded so that a PAPM
stage rating for Rescue equipment and Airbag
use could be calculated for each respondent. Av-
alanche education had a more granular staging
across the six parameters shown in Table 2. The
Friedman test showed a significant difference be-
tween these education components (y?= 307.7
(5); p < 0.001). The concordance effect was
small, however (Kendall's W = 0.179) indicating
low correspondence (high variance) between re-
sponses.

Pairwise comparisons of avalanche education
components indicated that PAPM stages among
five of the education components were statisti-
cally equivalent (Connover’s test, p > 0.05). Only
component 6 (practice avalanche rescue skills)
differed significantly from all others (p < 0.001).
While respondents demonstrated relatively high
levels of engagement across the first five educa-
tional components, significant divergence in ‘res-
cue practice’ suggests a distinct barrier to adopt-
ing this behavior. This suggests that while riders
may be willing to adopt passive safety measures
or knowledge-based practices, the active, repeti-
tive maintenance of rescue skills is not progress-
ing at the same rate - a critical point of failure in
the adoption process. Consequently, education
components one through five in Table 2 were
combined into a single PAPM stage for the fore-
going analysis.

Comparing PAPM stages across the four result-
ing areas of precaution adoption (rescue gear,
airbags, avalanche education components 1-5,
and component 6) showed significant differences
(x>= 179.3 (3); p < 0.001). This suggests that
these safety behaviors represent distinct do-
mains rather than a single variable of ‘safety
practices’ where users have unique barriers to
adoption for each.

The resulting ranking of precaution adoption be-
haviors appears in Table 3. Mean PAPM stages
reveal a clear hierarchy: rescue gear adoption
(mean stage = 6.4) is the most advanced, fol-
lowed by airbag use (5.9), avalanche education

PAPM Stage
Mean Median N 1-3 4 5 6 7
Rescue gear 6.4 7 613 0.03 0.03 0.06 0.30 0.58
Airbags 5.9 7 613 0.14 0.07 0.10 0.10 0.59
Av ed: 1-5 5.8 7 613 0.13 0.04 0.26 0.00 0.56
Av ed: 6 5.6 6 613 0.13 0.04 0.26 0.16 0.41

Table 3. Central tendencies and proportions of each PAPM distribution. Significant differences are notable in

stages 6 and 7 across precaution behaviors.
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(5.8), and rescue practice (5.6), with significant
differences (p < 0.001) between the groups.
Three features of this result are worth noting.
First, respondents frequently reported engaging
in behaviors consistent with stage 7 across all
precautions - implying a high level of perceived
proficiency in these behaviors. Second, rescue
gear adoption (30% at stage 6) is the most prom-
inent of the four behaviors, indicating that acqui-
sition of a beacon, shovel and probe precedes
other precautionary behaviors. Finally, rescue
practice has a noticeably lower proportion (41%)
in stage 7 than other behaviors, suggesting that
rescue practice lags other precautions. These
discrepancies merit a deeper look at rescue
equipment and confidence.

4.3 Rescue equipment, education & confi-
dence

Demographically, Stage 4 contained the most fe-
male respondents (37%). The most experienced
riders were clustered at the highest and lowest
PAPM stages. Riding styles increased with
PAPM stage, favoring trail riding at the lower
stages and boondocking at the higher stages.
Unsurprisingly, formal avalanche education was
concentrated at the highest PAPM stages.

Only 11% of all respondents reported not owning
a complete set of rescue equipment (transceiver,
shovel, probe). Of these respondents, 29% did
not want or need it for the areas where they rode:
45% intended to buy and 21% were undecided.
Respondents who owned complete rescue
equipment comprised 89% of the sample. Of
these gear owners, 33% reported practicing once
or not at all and 68% reported having no formal
hands-on training (avalanche rescue clinic or
level 1).

Nearly 78% of respondents reported 'agree' or
'strongly agree' that they were confident in their
decision-making and rescue skills. Table 4
shows how this confidence is pervasive across all
measured domains, even among those with no
formal avalanche training (e.g., 76% of untrained

riders reported confidence in making informed
avalanche decisions). This consistency suggests
that motorized users often enter the backcountry
with a high baseline of perceived competence
that is not well-calibrated to their training or edu-
cation.

4.4 Calibration of rescue skills

To more specifically assess how well calibrated
rescue confidence levels might be, we compared
each respondent’s stated confidence in their av-
alanche rescue skills (item 3 Table 4) to their an-
swers regarding their practice frequency:

If you have taken an avalanche safety course, how
often do you practice your rescue skills?

A well-calibrated response would show logical
consistency between these two answers. In other
words, a person who responded “Strongly agree”
to item 3 but responds “Rarely” to the question
above would appear to be overconfident in as-
sessing their avalanche rescue skills. We com-
pared responses for each level of training. Table
5(a) shows the comparison for respondents who
reported taking an avalanche rescue clinic as
their highest level of training. Comparison of
other training levels proceeded similarly.

Calibration proportions across all training levels
appear in Table 5(b). Generally, about two thirds
of respondents at each training level appeared
calibrated in their reported rescue effectiveness,
while very few were underconfident in their res-
cue skills. Most notable is that about a third of
respondents appeared to believe they would
be effective in an avalanche rescue despite
minimal practice.

4.5 Calibration of informed decisions

Similar to the previous section, we also tested re-
spondents’ self-assessments for logical con-
sistency in making informed decisions in ava-
lanche terrain (Table 4, item 4). Here, we com-
pared each respondent’s reported confidence to

Survey questions asking about confidence in avalanche skills None Av. aware Avrescue  Level 1
1. I am confident in my ability to lead a group safely in avalanche terrain. 0.25 0.37 0.73 0.85
2. | contribute valuable skills and knowledge to my riding group. 0.47 0.67 0.91 0.94
3.  am well-prepared to assist effectively in an avalanche rescue. 0.31 0.52 0.74 0.90
4. Lcr)rzjanlf[creymformed and responsible decisions when traveling in the back- 0.76 0.85 094 094
5. iln%cly)r)sstently assess avalanche conditions and adjust my plans accord- 0.64 0.84 0.91 0.92
6. | communicate effectively with my group about avalanche risk and 0.59 0.81 0.86 0.88
safety plans.
7. | recognize when conditions exceed my skill level and adjust my plans 0.83 0.88 0.84 0.92

accordingly.

Table 4. Proportion of respondents reporting “agree” or “strongly agree” with questions regarding confidence in

their avalanche skills.

193



Proceedings, International Snow Science Workshop, Whistler, BC, Canada, 2026

Frequency of rescue practice

Some-
Av. Rescue N=86  Never Rarely times Often
N Strongly agree 0.00  0.06 0.09 0.09
2 2 |Agree 0.00 0.17 0.28 0.10
£8 2 |Neutral 0.01 0.12 0.02 0.00
g% ¢ |Disagree 001 000 000  0.00
Strongly Disagree 0.00 0.00 0.00 0.00

(a)

Always
0.02 Av. Aware Av Rescue Level 1
0.01 N 69 86 173
0.00 Underconfident 0.03 0.00 0.00
0.00 Calibrated 0.64 0.66 0.70
0.00 Overconfident 0.33 0.34 0.30

(b)

Table 5. Proportional calibration of self-assessed rescue skills for (a) Respondents who had taken an ava-
lanche rescue clinic, (b) All respondents by self-reported training. Dark gray indicates likely overconfidence.

their answers regarding frequency of reading the
avalanche forecast:

If you have taken an avalanche safety course, how
often do you read the public forecast?

Logical consistency between these two re-
sponses indicates calibration. Table 6(a) shows
the responses of respondents who reported tak-
ing an avalanche rescue clinic as their highest
level of training. Note that the threshold for cali-
bration is lower for checking the forecast than for
beacon practice since the forecast should be
checked before nearly every outing. Comparison
of other training levels proceeded in a similar
fashion.

Table 6(b) summarizes calibration results across
all training levels. Generally, about three quarters
of respondents at each training level were poten-
tially calibrated about their ability to make in-
formed decisions, while few were underconfident.
Notable is that at least one in five respondents
with training below level 1 level appeared to be-
lieve they would make informed decisions in
avalanche terrain despite infrequently read-
ing the avalanche forecast.

4.6 Airbag pack and vest ownership

Respondents' attitudes towards airbag pack or
vest ownership appears to be less complicated
than with rescue gear. About one-fifth of respond-
ents across all training levels had decided that
they did not want or need this technology.

Viewed through the lens of the highest avalanche
training completed, airbag ownership increased
more or less linearly from 41% (no training) to
83% (level 1). Notable is the high proportion of
airbag ownership among riders who reported no
avalanche training.

Respondents who did not own airbags reported
their adoption barriers were expense (59%), not
needed (41%), unsure what to buy (14%) and
lack of confidence in their function or safety (5%).

5. DISCUSSION

This study provided a quantitative application of
the PAPM to avalanche safety behaviors among
motorized winter recreationists. Our results
demonstrate that preparedness is not a single be-
havior, such as owning rescue equipment, com-
pleting an avalanche course, or carrying an air-
bag, but a set of precautionary actions that may
progress through different stages of adoption.

Rescue equipment ownership was commonplace
among respondents, whereas avalanche educa-
tion, rescue practice, and airbag ownership rep-
resented significantly different stages of adop-
tion. These findings support previous observa-
tions that motorized users frequently acquire av-
alanche equipment before developing the
knowledge and skills needed to realize its effec-
tiveness (Murphy, 2012; Hanke & Stewart-Patter-
son, 2016). More broadly, they support the PAPM
premise that individuals occupy different stages
of readiness and that interventions should ad-
dress the barriers associated with those stages.

Frequency of reading the avalanche forecast

Some-

Av. Rescue N = 85 Never  Rarely  times

Strongly agree 0.01 0.00  0.04

. 3¢ Agree 000 004 0.1
3 Neutral 0.02
£ |Disagree [ 0.00 IS

0.00

Strongly Disagree 0.00 0.00

(@)

Often
0.05
0.26
0.01
0.00
0.00

Always
0.20 Av. Aware Av Rescue Level 1
0.25 N 70 85 172
0.01 Underconfident 0.06 0.01 0.04
0.00 Calibrated 0.73 0.74 0.81
0.00 Overconfident 0.21 0.25 0.15

(b)

Table 6. Proportional calibration of self-assessed informed decision making for (a) Respondents who had
taken an avalanche rescue clinic, (b) All respondents by training. Dark gray indicates likely overconfidence.
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A second important finding was that formal ava-
lanche education was consistently associated
with precautionary behaviors, whereas riding ex-
perience and self-reported confidence were com-
paratively weak predictors of preparedness. Alt-
hough respondents were generally experienced
riders, more than half reported having no formal
avalanche education beyond awareness lectures
or rescue clinics. Many respondents expressed
confidence in their ability to make safe decisions
and contribute effectively during an avalanche
rescue. While our calibration measures do not
determine actual competence, this mismatch
suggest that perceived preparedness may not re-
liably reflect engagement in behaviors known to
support avalanche risk management.

These findings suggest that different precaution-
ary behaviors require different intervention strat-
egies. For example, riders who own rescue
equipment but seldom may benefit more from
skills refreshers, realistic rescue scenarios, and
reinforcement of maintenance behaviors then
from messaging focused on equipment owner-
ship. Table 7 outlines stage-specific intervention
strategies for avalanche education, rescue gear,
and airbag use based on the 5-stage PAPM
framework.

This study had several important limitations The
survey relied on voluntary participation and self-
reported behaviors, creating potential selection
bias, recall, and socially desirable bias. The sam-
ple predominantly included experienced male rid-
ers from the western United States and may not
fully represent motorized users elsewhere. In ad-
dition, confidence was inferred from reported pre-
cautionary behaviors rather than independently
measured competence and should therefore be
interpreted cautiously.

Future research should combine stage-based be-
havioral assessment with objective evaluations of
avalanche knowledge, rescue proficiency and
field decision-making. Longitudinal studies exam-
ining movement between PAPM stages following
educational interventions and whether stage-
matched messaging improves adoption and long-
term maintenance of avalanche safety behaviors.

Collectively, our findings suggest that future
gains in motorized avalanche safety may depend
less on increasing equipment ownership or
awareness and more on moving users toward ef-
fective and sustained application of established
precautionary behaviors.

6. CONCLUSION

This study demonstrated that avalanche prepar-
edness among motorized users is not a single be-
havior, but a collection of precautionary behav-
iors adopted at different rates and stages. Res-
cue equipment ownership was widespread
among respondents, yet formal education, res-
cue practice, and other behaviors supporting ef-
fective risk management lagged behind. Formal
avalanche education was more consistently as-
sociated with precautionary behaviors than riding
experience or self-reported confidence, while the
apparent mismatch between confidence and
practice suggests that perceived competence
may not reliably indicate preparedness.

These findings highlight an important opportunity
for avalanche education. For motorized users in
avalanche terrain, continued emphasis on equip-
ment acquisition alone is unlikely to produce
equivalent gains in rescue proficiency and risk
management. The next step is to move beyond

Stage Avalanche Education Rescue Gear Airbags
luelisielys @il s G 2es Introduce the role of transceivers Increase awareness of air-
No Adoption lanche hazard, exposure, ’

and the value of formal edu-
cation.

Address misconceptions

(Stages 1-3) cue.

E)exﬁlgdtNot about formal education and
(Stage 2) its value for decision-making
9 and terrain management.
Will Adopt R’Ieducettr)]arrlers_ atndf prowlde

(Stage 5) clear pathways into forma
avalanche education.
Reinforce application

Acting through continued practice,

(Stage 6) decision-making, and terrain

assessment.

Encourage continuing edu-
cation and regular applica-
tion of risk-management
practices.

Maintenance
(Stage 7)

probes, and shovels in companion res-

Address perceptions that experience
reduces the need for rescue equipment;
or that you don't need it for your riding
area; emphasize complete rescue Kkits.

Facilitate complete rescue-kit adoption
and establish group expectations for
carrying equipment.

Shift emphasis from ownership to
hands-on transceiver, probing, and
shoveling practice.

Emphasize recurring rescue practice,
efficient companion rescue, and group
coordination.

bag function, benefits, and
limitations.

Address barriers such as
cost, weight, and per-
ceived lack of need.

Reduce barriers to acquisi-
tion and provide opportuni-
ties to evaluate airbag sys-
tems.

Reinforce deployment
practice, maintenance, and
integration with broader
risk management.

Maintain deployment profi-
ciency and equipment
readiness while reinforcing
limitations.

Table 7. Intervention strategies for avalanche education, rescue gear, and airbag adoption based on the

adapted five-stage PAPM framework.
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simply encouraging riders to own safety equip-
ment or know about avalanche hazards and fo-
cus on helping them develop and maintain the
skills needed to use those tools effectively. Ava-
lanche educators and organizations should use
stage-based approaches to identify where riders
are in the adoption process and target interven-
tions accordingly. The PAPM provides a frame-
work for doing so, shifting the focus from increas-
ing adoption alone to advancing riders toward
sustained competence and application. If we
want to improve avalanche safety among motor-
ized users, we must turn widespread awareness
and equipment ownership into practiced, main-
tained, and effective risk-management behav-
iors.

REFERENCES

Baker, J., & McGee, T. (2016). Backcountry snowmobilers'
avalanche-related information-seeking and preparedness
behaviors. Society & Natural Resources, 29(3), 345-356.

Birkeland, K. W., Greene, E. M., & Logan, S. (2017). In re-
sponse to avalanche fatalities in the United States by
Jekich et al. Wilderness & Environmental Medicine, 28(4),
380-382.

Buchanan T, Magee CA, Kelly PJ. (2020). Smokers who do
not quit: Can the precaution adoption process model help
identify hard-core smokers? Journal of Smoking Cessa-
tion. 15(1):6-13

Chabot, D. (2002). Avalanche education for snowmobilers:
Efforts of the GNFAC. In Proceedings of the International
Snow Science Workshop.

Colorado Avalanche Information Center. (2026). Statistics
and reporting. Colorado Department of Natural Re-
sources. Retrieved August 18, 2026, from https://ava-
lanche.state.co.us/accidents/statistics-and-reporting

Geismar, N. (2023). Customizing avalanche training for snow-
mobilers: The development and highlights of the AST 2
motorized curriculum. In Proceedings of the International
Snow Science Workshop.

Gielen AC, McDonald EM, Omaki E, Shields W, Case J, Ait-
ken M. A (2015). Smartphone app to communicate child
passenger safety: an application of theory to practice.
Health Educ Res.30(5):683-692.

Glanz, K., Rimer, B. K., & Viswanath, K. (Eds.). (2024). Health
behavior: Theory, research, and practice (6th ed.).
Jossey-Bass.

Greene, E., Hendrikx, J., & Johnson, J. (2022). The impact of
avalanche education on risk perception, confidence, and
decision-making among backcountry skiers. Leisure Sci-
ences, 44, 1-21.

Haegeli, P., & Strong-Cvetich, L. (2020). Using discrete
choice experiments to examine the stepwise nature of av-
alanche risk management decisions: An example from
mountain snowmobiling. Journal of Outdoor Recreation
and Tourism, 30, Article 100316.

Hanke, J., & Stewart-Patterson, |. (2016). Re-thinking the av-
alanche education curriculum for snowmobilers. In Pro-
ceedings of the International Snow Science Workshop.
Breckenridge, CO.

JASP Team (2026). JASP (Version 0.97.1) [Computer soft-
ware].

196

Landrg, M., Engeset, R. V., & Pfuhl, G. (2022). The role of
avalanche education in assessing and judging avalanche
risk factors. Journal of Research in Arts and Sport Educa-
tion, 6(2), 37-60.

Lundstedt, B. (2016). The gear heads — Motor specific avy
training. In Proceedings of the International Snow Sci-
ence Workshop.

McCammon, |., Haegeli, P., & Gunn, M. (2008). Out-of-
bounds avalanche awareness: Assessment, current prac-
tices, and future management. In Proceedings of the In-
ternational Snow Science Workshop

McGhan, D., Adler, D., & Morris, M. (2012). Reaching snow-
mobile riders with effective training methods: Identifying
unique, captivating educational techniques targeted to
reach snowmobile riders. In Proceedings of the 2012 In-
ternational Snow Science Workshop (pp. 516-522).

McNeil, K., Morgan, J., Riggs Meder, L., & Walker, E. (2023).
Understanding backcountry travel behaviors after partici-
pation in recreational avalanche courses. In Proceedings
of the International Snow Science Workshop.

Murphy, M. (2012). Exploring opportunities for snowmobile
avalanche education. In Proceedings of the International
Snow Science Workshop.

Nichols, T., Hawley, A., Smith, W., Wheeler, A., & Mcintosh,
S. (2018). Avalanche safety practices among backcountry
skiers and snowboarders in Jackson Hole in 2016. Wil-
derness & Environmental Medicine, 29(4), 493—498.

Niemann, D., Paul, S., & Rahman, H. H. (2022). Avalanche
preparedness and accident analysis among backcountry
skier, sidecountry, and snowmobile fatalities in the United
States: 2009 to 2019. Wilderness & Environmental Medi-
cine, 33(2), 197-203.

Ponhlert, T. (2024). PMCMRplus: Calculate pairwise multiple
comparisons of mean rank sums extended,
HTTPS://cran.r-project.org.

Shin HY, Kang P, Song SY, Jun JK. (2022) Understanding of
Cervical Screening Adoption among Female University
Students Based on the Precaution Adoption Process
Model and Health-Belief Model. Int J Environ Res Public
Health. 20(1):700.

Silverton, N. A., Maclntosh, S. E., & Kim, H. S. (2007). Ava-
lanche safety practices in Utah. Wilderness & Environ-
mental Medicine, 18(4), 264—-270.

Staples, M., Chabot, D., & Knoff, E. (2014). Successes and
challenges of snowmobile education at the Gallatin Na-
tional Forest Avalanche Center. In Proceedings of the In-
ternational Snow Science Workshop.

Stewart-Patterson, I., & Hanke, J. (2016). Analysis of 40 years
of snowmobiler fatalities: 1976—-2016. In Proceedings of
the International Snow Science Workshop.

Weinstein, N. D. (1988). The precaution adoption process.
Health Psychology, 7(4), 355-386.

Weinstein, N. D., Rothman, A. J., & Sutton, S. R. (1998).
Stage theories of health behavior: conceptual and meth-
odological issues. Health Psychology, 17(3), 290.

Weinstein, N. D., Sandman, P. M., & Blalock, S. J. (2008).
The precaution adoption process model. In K. Glanz, B.
K. Rimer, & K. Viswanath (Eds.), Health behavior and
health education: Theory, research, and practice (4th ed.,
pp. 123-147). Jossey-Bass.

Wisner, S., Buck, M., & Carter, S. (2010). What's next for
snowmobile-specific avalanche education? In Proceed-
ings of the International Snow Science Workshop.



	Adoption of Avalanche Safety Behaviors in Motorized Users: A Precaution Model-Based Analysis
	1. Introduction
	2. background
	2.1 Avalanche Safety Behaviors in Motorized Users
	2.2 The Precaution Adoption Process Model

	3. Methods
	3.1 Survey Development and Distribution
	3.2 PAPM Stage Classification
	3.3 Analysis approach

	4. results
	4.1 Survey demographics
	4.2 PAPM stage differences
	4.3 Rescue equipment, education & confidence
	4.4 Calibration of rescue skills
	4.5 Calibration of informed decisions
	4.6 Airbag pack and vest ownership

	5. Discussion
	6. Conclusion
	References




