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ABSTRACT: Underestimating avalanche factors can give backcountry skiers a false sense of safety. In
theory, aggregating the estimates of group members can enable a group to make assessments that are
more accurate than estimates by individual members. This study finds that this effect can be of practical
importance to groups of backcountry skiers. Using estimates of slope steepness by students and instructors
in avalanche courses in Norway, we studied the relationship between slope steepness, group size, and the
probability that the group wrongly judges a slope to be under the critical threshold of 30°. We represent
the relationship between group size and the probability of a false safety judgement using safety-judgement
performance curves. Such curves could be used in tour planning to answer questions such as: given the
terrain, how many skiers should there be in the group in order to keep the chance of false safety judgements
below a given threshold of acceptability? Or, given the group, on what kind of terrain are the group’s safety
judgements likely to be acceptably accurate? Improvement in safety-judgement performance as represented
by the performance curves could be used also for assessing training in avalanche courses.

Keywords: Wisdom of crowds, risk assessment, avalanche education, avalanche course evaluation, trip
planning, hazard management.

1. INTRODUCTION judgements together, perhaps in discussion, or by
voting, or both. Research in social psychology sug-
gests that making judgements in a group can in itself
be a risk factor. Pluralistic ignorance, where group
avalanched when really they are not. The chance members hide private misgivings from one another,
of that depends in part on physical features of the is one of many social effects that are implicated in
decision environment: slope steepness and so on. risky behavior Prentice and Miller (1996). Indeed,
When conditions are in fact extremely safe, as in due to the challenges related to group structure and
fig. 1, the chance of anyone having a false sense dynamics, backcountry skiing in groups of four or

of safety is next to zero: people will think they are more often is recommended against Zweifel et al.
safe from being avalanched and they will be right (2016).

about that. When on the other hand conditions are
extremely dangerous, as in fig. 3, the chance of
wrongly thinking that you are safe is also extremely
low. No one in their right mind is going to have
a false sense of safety on this slope, because no
one is going to feel safe there at all. At extremes of
safety and danger, then, correctly judging safety is
easy. Where it gets tricky is on slopes like those in
fig. 2, where it is harder to tell whether there might
be an avalanche. This is typical in the kinds of ter-
rain that back-country skiers seek out.

Besides the physical environment, people’s ability to
make good safety judgements also depends on just
how they make their judgements. One possibility for
a group of skiers is to have a leader, who decides
on behalf of the whole group. This is the case, for
instance, in guided touring. Another is to arrive at

One dangerous mistake that backcounty skiers
make is to think that they are safe from being

This article is about a positive contribution that judg-
ing together can make. Where group members feel
psychologically safe, and are able and willing to
share their views and decide together, groups can in
theory make more-accurate judgements and reach
better decisions than the individuals that make them
up. This effect, known for over a century, is called
collective intelligence, or the wisdom of crowds Gal-
ton (1907), Surowiecki (2004). lIts theoretical rel-
evance to avalanche safety judgements has been
pointed out before Ebert and Morreau (2023). Here
we confirm its relevance in practice in an empiri-
cal study of assessments of avalanche conditions
by back-country skiers. Provided its benefits are not
undone by pluralistic ignorance, difficulties in com-
municating and other detrimental social factors, we
argue, making safety judgements in larger groups
can be better than in smaller groups or alone.

~ “Corresponding author address: Oversimplifying somewhat, let us say that a slope is
;627Dﬁzsr;esréD,\T§:,;$‘?”t of Psychology safe from avalanches if its actual steepness is 30°
fel: +47 48353465: or less. Similarly, we assume that people do in fact
email: tim.dassler@uit.no judge a slope to be safe if, in their assessment, this
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slope is 30° or less.” Now consider a group of skiers
assessing the steepness of some slope. First, each
individual member makes their own estimate of its
steepness. The group reaches its collective esti-
mate, we stipulate, simply by averaging the individ-
ual estimates of the members.? Finally, let there be
some probability threshold of acceptability for false
safety judgements. For instance, group members
might be willing to accept a 5% chance of wrongly
judging themselves to be safe. If the chance of a
false safety judgement is greater then this, then the
group decides not to ski in the terrain in question,
whereas if the chance of a false sense of safety is
less than their agreed threshold they are willing to
go.

The questions asked and tentatively answered in
this study are these: for what combinations of ac-
tual slope steepness and group size is the chance
of a false safety judgement 5%? For which com-
binations is the chance lower than this, and for
which is it higher? Finally, does training in stan-
dard slope measurement techniques appreciably
improve the ability of individuals groups to judge
avalanche safety?

This study has several important limitations. That’s
why the answers are only tentative. For one thing,
it is based on limited data on slope estimates, col-
lected during avalanche courses in just a single sea-
son. For another, our analysis of the data was
done by hand, developing some of the concepts and
methods as we went, and without the benefits of
having a proper data scientist on the team. We think
even so that the approach is useful and worth fol-
lowing up in a more rigorous study than we were
able to make, here. We think of this article as some-
thing like “beta” in climbing: insight and information
in how to take on a problem, as opposed to conclu-
sive proof that the problem has been solved.

2. METHOD

2.1 Data collection

We collected data at both level 1 and level 2
avalanche courses in the Troms region of north-
ern Norway between December 2022 and March
2023. At the courses students were asked to
estimate (“eyeball”) slope steepness from several
standpoints: A, on the slope; B, from above, looking
down; C, from the side and at a distance; D, looking

This presupposes that the slope is not in an avalanche path
or run-out zone.

2There are different ways a group can move from the esti-
mates or judgements of its members to collective judgements of
the group as a whole. For instance, instead of averaging the
members” judgements it could take the median of these. Or else
it could take the lowest of them, or the highest, or the judgement
of the group’s leader or something else. Center tending aggrega-
tion methods such as averaging and taking the median are known
to produce wisdom of the crowds.

Figure 1: First author’s two-year old daughter scoping a line.
There is basically no chance of a false sense of safety, here,
because conditions are in fact perfectly safe.

Figure 2: Being able to assess steepness in moderate (left
panel) to complex terrain (right panel) lets you avoid dangerous
avalanche trigger and run-out zones. Here someone might un-
derestimate steepness and feel safe when really they are not.
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Figure 3: Nobody is going to have a false sense of safety here
simply because nobody is going to feel safe: even a small sluff
avalanche will knock you off your feet and the fall will kill you.
Krister Rehme Kopala in extreme terrain in Chamonix, France.
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up at the slope at a distance; and finally E, looking
up at the slope from the bottom of this slope.®

The instructor stopped the group and asked mem-
bers to estimate the steepness of a slope. The in-
structor also estimated the steepness and all esti-
mates were recorded. Then the instructor and par-
ticipants measured the steepness of the slope and
the measurements were recorded. For A. slopes
this was done by using an inclinometer on a ski pole
(either a digital inclinometer, a mobile phone incli-
nometer or a compass with inclinometer). For B.
slopes the measurements were taken with a com-
pass inclinometer or an inclinometer attached to a
ski pole aiming down the slope. For C. slopes ei-
ther a compass with inclinometer was used, or a
mobile app, or a ski pole with inclinometer. For D.
slopes, compass-and-digital-ski-pole-attached incli-
nometers were used. E. slopes were not included in
the study.

Data was collected and recorded in a secure online
survey by two researchers who also were instructors
at the courses.

2.2 Dataset

The dataset consists of a total of 150 individ-
ual judgements (estimates together with measure-
ments) of the steepness of 13 slopes varying in
steepness from 16° to 29°. These break down
into 13 instructor estimates, 13 instructor measure-
ments, 63 participant estimates, and 61 participant
measurements. Most judgements were done A. on
the slope (58 percent) and C. from the side from a
distance (25 percent).

3. ANALYSIS

This section discusses the concepts used to analyze
the data and arrive at our results.

For the purpose of this study, we consider an
avalanche-safe slope to be a slope whose steep-
ness is 30° or less.* An individual assessment of
slope steepness is an estimate of steepness, or a
measurement of steepness, made by an individual
person. A group assessment of steepness is the
(arithmetical) mean of the individual assessments of
several individuals. It is an estimate or a measure-
ment, accordingly as all of the individual assess-
ments it comprises are estimates or measurements.
The group assessments in our study are nominal.
That is, they are the averages of some number of
individual assessments chosen at random from all

3 Additional data that was collected but is not used in this study
includes: aspect and elevation of slopes; states of participants
(tired, fresh, hungry, focused, or distracted); also visibility (high,
medium, low), light conditions (sunny and clear, foggy, flat light,
dark), name of mountain, date and time.

4For a good introduction to the role of avalanche terrain for
avalanche risk and safety see Tremper (2018).
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of the individual assessments in the data set. They
are not (necessarily) assessments reached by real
groups of students that met together and interacted
in the avalanche courses.

The true steepness of a slope is identified for the
purpose of this study with the steepness measured
by an instructor. The error of a an assessment,
whether of an individual or a group, is the number
of degrees that this assessment is below (a nega-
tive error) or above (positive) the true steepness of
the slope.

For each group size from 1 to 6, and for both es-
timates and measurements, we produced a his-
togram of the numbers of errors in a total of 100
assessments, keeping negative and positive errors
separate. For groups of 1 (that is, individuals) we
drew at random 100 times from the set of individual
estimates and 100 times from the set of individual
measurements, calculated the errors, and plotted
these. For a nomimal group of n members, a single
estimate error was produced by sampling at random
nindividual estimate errors and averaging these, re-
peating 100 times to produce the histogram of 100
estimate errors for groups of n members. Analo-
gously, we produced the histogram of 100 measure-
ment errors for groups of n members.>

Error distributions were inferred informally from ob-
served frequencies of errors of different kinds in the
data.®

Af,% is defined as the largest magnitude such that,
for a group of n members, 5% of negative errors are
of this magnitude or greater.

Suppose the steepness of a slope is in fact 30 +
Af’,%". Now a group of n skiers assesses its steep-
ness. Assuming the error distributions for slopes
just above 30° are the same as the observed dis-
tributions for the slopes below 30° used to arrive at
A5% we may expect that in 5% of cases the group
will wrongly assess the slope to be 30° or less.” That

5The rationale for this way of doing things is that the error of an
average of assessments is equal to the average of the errors of
these assessments. We did not consider separately errors made
on slopes of different true steepness. This lumping together of
all the data gathered on different slopes was desirable given the
fairly low number of individual assessments that we had. It is a
weakness of the study though, since the slopes in question dif-
fered considerably in their steepness, from 16°to 29°. There is no
good reason for considering only 100 judgements. It would have
been better to consider thousands, but lacking the computational
expertise we did most of the analysis by hand. 100 was all we
had time for.

8That is, having calculated and plotted a histogram of the er-
rors of individual and collective judgements, we sketched by hand
our best guess as to the error distribution responsible for the ob-
served errors. This might be regarded as acceptable in a “proof
of concept” study such as this.

7 Distributions of errors on slopes not too far above 30° should
be quite similar to error distributions on slopes not too far be-
low 30° if the 30° threshold, though significant for the physics of
avalanches, has no special significance in the visual perception
and psychology of humans. This assumptions seems reasonable
to us though we have no experimental evidence to support it.
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is, on the earlier identification of avalanche safety
with a slope’s being in fact 30° or less, and of safety
judgements with assessing the slope to be in this
sense safe, the chance of that the group wrongly
judges itself to be safe is 5%. Figure 4 plots the re-
lationship between group size n and 30 + A3%° for
a range of realistic group sizes in backcountry ski
touring.

4. RESULTS

The safety-judgement performance curves of figure
4 summarize the result of our analysis.

Safety-judgement performance of groups
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Figure 4: Combinations of group size and slope steepness for
which the chance is 5% that the group wrongly judges the slope
to be safe (30° or less) on the basis of individual steepness es-
timates and measurements. To the top right of either curve the
chance of a false safety judgement is less than 5% and to the
bottom left it is greater.

Here’s how to read the curves. Take a point on ei-
ther of the curves, say (34.2, 3) on the Estimates
curve. This point tells us that a group of three skiers
that estimates slope steepness (rather than mea-
suring it), assessing a slope whose true steepness
is 34.2°, may be expected to have a 5% chance of
wrongly estimating this slope to be less than 30°.
This we count as wrongly thinking that this slope is
safe. If assessing a slope whose true steepness is
less than 34.2°, they are even more likely than this
to assess it as below 30° and safe. Given that 5% is
taken as the threshold for acceptability of this kind
of mistake, the group of three should avoid terrain
in the range 30° — 34.2°, where they’re too likely to
feel safe when actually they’re not. Either that, or
else they should find some better way of assessing
slope steepness.

One better way, we see from figure 4, is to measure
steepness rather than merely estimating it. Move
over to the Measurements curve and find the point
(32.5, ). This point tells us that a group of three that
measures slopes has a 5% chance of a false safety
judgement when the true steepness is 32.5°. When
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assessing slopes that are steeper than this, the
group has less than a 5% chance of a wrong safety
judgement. In particular, this group of measurers
has an acceptable (less than threshold) chance of
false safety judgement when considering slopes be-
tween 32.5° and 34.2°. A group of three estimators,
on the other hand, merely “eyeballing” the slope,
has an unacceptable (more than threshold) chance
of false safety judgement for these slopes.
Measuring, as taught in the avalanche courses in
which we collected data, apparently is a better way
of assessing steepness than “eyeballing”. It demon-
strably increases the range of terrain in which back-
country skiers can acceptably operate. This il-
lustrates our proposal that safety-judgement per-
formance be used to evaluate th effectiveness of
avalanche courses in teaching techniques such as
slope measurement.

Another way to improve judgement is to increase the
size of the group. On the Estimates curve we find
the point (33.6, 4). Considering a slope above 33.6°,
a group of four may be expected to have less than
a 5% chance of a false safety judgement. In par-
ticular, it has an acceptable chance of false safety
judgement when considering slopes between 33.6°
and 34.2°. So increasing group size by one will im-
prove judgement and increase the range of terrain in
which the group can acceptably operate — though
not as much as measuring would.

We emphasize that these results are tentative, given
previously mentioned limitations of the present
study.

5. DISCUSSION
5.1 Wait, aren’t group decisions FUBARed?

This study shows that groups of three or more are
better at estimating slope steepness than individual
skiers. They are thus less likely to make false safety
judgements and wrongly judge a slope to be 30° or
less when itis not. This is due to a wisdom of crowds
effect Galton (1907); Surowiecki (2004).

The idea that it is bad, even dangerous to make de-
cisions in groups comes from thinking about other
things than wisdom of crowds that affect decision
quality. The quality of leadership and communica-
tion among group members, as well as the kind
of decision-making process Bright (2010); Cierco
and Debouck (2013), are important here. So are
heuristic traps, risk tolerances, gender charcteristics
and many other matters impacting what people do
and whether they choose potentially hazardous ter-
rain Hendrikx and Johnson (2016); Hendrikx et al.
(2022).

Whether it is in actual practice better for backcountry
skiers to decide in groups depends on the balance
of the effects of the wisdom of crowds and these
other factors. How the different factors go together
in groups of skiers has not been studied here.
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5.2 What'’s up with the larger groups?

Figure 4 shows improvement with increasing group
size up to a certain number of people, 3 and 4
for measurements and estimates respectively, but
with more people the curves turn back. We do not
know why this happens. Perhaps it is just that our
data set is too small and what we’re seeing here
is simply noise. In this case, the puzzling rever-
sal strengthens our belief that the method proposed
here should be used to conduct a larger and more
powerful study, perhaps of other avalanche factors
than steepeness such as snowpack properties and
weather conditions. Think of this study as a pilot,
showing the way.

5.3 How can there be less risk on steeper slopes?

We show that the chance of making false safety as-
sessments is lower when moving on steeper slopes
(say, 38°) than on less steep ones (say, 33°). This
might seem a bit of a paradox, since 38° is right
around the sweet-spot for triggering avalanches.
How can steeper be less risky? It is important not
to misunderstand us as saying that you are safe
when you go 38° or steeper. What we show that
on the steeper slopes you're in a better position to
know whether you are in danger or not. Having this
knowledge can reduce avalanche risk, understood
to factor in not only the probability of avalanches but
also exposure to harm: the better one is at knowing
whether or not one is in danger, the better one will
be at keeping out of harm’s way.

5.4 Just how smart are small crowds of skiers?

Groups of 3-5 skiers that guess steepness seem
to be about as accurate as single skiers measur-
ing it. Figure 5 compares the error distributions of
four people guessing (red graph) with one person
measuring (blue). The two distributions are simi-
lar. Evidently, aggregation has boosted the accu-
racy of collective guessing to the point that it is about
as good as individual measuring. The wisdom of
crowds promises to be quite useful with groups of
sizes that are realistic in backcountry skiing.

6. SHORTCOMINGS AND LIMITATIONS

Due to ethical and safety reasons data on estimates
was gathered on slopes below 30 °and extrapolated
to steeper slopes. The rationale is that whereas 30
°is critical for avalanche risk, it isn’t for human per-
ception of slope steepness. This might be reason-
able for slopes just about 30 °but we don’t know how
reasonable it is for steeper slopes.

We used informal methods to estimate the distribu-
tion of assessment errors from observed frequen-
cies of errors. This might be regarded as suitable in
a pilot study such as this, but a more rigorous and
repeatable process is required for a robust study.
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Figure 5: The number and magnitude of errors for one person
measuring (blue graph) and a group of four people guessing (red
graph), with 100 judgements of each kind. The number and size
of the errors are in both cases quite similar.

7. CONCLUSION AND IMPLICATIONS

Current best practice is to tour in smaller groups.
Our preliminary finding is that larger groups need
not always be worse when it comes to making more
precise safety judgements. Because of a wisdom
of crowds effect, four touring buddies guessing the
steepness of a slope may show better performance
than a solo tourer measuring. This has implica-
tions for both backcountry recreationists as well as
avalanche education.

If you are out in potentially hazardous winter back-
country terrain it can be beneficial to bring touring
buddies. This will increase performance of judg-
ing slopes to be safe. Note that this presupposes
that the group actually is able to communicate their
judgements to each other. In group settings where
it is socially awkward or difficult, or with individuals
who lack the communicative skills and courage to
speak up, this effect might be canceled out.

The study may also be used to create evaluation
methods for avalanche courses to check whether
or not course participants got better at estimating
and or measuring slope steepness. If steepness
judgements are collected in the beginning and at the
end of a course, and analysis is automated, per-
formance envelopes may be used to show learn-
ing, that is, improvement in assessing steepness,
for both individuals or groups.
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