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A B S T R A C T

This study investigates the impact of an exhibition on natural hazards on risk awareness of the inhabitants of the
Ubaye Valley in southern France. Risk communication practices need to be effective to contribute to disaster
reduction, but their impact is rarely evaluated. Using a pre-test/post-test research design as well as a longitudinal
study, changes in awareness of adults, teenagers and children were measured. The responses to a questionnaire
were analyzed using non-parametric tests. The questionnaire dealt with several factors determining or influ-
encing awareness: attitudes to risk, previous experiences of emergencies, exposure to awareness raising, ability
to mitigate/prepare/respond, worry level, self-reported awareness, hard knowledge and demographic char-
acteristics. Generally, risk awareness was higher after visiting the exhibition. The exhibition had most impact on
visitors that had experienced few natural hazards or that were little informed a priori. In contrast to teenagers
and children, the awareness of adults increased only for risk in general and not for specific natural hazards.
Moreover, the results show that the exhibition was more effective in raising awareness of the hazards that occur
rarely. For more frequent and more locally occurring hazards, such as debris flows, other means of commu-
nication should be considered.

1. Introduction

Mountainous areas are typically affected by multiple natural ha-
zards, such as floods, debris flows, landslides, avalanches and earth-
quakes that threaten society socially and economically [55]. Between
1982 and 2005, natural hazards induced economic losses added up to
EUR 57 billion in the Alps alone [38]. Risk management can help to
reduce losses.

Currently, there is a shift in risk management towards integrated
approaches that focus on prevention and preparation [22]. This brings
the importance of risk communication to the fore. The definition of risk
communication itself has changed from a process of informing in-
dividuals about risks [40] to actions based on dialogue [21,29]. Risk
communication favors the expansion of social capacities [22], such as
the knowledge, skills and networks that are needed to successfully
manage hazard occurrences [28]. However, as two-way communication
is very demanding to put into practice and communities are not always
inclined to participate, risk communication often remains one-direc-
tional. Applied research on one-directional risk communication there-
fore remains important [33].

One of the goals of risk communication on natural hazards is to raise
public awareness of the hazards [27]. A well-known definition of public
awareness is “the extent of common knowledge about disaster risks, the
factors that lead to disasters and the actions that can be taken individually
and collectively to reduce exposure and vulnerability to hazards” [50,51].
However, awareness is more than factual knowledge. It is a mental
construct [54] that is multi-dimensional and is linked to personal atti-
tudes [33]. Awareness raising efforts have to take the risk perception of
the target audiences, i.e. their intuitive risk judgements [46], into ac-
count [15]. These are linked not only to the perception of the prob-
abilities of occurrence and consequences of an event [6], but also to
emotions e.g. [31,47,35]. In addition, personal experience with natural
hazards and demographic factors such as age, gender and education
have been found to play a role [26,49,54].

To contribute to risk management, risk communication must of
course be effective, i.e. it must fulfill the goal for which it was designed.
The effects depend on the source of the message, its content and the
attributes of the target audiences [3]. Demographic characteristics of
the public must be taken into account, but also their mental models [2],
believes, concerns [20] and values [8]. Moreover, trust in the
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Table 1
Exhibits (content and used visuals) presented at the 'Alerte' exhibition.

Exhibits Number Content Visuals

A0 Posters 15 Concept of risk, avalanches, landslides, torrential floods, debris flows, earthquakes,
security guidelines, non-structural mitigation measures, structural mitigation
measures, technical agency in charge of risk management.

Pictures, drawings, symbols, graphs,
diagrams, color schemes, maps, scales.

Supporting information boards
(30*30 cm)

12 Scientific definitions and explanations, additional information. Pictures, drawings, symbols, maps.

120*400 cm Poster 1 Timeline of all reported events from the 19th century and important regulation
changes, highlight of major events.

Pictures, old newspapers, histograms.

Numerical timeline (Ipad) 1 Web-based numerical timeline of all reported events from the 19th century and
important regulation changes, highlight of major events.

Pictures, archives.

Flood scale model 1 330×80 cm model of Barcelonnette (DEM based) with manual system to simulate a
flood.

–

Seismograph 1 – Dynamic graph.
Videos (TV) 4 4 videos of local events (triggered avalanche, rockslide and debris flow) and

earthquakes effects (Japanese compilation of videos from different countries)
Videos.

Videos (Ipad) 15 Testimonies of witnesses (local inhabitants) of events, technicians and scientists. Videos.
Emergency kit 1 Emergency kit according to French ministry advices Objects in showcase.
Google Earth map 1 Local area with descriptive pins at location of major events or important mitigation

measures
Pictures, archives.

Table 2
Factors tested in the pre-test and/or post-tests with indicators’ description. Items marked with a * were not asked in the children's questionnaire.

FACTOR INDICATORS TESTS

Dependent
Worry Worry about floods/landslides/debris flows/earthquakes/snow avalanches Pre-test

Post-tests
Self-reported awareness Feeling of being aware of natural hazards occurring in the Ubaye valley Pre-test

Post-tests
Ability to mitigate/respond/prepare Feeling of being vulnerable to natural hazards occurring in the Ubaye valley Pre-test

Feeling of having all the knowledge and information to respond to natural hazards occurring in the Ubaye valley,
Feeling of having all the material and financial resources to respond to natural hazards occurring in the Ubaye valley* Post-tests
Feeling of being prepared for natural hazards occurring in the Ubaye valley

Attitude to risk Likelihood of floods/landslides/debris flows/earthquakes/snow avalanches occurring in the next 5 years in the Ubaye
valley

Pre-test

Consequence of floods/landslides/debris flows/earthquakes/snow avalanches occurring in the Ubaye valley Post-tests
Independent
Previous experience Direct experience Pre-test

->Number of times floods/landslides/debris flows/earthquakes/snow avalanches were experienced
-> Impacts on health or belongings
Indirect experience:
-> Knowledge of persons impacted by natural hazards

Demographics Age, Gender, last obtained degree, whether work is related to natural hazards Pre-test
Exposure to awareness raising Time living in the valley Pre-test

Prior amount of information received on floods/landslides/debris flows/earthquakes/snow avalanches
Impact of prior information on awareness*
Impact of prior information on the motivation to become prepared*
Amount of new information on floods/landslides/debris flows/earthquakes/snow avalanches received by visiting the
exhibition

Post-test

Impact of the new information on awareness
Impact of the new information on the motivation to become prepared
Amount of new information on floods/landslides/debris flows/earthquakes/snow avalanches received between the two
post-tests

Second post-test

Whether the topic of natural hazards was discussed after the visit of the exhibition with the parents, the friends or at
school.

Hard knowledge 9 questions. See Fig. A6 in the Appendix Post-tests

Fig. 1. Research design. t = time, d = day and m = month.
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communicators [14] and the use of suitable formats [5] must be en-
sured. However, even if those preconditions are met, one cannot take
for granted that risk communication is effective without having con-
ducted an evaluation.

In the last decades, the need for evaluating risk communication has
been stressed in the literature (e.g. [39,13,34,32]). Rorhrmann [41,42],
for instance, acknowledged the importance of empirical evaluation in
order to assess whether a specific effort was successful or needed to be
ameliorated or replaced by something else. He remarked, like others
[e.g. [13,37]], that effectiveness depends on the goal set for the given
communication effort. Several types of evaluations can be performed:
content, process, or outcome (i.e. summative) evaluations. One possible
outcome or impact of public communication is the change that it pro-
duces to those that were involved in it, in terms of knowledge, beliefs,
attitudes and behavior [18,37].

Evaluations of communication outcomes in relation to natural ha-
zards are not common [49]. Scientific research focusses more on the
content evaluation in laboratory research settings [9]. In general,
practice and research on risk communication concentrates on floods
[22,9]. This also applies to the few studies focusing on outcome eva-
luation of risk communication. In his research from the Netherlands,
[49] measured only small effects of risk communication through
workshops on the flood risk perception, but he also found that a lack of
updated and relevant information may reinforce inappropriate beliefs.
Concerning Zürich, [33] found that a once only dissemination of
written information concerning flood risks only slightly increased risk
awareness and risk preparedness of their targeted audience.

This observed lack of studies on the effects of risk communication
on awareness calls for more research. Therefore, the goal of this study is
to measure the effectiveness of an exhibition on risk, the “Alerte”

Fig. 2. Exposure to awareness raising in terms of time living in
the Ubaye valley.

Fig. 3. Amount of information (factor Exposure to awareness raising) received on each natural hazard by age group prior to the visit of the exhibition. Question: “How much information
have you received on avalanches/earthquakes/floods/debris/landslides?” 5-points Likert scale: 1= not at all to 5=a lot.
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exhibition. This exhibition, held in the Ubaye Valley, a small mountain
community in the southern French Alps, aimed at increasing risk
awareness of the general public. Different types of audiences were
targeted and different hazards were addressed, reflecting the reality in
many small mountainous communities, where funds are usually too
limited to have separate communication efforts for different audiences
and hazards. Moreover, it aimed to measure factors that constitute or
influence risk awareness, specifically knowledge, attitudes to risk,

previous experience, exposure to awareness raising, ability to mitigate,
worry and demographic characteristics. In addition, the goal is to
measure the persistence of risk communication on risk awareness of
children by using a longitudinal approach with two post-tests separated
by several months. Assessing the long-term effects is as necessary for
understanding risk awareness as for understanding risk perception [45].
Most of the published research focusses on the personal characteristics
of individuals that play a role in risk awareness in order to provide
guidelines for risk communication practices. In our case, we also tested
to what extent and how a risk communication effort can change the
attitudes and perceptions that constitute risk awareness.

The paper is organized as follows: Section 2 presents the develop-
ment and the content of the intervention, i.e. the “Alerte” exhibition,
and the methodology used to assess the effectiveness of this interven-
tion. Sections 3 and 4 present the characteristics of the participants and
the observed changes in risk awareness. Section 5 discusses these
changes. Section 6 contains the conclusion.

2. Intervention development and methodology for measuring
changes in public awareness

2.1. The development of the “ALERTE” exhibition

In order to be able to test the effectiveness of risk communication on
public awareness, a real-life communication effort was developed using
an action research approach [11,48]. A two years’ consultation and
collaboration process with the local authorities and risk managers of
the Ubaye Valley (Southern French Alps) as well as with scientific ex-
perts of the area lead to the exhibition “Alerte – ‘ALEas Risques et

proTEction’: Connaître les risques en montagne, c′est y être mieux
préparé ”(English translation: “Alert – ‘Hazards, risks and protection‘:
Knowing the risks in mountains to be better prepared”) at the public
multimedia library of Barcelonnette.

The Ubaye Valley is highly exposed to several natural hazards. In
the last 100 years, at least 72 earthquakes, 119 landslides, 144 snow
avalanches, as well as 414 floods and debris flows were reported (da-
tabase of local technical risk managers, i.e. Restauration des terrains en

Fig. 4. Number of hazards experienced by the participants (A) and direct experience with
earthquakes (B). Results derived from the question “How often have you experienced the
following natural hazards (avalanche/earthquakes/floods/debris/landslides?”.

Table 3
Changes in awareness factors for the whole sample. All tests are based on negative ranks meaning that there are increases in scores between the two-tests. Significant changes are
highlighted in light green for the small effects and in darker green for the medium effects. Complete test statistics in the appendix (Table A1).
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montagne – Office National des Forêts). These events frequently caused
damage to infrastructure and buildings but did not cause a large
number of victims.

Results of a prior survey on hazard information needs in the Ubaye
Valley [1] had shown that the population perceived a broad range of
aspects of natural hazards as important topics of information. Because
of the expressed needs of the target audience, the exhibition was cre-
ated around two general topics: the physical phenomena and the risk

management. This research had also concluded that the population in
the Valley has great trust in the risk information provided by scientists,
so this precondition for effective risk communication was met in our
case.

The exhibition focused on all natural hazards occurring in the Ubaye
Valley, i.e. landslides, debris flows and floods, earthquakes, and snow
avalanches. This was requested by local stakeholders, in particular the
technical risk managers. Another reason behind this choice was to

Table 4
Changes in awareness factors by age group. All tests are based on negative ranks meaning that there are increases in scores between the two-tests. Significant changes are highlighted in
light green for the small effects and in darker green for the medium effects. Complete test statistics in the appendix (Table A2).

Table 5
Changes in awareness factors for the adults. All tests are based on negative ranks meaning that there are increases in scores between the two-tests. Significant changes are highlighted in
light, medium and dark green, corresponding to small, medium and large effect size. Complete test statistics in the appendix (Table A3).

* These variables are used differently depending if general or specific indicators are analyzed. In the first case, they become “Number of hazard types, among the 5 possible, experienced”,
“Number of hazard types, among the 5 possible, that impacted health and properties” and “Number of hazard types, among the 5 possible, for which they know somebody that was
impacted”. In the second case, i.e. in relation to floods’ consequences perception, they were transformed in dichotomous yes/no variables: “floods experienced or not”, “Impacted by
floods or not” and “Know somebody impacted by floods”.
** This variable is modified when used to analyzed general indicators. Likert scales scores 1–5) for each of the natural hazards are summed and subsequently categorized in 5 prior
information levels 1–5 -> 1, 6–10 -> 2, 11–15 -> 3, 16–20 -> 4 and 21–25 ->5). This variable is raw, i.e. “prior amount of information received on floods” when used for analyzing
the specific indicator.
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accommodate scientific perspectives such as multi-hazard risk assess-
ments. This approach has been advocated for mountainous regions to
avoid misjudgment of the general risks [4] and can form the basis for
multi-hazard risk management and, consecutively, multi-hazard risk
communication.

The topics of the exhibition were all illustrated by local examples,
except for one picture and one video. Local authorities, risk managers
and cultural partners as well as inhabitants and scientists familiar with
the area provided most of the information and data. Visual tools were
prioritized to present the information, with only some supporting text
(Table 1). The reading level of the latter was chosen to be suitable for

10–15 years old children as the Library requested that the exhibition
should target both children and adults, and as it was assumed that
younger children would not spend much time on reading. More in-
depth information was included on A3 posters located next to A0 pos-
ters in order to target a potentially more expert audience. The exhibi-
tion was held at the Library between 04.12.2013 and 19.02.2014 in two
rooms of 80 m2 in total. It could be visited free of charge 18 h a week.

2.2. Research instrument, design and participants

The impacts of the exhibition were measured using a pre-test/post-

Table 6
Changes in awareness factors for the teenagers All tests are based on negative ranks meaning that there are increases in scores between the two-tests. Significant changes are highlighted
in light, medium and dark green, corresponding to small, medium and large effect size. Complete test statistics in the appendix (Table A4).

The “age” variable was not considered as all teenagers fall in the same category (< 18 years old). Similarly, “Suffered damages from the given number of natural hazards” is not
considered as only one teenager had been impacted. Moreover, for obvious reasons, the “diploma” variable is not considered as well. Please refer to footnotes of Table 5 for the
explanation on how some variable were modified (*).

Table 7
Changes in awareness factors for the children. All tests are based on negative ranks meaning that there are increases in scores between the two-tests. Significant changes are highlighted
with three hues from light to dark corresponding to small medium and large effect size. Complete test statistics in the appendix (Table A5).

For obvious reasons, the “diploma” and “work related to natural hazards” variables are not considered. Please refer to footnotes of Table 5 for the explanation on how some variable were
modified (*).
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test research design with a panel sample using questionnaires, and
following the holistic data collection framework proposed by [16]. This
framework for measuring emergency awareness and preparedness is
based, among others, on [42] risk communication model, which sti-
pulates that the output of communication is influenced as much by
economic, societal and individual factors as by the concrete commu-
nication effort. Enders proposed six factors, as well as questions for
each factor, that should be taken into account: hard knowledge, attitudes
to risk, previous experiences of emergencies, exposure to awareness raising,
ability to mitigate/ prepare/ respond and demographic characteristics. The
items of the questionnaires were inspired by the list proposed by [16]
and adapted to our specific case. We added two factors, i.e. the worry
level, as there is a consensus in literature that emotions also have an
impact on risk perception, and the level of self-reported awareness, as we
are aiming at measuring awareness. The questions either used a 5-
points Likert scale or were close-ended. The changes, i.e. impacts of the
exhibition, were analyzed using four dependent factors, i.e. attitudes to

risk, ability to mitigate/prepare/respond, worry level and self-reported
awareness. These factors were included in both the pre-test and the post-
tests (Table 2).

In this paper, the term “awareness” is used to cover the concept
defined by all these factors. The questions related to the factors that
could not be impacted by the visit to the exhibition, i.e. the independent
ones, were asked either in the pre-test or in the post-tests. Changes in
hard knowledge were not measured because asking questions on hard
knowledge in the pre-test would trigger visitors to look for the answers
during their visit to the exhibition and would therefore bias results.
Therefore, these questions were asked in the post-tests only.

A total of 52 adults participated in this study after having been
invited by the library, who contacted local associations and touristic
resorts. Moreover, secondary and primary schools classes were asked
though the same channel to join the activity, resulting in 37 teenagers
and 152 children participating in the study.

The procedures of taking the test were as follows. All groups took

Table 8
Longitudinal survey - Changes in awareness factors for the children. Green color = analysis based on negative ranks, i.e. it shows an increase between the two considered tests; orange
color = analysis based on positive ranks, i.e. it shows a decrease between the two considered tests. Small effect size in light hues and for the medium effects in darker hues. Complete test
statistics in the appendix (Table A6).

* Please refer to footnotes of Table 7 for the explanation on how some variable were modified (*). “Post total information” is modified according to the same logic.
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the pre-test immediately before visiting the exhibition (Fig. 1). The test
was first introduced to the groups of adults and teenagers to verify
whether they knew the natural hazards addressed by the exhibition and
avoid that they did not understand or did not answer the questions.
They generally knew the differences between the different hazards and
all proceeded to do the tests on their own. If more explanation on the
questions was requested, it was given. More extensive explanation was
needed for the children. They usually did not know what a debris flow
is and mixed up landslides and earthquakes. This is due to similar terms
for these two phenomena in French, i.e. respectively “mouvements de
terrain” et “tremblements de terre”. For the children, each question of
the test was read out loud, one at a time.

Adults and teenagers completed the post-test individually im-
mediately after the visit. Due to time constraints, children took it later
on the same day when they were back at the school or the following
day. Four to six months later, some of the primary school classes agreed
to participate to a second post-test. For all groups, the tests were
completed using hard copies.

Following the advice of the Library's employee in charge of children
activities, the tests for this group were slightly modified. Questions on
material and financial resources (ability to mitigate/prepare/respond) as
well as diploma and work (demographics) were removed as they are not
applicable to this group. Moreover, questions on the impacts of prior/
new information on motivation to become prepared and of prior in-
formation on awareness were not asked of the children in order to re-
duce the length of the questionnaire. Finally, the use of the term
“awareness” was replaced by “knowledge” as the first term was be-
lieved to be too complex for the children. In the second post-test that
the children took, several questions were added. They addressed ad-
ditional information about natural hazards or discussions that could
have taken place in-between the two post-tests. Therefore, potential
changes can be analyzed in the light of these facts. The children's
parents were informed beforehand that their children would participate
in a scientific experiment and that they could oppose to it. None did.

2.3. Description of the statistical test and analyses

In social sciences research, Likert scale data are often statistically
analyzed as if they are interval scale data, and measures of changes are
most often conducted using paired t-tests. Statisticians, however, op-
pose the use of such tests for Likert scale data [12], as Likert scales are
in fact ordinal and data is usually not normally distributed [10]. An
alternative non-parametric test, i.e. one that does not assume normal
distribution, is the Wilcoxon signed-rank test [17,52]. This test was
performed using the Statistical Package for Social Sciences, version 20
(SPSS, IBM Corp., Armonk, NY). It assumes that participants perceive
the Likert scale steps as having the same size.

Effect size (ES), or the “standardized measure of the magnitude of
observed changes” [17] is computed as follows:

=
√

r Z
N

where r is effect size, Z is the test result and N the total number of
observations, i.e. twice the number of participants that took both the
pre- and post-tests. The number of observations varies for each tested
indicator as not all participants answered all questions. If an individual
did not answer a question in either the pre or the post test, that in-
dividual is not taken into account in the overall analysis concerning that
indicator.

Since effective risk communication should take into account the
characteristics of its target audiences, the dataset was split into age
groups (adults, teenagers and children). To explain observed changes,

the Wilcoxon signed-rank test was first applied to each age group for
those indicators for which changes were measured for the whole
sample. Further testing was conducted within each age group using the
indicators that constitute the independent factors (Table 2).

In order to measure whether the observed effects of the exhibition
remained after a few months, a second post-test was conducted with
part of the group of children. Changes were determined both between
the second and first post-tests and between the second post-test and the
pre-test in order to assess whether there was a return to the initial level
of awareness. Furthermore, the standard McNemar nonparametric sta-
tistical test for nominal data (here 1=correct answer and 2=wrong
answer) in the context of a pre-test/post-test research design [44] was
used to assess if there were significant changes in children's hard
knowledge between the first and second post-tests.

3. Characteristics of the participants

3.1. Demographics

The sample as a whole accounts for around 9% of the population of
the town of Barcelonnette [23]. For teenagers and children, the sample
is representative in terms of gender and age. The sample of adults is not
representative in terms of age [24]. This is due to the fact that the
exhibition venue was only opened during working hours, preventing
many employed adults to visit it and participate in the research activity.
The adult sample is probably also not representative in terms of level of
education because of the high proportion of participants that have a
lower education level than the lowest level included in the ques-
tionnaire or who did not provide this information. Detailed demo-
graphics are presented in the Fig. A1 of the appendix.

3.2. Prior exposure to awareness raising

In Enders’ framework, the length of time living in an area is an in-
dicator of the factor Exposure to awareness raising. More than 60% of the
participants have been living in the Ubaye valley for more than 10 years
or, for the children, since they were born (Fig. 2). More than half of the
adults have been living there for more than 20 years, therefore most
participants were presumably exposed to prior awareness campaigns in
the valley. Adults that do not live in the Ubaye valley are tourists mainly
coming from the south of France. Seven teenagers come from the sur-
rounding area (<60 km) and five from further away (max 160 km radial
distance) (one did not specify). They spend at least the weekdays in the
Ubaye valley as they were enrolled in a high school ski specialization.

The second indicator of Exposure to awareness raising is the amount
of information received regarding a particular hazard before the visit to
the exhibition (Fig. 3). Generally, participants had been informed most
about avalanches and earthquakes and least on debris flows. There is no
major difference between age groups, except the significant amount of
information on avalanches received by the teenagers.

In general, in pre-test results the participants did not clearly express
a link between prior information and awareness or motivation to be-
come prepared (Fig. A2 in the Appendix). However, it appears that for
adults there is a connection between receiving prior information on
avalanches and earthquakes, and awareness or motivation to become
prepared for these hazards. For teenagers, the results suggest this
connection for avalanches.

After the visit to the exhibition, participants were asked whether the
exhibition provided them with new information about the concerned
natural hazards; whether this new information made them more aware;
and whether it motivated them to take action (asked of adults and
teenagers only). The results show no clear tendency (Fig. A3 in the
Appendix).
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3.3. Previous experience with natural hazards

The factor previous experience with natural hazards is constituted by
direct and indirect experience indicators. In the first case, the number of
times a given hazard was experienced and the personal impact (physical and
resource wise) those hazard events had on the participant were mea-
sured. Most participants have experienced several natural hazards. But
the hazard most often experienced by all groups is earthquakes (Fig. 4).
Concerning the other natural hazards considered, adults usually report
most experience and teenagers least (Fig. A4 in the Appendix). The
personal impacts of disasters, i.e. physical, damages to belongings, is
usually low (Fig. A5 in the Appendix). The greatest personal impact was
reported by adults in relation to earthquakes (10%) and by children in
relation to earthquakes (30%), floods (13%) and landslides (13%).
Overall, debris flows had the smallest personal impact on the partici-
pants.

Results for the indirect experience (Fig. A5 in the Appendix) show
that only 6–8% of the adults, teenagers and children know people that
have been impacted by debris flows. Fifteen to 17% of the participants
know someone impacted by landslides. The indirect experience of
earthquakes, floods, and avalanches is higher but never reaches more
than 50%, with exception of indirect experience of teenagers with
avalanches, which reaches 94%. This can be explained by the fact that
they practice skiing intensively as part of their curriculum and are
therefore in contact with the skiing community.

3.4. Hard knowledge

Hard knowledge questions were asked in the post-tests only. All the
answers could be found in the exhibition. As we did not measure the a
priori knowledge, it is impossible to determine whether correct answers
were due to the visit to the exhibition, prior knowledge or simply
chance. All questions were multiple-choice, with 4 choices.

Adults and teenagers had about half of the answers right (Fig. A6 in
the Appendix). Adults answered best to questions related to physical
phenomena and risk management. Teenagers answered best (>80%) to
the question related to avalanche risk scale, which again could be related
to their ski sport specialization. Moreover, more than half of them an-
swered the question on security guidelines correctly. Generally, children
did not answer the knowledge questions very well in both the first post-
test, conducted after the exhibition, and the second post-test, which was
held 4–6 months later (<50% of correct answers). Only the question
about the security guidelines shows a high percentage of correct answers
for both tests. Between the two post-tests, the percentage of correct an-
swers for four questions increased by 10%. This increase was not sta-
tistically significant according to the McNemar tests performed.

3.5. Information on natural hazard between the two post-tests

Generally, children that participated in the second post-test received
little or no new information on the natural hazards between the two
post-tests, except for earthquakes (Fig. A7 in the appendix). The main
sources of new information as reported by the children are the family,
television and school. However, most children did discuss natural ha-
zards after the visit, in particular with their parents and at school.

4. Changes in awareness

This section presents the results of the statistical analysis performed
using the Wilcoxon signed-rank test for the total sample and by age
group, as well as the effects of the explanatory factors.

4.1. Overall measured changes

Table 3 shows that significant changes occurred in the awareness of
the participants due to the visit to the exhibition for ten out of the
twenty indicators. Four out of five of the general indicators, those re-
lating to hazards in general, present significant score’ increases while
this is only the case for six out of fifteen of the specific indicators, i.e.
related to specific hazards. The observed effect of the exhibition's visit
(i.e. effect size), given by r is small (< .3) for most of these increases
except for the feeling of being prepared and the perception of the severity of
consequences linked to floods for which it is medium (.3< r< .5).

4.2. Observed changes by age group

Table 4 shows that these ten changes are not observed equally in all
three age groups: only the perception of the severity of consequences linked
to floods shows a significant increase for all age groups. Four indicators
show a significant increase for two of the age groups (one for adults and
teenagers, one for adults and children, and two for teenagers and
children). The remaining five indicators show a significant increase for
one age group only. Out of this total of sixteen significant increases, six
have a medium and ten a small effect size.

4.3. Effect of explanatory factors

The observed significant changes for each age group were analyzed
with respect to the independent or explanatory factors (Tables 5–7).
Most of these changes have a medium effect size except for the children
where lower effect sizes are more present.

4.3.1. Factor ‘demographics’
Gender proved to be a significant explaining variable for all four

significant scores’ increases in the adults group, for three of the seven
significant score’ increases among the teenagers, and only one of five
significant score’ increases for children. In five cases, the score’ in-
creases were significant for females and in three cases for males.
Moreover, older adults’ scores were significantly higher for self-re-
ported preparedness and perception of the severity of floods in the post-
test. Also among the children, age is significant for some changes.
Furthermore, adults and teenagers that do not work or study in a field
related to natural hazards scored significantly higher on seven of the
eleven indicators than those who do. Finally, adults’ level of education
seems to have some influence on two of the assessed changes.

4.3.2. Factor ‘previous experience’
Generally, adults, teenagers and children who had not experienced

any natural hazards, or only a few, scored significantly higher. The
exception was children who had experienced floods. Their perception of
related consequences’ severity still increased significantly. Moreover,
the adults and children who had not suffered any damage due to natural
hazards, increased their scores between the two tests. Nothing can be
said concerning teenagers as only two had been personally impacted.

Results related to the indirect experience with natural hazards are
mostly similar, i.e. low experienced people scoring significantly higher
in the post-test. However, adults that had knowledge of people affected
by floods still increased their perception of the severity of the consequences
linked to this hazard. The increase in this indicator were both sig-
nificant for children and teenagers independently of whether they had
indirect experience with this hazard or not.
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4.3.3. Factor ‘exposure to awareness raising’
In the few cases for which the time living in the valley produces

changes in the dependent indicators, contrary effect appears. For both
adults and teenagers, significant score’ increases between the tests were
observed only for long-term residents in the valley and non-residents.
Small increases were observed in the indicators for children born in the
Ubaye valley or who have lived there for 1–5 years.

Overall, adults who reported low prior information levels on natural
hazards (1 or 2 on 5) increased their scores significantly between the
two tests. For teenagers, two situations occur. Concerning the con-
sequences of floods, those whose level of prior information is low an-
swered significantly higher in the post-test. Concerning the con-
sequences of avalanches, the scores increased significantly for those
with the highest level of prior information. Note that those constitute
most of the surveyed teenagers. The same can be observed for the
children (medium ES). For the other indicators, children with different
levels of prior information (low, medium and high) increased their
scores in the post-test.

4.4. Longitudinal study – observed changes for the children

Generally, there was no significant change between the two post-
tests that the children took (Table A2 in the appendix). A significant
decrease was only measured for the perceived likelihood of floods. This
change was also observed between the pre-test and the second post-test.
We can clearly observe variations in this change in terms of the gender
(boys) and prior experience (none) (Table 8). Additionally, the self-re-
ported preparedness significantly increased between the pre-test and
both post-tests, but not between the two post-tests (Table A2 in the
Appendix), although this was not uniform among participants
(Table 8).

5. Discussion

5.1. Overall changes in awareness

It appears that the visit to the exhibition triggered several changes
in the immediate awareness of the participants and thus fulfilled its
aim. When directly asked, participants reported only slightly increased
awareness. However, the positive impact of the exhibition was revealed
by the changes that were shown in the tests. This is particularly true for
the factors that are not specific to particular natural hazards. Indeed,
increases in the scores for feeling of being prepared and having all the
knowledge and information to respond to natural hazards are signs that the
exhibition had an effect. However, the feeling of having all the necessary
resources to respond to natural hazards did not increase. This indicates
that the feeling of being prepared depends largely on information and
knowledge rather than on personal resources. Preparedness also de-
pends on the concrete protective actions that are undertaken before a
disaster occurs. Yet, as previous research suggests, being aware does not
always induce such type of actions [43]. Risk managers should there-
fore not rely only on the feeling of being prepared, but should also
inform their audience that knowing about hazards is not enough and
provide suggestions on what their audience can do to cope with a dis-
aster. Although the feeling of being prepared increased, the feeling of being
vulnerable increased as well. This can be interpreted positively as a
realization of living in a risky area where disasters can take place and
may lead to more protective behavior [25].

It is known that perceptions about risks vary according to personal
characteristics [43], but the evaluation of the “Alerte” exhibition

showed that risk communication's effects also depend on the type of
natural hazard. Most significant score’ increases were measured for
indicators related to emotions and attitudes towards floods (worry level,
perceived likelihood of occurrence and perceived severity of consequences).
Floods occur infrequently in the Ubaye valley (the last major flood
occurred in 1957), and it is therefore not surprising that those in-
dicators increased due to the visit. Moreover, direct observation and
monitoring methods of the attractiveness of exhibits that com-
plemented this study showed that the visitors found the flood scale
model very attractive. The enhanced engagement with this exhibit may
have led to an increased awareness of the risk of flood.

For the more frequently occurring (database of technical risk man-
agers, i.e. Restauration des terrains en montagne – Office National des
Forêts, confirmed by [19]) but also more localized hazards that are
avalanches and debris flows, attitude to risk indicators, especially per-
ceived severity of consequences, also showed significant scores’ increases.
Indicators related to natural hazards that are neither rare nor very
frequent in the Ubaye valley, i.e. landslides and earthquakes, did not
change. These results suggest that awareness raising programs, such as
the exhibition, affect the attitude to risks related to hazards differently
depending on likelihood and potential extent of consequences. Al-
though some studies indicate that likelihood and magnitude have little
effect on people's risk perception [53], it shows that risk communica-
tion should be tailored according to those aspects.

5.2. Seniors vs juniors

The above-mentioned effects of the exhibition on the attitude to risks
related to floods, debris flows and avalanches are mostly valid for
teenagers and children and not for the group of adults, consisting
mainly of senior citizens. This could be explained by the fact that adults
have globally more experience with these hazards. Yet, the exhibition
did have a more generic impact unrelated to specific hazards for the
adults. The question is whether the lack of a more specific impact is due
to the multi-hazard character of the exhibition. If yes, and if more
specific impact is aimed for, risk communicators should complement
multi-hazards risk communication practices by separate efforts speci-
fically dedicated to a given hazard when they target this segment of the
population.

Nonetheless, the generic effect of the exhibition was also observed
for the younger participants. For example, particularly for the teen-
agers, increased self-reported awareness is associated with a realization
of being vulnerable to natural hazards. It shows that risk communica-
tion efforts, such as this exhibition, can have considerable impacts on
teenagers.

5.3. Changes related to demographics, experience and awareness raising

The influence of demographics factors gender, age (within an age
group) and education on the measured changes is ambiguous and dif-
ficult to explain. However, the analysis did show that the visit to the
exhibition had a bigger impact on lay people than on specialists. This is
neither surprising nor problematic since the aim of the exhibition was
to raise the awareness of the general public.

The analysis shows that the exhibition was most effective for people
with little experience, direct and indirect. This confirms that risk
communication acts as a proxy of experience [30,33]. In the light of
those results, when selecting target audiences for awareness campaigns
similar to the exhibition, priority should be given to people with little
experience with natural hazards.
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Most participants appear to have received a fair amount of in-
formation on natural hazards prior to the visit to the exhibition, espe-
cially on avalanches and earthquakes, but the impact of this informa-
tion on prior Awareness and motivation to become prepared is not clear.
This is also true for the impact of the information provided by the ex-
hibition. However, Self-reported awareness and preparedness of the whole
sample increased significantly between the pre- and the first post-test,
but the detailed analysis shows these positive effects mainly for adults
and teenagers who do not live in the Ubaye valley and who had little
prior information on the considered natural hazards. Although it con-
firms that experience is one of the main factors of awareness [43], it is
interesting to observe that visitors that had lived in this area for a long
time also had increased scores concerning the perceived severity of
consequences of floods, debris flows or avalanches, as if the exhibition
acted as a reminder or “booster shot”. Significant changes were also
observed for children who had previously received relatively much
information. Hence, also for these groups an exposition may make
sense.

5.4. Hard knowledge

Due to potential bias, hard knowledge questions were asked only in
the post-tests, and it was therefore not possible to assess the effect of the
exhibition on this factor. However, some interesting age dependent
observations can be made. Adults’ hard knowledge is historical, on
specific events, and related to preparedness (security guidelines).
Teenagers hard knowledge is more technical, such as seismic waves and
avalanche risk indexes, and most probably linked to the education they
received. They are enrolled in a ski specialization and earthquakes is a
topic that is taught in the 8th grade French curricula [36]. Prior
knowledge can also explain the good score of children related to se-
curity guidelines. They had participated in an emergency exercise in
their school during the year that preceded the visit to the exhibition.

More importantly, measuring the hard knowledge of the partici-
pants after the visit to the exhibition where they could find the answers
to all questions, highlighted two very important misconceptions in the
risk perception of the participants. The first is the idea, especially
among teenagers and children, that avalanches and earthquakes are the
most common natural hazards in the valley, while in fact this is debris
flows. Secondly, debris flows are not well understood. They usually
occur in summer, but most participants think they occur mainly in
spring. Consequently, protective actions may not be taken at the right
time. Since debris flows have a high-risk potential because they can
occur suddenly at many places [43], future risk communication efforts
should give priority to this hazard.

The idea of teenagers and children that avalanches and earthquakes
are the most common natural hazards, can be explained by their ex-
perience with earthquakes and the ski specialization that the teenagers
follow. The importance of direct experience and education is reinforced
by the results provided by the comparison between children's hard
knowledge answers of the two post-tests. The only questions for which
the number of correct answers increased between the two tests are
linked to natural hazards that took place or were discussed during this
time. In the period between the two tests, an important earthquake
occurred (7th of April 2014, magnitude 5.2, [7]). Moreover, children
reported that they received more information on this hazard between
the tests. In addition, two classes that took part in the study also par-
ticipated in a national challenge (Ma ville se prépare,) for which they
had to work on risk perception. Discussions with the teachers showed
that they worked on the 1957 flood event, that they interviewed a

witness chosen because the person had already been interviewed for the
exhibition, and that almost every class that visited the exhibition was
included in the activities related to the challenge.

5.5. Persistence of the effect

The persistence of the effect of the exhibition was addressed by the
longitudinal part of the study that involved the children (N=91). Three
types of effects are visible. A long-term positive effect on self-reported
preparedness as it remained at a higher level than before the visit to the
exhibition. A short-time effect with negative effect is observed for
perceived likelihood of floods. It first increased but in the second post-test
dropped to below the initial level of the pre-test. Finally, the oper-
ationalization of a second post-test allowed to moderate the effects that
have been measured for floods’ worry, the perceived severity of con-
sequences due to this hazard and the perceived likelihood of avalanches.
The significant increases between the pre-test and the first post-test as
well as the scores’ stability between the two post-tests, indicate a long-
term effect. However, the fact that there is no significant change be-
tween the pre-test and the second post-test suggests that the effect was
only of short duration. Nevertheless, as the children who did not par-
ticipate in the second post-test might have biased this stability analysis,
caution is needed.

6. Conclusion

This study has shown that a one-way risk communication effort, i.e.
an exhibition in a small mountainous town in the French Alps, can
increase risk awareness of the general public. The research detected
changes in factors that constitute awareness, which can help to prior-
itize risk communication efforts and risk communication research.

Changes were observed for general indicators of risk awareness, not
related to any specific natural hazards and linked to preparedness. The
feeling of being prepared and feeling of having all the knowledge and in-
formation to respond increased due to the visit to the exhibition. The
feeling of being vulnerable increased as well, particularly for the teenage
group, indicating a realization of the dangerous character of the place
and a perception of higher risk. With respect to specific natural hazards,
awareness of teenagers and children increased more than that of adults,
mainly the perception of consequences. These results point out that while
multi-hazard risk communication efforts are suitable for the younger
age groups to increase their awareness of numerous natural hazards,
more focused efforts might be appropriate for older people if the goal is
to raise awareness of a given hazard. This indicates that a single
awareness raising campaign, designed to meet the requirements of
different groups in a community, is only advisable when resources are
limited. In other cases, it is better to design various communication
efforts. For example, in the context of this case study, a complementary
effort targeting working population would have been valuable as the
opening hours of the exhibition's venue were not suitable for this seg-
ment of the population.

This study also showed that the exhibition did not change the
awareness regarding the different natural hazards to the same extent.
More changes occurred for indicators related to the rare but potentially
very destructive phenomenon of floods. The effects were lower or non-
existent for more frequent or more localized hazards. These empirical
observations indicate that when prioritization in developing risk com-
munication efforts is required, preference should be given to extreme
hazards events. Prioritization of target audiences can be conducted
according to experience and education as this study confirmed that risk
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awareness is strongly influenced by those factors but that risk com-
munication can act as a substitute for them. However, the results also
showed that experienced and aware people benefited as well from this
effort to raise awareness and therefore repeated campaigns are im-
portant.

Although the persistence of the effects of the exhibition for children
is not obvious, direct observations and informal discussion with the
children showed that the effect may have been more sustainable than
could be measured by our research design. In addition, the latter did not
allow measuring potential variations in hard knowledge, an important
dimension of risk awareness, although the way it was taken into ac-
count unveiled some incorrect risk assessments of the participants. This
calls for further research on methodological improvement, including
the analysis of biases related to how the survey is conceived and as-
sumptions behind the use of appropriate statistical tests. Further re-
search in similar and different settings and on different natural hazards
is needed to increase the knowledge of how to operationalize the
measurement of changes in the mental construct of risk awareness in its
full complexity. Moreover, additional efforts are required to allow the
systematic conduct of longitudinal studies to measure long term effects
of awareness raising campaigns related to natural hazards risks. In the
context of multi-hazard risk communication related to natural hazards,
the link between awareness and taking preparatory actions should also
be addressed. As confirmed by this study, multi-hazard risk commu-
nication can increase the feeling to be prepared in general. Further
studies should assess if risk communication can also result in behavioral
change.

This study should be seen as a contribution towards the highly

important task of science to analyze the effectiveness of multi-hazard
risk communication efforts targeting a community as a whole.
Moreover, it is an example of how scientists not only took on the role of
communicators, but also conducted research regarding their own ac-
tions. From the perspective of the inclusion of stakeholders in the
process, the project was highly successful and calls for more practices
where both real communication campaigns and research are carried out
simultaneously.
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Appendix A

See Figs. A1–A7
See Tables A1–A6

Fig. A1. Demographic characteristics of the sample. Concerning “diploma”, Level V refers to lower secondary education, Level IV to upper secondary education, Level III to 2 years of
education after high school, Level II to a Bachelor degree, and Level I to a Master's degree or doctorate.
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Fig. A2. Influence of received prior information on the awareness and motivation to become prepared. 1= not at all, 5 = a lot. Questions: “Has this information helped you to be more
aware of avalanche/earthquakes/floods/debris flows/landslides?” and “Has this information motivated you to take actions/change your behavior to be more prepare for avalanche/
earthquakes/floods/debris flows/landslides?”.
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Fig. A3. New Information received by visiting the exhibition and its reported impact on awareness and motivation to become prepared. Percentage for each score.
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Fig. A4. Direct experience with the specific natural hazards in percentages. Question: “How often have you experienced the following natural hazards (avalanche/earthquakes/floods/
debris/landslides?”.
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Fig. A5. Own damage (physical/to belongings) and damages of acquaintances (physical/to belongings). Percentages by natural hazard. Questions: “Have you ever experienced health
problems or suffered damages as a result of the occurrence of any of these natural hazards (avalanches/floods/earthquakes/debris flows/landslides)?” and “Do you know somebody that
has experienced health problems or suffered damage of the occurrence of these natural hazards (avalanches/floods/earthquakes/debris flows/landslides)?”.
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Fig. A6. Results of the hard knowledge questions in percentages for all post-tests (adults, teenagers, children's post-test 1 and children's post-test 2).
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Fig. A7. A-top) Additional information received related to the different hazards by the children (N=91) in between the two post-tests. Scores correspond to a Likert scale (1=none to
5=enormously). Question “Since the visit of the exhibition, how much new information have you received on avalanches/earthquakes/floods/debris flows/landslides?” A-bottom)
Number of times the sources of this new information was mentioned by the participants. Open question: “how did you receive this information?”. B-top) Number of children that discuss
the topic of natural hazard after visiting the exhibition with their parents, at schools or with their friends. B-bottom) Number of children that discuss the topic of natural hazards in none,
one, two or three of the discussion settings. Both B graphs derived from the question “Since the visit of the exhibition, have you discussed about natural hazards?”.
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Table A1
Changes measured by the Wilcoxon signed-ranked test. N=sample size. M1 = median pre-test; M2= median post-test; Z= test result. All tests are based on negative ranks meaning that
there are increases in scores between the two-tests. Significant changes are highlighted in light green for the small effects and in darker green for the medium effects.
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Table A2
Changes by age group measured by the Wilcoxon signed-ranked test for the indicators that showed statistically significant changes. N=sample size. M1 = median pre-test; M2= median
post-test; M3= median second post-test; M1b = median pre-test when compared to second post-test; M2b = post-test when compared to second post-test; Z= z-score, p = p-value; r =
size effect; colored data = significant results; Green color = analysis based on negative ranks, i.e. it shows an increase between the two considered tests; orange color = analysis based on
positive ranks, i.e. it shows a decrease between the two considered tests. Small effect size in light hues and for the medium effects in darker hues.
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Table A3
Changes in awareness for the adult group by explaining variables measured by the Wilcoxon signed-ranked test. N= sample size, Z= z-score, p = p-value; r = size effect; colored data =
significant results. The three hues from light to dark correspond respectively to small, medium and large effect size. All measured changes were based on negative ranks, i.e. it shows an
increase between the two considered tests.

* These variables are used differently depending if general or specific indicators are analyzed. In the first case, they become “Number of hazard types, among the 5 possible, experienced”,
“Number of hazard types, among the 5 possible, that impacted health and properties” and “Number of hazard types, among the 5 possible, for which they know somebody that was
impacted”. In the second case, i.e. in relation to floods’ consequences perception, they were transformed in dichotomous yes/no variables: “floods experienced or not”, “Impacted by
floods or not” and “Know somebody impacted by floods”.
** This variable is modified when used to analyzed general indicators. Likert scales scores 1–5) for each of the natural hazards are summed and subsequently categorized in 5 prior
information levels 1–5 -> 1, 6–10 -> 2, 11–15 -> 3, 16–20 -> 4 and 21–25 ->5). This variable is raw, i.e. “prior amount of information received on floods” when used for analyzing
the specific indicator.
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Table A4
Changes in awareness for the teenagers group by explaining variables measured by the Wilcoxon signed-ranked test. N= sample size, Z= z-score, p = p-value; r = size effect; colored
data = significant results. The three hues from light to dark correspond respectively to small, medium and large effect size. All measured changes were based on negative ranks, i.e. it
shows an increase between the two considered tests.

The “age” variable was not considered as all teenagers fall in the same category (< 18 years old). Similarly, “Suffered damages from the given number of natural hazards” is not
considered as only one teenager had been impacted. Moreover, for obvious reasons, the “diploma” variable is not considered as well. Please refer to footnotes of Table 5 for the
explanation on how some variable were modified (*).

Table A5
Changes in awareness for the children group by explaining variables measured by the Wilcoxon signed-ranked test. N= sample size, Z= z-score, p = p-value; r = size effect; colored data
= significant results. The three hues from light to dark correspond respectively to small, medium and large effect size. All measured changes were based on negative ranks, i.e. it shows an
increase between the two considered tests.

For obvious reasons, the “diploma” and “work related to natural hazards” variables are not considered. Please refer to footnotes of Table 5 for the explanation on how some variable were
modified (*).
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