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Communicating seismic risk to individuals can be difficult for an institution because it involves providing technical and scientific information, including the low probability of an adverse event, that is not always easy to understand. One way to facilitate understanding of low probabilities is to provide comparisons with the probability of occurrence of other more familiar events. In a randomized trials experiment, we investigated the effect of providing individuals with a set of risk comparisons on their sensitivity to different levels of seismic risk (1 in 100, 1 in 1,000, and 1 in 10,000). The findings show that providing risk comparisons increased individual risk sensitivity to information about the likelihood of experiencing a seismic event. Our findings are explained by the evaluability hypothesis, which states that a single probability value is better understood if the recipient is given some reference data to evaluate it. Our results have implications for disaster risk communication, providing ways to increase risk awareness and, consequently, disaster prevention.
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INTRODUCTION

The communication of scientific information about the risks associated with natural hazards is important for society (Abadie et al., 2013; Reyna, 2021). Effective communication of scientific information about risks can improve the perception and awareness of risks and, consequently, increase the likelihood that individuals will implement appropriate protection and prevention measures (Brewer et al., 2007). However, communicating scientific information about the risks associated with natural hazards might be difficult due to several cognitive barriers (Fiske and Dupree, 2014; Maier et al., 2016; van der Bles et al., 2020).

Risk messages that incorporate numbers, probabilities, or percentages are often used to communicate risk to the public (Lipkus and Hollands, 1999; Spiegelhalter et al., 2011; van der Bles et al., 2020). Despite being presented simply and clearly, many of these scientific messages fail to have the desired effect because numbers do not translate easily into adequate risk perceptions, i.e., a meaningful estimate of the degree of risk (Slovic et al., 2004; Peters et al., 2009). Risk perceptions are important because people use them to decide what actions to take, such as whether or not to engage in protective and preventive measures (Brewer et al., 2007; Burns and Slovic, 2012; Fischhoff, 2013; Dryhurst et al., 2020). Numbers, probabilities, and percentages are not automatically transformed into meaningful representations by most of us because the perceived risk is prevalently based on intuition and feelings rather than careful analysis of quantitative information (e.g., Slovic et al., 2004). This intuitive system, termed “risk as feelings,” has difficulties extracting meaning from statistical information, even when this represents the number of human beings at risk (Schwartz et al., 1997; Peters et al., 2011). Numbers themselves do not convey feelings, a phenomenon termed psychic numbing (Peters et al., 2009; Slovic, 2010). As the number departs from 1, our ability to attach emotional meaning to it diminishes. If we can feel pity for one person who suffers, we cannot multiply this pity for a 100 or a 1,000 people. Therefore, it is difficult for numbers alone to automatically translate into a risk perception judgment. Many studies have shown that some people who are better than others at handling numbers (i.e., possess a higher numerical ability) derive more precise affective meaning from numbers (Peters, 2020). Individuals will then use this affective meaning to form their perceptions of risk and make choices in the face of threats.

On the contrary, those with less numerical ability use mental heuristics and rely on emotional reactions instead of numbers' affective meaning (Peters et al., 2009). Moreover, less numerate individuals are more sensitive to narratives than information on the objective likelihood (Dieckmann et al., 2009), and they are more prone to motivated reasoning (Van Boven et al., 2019). Consequently, risk messages that incorporate numbers should be constructed in a way that helps individuals, especially those with low numerical ability, to extract a meaningful representation (Peters et al., 2009).

Conveying scientific information about risk through numbers is made even more complicated because the numerical values to be communicated are often very small (<1%). For example, risk information about natural hazards often deals with low probabilities since severe events related to natural hazards occur rarely. In laboratory experiments, it was observed that, in contrast to a high-probability condition, in which participants exhibited unimodal distributions of bids for insurance, the distribution of bids for insurance against low-probability risk was strongly bimodal. Individuals appeared to either ignore low-probability risks by offering zero or near-zero bids or worry about the risk to such an extent that they bid significantly above the expected value (Mcclelland et al., 2018). In the real world, individuals show a low demand for insurance against natural hazards, even in the presence of discounted premiums or incentives (Browne and Hoyt, 2000; Michel-Kerjan et al., 2012). This lack of risk awareness prompts one to wonder whether people are insensitive to the communication of the risk posed by rare events, such as severe events related to natural hazards, or they lack adequate risk perception for such events (Meyer et al., 2014).

Some studies have suggested that the weight granted to a given feature of the stimulus depends on how easily the value of that feature can be mapped onto an evaluative scale of good vs. bad (Hsee et al., 1999). The concept of evaluability proposed by Hsee et al. (1999) states that it is difficult for people to value an attribute in isolation without having terms of comparison with which to compare it meaningfully. Coherently, it has been shown that information within a single option can be made easier to evaluate through a number comparison process (Bateman et al., 2007; Peters et al., 2009).


Risk Comparisons

In line with the concept of evaluability, risk comparisons have been suggested to improve risk communication by putting risks in perspective (Covello et al., 1988). Providing comparative information on the probability of familiar events is generally a recommended practice to help people evaluate a single risk value (Edwards et al., 2000). For example, risk ladders are routinely used to communicate the chance of various health risks, such as cancer deaths from radon exposure (Lipkus, 2007; Keller et al., 2009). A risk ladder is a graphical risk representation showing a minimum and a maximum value for a given target risk and providing information about the corresponding risk posed by one or more familiar hazards (e.g., cigarette smoking). Risk comparisons have also been employed to communicate the risk posed by natural hazards, such as the risk of being caught in a fire (Holmes et al., 2013) and volcanic risk exposure (SAC 14 Report-available on the MVO website).

However, little evidence exists on whether risk comparisons are helpful to improve communication of risk values, and none of this has explored the context of natural hazards. For example, in a study related to the risk of a toxic spill from a chemical plant, researchers found that giving individuals not merely one comparison scenario but two scenarios scaled apart had a significant effect in improving respondent's ability to distinguish among different low-probability values (1 in 100,000, 1 in 1 million, or 1 in 10 million, per year) (Kunreuther et al., 2001). In addition, participants could readily compare probabilities when given two scenarios: a car accident in Colorado and a car accident in Arizona, with a few sentences describing each event. Similarly, comparison scenarios about car accidents and infectious diseases produced an increase in women's ability to distinguish between different prenatal risk levels (1 in 5390, 1 in 770, 1 in 110) of chromosomal anomalies of the fetus (Pighin et al., 2013). However, comparison scenarios significantly helped the highly numerate participants, whereas they did not affect the less numerate participants as much (Pighin et al., 2013). Another study on radon concentration employed a risk ladder, with or without a smoking risk comparison, and showed that the risk comparison helped individuals differentiate between risk levels (19 Bq/m3, 220 Bq/m3, and 1,200 Bq/m3 of radon concentration in an area) and that the improvement was more pronounced for less numerate individuals (Keller et al., 2009).

This evidence shows that risk comparisons might help improve individual risk sensitivity (i.e., whether different levels of risk evoke different levels of perceived risk), but none of these have addressed seismic risk perception. Being informed and aware of the possibility of an earthquake event is a fundamental step to be able to plan adequate prevention and protection actions, both at the level of the individual citizen (e.g., reinforcing the building against the earthquake) and at the level of the local governmental institution (e.g., defining a detailed emergency plan). Thus, it is crucial to test whether comparison terms are viable for improving seismic risk sensitivity.

However, using comparison risks to help communicate a specific risk could also have potentially detrimental effects. Researchers have claimed that risk comparisons might become counterproductive if the public suspects that they are used to minimize or magnify a problem (Covello et al., 1988; Roth et al., 1990; Johnson, 2004). More importantly, providing comparison risks inevitably involves providing individuals with additional probability information. For example, to communicate earthquake risk, one might compare it to the possibility of having a car accident. One might ask whether providing additional pieces of probability information does not make it even more difficult for people to appreciate the target risk.

Furthermore, providing individuals with more information with a negative valence, such as a car accident, might also increase people's perception of risk, thereby biasing judgment in a predictable direction. This might be even more true if people are provided with multiple pieces of information, such as when they are provided multiple risk comparisons instead of only one. According to risk theories, the degree of perceived risk is derived from the affective meaning one holds in mind (Finucane et al., 2000), and this affective meaning is constructed through direct and indirect experiences with the hazard (Slovic et al., 2004). It is, therefore, possible that providing additional negative pieces of information inflates individual perceived risk increasing individual worry about seismic risk without increasing risk sensitivity. Thus, biasing risk perception in a predictable direction is a potential counterproductive consequence of employing multiple risk comparisons in risk communication that deserves attention.

On the contrary, according to a different line of research, providing comparison risks that are negative in valence could even improve statistical information processing. Negative comparison scenarios could stimulate an emotional response in individuals. Emotional stimuli attract more attention and are processed more rapidly and automatically than less emotional stimuli (Pratto and John, 1991; Bargh et al., 1992; Anderson and Phelps, 2001). Also, strong affective reactions may increase analytic processing and reduce bias in judgment (Lench and Bench, 2015). Furthermore, there is also evidence that valence similarity can trigger a more efficient affective evaluation of stimuli, a process known as affective priming. For example, people evaluate target words as good or bad more quickly when preceded by words of similar valence than when primed by words of opposite valence (Fazio et al., 1986).

To conclude, providing multiple risk comparisons to improve seismic risk communication might have both counterproductive and beneficial effects on risk communication, but both deserve attention and should be empirically tested before using this intervention in public communication of science.



Overview

In the present study, we tested whether providing respondents with multiple negative risk comparisons affected their earthquake perceived risk sensitivity (i.e., whether different levels of seismic risk evoke different levels of perceived seismic risk) compared to not providing any risk comparisons. It has been pointed out (Keller et al., 2009) that while it is not possible to determine whether certain risk information evokes the “true” level of concern, it is nevertheless possible to test whether different levels of risk evoke different levels of perceived risk, i.e., risk sensitivity. Consistent with previous studies (Kunreuther et al., 2001; Pighin et al., 2013), we predicted that comparison with other risks would improve risk sensitivity for different levels of risk (i.e., the perceived difference between a low, medium, and high magnitude of a risk). This prediction is consistent with findings showing that negative emotions are often associated with increased attention and processing capacities (Pratto and John, 1991; Bargh et al., 1992; Anderson and Phelps, 2001). Therefore, providing multiple risk comparisons negative in valence is predicted to increase statistical information processing, promoting better risk information assessment, thus higher risk sensitivity. Additionally, with our paradigm, we also explored whether providing multiple negative risk comparisons, albeit improving risk sensitivity, might also have counterproductive effects such as systematically increasing perceived risk (Finucane et al., 2000; Slovic et al., 2007).

To conduct our study, we provided individuals with realistic information about the probability of earthquake occurrence. In particular, we explored risk perception sensitivity referred to a short-term seismic hazard in time frames of days and weeks, known in the literature as Operational Earthquake Forecasting (Marzocchi et al., 2014; Field et al., 2016). This kind of seismic hazard varies in time according to earthquake occurrence and is typically characterized by very low values, for instance, in the order of 1 × 10−3 - 1 × 10−4. Communicating such low-probability forecasts to the public would be helpful to increase risk awareness and promote the adoption of self-protective measures; hence it could be of potential interest for civil protection authorities (Jordan et al., 2011). However, before implementing such communication channels, a precautionary exploration is needed to investigate how the public perceives these low probability values and how their communication could be enhanced.

We varied the message so that half of the participants received only the risk information and the other half received the same risk information plus additional negative risk comparisons. The magnitude of the probability also varied between low, medium, and high. Thus, each participant received information about only one level of probability. Finally, we tested if participants perceived the three probability levels as significantly different from each other (i.e., risk sensitivity) both in the baseline condition (no risk comparisons) and the experimental condition (with negative risk comparisons).

As a further aim, we also measured the number of protective behaviors an individual intended to take and the perceived communicative intention. Finally, we measured individual subjective numeracy skills and self-reported knowledge about seismic risk to test whether the intervention was beneficial for highly and less numerate individuals and for highly and less knowledgeable individuals. Previous studies showed that risk comparisons might be more helpful for highly numerate individuals than for less numerate ones (Pighin et al., 2013), whereas others found that they were beneficial for less numerate individuals (Keller et al., 2009).




METHODS


Participants

A total of 562 native English speakers (65% females) living in the U.K. participated in the study. The participants' age ranged between 18 and 74 years, with an average of 37 years (SD = 13.0). The majority of the sample (80%) were non-students. All were residing in the U.K. Household size was as follows: 12% one-member, 31% two-members, 22% three-members, 22% four-members, the remaining 12% were composed of five or more members. The distribution of education was as follows: 1% had no formal education, 13% had a secondary school degree, 33% had a college degree, 36% had an undergraduate degree, 14% had a graduate degree, 2% had a master or Ph.D., and 2% did not report their level of education. Forty-eight percent of the participants had children. On a range from 1 (very low) to 10 (very high), self-reported socioeconomic status was on average 5.22 (SD = 1.57). Forty-four percent of the sample had an income ranging from £20,000 to £49,999 a year. Ninety-one percent of the sample had never experienced an earthquake in their life, 7% of the sample experienced it once, and 2% of the sample experienced it more than once.



Design

A 3 (probability level: 1 in 10,000, 1 in 1,000, 1 in 100) x 2 (Risk comparisons: no comparisons, negative comparisons) between-subjects design was adopted by manipulating the type of information provided to participants. Participants were randomly assigned to each experimental condition.



Materials and Procedure

The data was collected on December 22, 2018. Ethical approval was not requested, given the non-interventional nature of the study. Participants were informed about the study in advance and gave their consent to take part in the study by agreeing to participate in the online web survey. Participation was anonymous and rewarded through the Prolific (https://www.prolific.co/) recruitment platform. All participants were given the following introductory information:

“The following information is useful to understand what will be communicated to you on the next page: The Mercalli intensity scale1 measures the intensity of earthquakes. It identifies 12 degrees of intensity, ranging from “imperceptible” to “devastating.” The 7th degree is defined as a “very strong” earthquake causing the following:

- damage negligible in buildings of good design and construction;

- slight to moderate damage in well-built ordinary structures;

- considerable damage in poorly built or badly designed structures;

- some chimneys broken.

Imagine that one day you receive information on your seismic risk. The information comes from a scientific government agency that you trust a lot. The agency has prepared an assessment of the seismic risk based on probabilistic models, considering your personal risk and the place where you live. The conclusion of this assessment is that:”

Participants then read one of three scenarios as shown by the probability specified in brackets []:

“Your chance of experiencing an earthquake of the 7th degree of the Mercalli intensity scale, or higher, in the next seven days is [1 in 100, 1 in 1000, 1 in 10.000].”

According to the experimental condition, participants were either given no risk comparisons or presented with negative risk comparisons purposely created for the study. The negative risk comparisons are presented in Table 1. The risk comparisons were chosen to represent true values as much as possible. Also, the probability values of the comparison scenarios were purposely chosen to be symmetrically spaced around the three experimental probability values provided to participants (i.e., 1 in 10,000, 1 in 1,000, and 1 in 100). Risk comparisons, indeed, ranged from 1 in 50 (lower bound) to 1 in 50,000 (upper bound). The intent was to build a ladder onto which people could map the given level of probability.


Table 1. Information provided to participants in the two experimental conditions.
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After reading the scenario, each subject answered a series of questions on risk perception, communicative intentions, behavioral intentions, subjective numeracy, self-reported knowledge, and demographic information.


Measures
 
Risk Perception

We used multiple items to assess risk perception (see Table 2). Four items covered the affective component of risk perception (Peters and Slovic, 2007; Ferrer et al., 2016) by asking about worry and risk perception in general. Items were readapted from previous sources (see Table 2). Scale reliability for the four items was satisfactory (Cronbach alpha = 0.893), and the composite mean score of perceived risk had higher values reflecting a higher perceived risk.


Table 2. Items used in the questionnaire to measure earthquake risk perception.
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Communicative Intention

To measure perceived communicative intentions, we used a question asking for one of three possible intentions by the government agency. The possible responses were: (a) minimize the risk, trying to convince me that the risk is smaller than I think; (b) neither minimize nor maximize the risk, just trying to inform me; (c) maximize the risk, trying to convince me that the risk is greater than I think.



Behavioral Intentions

To measure individual behavioral intentions associated with the threat, we asked: “If you were told that you have the chance of [1 in 100, 1 in 1000, 1 in 10.000] of experiencing an earthquake of this sort in the next 7 days, what would you do?” Then respondents were asked to tick all that applied from a list of 10 possible answers (see Table 3).


Table 3. Frequency of times that each action was chosen by respondents for each level of probability.

[image: Table 3]



Subjective Numeracy

Individual self-reported ability to deal with probability information was assessed through the three-items subjective numeracy scale (McNaughton et al., 2011). Answers were provided on a 7-points rating scale, and a composite mean score was computed (Cronbach alpha = 0.802) with higher values reflecting higher numeracy.



Self-Reported Knowledge

Individual self-reported knowledge of seismic risk was measured through a set of seven questions (see Table 4 for full wording of the questions). The questions were built in order to capture self-reported individual interest and knowledge of the seismic phenomena. Many of the questions had a yes and no answer. To compute a composite measure, we summed the answers so that higher scores on the scale reflected a higher subjective knowledge of seismic risk. Scores on this variable could range from 0 to 10.


Table 4. Questions used to measure self-reported knowledge.

[image: Table 4]



Demographic Information

A set of demographic characteristics was taken from the Prolific panel (https://www.prolific.co/): age, student status, country of birth, subjective socioeconomic status, income, household size, sex, nationality, current country of residence, first language, and having children or not. Subjective socioeconomic status (SES) was measured with the MacArthur Scale of Subjective Social Status (Adler et al., 2008), which asks respondents to choose a number from 1 to 10 representing where they stand in society, with 1 representing the bottom (those who are worst off) and 10 representing the top (those who are best off).






RESULTS


Seismic Risk Perception

We investigated perceptions of seismic risk by asking participants about their worry and perceived risk of experiencing a damaging earthquake as a result of being informed about the seismic risk they were exposed to. As shown in Figure 1, participants assessed, on average, seismic risk to be relatively moderate (M = 3.73; SD = 1.48; min = 1; max = 7). A higher perceived seismic risk was significantly correlated with being younger (r = −0.121; p = 0.004). Higher perceived seismic risk was also significantly correlated with possessing more knowledge on seismic risk (r = 0.157; p < 0.001), but it was not correlated with having more or less numerical skills (r = 0.01; p = 0.808). Higher perceived seismic risk was also significantly correlated with interpreting the scientific information as having the communicative intention to maximize the risk (r = 0.125; p = 0.003). Finally, higher perceived seismic risk was significantly correlated with intending to engage more in all types of protective behaviors (r = 0.441; p < 0.001), especially getting an emergency kit ready (r =0.327; p < 0.001), sleeping over at friends or relatives whose house is earthquake-proof (r = 0.322; p < 0.001), but also checking whether the building where they lived was earthquake-proof (r = 0.294; p < 0.001), and checking whether the city had an emergency plan and what were its directions (r = 0.286; p < 0.001). Coherently, a higher perceived seismic risk was negatively correlated with avoiding taking any action (r = −0.237; p < 0.001). Moreover, we observed limited effects of demographic variables on risk perception. Perceived risk was not affected by gender, education, and socioeconomic status.


[image: Figure 1]
FIGURE 1. Mean perceived risk of earthquake as a function of the level of probability and the risk communication format.


We next assessed the extent to which providing risk comparisons influenced participants' seismic risk sensitivity (i.e., whether different levels of risk evoke different levels of perceived risk). Data on perceived risk were submitted to a 3 (probability level: 1 in 10,000, 1 in 1,000, 1 in 100) × 2 (type of risk comparisons: no comparisons, negative comparisons) analysis of variance (ANOVA). Analyses were performed using IBM SPSS Statistics for Windows, Version 26.0.

The analysis showed a significant interaction effect between the probability level and risk comparisons, F(2,556) = 3.510, p = 0.031, [image: image] = 0.012. As shown in Figure 1, providing individuals with risk comparisons significantly improved their seismic risk sensitivity (i.e., whether different levels of risk evoke different levels of perceived risk). This was confirmed by first-order simple effects showing that changing the level of probability in the message had a significant effect on perceived seismic risk when no comparison risks were provided, F(2,556) = 6.62, p < 0.001, [image: image] = 0.023, but even a greater effect when negative risk comparisons were provided, F(2,556) = 24.48, p < 0.001, [image: image] = 0.081. As revealed by pairwise comparisons (with Bonferroni correction) of the different levels of probability, when no risk comparisons were provided, respondents did not perceive a 1 in 100 probability of experiencing an earthquake as significantly riskier than a 1 in 1,000 probability (p = 0.839), but they perceived a 1 in 1,000 as significantly riskier than a 1 in 10,000 probability (p = 0.042). In contrast, when negative risk comparisons were provided, respondents perceived both a 1 in 100 probability as significantly riskier than a 1 in 1,000 (p = 0.002) and this probability as riskier than a 1 in 10,000 chance of experiencing an earthquake (p = 0.001).

The 3 × 2 ANOVA also yielded a significant main effect of the probability level manipulation, F(2,556) = 28.41, p < 0.001, [image: image] = 0.093, indicating that perceived risk changed depending on the level of probability that participants read in their risk communication. As shown in Figure 1 and coherently with our expectations, communicating a higher probability (i.e., 1 in 100) increased perceived seismic risk, whereas communicating a lower probability (i.e., 1 in 10,000) decreased perceived seismic risk. Participants' risk perceptions, in general, increased coherently with the level of probability. Post hoc Tukey HSD tests on the level of probability factor showed that each level of the factor was significantly different from each other (p < 0.001): the 1 in 100 probability yielded higher perceived risk (M = 4.22) than the 1 in 1,000 probability (M = 3.77) and, in turn, this level yielded a higher perceived risk than the 1 in 10,000 (M = 3.14).

Interestingly, the risk comparison manipulation had no main effect on perceived risk, F(1,556) = 0.059, p = 0.808, [image: image] < 0.001, indicating that providing negative risk comparisons did not systematically bias overall judgment by increasing perceived seismic risk compared to not providing any risk comparison.

Because perceived seismic risk was found to be significantly negatively correlated with age in our sample, we checked the potential confounding effect of age by adding it as a covariate in the 3 × 2 ANOVA. The analysis confirmed a significant main effect of age on perceived risk, F(1,553) = 8.58, p = 0.004, [image: image] = 0.015, showing that younger individuals perceived higher seismic risk than older ones. Controlling for age, however, did not influence our main results. Indeed, the probability level still yielded a significant main effect on perceived risk, F(2,553) = 28.31, p < 0.001, [image: image] = 0.093 and the probability level still significantly interacted with risk comparisons, F(2,553) = 3.58, p = 0.028, [image: image] = 0.013, even to a greater extent. These results show that providing respondents with risk comparisons helped them distinguish between different probability levels (1 in 100, 1 in 10,000, and 1 in 10,000), more than not providing them with any risk comparison information. Moreover, despite improving their risk sensitivity, we found no evidence that negative risk comparisons could systematically bias respondents' perceived risk.

In contrast to earlier studies' findings, the participants' numerical ability had no significant impact on moderating the influence of comparative scenarios on risk sensitivity (see Supplementary Material 1). Furthermore, the same null result was obtained for seismic knowledge (see Supplementary Material 2). Therefore, the comparison scenarios helped improve participants' risk sensitivity, regardless of their numerical skills and knowledge of seismic risk. Finally, most respondents provided with comparison scenarios reported that the communicative intention of the institution was neither to minimize nor to maximize the risk but just to try to inform (see Supplementary Material 3). This result seems to disconfirm the belief that the comparison scenarios can be experienced as an attempt by the institution to persuade that the risk is high or low.



Protective Behavioral Intentions

Each respondent could pick from a list of protective actions all those behaviors that they thought they would engage in, given the level of earthquake risk provided to them. We recoded eight participants' responses because they ticked the last option, which said: “I would not take any action,” and they also ticked one or more of the other options, which described some actions. This misunderstanding probably occurred because some respondents thought that actions, such as searching for information, did not count as behaviors. We, therefore, recoded them as not ticking the last option.

The behaviors that respondents indicated they would engage in are shown in Table 3. Most of the respondents choose “I would check if my building is earthquake-proof” (69%), followed by “I would check whether the city has an emergency plan and what are its directions” (64%), “I would look for information on institutional websites” (53%), and “I would get an emergency kit ready” (52%). Whereas, only a few reported “I would go and sleep in my car” (1%), “I would not send my kids to school” (16%), or “I would go sleep at friends or relatives' house” (21%), perhaps because very few have had direct experience of a strong earthquake.

We next computed a composite measure for each individual by summing all behaviors. The new variable, the number of preventive or protective intended behaviors, could range from 0 (= would take no action) to 9 (= would engage in nine behaviors out of 9). The mean number of behaviors was 3.46 (SD = 2.11).

Higher intention to protect against a possible earthquake was significantly correlated with being younger (r = −0.140; p = 0.001) but not with any other demographic variable. As reported before, it was correlated with a higher perceived risk and a higher knowledge of seismic risk.

We next assessed the extent to which providing risk comparisons induced participants to behave differently, either by protecting themselves more or less, for the three levels of risk. We submitted the number of behaviors to a 3 (probability level: 1 in 10,000, 1 in 1,000, 1 in 100) × 2 (type of risk comparisons: no comparisons, negative comparisons) ANOVA. The two-way interaction term between risk levels and type of risk comparisons, however, was not significant, F(2,556) = 0.86, p = 0.422, [image: image] = 0.003, showing that providing negative comparisons neither improved nor decreased the intention to engage in protective behaviors differently for different risk levels. The analysis of the dependent variable, however, yielded a significant main effect for the probability level, F(1,556) = 11.62, p < 0.001, [image: image] = 0.040, indicating that different probability levels evoked a different number of preventive intended behaviors. The main effect for the type of comparison manipulation was not significant, F(1,556) = 0.74, p = 0.389, [image: image] = 0.001, indicating that providing negative risk comparison did not systematically increase nor decrease the number of intended behaviors.




DISCUSSION

The dissemination of civil protection knowledge and culture in order to increase community resilience and adoption by citizens of conscious behavior and self-protection measures is among the institutional activities of civil protection. Institutional activities also include the dissemination to the population of information on the risk scenarios and related rules of conduct, as well as on civil protection planning (Legislative Decree 1/2018, 2018).

Effective risk communication should stimulate an appropriate behavioral response (Maier et al., 2016; van der Bles et al., 2020; Reyna, 2021). However, to induce behavior, risk communication must first be understood. Understanding risk information is difficult, especially when it conveys very low probabilities (Lipkus et al., 2001). While it is not possible to directly measure risk “understanding,” i.e., determine whether certain risk information evokes the “true” level of concern, it is nevertheless possible to test whether different probability levels of risk evoke different levels of perceived risk (i.e., risk sensitivity). In line with previous evidence (Kunreuther et al., 2001; Keller et al., 2009; Keller, 2011; Pighin et al., 2013), we predicted that providing risk comparisons was a means of increasing sensitivity to perceived seismic risk.

In the present study, we tested whether providing risk comparisons could help people distinguish between different levels of earthquake risk. Confirming previous studies in other domains (Kunreuther et al., 2001; Keller et al., 2009; Keller, 2011; Pighin et al., 2013), our results indicate that presenting individuals with risk comparisons significantly improved their perceived risk sensitivity in the seismic risk domain.

More interestingly, risk comparisons did not increase the overall perceived risk, even if they provided additional negative information. This result means that risk comparisons improved risk sensitivity without biasing it in a particular direction. Therefore, respondents were not more alarmed when given negative risk comparisons than when they were not given any risk comparison, but they understood better the information in the former case. The discovery that providing negative risk comparisons improves risk sensitivity without producing an alarming reaction in individuals is an important finding that further endorses using this type of intervention to improve risk sensitivity.

In our study, providing risk comparisons improved perceived risk sensitivity. This occurred, presumably, because comparisons helped individuals map the original probability value onto an evaluative scale of good vs. bad, as suggested by the evaluability process (Hsee, 1996). Some literature (Fazio et al., 1986) also suggests that the mapping of a number onto a scale is easier if the target risk (e.g., the probability of experiencing an earthquake) shares the same emotional valence (i.e., negative valence) with the risk comparisons. In our experiment, indeed, the target risk was negative in valence (risk of an earthquake), and the comparison risks were seemingly negative in valence. This matching might have contributed to our results, but our study was not designed to test for valence effects. Another explanation that we cannot reject is that negative risk comparisons were effective because they heightened thoughtful information processing of probability information (Pratto and John, 1991; Bargh et al., 1992; Anderson and Phelps, 2001; Pighin et al., 2011). However, it was not within the scope of our study to address the explanatory process for this effect, and future studies should try to test these different alternative explanations.

Our study has a number of limitations. The first one is related to the sample, which is a convenience sample and thus not representative of the population. Although convenience samples are typically used in randomized control trials such as ours, our final sample is likely younger, more educated, and less at-risk than the average population. This may be a limitation of the study that needs to be considered. It is possible, for example, that the ameliorative effect observed with the comparison scenarios may depend on the demographic characteristics of the sample. Younger and more educated people might benefit more from interventions such as the one we tested in this study than older and less educated people. Although we controlled for this with covariate analyses, this might still be the case. Therefore, it would be desirable to replicate the study on a representative population sample or a sample of older, less educated people. The low level of seismic hazard in the participants' areas of residence could also affect the external validity of the results. Few people in our sample had had actual earthquake experience. It is possible to hypothesize that an intervention such as the one tested in this study might have a more negligible effect if conducted on a population at higher risk of earthquakes and, therefore, more risk-aware.

Another limitation is related to the procedure used in the study. We cannot exclude that the ameliorative effect of comparison scenarios on risk communication is limited to situations where individuals are explicitly asked to focus their attention on seismic risk, as in our study. It could be that when individuals are not alarmed or made explicitly aware of the risk, comparison scenarios do not make any difference. Even if we showed that providing extra information (negative risk comparisons) did not systematically increase concern for seismic risk, it is crucial to find ways to increase people's risk awareness when there is low attention and concern for such a natural hazard.

In addition, we did not test whether the effect is replicated even with positive scenarios. The negative valence of the comparison scenarios could be another reason why they succeeded. However, while convincing, this explanation is just theoretical. In order to be more confident about this effect, more research should be done that takes into account the valence of the information (positive vs. negative).

A final observation concerns the familiarity with the risks used in the comparison scenarios. It is common practice to attribute the effectiveness of comparison scenarios at least in part to the fact that they involve hazards people are most familiar with. It is safe to assume that, in this study, the effect may have been facilitated by the high familiarity with the comparison risks. The hazards used in the comparison scenarios (i.e., nut allergy, heart failure, food poisoning, and drowning) are situations with which people have had at least indirect experience through the media, whereas the risk of an earthquake in the short term is less familiar because it is not usually communicated to the public. However, it would be helpful to measure the degree of familiarity with the hazard in future studies to generate statistical evidence that the effect is also mediated by familiarity. The implications of the findings from this study suggest that providing individuals with risk comparisons is a good way of improving the communication of risk and (hopefully) the adoption of protective behaviors, confirming previous empirical evidence and theoretical suggestions (Covello et al., 1988; Edwards et al., 2000; Kunreuther et al., 2001; Keller et al., 2009; Pighin et al., 2013). Thus, in general, the results of our study should be taken into account when considering how to communicate scientific risk information. In particular, providing negative risk comparisons seems a good recommendation for institutions dealing with risk communication.

Concluding, this study provides evidence of the impact of giving individuals a series of risk comparisons to evaluate a target risk to improve individuals' risk sensitivity to low probabilities. Improving such sensitivity is important to allow individuals to make meaningful evaluations of risk information and more informed decisions regarding preparedness and preventive actions toward natural hazards.
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FOOTNOTES

1It must be noted that the intensity scales commonly used to measure seismic risk are diverse. The Mercalli-Cancani-Sieberg MCS scale (Sieberg, 1923) and the Mercalli Modified MM scale (Wood and Neumann, 1931), which both consist of 12 degrees, are an evolution of the original Mercalli scale (Mercalli, 1902). The information provided in the questionnaire comes from the Mercalli-Cancani-Sieberg intensity scale, but to simplify the narrative, we preferred to refer to the intensity scale simply as Mercalli scale.
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(1= notat all; 7 = very much)
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3. 1 would not send my Kids to school 14 780% 28 1230% 50  2560% 87  15.50%
4.1 would get an emergency kit ready 83 46.10% 93  4970% 116  59.00% 201  51.80%
5. I would look for information on institutional websites 88 4890% 96  5130% 114  5850% 298  53.00%
6. 1 would look for information on newspapers and social media 55 3060% 72 8850% 86  44.10% 213 87.90%
7. 1 would look for information from people | know 41 2280% 47 25.40% 54  27.70% 142 25.80%
8. | would check whether the city has an emergency plan and what are its directions 106 58.90% 121 64.70% 132 67.70% 359 63.90%
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10. | would ot take any action 13 720% 12 640% 6 8.40% 81  550%
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were the first on the list.
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Your chance of experiencing an
earthquake of the 7th degree of
the Mercalli intensity scale, or
higher, in the next 7 days is [1 in
100, 1in 1,000, 1 in 10,000].

Negative comparisons

Your chance of experiencing an earthquake
of the 7th degree of the Mercall intensity
scale, or higher, in the next 7 days is
[t in 100, 1 in 1,000, 1 in 10,000]
To help gain some perspective on this risk,
itmay be useful to compare it to other, more
familiar risks that you are exposed 1o in
your daly lfe. Below is a list describing the
chances of incurring in a series of events:
 1in 50 is the chance that a chid in the
UK. has a nut allergy.
 1in 500 is the chance that an American
man, aged 20-39, has heart failure.
 1in 5,000 is the chance of getting il
from food poisonings (salmonella,listeria)
every year in the United States.
* 1in 50,000 is the chance that a
European child aged 5-9 dies
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