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Abstract

:

Although various factors related to the environment (perception of earthquake and warning) and knowledge (oral history and scientific knowledge) affect individual differences in evacuation behavior before a tsunami, the roles of psychological processes and personality factors in such relationships are poorly understood. We addressed this research gap by applying hierarchical regression analyses to survey data from survivors of the 2011 Tohoku earthquake and tsunami disaster. Previously-known contributions of environmental and knowledge factors were mostly replaced by the perception of a tsunami risk and threat, and these background factors were shown to facilitate these psychological processes. Several personality factors directly contributed to voluntary evacuation, particularly leadership and active well-being in the Power to Live scale, and extraversion in the Big Five scale. Overall, these results seem to indicate the need for formulating two independent targets when developing measures to enhance appropriate tsunami evacuation. Facilitation of the perception of a tsunami risk and threat may basically be pursued by developing existing approaches. Addressing the relevant personality factors may be done in a broader context of disaster or general education and sociocultural activities.
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1. Introduction


A massive tsunami event is often preceded by an environmental cue, such as an earthquake, or by an official warning, which allows people to protect themselves by evacuating to high ground. Nevertheless, the response varies across individuals [1,2,3,4,5,6]. In an early quantitative survey of the 1960 Hawaiian tsunami, only 41% of residents who recognized the warning responded [7]. In the recent 2011 Tohoku (or Great East Japan) earthquake and tsunami disaster, which we address in this study, only 57% of residents evacuated immediately, even after experiencing the severe earthquake and hearing the rapid warning [8]. The importance of educational measures to promote rapid evacuation has been increasingly emphasized, given the limited effectiveness of structural countermeasures for a massive tsunami [9,10].



Psychological processes seem key to understanding such individual differences, but remain poorly understood. The importance of the perception of a hazardous risk and threat has repeatedly been suggested for evacuation behavior in the event of a tsunami [1,2,3,4,5,6], but empirical data are missing. In addition, although dissociable contributions of risk and threat perception have been demonstrated for other types of disasters, such as hurricanes, tornadoes, earthquakes, and volcanoes [11,12,13,14,15], the issue is yet to be addressed for a tsunami. Understanding the likelihood of a hazard (risk perception) is a cognitive process considered less effective in triggering a protective response than affective responses (e.g., fear, worry, or preoccupation) or the expectation of personal consequences of a hazard (threat perception). This concept is not necessarily applicable to a tsunami evacuation, given its unique characteristics, including in terms of the time period and methods available [6]. The contribution of a mnemonic process to the decision to evacuate is also of interest. Empirical surveys have demonstrated a positive association between past experience of a tsunami [7] and evacuation drills [16,17] with an adaptive response. However, it has yet to be examined whether these experiences are remembered in the face of a cue of an impending tsunami and can promote evacuation.



Furthermore, it is important to know whether these psychological processes mediate the associations between various background factors and evacuation behaviors. Qualitative studies have suggested the importance of knowledge (passed down orally and accrued at school) in evacuation from a tsunami [1,2,3,5]. In addition, various other background factors, such as demographic (age and sex) and environmental (perception of the severity of an earthquake and warning) factors, have been empirically demonstrated to be associated [6,16]. With respect to the dissociable contributions of risk and threat perceptions, various sociocultural, environmental, and demographic factors are thought to explain this dissociation [11,12]. If a relationship can be found between a key psychological process and such a factor, this would enable a causal explanation for the association. Furthermore, with regard to the identification of environmental or knowledge factors, the process may lead to an index for successful environmental or educational intervention for disaster mitigation.



Personality traits are potentially predictive of adaptive evacuation. There are major individual differences in psychological and behavioral responses to an environment, which are typically measured using self-rated questionnaires. These traits appear to be relevant to the psychological processes described herein and may be a good target for educational interventions, but few studies related to disasters have explored this. Although some have discussed the issue [7,18], empirical findings have been limited: only the “locus of control” [19] has been discussed, and only in terms of tornado or hurricane disasters [20,21]. This line of research appears promising, given the demonstrated relationship between scores on the Big Five basic personality dimensions and the perceptions of various types of risky social behaviors [22]. We previously explored survival-oriented personality factors (Power to Live scale) in a broad context related to the 2011 Tohoku earthquake and tsunami disaster and found that of the eight factors identified, emotion regulation, leadership, and problem solving were associated with immediate evacuation [23]. However, that analysis did not consider the psychological processes and various background factors.



Understanding the roles of psychological processes and personality factors in adaptive tsunami evacuation will contribute to the literature on risk perception, which has been dominated by research on technological or social risks. However, unique characteristics of disasters linked to natural hazards with respect to risk have been suggested. For example, the psychometric structure of the risk concept seems to be three-dimensional for such natural disasters [24], in contrast to the two dimension characterizing other types of risks [25]. Cultural effects seem to be particularly important in natural disasters [21,26], while their importance is controversial in other contexts [27]. Concerning social amplification or attenuation of risk perception [28,29], despite some studies on media coverage [30], the effects of social information [31,32] and the gap between experts and the lay population [33] in the context of natural disasters have not been integrated within a unified framework [6,34,35].



In fact, the integration of various factors and processes relevant to risk perception and protective action across different types of natural or technological disasters is recognized as an essential research target for the achievement of disaster-related sustainable development goals, which are embodied in the Sendai Framework (2015–2030) [36]. Understanding the contributions of psychological processes and personality factors is key to this endeavor, given that they are an invariant component of human–environment interactions. Centering on an understanding of human nature, we may draw an integrated cross-contextual picture covering the diverse patterns of interactions among various components of the environment in various types of disasters in various sociocultural contexts.



In this study, we explored the psychological processes and personality factors that lead to appropriate tsunami evacuation. We also analyzed the effects of various background factors on evacuation behavior and relevant psychological processes. To this end, we analyzed the data from survivors of the 2011 Tohoku earthquake and tsunami disaster [23]. The environmental cues associated with that tsunami were probably very clear to the residents due to the severity of the earthquake, as well as to the effective tsunami early warning system and mitigation policies in place in Japan [8]. We first examined whether the perception of risk or threat of the tsunami, or the remembrance of a past experience of a tsunami or evacuation drill, explained immediate or spontaneous evacuation after controlling for other background factors. If some of these psychological factors had significant effects, we then examined whether they were associated with background factors. In both analyses, we also examined whether personality factors had additional explanatory power. Eight factors related to the Power to Live [23] and Big Five personality scales were included as personality traits.



In these analyses, we were also interested in three specific practical questions. First, we explored whether normalcy bias in the evacuation context is a class of general optimistic bias. Normalcy (or normality, normalization) bias is the tendency to underestimate the risk or threat of a warned hazard, which hampers appropriate evacuation [37,38,39]. It is theoretically tempting to identify this context-specific bias with a general optimistic bias (or positive illusion), which is considered a characteristic of mentally healthy normal humans and promotes daily productivity [40]. However, this entails a tradeoff between disaster preparedness and a mentally healthy, productive daily life. We tested whether this dilemma is true by examining whether appropriate risk perception was predicted by personality traits negatively associated with the advantage of general optimistic bias; that is, a high degree of neuroticism [41] and a low degree of emotion regulation [42]. Second, we examined the relationship between the decision to evacuate and past experience of a tsunami evacuation. We were particularly interested in the psychological effects of there being no damage after a disaster, which lessens the subsequent perception of risk in various types of disasters linked to natural hazards [43,44,45,46]. That is, an experience of an unnecessary evacuation from a tsunami may enhance normalcy bias for a similar subsequent warning (i.e., a “cry wolf” effect), which could call for reconsiderations of warnings made “to be on the safe side”. To test this possibility, we examined whether appropriate risk perception was inhibited by experience of an unnecessary past evacuation. Finally, we examined the contributions of past evacuation drills and three knowledge factors relevant to educational measures for disaster mitigation. Participation in evacuation drills was associated with more effective evacuation [17] and fewer causalities [16] during the 2011 Tohoku earthquake and tsunami disaster. Oral transmission of information regarding a past disaster improved the likelihood of appropriate evacuation by residents [3,47,48]. Scientific knowledge taught in schools about the link between an earthquake and a tsunami has also been shown to facilitate evacuation after an earthquake [1]. Additionally, tsunami memorials (memorial stones, shrines, and temples) are expected to help build awareness and help maintain memory of past events, as well as to ensure readiness for possible future events [10].




2. Materials and Methods


2.1. Survey


The participants in the original survey were 1412 survivors of the 2011 Tohoku earthquake and tsunami disaster [10]. A questionnaire battery was sent to 3600 residents who were randomly sampled from the electoral registers (and thus were aged ≥ 20 years) of tsunami-affected districts or temporary settlements in the four most populous coastal cities (Ishinomaki, Kesen-numa, Natori, and Sendai) in Miyagi Prefecture, where the damage caused by the earthquake and tsunami was most severe (3957, 1426, 993, and 937 dead or missing persons among the total populations of 160,826, 73,489, 73,134, and 1,045,986, respectively [49]). In total, 1412 questionnaires (39%) were anonymously completed and returned by mid-January 2014. Among the respondents, 68% evacuated to avoid the tsunami on 11 March 2011; 8% lost family members; 38% lost friends; 48% lost their homes entirely; and 40% had partially-damaged homes. While we intended to include representative samples of tsunami survivors, the sociodemographic status of the selected cities, as well as various factors differing between responders and non-responders comprised potential sources of bias. The survey was approved by the Ethics Committee for Surveys and Experiments of the Graduate School of Arts and Letters, Tohoku University (2012–1019–190749) and conducted with support from Survey Research Center Co., Ltd. (Tokyo, Japan); see [10] for further details. The original questionnaire is available as Supplementary Information. The current analysis used data from 959 subjects who reported that they eventually evacuated to avoid the tsunami on 11 March 2011.




2.2. Variables


Self-evaluation data regarding whether the respondents evacuated immediately following the earthquake, and did so of their own volition rather than being prompted by someone else, were used as dependent variables for an appropriate tsunami evacuation. Four psychological processes, which were used both as independent and dependent variables, included two perception items (whether they perceived the risk and threat of the tsunami) and two remembrance items (whether they remembered a past tsunami experience and evacuation drill). In the original language (Japanese) “threat” has explicit connotations of fear, but “risk” does not. The background factors, which were used only as independent variables, included two demographic factors (sex and age), two environmental factors, five experiential factors, and three knowledge factors. The environmental factors concerned the perception of environmental cues associated with the tsunami, including earthquake severity (whether they observed phenomena that were informative regarding the severity of the earthquake, such as cracks, cave-ins, or liquefaction of roads soon after the earthquake) and warnings (whether they heard the official evacuation alert in any form, such as radio, TV, cell phone, or outdoor loudspeaker). The experiential factors included three types of experience pertaining to past tsunamis (whether they had observed a tsunami, experienced a flooded home, or were physically involved in a tsunami) and three related to evacuation experience (whether they had an effective, ineffective, or failed evacuation), as well as an item on evacuation drills (frequency of participation therein per year). Knowledge factors included familiarity with local tsunamis based on oral accounts (i.e., whether they had heard about past tsunami experiences from relatives often, occasionally, or never), the extent of their knowledge of the mechanism underlying the occurrence of a tsunami (detailed knowledge, some knowledge, little knowledge, or no knowledge), and “tsunami memorials” (whether they were aware of historical monuments related to previous earthquake disasters in that area). Table 1 lists the questions and basic statistics.



Two personality trait inventories were included (Table 2). The Power to Live scale includes eight factors: leadership, problem solving, altruism, stubbornness, etiquette, emotion regulation, self-transcendence, and active well-being. The questionnaire was comprised of 34 items describing ways of thinking, daily attitude, or habit, and each factor was composed of three to five items. The internal consistency and concurrent validity of the questionnaire have been demonstrated [10]. The participants rated the applicability of each description using a six-point scale (0: not at all; 5: very much). The Big Five personality scale includes extraversion, agreeableness, conscientiousness, neuroticism, and openness, which were measured using the Japanese version of the Ten-Item Personality Inventory [50,51], which includes one positive item and one reverse-scored item for each dimension. We adopted this very short version of the Big Five inventory to minimize respondents’ fatigue or frustration, which may have decreased the rate and quality of the responses. The validity of this very short version of the Big Five inventory has been established in terms of convergent and discriminant validity, coverage of sub-dimensions, test-retest reliability, and patterns of external correlates [50,51]. The participants responded using a six-point scale (0: not at all; 5: very much), and the scores of reverse items were reverse-coded. For each factor or dimension, the sum of the scores was converted to a percentile of the maximum total score for the basic statistics (Table 2) and normalized to a mean of 0 and a standard deviation of 1 when entered into the statistical model.




2.3. Analysis


Logistic regression analyses were performed using IBM SPSS Statistics 25 (IBM Corp., Armonk, NY, USA). For exploratory purposes, we reported significant findings at p < 0.05 corrected for multiple comparisons using the Bonferroni method based on the number of independent variables entered in each analysis. We also reported findings significant at an uncorrected p < 0.05 level for a priori hypothesis testing.



2.3.1. Factors Determining an Appropriate Tsunami Evacuation


A hierarchical logistic regression analysis was performed separately including each of the two variables for appropriate tsunami evacuation as a dependent variable. For each analysis, 12 background-factor variables were entered as the first block to determine whether the effects of these variables would be replicated as demonstrated in previous studies. Then, we entered the four psychological-process variables as a second block, expecting their significant contributions and disappearance of the effects of the background factors if the former were indeed the principal mediators of appropriate evacuation.



Each personality trait variable was entered separately, rather than the 13 variables altogether, as the third block; that is, 13 separate analyses were performed on the third block only to avoid collinearity due to the relatively high correlations across personality trait scores. The condition index of the model including the first and second blocks was 15.82, while that of the model additionally including the 13 trait variables was 42.96, which would have a serious collinearity problem [52].




2.3.2. Factors Determining the Psychological Processes Related to Evacuation


If some of these psychological factors had a significant effect, we performed a hierarchical logistic regression analysis including each of these variables. Twelve background factor variables were entered for each analysis. For the analysis on threat perception, the risk perception was entered as the second block, given that the former was likely to depend on the latter. Each personality trait was then entered separately as an additional block.






3. Results


3.1. Factors Determining Appropriate Tsunami Evacuation


Table 3 and Table 4 list the results of the hierarchical logistic regression analysis for an immediate tsunami evacuation. When the background factors were entered as the first block, oral history and scientific knowledge contributed significantly, while only the former survived the correction for multiple comparisons. When the psychological processes were entered as the second block, perception of risk and perception of threat revealed significant contributions, while the effect of oral history or scientific knowledge became non-significant (Table 3), implying the primary importance of these perceptual processes in immediate evacuation. Among the personality trait variables entered as the third block, extraversion and neuroticism revealed significant positive and negative contributions (i.e., Wald statistics of β), respectively, but neither survived the correction (Table 4).



Table 5 and Table 6 list the results of the hierarchical logistic regression analysis for a voluntary tsunami evacuation. When the background factors were entered as the first block, sex (being female), earthquake severity, warning, and experience of past evacuation drills had significant contributions, but none of them survived the correction. When the psychological processes were entered as the second block, perception of risk and perception of threat revealed significant contributions, but the contributions of background factors became non-significant except that of sex (Table 5), suggesting the primary importance of these perceptual processes in voluntary evacuation. Among the personality trait variables entered as the third block, leadership, active well-being, and extraversion had significant positive contributions at the corrected level. Problem solving, altruism, stubbornness, emotion regulation, and openness had positive contributions, and neuroticism had a negative contribution at an uncorrected level (Table 6).




3.2. Factors Determining the Psychological Processes Related to Evacuation


Because perception of risk and threat significantly contributed to both immediate and voluntary evacuation, a hierarchical logistic regression analysis was performed for each of these processes.



Table 7 and Table 8 list the results of the hierarchical logistic regression analysis on the risk perception of a tsunami. When the background factor was entered as the first block, earthquake severity, warning, past vain evacuation, oral history, and scientific knowledge revealed significant contributions, all of which survived the correction (Table 7). The personality trait variables were then entered as the second block, but none of them had a significant contribution, even at an uncorrected level (Table 8).



Table 9 and Table 10 list the results of the hierarchical logistic regression analysis regarding threat perception of a tsunami. When the background factor was entered as the first block, warning, past vain evacuation, oral history, and scientific knowledge revealed significant contributions at the corrected level. The contributions of earthquake severity, past evacuation drills, and tsunami memorials were also significant at the uncorrected level. When the risk perception was entered as the second block, this revealed a highly significant contribution, and the contributions of most of the background factors became non-significant. However, the contributions of warning and past evacuation drills (at an uncorrected level) remained significant, implying their specific contribution to threat perception (Table 9). The personality trait variables were entered as the third block, but none of them had a significant contribution, even at the uncorrected level (Table 10).





4. Discussion


This study is the first to demonstrate the pivotal importance of the risk or threat perception of a hazard during appropriate evacuation from a tsunami, which has previously been demonstrated for other types of disasters [11,12]. Although several background factors contributed to immediate or voluntary evacuation, when these psychological processes were entered into the model, they mostly replaced the contributions of these background factors. The background factors contributed significantly to the psychological processes. Another striking finding was the contributions of some personality traits: leadership and active well-being in the Power to Live scale and extraversion in the Big Five dimensions added explanatory power to voluntary evacuation. Of note, these contributions directly affected voluntary evacuation; none of these traits contributed to risk or threat perception. The independent contributions of these psychological processes and personality traits were similar for immediate and voluntary evacuation, while their contributions were more robust for voluntary evacuation. Figure 1 presents a schematic summary of the dual contribution model formulated.



4.1. Perception of Risk and Threat


Our results illustrate the importance of risk or threat perception, showing that it mediates the facilitating effect of several environmental or knowledge factors on tsunami evacuation. The demonstrated contributions of the knowledge factors (i.e., existence of oral history and scientific knowledge) to immediate evacuation and those of the environmental (i.e., perceived earthquake severity and warning) and experience factors (i.e., past evacuation drills) to voluntary evacuation are consistent with the findings of previous studies [1,3,4,16,47,48]. However, these contributions disappeared when the psychological factors were entered into the hierarchical regression model, and the background factors were demonstrated to be strong predictors of perceived risk or threat. The only exception was the effect of sex; females were more likely than males to evacuate voluntarily, as has been reported for other disasters [54], and this tendency remained significant (although at an uncorrected level) after entering the psychological factors in the regression model.



Threat perception contributed to appropriate evacuation independent of risk perception and was specifically enhanced by warnings and past evacuation drills (while at an uncorrected significance level). The independent contribution of threat perception identified herein is congruent with research on other types of disasters [11,12,13,14,15], while the substantial contribution of risk perception appears unique to tsunamis. The specific contributions of warnings and past evacuation drills to threat perception seem consistent with the notion that personalization of risk is enhanced by information that is specific, consistent, frequently repeated, and from official sources [44]; these characteristics appear relevant to the information delivered during official warnings and evacuation drills. While the contributions of these factors to threat perception and appropriate evacuation are plausible and practically important, they remain matters for future validation. First, it is unclear to what degree our responders understood the risk and threat we assumed; in fact, 81 respondents (9%) replied that they did not perceive “risk”, but perceived “threat,” which is a pattern to which existing data on the roles of risk and threat perceptions do not point. Second, the significance of the contributions of warnings and past evacuation drills remained at an uncorrected level. Finally, an alternative explanation is also likely: seeking warning information, participating in evacuation drills, and perceiving a tsunami threat may all be promoted by the same personality factor (while we did not identify such a personality trait in the current results).




4.2. Personality Traits


The finding of direct contributions of personality traits to voluntary evacuation is congruent with the results of previous research on hurricane preparedness [20]. This implies that risk or threat perception is important, but not a prerequisite for an appropriate evacuation decision; this is supported by the fact that among 465 voluntarily-evacuated respondents, 179 (39%) reported not perceiving “risk.”



The contributions of two Power to Live factors, leadership and active well-being, to voluntary evacuation seem congruent with the suggested association between an internal locus of control and appropriate evacuation behavior in the context of a tornado or hurricane [20,21]. People who have an internal locus of control are considered more likely to attempt to improve their life conditions by controlling their environment during important life situations [19]. Previous research has demonstrated that an internal locus of control is associated with a lower casualty rate [21] and higher levels of preparedness [20]. Previous studies have also shown that an internal locus of control is associated with leadership [55,56] and health-oriented behaviors [57,58], pointing to its relevance to leadership and active well-being, respectively.



The commonality and difference between the internal locus of control and two Power to Live factors may be formulated within the framework of social learning theory [59]. Social learning theory assumes that behavioral decisions in a specific situation depend on the expectancy that the behavior will result in a particular outcome, as well as on the value of that outcome. Expectancy is determined by generalizing the experiences of the outcome in the same, as well as similar situations. Importantly, here, the situation can be broadly or narrowly formulated. The locus of control is conceptualized as very general behavior-outcome expectancy placed at the broadest end of the continuum of situation formulation. On the other hand, the leadership and active well-being factors may be conceptualized as general behavior-outcome expectancies under relatively narrow situation formulations. Speculatively, these expectancies are relevant to the expected outcomes of the behavior (e.g., evacuation) that merit community and one’s own well-being, respectively.



However, the observed contribution of extraversion seems to lead to an independent story. The association between extraversion and voluntary evacuation in the current study appears consistent with the previously demonstrated association of extraversion with rational action [60] and problem-focused coping [61]. However, extraversion has been shown to be independent of the locus of control [62,63]. Further analysis of the contribution of this factor at the level of cognitive processes is not feasible because the cognitive mechanisms underlying the Big Five dimensions are unknown despite their popularity; surveys using twins have implied that each dimension is composed of multiple genetic and environmental factors shared among dimensions [64].



Before unequivocally accepting the contributions of these personality factors, the causal relationship between them and appropriate evacuation behavior should be discussed. The personality traits that we measured, particularly the eight factors captured by the Power to Live scale, are potentially affected by a disaster experience. Our attempt to identify the most evacuation-relevant personality factor was partially motivated by the possibility of devising an educational intervention pertaining to that factor, which assumes that it is amenable to change. There is also evidence that various personality factors are affected by traumatic experience (i.e., post-traumatic growth [65]). Accordingly, the following question is relevant: Did the personality factors affect the evacuation decision or did the specific decision affect personality? We consider the likelihood of the latter scenario to be very low. First, all of the responders whose data were analyzed eventually evacuated. Second, throughout the three-year post-evacuation period, the responders made hundreds of decisions critical to survival; it is unlikely that, among them, the single evacuation-specific decision had a substantial effect on their personality traits three years later. Finally, the effect of a similar personality trait on evacuation decision has been previously reported in the context of other types of disasters [62,63]. Accordingly, we consider our conclusion reasonable.



We previously reported the significant association of leadership, problem solving, and emotion regulation with immediate evacuation at a liberal threshold in an analysis validating the newly-created inventory of the Power to Live [23]. In the current analysis, including various background and psychological factors in the statistical model, these associations were subthreshold for immediate evacuation. However, they were significant for voluntary evacuation at an uncorrected level.



It is important to note that we used the very short version of the Big Five inventory. Although its content validity has been established [50,51], the results might have differed if the full-length version had been used.




4.3. Practical Implications


Our dual contribution model (Figure 1) legitimates the formulation of two independent targets in measures to promote an appropriate tsunami evacuation: facilitation of risk or threat perception and empowerment of the relevant personality factors. These two targets may be pursued in different contexts. Risk or threat perception is related to relevant environmental or knowledge factors in a relatively specific context of reducing tsunami disaster risk, whereas empowerment may be addressed in a rather broader context of disaster or general education and sociocultural activities, given the relevance of personality factors to our daily life. The model may also provide a framework to integrate various factors and processes relevant to risk perception and preventative actions in various types of disasters. This framework could then be incorporated within the social amplification/attenuation model to achieve the outcome and goals laid out in a recent disaster risk reduction model [36].



Facilitation of the perception of tsunami risk and threat may basically be pursued by developing existing approaches. Facilitation involves two phases: action in the face of an imminent tsunami cued by an earthquake and daily tsunami disaster mitigation education. For the former, our results support the importance of developing better warning systems in terms of availability for residents and the content of information. It may be more efficient to enhance perception not only of the tsunami risk, but also of the severity of an earthquake that has occurred. Methods to enhance the affective response to, or personalization [44] of, the tsunami risk are also worth considering. Our results largely support the importance of daily disaster mitigation education, particularly orally-conveyed local history and scientific knowledge of tsunamis. It is important to encourage scientific education about tsunami mechanisms and disaster mitigation. Oral history also has impressive effects, although it can be technically difficult within an educational context; construction of a tsunami memorial for this purpose seemed to have a marginal effect. The limited contribution of past evacuation drills was alarming, while its potential unique facilitatory effect on threat perception is noteworthy.



The idea of empowering personality traits to facilitate tsunami evacuation may be new, and discussions should begin by questioning whether this is socially acceptable and technically feasible. With regard to social acceptability, it seems reasonable to take a cautious stance when proposing an educational intervention to enhance extraversion among people in an entire society. This is because such broadly-formulated basic dimensions are considered largely innate and value-free (i.e., neither being extroverted nor introverted means being superior as a person). The leadership and active well-being factors on the Power to Live scale appear to be readily accepted as the target of educational intervention. While they are conceptualized as personality, each factor was narrowly formulated and expected to be malleable and value-laden (i.e., survival oriented) [23]. With regard to technical feasibility, this issue remains for future studies. However, it appears promising that the framework of the social learning theory [59] led to the development of an educational intervention technique for leadership and active well-being. Theoretically, repeated experience of a favorable outcome contingent on one’s own behavior results in the acquisition of generalized behavior–outcome expectancies. Scholars should explore the types of behaviors, outcomes, and situations related to each factor; ideally, these can be implemented in education of daily life contexts to enhance that factor efficiently.



The dual contribution model provides a novel perspective on the issue of normalcy bias. A serious conceptual and practical concern was whether this bias is the opposite of optimism, which is assumed to support mentally healthy, productive daily life. Our results do not support this concern: neither risk nor threat perception (i.e., low normalcy bias) was predicted by high neuroticism or low emotion regulation, which had been implicated in those with low levels of optimism. Furthermore, low neuroticism and high emotion regulation did predict the likeliness of voluntary evacuation, which is opposite the prediction that optimism would hamper an appropriate evacuation. The implication of these results can be formulated into the framework of the dual contribution model as follows. On the one hand, in facilitating the risk or threat perception of a tsunami, we do not need to hesitate to demonize normalcy bias based on concerns about sacrificing the benefits of general optimism. On the other hand, for direct facilitation of tsunami evacuation regardless of risk perception, general optimism and related personality traits may be the target of empowerment (rather than suppression).



Our results do not support the “cry wolf” effect of experiencing an unnecessary evacuation before a tsunami, contrary to the findings of previous studies on other types of disasters [43,44,45,46]. Risk perception was positively, rather than negatively, associated with such an experience. Of course, it is unlikely that such an experience would enhance risk perception. It is likely that people who previously evacuated in vain would still tend to evacuate on the next occasion. The difference between the current and previous findings implies that the ‘cry wolf’ effect is dependent on the context or type of risk perception. Regarding tsunamis, we apparently do not need to be too cautious about avoiding unnecessary evacuations by issuing warnings that are on the safe side, although we do not know whether individuals would evacuate a third time.




4.4. Limitations and Future Perspectives


The survey was conducted nearly three years after the earthquake and tsunami. Any drawbacks common to such retrospective surveys, including the effect of limited memory accuracy and biases, also apply to this study. For example, it may have been difficult for the respondents to recall accurately what they were thinking soon after the earthquake, including whether they remembered a past tsunami experience or evacuation drills at that time. This limitation may explain the lack of association between these variables and appropriate evacuation in the current analysis. We also concede that some key terms in the survey questionnaire were not defined clearly enough, in part due to space and time limitations. In addition to the distinction between the “risk” and “threat” psychological processes, as already discussed, “immediate” evacuation was also somewhat ambiguous. Such ambiguity might have resulted in variation in the interpretation of these terms among responders, which in turn might have decreased the sensitivity of the analysis. This limitation should be considered when interpreting the negative findings. Several negative findings may also be attributable to suboptimal modeling. According to our interest in experiential and knowledge-related factors, and given concerns regarding multicollinearity, we decreased the number of variables in the analyses. For example, the effect of age was considered only in a linear manner, and the two environmental effects were entered only as binary variables. While more sophisticated modeling could have been performed, this would be more promising accompanied by further refinement of the survey itself (e.g., additional choice options for earthquake severity- or and warning-related items) in the future.



It is important to discuss the potential sample selection bias in this study: because the respondents were survivors, people who did not evacuate and died were “missing” from the sample. This bias may have had an impact on the results because it is tightly connected with the dependent variable (i.e., appropriate evacuation), although the magnitude of the effect was likely modest considering the casualty rate. This bias is likely to have caused false-negative rather than false-positive results. The factors facilitating evacuation would have been less relevant in the missing respondents, and the sampling bias could have caused a spurious increase in the scores on these factors of the respondents who did not evacuate (or perceive risk) appropriately. Therefore, we must carefully interpret the negative findings taking this selection bias into account. Nevertheless, we consider the positive findings robust because the effects were significant even under such a bias. Although there are other sources of sampling bias, concerning for example those who survived, but migrated after the disaster or did not respond to the survey, they are not directly associated with evacuation behavior, and their effects on the results are difficult to quantify. We are unaware of any reason to suspect that individuals who had high scores for the pro-evacuation factors (i.e., environmental, knowledge, and personality factors) and made an inappropriate evacuation or psychological response selectively migrated or did not respond. Potential bias related to region-specific population dynamics and non-respondents is a common challenge in various types of disaster research and should be addressed further in future investigations



In the current analysis, we did not take into consideration the contributions of social structure or community resources to evacuation behavior, which have been demonstrated in the context of a previous tsunami [48] and other disasters [11]. This limitation may be reflected in the less significant contributions of background and personality factors to immediate than to voluntary evacuation; that is, immediateness seemed to be more affected by community resources. In support of this, the effect of oral history, which is typically shared within the community, had an opposite pattern. The logistic regression analysis at the step before the psychological processes were entered revealed a strong contribution of oral history to immediate, but not voluntary, evacuation. In a community where such oral history is shared, people may be immediately encouraged to evacuate by other family or community members before they voluntarily decide to do so.



Our findings do not support a contribution of past tsunami experience to appropriate evacuation, as demonstrated previously [7]. Although we accept that this may be due to limitations in our survey and analysis, we consider that the impact of tsunami experience was minimal, given that the contribution demonstrated in previous research [7] was subtle, albeit significant. The negative finding is also somewhat consistent with the mixed results pertaining to the effects of disaster experience on risk perception reported for other types of disasters [46].



Research on factors promoting appropriate tsunami evacuation will require further accumulation of data from future events. Apart from the shortcomings discussed above, the current findings are yet to be generalized over different sociocultural contexts. Longitudinal surveys would provide evidence on causality, which we could only speculate in this study. The international research community should engage in future surveys that maximize shared knowledge and minimize the load on survey participants. This research should involve collaboration with cognitive sciences, including behavioral experiments and neuroscience, to clarify how the contributing factors affect the perception of risk or threat and behavioral decisions [11]. Such knowledge on the psychological processes and mechanisms may inspire new concepts and yield a strategic approach to develop tsunami disaster mitigation measures.
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Figure 1. Schematic summary of the major findings: dual contribution model. 
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Table 1. Variables for evacuation, psychological processes, and background factors.
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Appropria