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Abstract: Because effective preparations are required to mitigate disaster impacts before
implementing effective interventions, it is important to understand why people do or do not
act on disaster preparedness. This study explores factors influencing residents’ intentions and
actual behaviors following the 2016 Kaohsiung Meinong earthquake in southern Taiwan. Protection
Motivation Theory was used to develop a hypothesized model to test hypotheses regarding residents’
disaster preparedness, and structural equation modeling (SEM) was used to test the model. Data
were comprised of 286 valid responses from seven major administration areas in Tainan, Taiwan.
Self-efficacy, response-efficacy, and obstacles were significantly correlated with behavioral intentions
and actual disaster preparedness behaviors. SEM results revealed that (a) the model fit the data
well, (b) the relationship between risk perception and response-efficacy was fully mediated by
behavioral intention, and (c) self-efficacy and obstacles were partially mediated by behavioral
intention. Behavioral intent and actual disaster preparedness behavior are related but not equal.
The main factors affecting actual disaster preparedness behavior are self-efficacy and obstacles.
Therefore, strategies like drills or workshops can improve disaster-preparedness knowledge and
capabilities and reduce difficulties of implementing disaster preparedness. To improve health and
well-being, healthcare providers should promote disaster preparedness by interventions to increase
self-efficacy during disasters.

Keywords: disaster preparedness; protection motivation theory; earthquake; Taiwan

1. Introduction

Only effective disaster preparedness can mitigate the impacts future disasters are likely to have
on human lives, health, and property [1,2]. Enhancing preparedness for hazardous events is mainly
concerned with mitigating damage and addressing potential threats [3,4]. Earthquakes are among
the most powerful natural forces in the world and differ from other destructive phenomena such as
typhoons, tornadoes, and floods that are precipitated by extreme climates. Although earthquakes
occur less frequently than other natural disasters, because of their unpredictability, people need to
prepare for them before they occur.
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Taiwan is located in an active seismic region, and the epicenter of the Meinong earthquake
occurred in Kaohsiung City, Taiwan, at 3:57 a.m. on 6 February 2016. The depth of the source that
generated these seismic waves was 14.6 km, and the event measured 6.6 on the Richter magnitude
scale. The earthquake caused the deaths of 117 people and injured 510 people in Tainan City, which is
about 50 km from Kaohsiung City. Eight houses were completely destroyed, and five houses partially
collapsed [5]. The participants in this study are residents who experienced this earthquake. Some had
taken preparedness actions, while others had not.

Preparedness is not only a form of disaster management, but also a dynamic form of health
promotion [6]. Therefore, healthcare providers have a responsibility to promote disaster preparedness
among individuals, households, and communities [7] to improve people’s health and well-being.
To increase disaster preparedness behavior among residents, it is necessary to explore factors related to
disaster preparedness motivations and behaviors prior to the implementation of appropriate disaster
preparedness strategies.

Protection Motivation Theory (PMT)—a health promotion model—states that some form of risk
information can provide the impetus for an individual to determine the degree of risk severity, their
vulnerability, and their ability to reduce that risk. PMT was first proposed by Rogers [8] in 1975 (and
revised in 1985) to describe the mechanisms people use to adopt protective behaviors and reduce
perceived threats. It explains that a cognitive process informs the efforts taken to protect oneself from
harm and can be used to analyze both maladaptive behavior and adaptive response. For example,
maladaptive responses are those that place an individual at health risk by either engaging in a health
behavior risk (e.g., smoking) or not adopting a protective behavior or adaptive responses (e.g., getting
vaccinated). PMT posits that health protection behaviors and disaster preparedness intentions are
motivated by the same principles. Therefore, Grothmann and Patt [9] suggest that PMT can be used
to explore disaster preparedness behavior. Thus, PMT has become one of the most widely applied
disaster prevention decision-making models [10]. Related studies have explored threat appraisals
among people that considered (1) the severity of the threat (individuals” estimates of likely harmful
consequences and severity) and (2) the probability that the threat would come to pass (the probability
that individuals would incur damage from a particular threat). When people appraise a threat, they
come to realize the existence of certain risks. Therefore, threat appraisal is also referred to as risk
perception [11]. Self-efficacy and response-efficacy are essential components of an effective coping
strategy [12] and refer to the existing levels of individuals’ abilities in relation to the recommended
level of disaster preparedness and its effectiveness [13]. Furthermore, behavioral intentions may be
influenced by both an individuals” appraisal of a threat and their ability to cope.

How people respond to disasters depends on their assessment of the damage likely to be inflicted
on their environment and them. Similar to preventive medicine, one preventive measure that can be
taken to mitigate the damage inflicted by a disaster includes improving people’s disaster preparedness.
Although many people are fearful of the severe damage a natural disaster can cause them, their families,
and society, they lack the motivation needed to engage in disaster preparedness [14]. In Taiwan,
earthquake preparedness is mostly considered from the perspective of building structures [15-18]
and is limited to considering factors that may influence residents to initiate behaviors that could
protect them in the event of a disaster. Thus, when their disaster preparedness includes implementing
effective prevention and mitigation measures, people develop abilities that will enable them to cope
with various situations.

People’s attitudes towards disaster preparedness are influenced by their personal characteristics,
family circumstances [19,20], belief-related variables such as hazard beliefs, and how they assess their
self-efficacy and outcome efficacy [13]. Lindell et al. [19] found that people with higher levels of
disaster preparedness include families with vulnerable family members (e.g., elderly, children, and
the disabled). Previous studies also found that other predictors of disaster preparedness behavior
include high educational levels [13], home ownership, length of residence at their current address [21],
perceived vulnerability [22], and previous disaster exposure [23,24]. In particular, perceived efficacy
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plays a critical role [25,26] in predicting disaster preparedness. Inconsistent results have also been
found with regard to people’s risk perceptions. For example, Lindell and Perry [27] analyzed 23 studies
and concluded that higher risk perceptions tended to result in actual disaster preparedness behaviors.
Some studies, however, do not support the proposition that higher risk perceptions result in actual
preparations being made [13,28]. A study of 885 residents living in France, for example, found that
higher perceptions of risk positively influenced people’s intentions to implement preventive measures
but did not significantly influence their preparedness [29].

Research on the social cognitive perspective that a person’s disaster preparedness behavior can
be explained is limited in Taiwan, and the purpose of this study is to address this gap. It analyzes
the levels of disaster preparedness that were evident following the earthquake in southern Taiwan
in 2016, and it draws on a modified PMT to explore what factors motivated some residents to take
steps to prepare themselves for a disaster. We also test that the obstacles can directly motivate or
restrain intention and preparedness actions. We propose a path model of preparedness (as shown in
Figure 1) that includes four domains (risk perception, self-efficacy, response-efficacy, and obstacles) as
independent variables and one latent variable (behavioral intention) as a mediator of how disaster
preparedness influenced actual behavior. This model hypothesizes that the effects of the four domains
on preparedness actions may actually be indirect effects mediated by behavioral intentions.
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Figure 1. Behavioral intention factors affecting actual disaster preparedness behavior (Modified from
the Protection Motivation Theory [12]).

Premised on the modified PMT, specific hypotheses were formulated and tested. Three of these
hypotheses were as follows:

Hypothesis 1 (H1). Disaster preparedness in terms of risk perception, self-efficacy, response-efficacy, and
obstacles is dependent on personal characteristics.

Hypothesis 1 (H2). Residents’ risk perceptions, self-efficacy, response-efficacy, and obstacles can be associated
with behavioral intentions and actual behavior in regard to disaster preparedness.

Hypothesis 1 (H3). Behavioral intention mediates the relationship between risk perception, self-efficacy,
response-efficacy, obstacles, and actual behavior with regard to disaster preparedness.

2. Materials and Methods

2.1. Design and Participants

This study was based on a two-step, descriptive, cross-sectional design. The first step involved
conducting a preliminary study to develop a questionnaire and recruiting 30 Tainan residents as
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participants for a test-retest. During the second step, which represented the main part of the study,
data were obtained from seven administrative areas in Tainan.

Participants had to be between 20 and 80 years of age, registered and living in Tainan City, have
no mental illness, and be able to read and write Mandarin. Residents who were registered but did
not live in Tainan or were not in Tainan during the Meinong Taiwan earthquake were excluded.
The participants” average age was 38.1 £ 10.95 years, with a range between 20 and 79 years. Most
were women (65.7%) and had a college degree or higher (75.9%). Married and single persons each
accounted for nearly half of all participants (49.3% vs. 48.3%, respectively). Those who lived with
elderly family members accounted for 27.6% of the participants, and people with children under
18 years old accounted for 43.0% of the participants. Most had a religious affiliation, a job, and owned
a house (Table 1).

Table 1. Participants” demographic characteristics (1 = 286).

Variables Number (%)
38.1 (+10.95)

Mean age Range 20-79 years n =268
Gender (F) 187 (65.6)
Education College or higher 217 (75.9)
Marital status Married 141 (49.3)
Single 138 (48.3)

Divorced 7(2.4)
Living with families >65 years 79 (27.6)
<18 years 123 (43.0)
Both >65 years and <18 year 46 (16.1)
Religion (Yes) 232 (81.1)
Job (Yes) 252 (88.1)
House Owner 214 (74.8)
Rent 57 (19.9)

Other 15 (5.2)
Fault zone Yes 34 (11.9)
No 105 (36.7)
Unknown 147 (51.4)

Soil liquefaction Yes 25 (8.7)
No 124 (43.4)
Unknown 137 (47.9)

According to Hoyle [30] and Loehlin [31], because structural equation modeling (SEM) relies on
tests that are sensitive to sample size, the sample size should be at least 100, preferably 200. A total of
305 responses were retrieved. However, nine responses were invalid due to missing data and thus
were excluded from subsequent analyses. The response rate was 94%, and 286 valid responses were
analyzed. All participants had been living in their administrative areas from the day of the Meinong
Taiwan earthquake in 2016 until the survey was conducted between October 2016 and July 2017.

2.2. Questionnaire

A self-developed questionnaire was designed based on the modified PMT (Figure 1). The self-
reported questionnaire included 88 items that were used to measure disaster preparedness in relation
to six subscales: risk perception, self-efficacy, response-efficacy, obstacle, behavioral intention, and
actual behavior. Specific assessments were also made with regard to whether they had a stock of
emergency supplies and had completed a family emergency plan and a home safety assessment.
Before being finalized, the disaster preparedness questionnaire (DPQ) was reviewed and evaluated by
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five experts (the chief executive officer of the Emergency Operations Center, an assistant professor of
public health, a lecturer of psychiatry nursing, an emergency room nurse, and a structural engineer),
and four items were deleted because they had a lower mean score. The final questionnaire comprised
84 items. Respondents were asked to rank each item on a 5-point Likert scale from 1 (“strongly
disagree” or “not serious at all,” depending on the question) to 5 (“strongly agree” or “very serious”).
Participants were expected to be able to complete the questionnaire in 20 minutes. The psychometric
properties of the DPQ were acceptable, with a content validity index of 0.95, Cronbach’s alphas from
0.78-0.95, and test-retest reliabilities of 0.44-0.79.

2.3. Data Analysis

Data analysis was conducted using SPSS 22.0 (SPSS Inc., Chicago, IL, USA), and the significance
level was set at o < 0.05. t-tests were used to test for significant differences between the groups.
Correlations between major variables were calculated. SEM with AMOS 21.0 (SPSS Inc., Chicago, IL,
USA) was used to test the hypothesized model. The SEM was applied to assess the determinant factors
for actual disaster preparedness behavior (ADPB). We used the four factors of PMT (risk perception,
self-efficacy, response-efficacy, and obstacles) to predict ADPB. Subsequently, SEM analyses were
performed using risk perception, self-efficacy, response-efficacy, and obstacles as the independent
variables and ADPB as the dependent variable. The model evaluation criteria used to test the
model’s fit were the ratio of the chi-square value to degrees of freedom (x?/df), goodness of fit
index (GFI), adjusted goodness of fit index (AGFI), comparative fit index (CFI), incremental fit index
(IFI), non-normed fit index (NNFI), and root mean square error of approximation (RMSEA). The x2/df
should be no greater than 3 [32], GFI should be greater than 0.8 [33], and an AGFI value greater than
0.8 is acceptable [34]. The CFI and NNFI values should be greater than 0.90 [35]. IFI values over
0.9 indicate a good fit, but the index can exceed 1 [36]. The RMSEA value of 0.06 or less is indicative
of an acceptable model fit, and values in the vicinity of 0.08 indicate a fair fit [37,38]. In addition,
as suggested by Preacher and Hayes [39], the bias corrected bootstrapping method was applied
in testing the mediating effects. Bootstrapping is a statistical technique that is widely valued for
its capacity to effectively increase analytical power and control for Type I errors, especially when
multivariate normality cannot be assumed in small samples [39,40].

2.4. Ethics Approval

The Ethics Review Board of the Jianan Psychiatric Center approved this study (No. 16-012), and
all participants provided informed consent.

3. Results

3.1. Demographic Differences among Major Variables

Independent t-tests were used to analyze the characteristics of the participants in different groups.
Men displayed lower scores in perceived risk (t = 2.671, p = 0.008) and behavioral intention (t = 2.399,
p = 0.018) than women. The educational levels of participants with less than a college degree had
a lower response-efficacy (t = —2.356, p = 0.019) and more obstacles (t = 3.299, p = 0.001) than those
with college degree or higher. People with jobs had higher response-efficacy than those without jobs
(t =2.291, p = 0.023). There were no differences associated with religious affiliation, living with family
members (over 65 years or under 18 years), and being homeowners.

3.2. Mean Scores and Correlations among Various Measures

Table 2 presents the mean scores and Pearson correlation coefficients of the key variables of interest.
The mean scores of risk perception, self-efficacy, response-efficacy, and behavioral intentions in terms
of disaster preparedness were higher than those of obstacles and actual behaviors. With the exception
of risk perception, all of the other predictors—risk perception, self-efficacy, response-efficacy, and
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obstacles—were correlated with significant behavioral intentions and with actual disaster preparedness
behaviors. The significantly correlated predictors were more highly correlated to behavioral intentions
than actual disaster preparedness behaviors.

Table 2. Means, standard deviations, and correlations of variables (1 = 286).

Items Mean

Variables (SD) 1 2 3 4 5
1 Risk perception 3.2 (0.66) -
2 Self-efficacy 4 (0.71) 0.017 -
3 Response-efficacy 6 (0.69) 0.057 0.586 * -
4 Obstacle 2.7 (0.70) 0172* —0.245* —-0310* -
5 Behavioral intention 5(0.62) 0.224 % 0.595 * 0.594 * —0.365 * -
6 Actual disaster preparedness behaviors 6 (0.88) 0.044 0.468 * 0.417 * —0.323*  0.534*

*p <0.01.

3.3. Structural Equation Modeling Analysis

The results of the structural equation modeling indicate that the hypothesized model fit the data
well (x? = 741.905, df = 362, x?/df = 2.049, GFI = 0.842, AGFI = 0.810, CFI = 0.918, IFI = 0.919, NNFI =
0.908, RMSEA = 0.061). A comparison of these results with the corresponding critical values suggests
that the conceptual model fit the empirical data reasonably well [41]. Figure 2 shows the estimated
model with unstandardized path coefficients.

027

Figure 2. Structural equation modeling of the hypothesized model. * p < 0.05. ** p < 0.01. ***p < 0.001;
RP = risk perception; SE = self-efficacy; RE = response efficacy; BI = behavioral intention; ADPB =
actual disaster preparedness behaviors.
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We investigated the indirect effects of the dependent variable through the mediators, and direct
and total effects; we performed percentile bootstrapping and bias-corrected percentile bootstrapping at
a 95% confidence interval with 2000 bootstrap samples [42]. We followed the suggestions of Preacher
and Hayes [39] and calculated the confidence interval of the lower and upper bounds to test whether the
indirect, direct, and total effects were significant (Table 3). The magnitudes of the indirect relationship
of risk perception, self-efficacy, response-efficacy, and obstacles through behavioral intention to actual
disaster preparedness behaviors were 0.036, 0.090, 0.0134, and —0.065, respectively. Because zero is not
contained in the CI interval, it can be assumed that behavioral intention is a mediator. The magnitudes
of the direct relationship of risk perception, self-efficacy, response-efficacy, and obstacles to actual
disaster preparedness behaviors were 0.05, 0.37 (p < 0.01), 0.002, and —0.43 (p < 0.01), respectively.
The total effects of risk perception, self-efficacy, response-efficacy, and obstacles on actual disaster
preparedness behaviors were 0.087, 0.461 (p < 0.001), 0.136, and —0.492 (p < 0.001), respectively.
The relationship between risk perception and response-efficacy was fully mediated by behavioral
intention. Further, self-efficacy and obstacles were partially mediated by behavioral intention.

Table 3. Unstandardized, direct, and indirect effects of the hypothesized model.

Point Product of . .
Path Estimate Coefficient Bootstrapping 2000 Times CI
Bias-Corrected Percentile
SE z Lower Upper Lower Upper
Total effect
RP — ADPB 0.087 0.075 1.160 —0.051 0.244 —0.059 0.231
SE — ADPB 0.461 *** 0.133 3.466 0.204 0.728 0.226 0.746
RE — ADPB 0.136 0.163 0.834 —0.194 0.439 —0.203 0.433
Obstacles —+ ADPB —0.492 *** 0.149 —3.302 —-0.816 —0.221 —0.803 —0.214
Directed effect
RP — ADPB 0.051 0.075 0.680 —0.096 0.204 —0.097 0.203
SE — ADPB 0.371 ** 0.136 2.728 0.113 0.639 0.138 0.662
RE — ADPB 0.002 0.178 0.011 —0.338 0.355 —0.379 0.326
Obstacles — ADPB —0.427 ** 0.150 —2.847 —-0.785 —0.154 —0.748 —0.149
Indirect effect
RP — BI — ADPB 0.036 * 0.023 1.565 0.005 0.100 0.001 0.089
SE — BI —+ ADPB 0.090 * 0.047 1.915 0.020 0.215 0.009 0.197
RE—BI — ADPB 0.134 * 0.077 1.740 0.015 0.320 0.012 0.315
Obstacles — BI —+ ADPB —0.065 * 0.043 —-1512 -0.183 —0.005 —0.170 —0.001

Note: Unstandardized estimating of 2000 bootstrap sample, * p < 0.05. ** p < 0.01. *** p < 0.001.

4. Discussion

This is the first empirical study of cognition behavior to offer clear evidence pertinent to natural
disasters in Taiwan. First, the study found that participants’ demographic factors did not have a major
influence on actual disaster preparedness behaviors, which means that Hypothesis 1 is not supported.
Most of the participants in this study lived near the densely populated earthquake-stricken area, and
it was difficult to identify statistical differences that could be used to predict actual behavior. Our
study found that women felt more at risk of experiencing earthquakes and had greater behavioral
intentions for undertaking disaster preparedness than men. This may indicate that women are more
concerned about the safety of their living environment than men. Women are more sensitive to risk
and tend to perceive risk more than men [43]. Women are generally better at acknowledging seismic
risk because they are more sensitive to their environment [44]. Therefore, future research could explore
the importance of increasing men’s perceptions of risk. In addition, future research could emphasize
women’s existing risk awareness to strengthen their motivation to undertake disaster preparedness.
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We also found that participants with college degrees or higher encountered fewer obstacles
to disaster preparedness than those who had not attended college. It is believed that people with
higher educational levels are better able to promote disaster preparedness because higher education
enhances individuals’ cognitive and learning skills and also provides them access to information and
additional resources needed to engage in disaster preparedness [45,46]. Therefore, it is recommended
that community education offering disaster preparedness drills or workshops focused on disaster
preparedness strategies be provided for people with little education to help them undertake sustainable
prevention measures and enhance their preparedness for disasters. The content of education
and training can refer to the experience of the United States and Europe [44,47,48]. Russo et al.
systematically collated these international experiences and published literature reviews [49-51]. They
indicated that there are many types of education and training activities (including seminars, workshops,
drills, functional exercises, etc.) and determined the quantity of risk reduction that can be obtained
from each training activity. They suggested that the content of education and training activities should
gradually transition from discussion-based to operation-based exercises, to allow the general public to
increase risk perception before learning to increase risk reduction. However, because of the cultural
differences between Eastern and Western countries, the key characteristics of, and differences between,
the disaster prevention needs of countries cannot be ignored. Therefore, even though education for
disaster preparedness is very important, it is necessary to recognize which factors will mainly affect
disaster preparedness actions before providing intervention measures.

Second, we turn to the results relevant to Hypothesis 2. Bubeck, Botzen, and Aerts [13] conceptualized
disaster preparedness as a social-cognitive process that engenders a self-protective response to a specific
threat, which can contribute to an understanding of hazard preparation decisions [52]. Consistent with
findings in previous studies, this study’s participants were perceived to have a high level of self-efficacy
and high intentions to take preparatory actions [11,53-55]. Becker et al. [56] suggest that people with
high self-efficacy feel that they have the ability to prevent being harmed, and, as a result of their own
efforts and preparations, they will be self-sufficient should they encounter a hazard. It is important to
increase peoples’ preparedness abilities and their beliefs that they can do something to mitigate the effects
of a disaster by focusing on their emergency preparedness self-efficacy. Becker, Paton, and Johnston [57]
and Paton and Johnston [58] provide practical information about how to make these preparations and
why they are effective. They suggest beginning with easy-to-adopt items (e.g., emergency kits) and
progressively introducing more complex/expensive items (e.g., structural changes to houses) [56].

This study, conducted half a year after the earthquake, found that risk perception did not
have a direct effect on actual disaster preparedness behaviors; however, it may be possible that
risk perception decreases over time [52]. How people perceive risk will, however, influence their
personal behavioral intentions with regard to disaster preparedness [29]. Hence, simply being aware
of a risk does not increase the undertaking of actual protective behaviors [28,59,60]. This finding
also supports Lindell and Hwang’s [61] observation that the perception of risk might be a necessary
step toward preparedness. Our findings showed that both self-efficacy and behavioral intentions
were positively associated with actual disaster preparedness behaviors. Obstacles were negatively
associated with disaster preparedness behavioral intentions and actual behaviors. The intention to take
precautionary actions can be interrupted by obstacles—such as a lack of knowledge, individual skills,
time, and finances [11,26,62]—which limit self-efficacy’s capacity to stimulate people to undertake
appropriate disaster preparedness [26]. It is possible that when people take protective measures,
they form an intention before taking action, which is called “protection motivation”. Further, people
may not prepare for disasters because barriers can inhibit the implementation of the decision to take
protective actions [59] thereby preventing people from turning their intentions into reality [62]. In other
words, motivation to protect themselves was constrained by obstacles they encountered when trying
to change their actual behavior. Public health efforts aimed at improving preparedness must focus on
the need for a plan [22]. This finding is important, as many public education schemes focus on risk
perception rather than on improving self-efficacy and reducing the obstacles to undertaking disaster
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preparedness. Healthcare providers should recognize the need to address self-efficacy and obstacles to
disaster preparedness.

Most participants in this study have a higher intention to prepare for a disaster event than actual
behavior. After experiencing the impacts of the 2016 seismic disaster, they have a greatly improved
awareness of risk, which directly affects their intentions, however, they have not yet taken actual steps
toward disaster preparedness. We suggest that this contradiction is due to the fact that participants
were living in the vicinity of the disaster area at that time. Participants’ perceived risk did not directly
affect actual disaster preparedness behavior. Thus, Hypothesis 2 was supported in part and not
supported in part.

Finally, to address Hypothesis 3, our results showed that behavioral intentions related to risk
perception, self-efficacy, response-efficacy, obstacles, and actual disaster preparedness behaviors are
an important mediator variable and indicator of actual behavior, and this is especially true with
regard to the intention to complete a mediational role in the relationships between risk perception,
response-efficacy, and actual behavior. The above results further suggest that risk perception,
self-efficacy, and positive response-efficacy encourage people to have stronger intentions that are
transformed into actions [10]. Thus, we recommend that these three factors be prioritized to strengthen
residents’ actual disaster preparedness behaviors. Research on natural hazards has found that people’s
expectations regarding the efficacy of preparedness measures influence their actions. A perceived
response-efficacy does not appear to significantly influence actual behaviors of disaster preparedness,
but it is a significant factor in influencing participants’ intentions to implement disaster preparedness
and is consistent with a previous study’s findings [29]. Because earthquakes are unpredictable,
preventive actions cannot guarantee that people will survive when a building collapses. Even if people
think they have the ability to prepare emergency kits and emergency plans, their disaster preparedness
will not actually achieve the desired outcomes in a critical situation [56,58,63]. Although this study
found that response-efficacy does not directly affect actual behaviors, it may directly affect participants’
behavioral intentions.

This study has several limitations. First, the findings cannot be generalized due to the recruitment
of a sample of convenience. Second, participants were recruited from sites frequented by ambulatory
individuals who were able to carry out most activities of daily living independently, and thus
homebound, frail, and disabled individuals were underrepresented. Lastly, this study focused on
an earthquake that struck without warning. Other natural disasters, such as floods and hurricanes, can
be predicted, and thus findings related to preparations for earthquake disasters cannot be generalized
to other types of natural disasters.

5. Conclusions

Disaster preparedness cannot control or suppress the occurrence of natural disasters. Nonetheless,
it is vital for protecting peoples’ lives, health, and homes, and understanding which factors motivate
people to take protective actions contributes to more effective preparedness. Increasing individuals’
capacities—rather than focusing on risk severity and response-efficacy—will lead pre-contemplators
to develop stronger intentions to undertake disaster preparedness behaviors. If people are already
predisposed to perceive greater levels of self-efficacy and lower barriers or obstacles, then it is important
to be able to translate that increased level of motivation into greater preparedness. Our findings can
serve as a reference for family and community coping strategies to mitigate damage caused by disasters,
despite the inevitability of casualties and losses precipitated by earthquakes. Disaster risk indicators
vary by region, and disaster preparedness varies by population. Policy makers may wish to improve
family preparations, especially for certain under-prepared social groups. Policy makers should also
encourage frequent emergency drills and aim to increase the number of participants in such drills.
Our results can be used as a reference for more efficient allocation of limited resources, especially in
areas with high risk of large-scale natural disasters and low levels of preparedness.



Int. J. Environ. Res. Public Health 2018, 15, 1434 10 of 12

Author Contributions: Conceptualization, J.S.T. and ]J.Y.F; Formal Analysis, ]J.5.T.; Investigation, J.S.T;
Data Curation, J.S.T.; Writing—Original Draft Preparation, ].S.T.; Writing—Review and Editing, J.Y.F;
Supervision, J.Y.F.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest. The founding sponsors had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, and in the
decision to publish the results.

References

1.  Levag, ]J.; Toal-Sullivan, D.; O’Sullivan, T.L. Household emergency preparedness: A literature review.
J. Community Health 2012, 37, 725-733. [CrossRef] [PubMed]

2. Diekman, S.T.; Kearney, S.P.; O’'Neil, M.E.; Mack, K.A. Qualitative study of homeowners’ emergency
preparedness: Experiences, perceptions, and practices. Prehosp. Disaster Med. 2007, 22, 494-501. [CrossRef]
[PubMed]

3.  Hoffmann, R,; Muttarak, R. Learn from the past, prepare for the future: Impacts of education and experience
on disaster preparedness in the Philippines and Thailand. World Dev. 2017, 96, 32-51. [CrossRef]

4. Onuma, H; Shin, K.J.; Managi, S. Household preparedness for natural disasters: Impact of disaster experience
and implications for future disaster risks in Japan. Int. ]. Disaster Risk Reduct. 2017, 21, 148-158. [CrossRef]

5. National Fire Agency, Ministry of the Interior, Taiwan, ROC. 13th Handling Report of 0206 Earthquake
Disaster in Meinong. Available online: http://www.nfa.gov.tw/cht/index.php?code=list&flag=detail&ids=
77&article_id=3076 (accessed on 13 February 2016).

6. Almedom, A.M.; Tumwine, J.K. Resilience to disasters: A paradigm shift from vulnerability to strength.
Afr. Health Sci. 2008, 8, S1-54. [PubMed]

7. Heagele, T.N. Lack of evidence supporting the effectiveness of disaster supply kits. Am. J. Public Health 2016,
106, 979-982. [CrossRef] [PubMed]

8.  Rogers, R.W. A protection motivation theory of fear appeals and attitude changel. J. Psychol. 1975, 91, 93-114.
[CrossRef] [PubMed]

9.  Grothmann, T.; Patt, A. Adaptive capacity and human cognition: The process of individual adaptation to
climate change. Glob. Environ. Chang. 2005, 15, 199-213. [CrossRef]

10. Becker, J.S.; Paton, D.; Johnston, D.M.; Ronan, K.R. Salient beliefs about earthquake hazards and household
preparedness. Risk Anal. 2013, 33, 1710-1726. [CrossRef] [PubMed]

11. Grothmann, T.; Reusswig, F. People at risk of flooding: Why some residents take precautionary action while
others do not. Nat. Hazards 2006, 38, 101-120. [CrossRef]

12. Maddux, J.E.; Rogers, R.W. Protection motivation and self-efficacy: A revised theory of fear appeals and
attitude change. J. Exp. Soc. Psychol. 1983, 19, 469-479. [CrossRef]

13. Bubeck, P.; Botzen, W.].; Aerts, J.C. A review of risk perceptions and other factors that influence flood
mitigation behavior. Risk Anal. 2012, 32, 1481-1495. [CrossRef] [PubMed]

14. Miller, C.H.; Adame, B.].; Moore, S.D. Vested interest theory and disaster preparedness. Disasters 2013, 37,
1-27. [CrossRef] [PubMed]

15.  Chen, T.L.; Chang, H.S. The effects of zoning regulations along fault zone areas on land development and
property values after the 921 Chi-Chi Earthquake in Taiwan. Sustainability 2018, 10, 1175. [CrossRef]

16. Hong, L.L.; Hwang, W.L. Empirical formula for fundamental vibration periods of reinforced concrete
buildings in Taiwan. Earthq. Eng. Struct. Dyn. 2000, 29, 327-337. [CrossRef]

17.  Kelson, K.I; Kang, K.H.; Page, W.D.; Lee, C.T.; Cluff, L.S. Representative styles of deformation along the
Chelungpu fault from the 1999 Chi-Chi (Taiwan) earthquake: Geomorphic characteristics and responses of
man-made structures. Bull. Seismol. Soc. Am. 2001, 91, 930-952. [CrossRef]

18.  Yao, G.C.; Tu, C.-Y;; Chen, W.-C ; Kuo, F.-W.; Chang, Y.-S. Analysis of building response from vertical ground
motions. World Academy of Science, Engineering and Technology. Int. ]. Civ. Environ. Struct. Constr.
Archit. Eng. 2017, 11, 1149-1154. [CrossRef]

19. Lindell, M.K;; Prater, C.S.; Wu, H.C.; Huang, S.K.; Johnston, D.M.; Becker, ].S.; Shiroshita, H. Inmediate

behavioural responses to earthquakes in Christchurch, New Zealand, and Hitachi, Japan. Disasters 2016, 40,
85-111. [CrossRef] [PubMed]


http://dx.doi.org/10.1007/s10900-011-9488-x
http://www.ncbi.nlm.nih.gov/pubmed/21984406
http://dx.doi.org/10.1017/S1049023X00005318
http://www.ncbi.nlm.nih.gov/pubmed/18709937
http://dx.doi.org/10.1016/j.worlddev.2017.02.016
http://dx.doi.org/10.1016/j.ijdrr.2016.11.004
http://www.nfa.gov.tw/cht/index.php?code=list&flag=detail&ids=77&article_id=3076
http://www.nfa.gov.tw/cht/index.php?code=list&flag=detail&ids=77&article_id=3076
http://www.ncbi.nlm.nih.gov/pubmed/21448364
http://dx.doi.org/10.2105/AJPH.2016.303148
http://www.ncbi.nlm.nih.gov/pubmed/27077362
http://dx.doi.org/10.1080/00223980.1975.9915803
http://www.ncbi.nlm.nih.gov/pubmed/28136248
http://dx.doi.org/10.1016/j.gloenvcha.2005.01.002
http://dx.doi.org/10.1111/risa.12014
http://www.ncbi.nlm.nih.gov/pubmed/23339741
http://dx.doi.org/10.1007/s11069-005-8604-6
http://dx.doi.org/10.1016/0022-1031(83)90023-9
http://dx.doi.org/10.1111/j.1539-6924.2011.01783.x
http://www.ncbi.nlm.nih.gov/pubmed/22394258
http://dx.doi.org/10.1111/j.1467-7717.2012.01290.x
http://www.ncbi.nlm.nih.gov/pubmed/23050780
http://dx.doi.org/10.3390/su10041175
http://dx.doi.org/10.1002/(SICI)1096-9845(200003)29:3&lt;327::AID-EQE907&gt;3.0.CO;2-0
http://dx.doi.org/10.1785/0120000741
http://dx.doi.org/10.5281/zenodo.1131976
http://dx.doi.org/10.1111/disa.12133
http://www.ncbi.nlm.nih.gov/pubmed/26271626

Int. J. Environ. Res. Public Health 2018, 15, 1434 11 of 12

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Ozdemir, O,; Yilmaz, C. Factors affecting risk mitigation revisited: The case of earthquake in Turkey. J. Risk
Res. 2011, 14, 17-46. [CrossRef]

Spittal, M.].; McClure, J.; Siegert, R.J.; Walkey, FH. Predictors of two types of earthquake preparation:
Survival activities and mitigation activities. Environ. Behav. 2008, 40, 798-817. [CrossRef]

Eisenman, D.P.; Wold, C.; Fielding, ]J.; Long, A.; Setodji, C.; Hickey, S.; Gelberg, L. Differences in
individual-level terrorism preparedness in Los Angeles County. Am. J. Prev. Med. 2006, 30, 1-6. [CrossRef]
[PubMed]

Takao, K.; Motoyoshi, T.; Sato, T.; Fukuzondo, T.; Seo, K.; Ikeda, S. Factors determining residents’
preparedness for floods in modern megalopolises: The case of the Tokai flood disaster in Japan. J. Risk Res.
2004, 7, 775-787. [CrossRef]

Espina, E.; Teng-Calleja, M. A social cognitive approach to disaster preparedness. Philipp. ]. Psychol. 2015, 48,
161-174.

Paton, D.; Johnston, D. The Christchurch earthquake: Integrating perspectives from diverse disciplines. Int. J.
Disaster Risk Reduct. 2015, 14, 1-5. [CrossRef]

Paton, D. Disaster preparedness: A social-cognitive perspective. Disaster Prev. Manag. 2003, 12, 210-216.
[CrossRef]

Lindell, M.K,; Perry, R.W. Household adjustment to earthquake hazard: A review of research. Environ. Behav.
2000, 32, 461-501. [CrossRef]

Bourque, L.B.; Regan, R.; Kelley, M.M.; Wood, M.M.; Kano, M.; Mileti, D.S. An examination of the effect of
perceived risk on preparedness behavior. Environ. Behav. 2013, 45, 615-649. [CrossRef]

Poussin, ].K.; Botzen, WW.; Aerts, J.C. Factors of influence on flood damage mitigation behaviour by
households. Environ. Sci. Policy 2014, 40, 69-77. [CrossRef]

Hoyle, R.H. (Ed.) Structural Equation Modeling: Concepts, Issues, and Applications, 1st ed.; Sage: Thousand
Oaks, CA, USA, 1995; pp. 158-176. ISBN 978-0803953185.

Loehlin, J.C. Latent Variable Models: An Introduction to Factor, Path, and Structural Analysis, 3rd ed.; Lawrence
Erlbaum Associates Publishers: Mahwah, NJ, USA, 1998; ISBN 978-0805828313.

Maclver, J.P.; Carmines, E.G. Unidimensional Scaling. Quantitative Applications in the Social Sciences; Sage:
Beverley Hills, CA, USA, 1981; ISBN 978-0803917361.

Doll, W.J.; Xia, W.; Torkzadeh, G. A Confirmatory factor analysis of the end-user computing satisfaction
instrument. MIS Q. 1994, 18, 453-461. [CrossRef]

MacCallum, R.C.; Hong, S. Power analysis in covariance structure modeling using GFI and AGFL
Multivar. Behav. Res. 1997, 32, 193-210. [CrossRef] [PubMed]

Kline, R.B. Principles and Practice of Structural Equation Modeling, 2nd ed.; Guilford Press: New York, NY,
USA, 2004; pp. 133-145. ISBN 978-1593850753.

Bollen, K.A. A new incremental fit index for general structural equation models. Sociol. Methods Res. 1989,
17,303-316. [CrossRef]

Browne, M.W.; Cudeck, R. Alternative ways of assessing model fit. In Testing Structural Equation Models;
Bollen, K.A., Long, ].S., Eds.; Sage: Newbury Park, CA, USA, 1993; pp. 136-162. ISBN 978-0803945074.

Hu, L.T.; Bentler, PM. Cutoff criteria for fit indexes in covariance structure analysis: Conventional criteria
versus new alternatives. Struct. Equ. Model. 2009, 6, 1-55. [CrossRef]

Preacher, K.J.; Hayes, A.F. Asymptotic and resampling strategies for assessing and comparing indirect effects
in multiple mediator models. Behav. Res. Methods 2008, 40, 879-891. [CrossRef] [PubMed]

Mausbach, B.T.; Roepke, S.K.; Chattillion, E.A.; Harmell, A.L.; Moore, R.; Romero-Moreno, R.; Bowie, C.R,;
Grant, I. Multiple mediators of the relations between caregiving stress and depressive symptoms. Aging Ment.
Health 2012, 16, 27-38. [CrossRef] [PubMed]

Fornell, C.; Larcker, D.F. Structural equation models with unobservable variables and measurement error:
Algebra and statistics. J. Mark. Res. 1981, 18, 382-388. [CrossRef]

Taylor, A.B.; MacKinnon, D.P; Tein, ].Y. Tests of the three-path mediated effect. Organ. Res. Methods 2008, 11,
241-269. [CrossRef]

Kung, Y.W.; Chen, S.H. Perception of earthquake risk in Taiwan: Effects of gender and past earthquake
experience. Risk Anal. 2012, 32, 1535-1546. [CrossRef] [PubMed]

Armas, I. Earthquake risk perception in Bucharest, Romania. Risk Anal. 2006, 26, 1223-1234. [CrossRef]
[PubMed]


http://dx.doi.org/10.1080/13669871003782751
http://dx.doi.org/10.1177/0013916507309864
http://dx.doi.org/10.1016/j.amepre.2005.09.001
http://www.ncbi.nlm.nih.gov/pubmed/16414417
http://dx.doi.org/10.1080/1366987031000075996
http://dx.doi.org/10.1016/j.ijdrr.2015.02.003
http://dx.doi.org/10.1108/09653560310480686
http://dx.doi.org/10.1177/00139160021972621
http://dx.doi.org/10.1177/0013916512437596
http://dx.doi.org/10.1016/j.envsci.2014.01.013
http://dx.doi.org/10.2307/249524
http://dx.doi.org/10.1207/s15327906mbr3202_5
http://www.ncbi.nlm.nih.gov/pubmed/26788758
http://dx.doi.org/10.1177/0049124189017003004
http://dx.doi.org/10.1080/10705519909540118
http://dx.doi.org/10.3758/BRM.40.3.879
http://www.ncbi.nlm.nih.gov/pubmed/18697684
http://dx.doi.org/10.1080/13607863.2011.615738
http://www.ncbi.nlm.nih.gov/pubmed/22224706
http://dx.doi.org/10.2307/3150980
http://dx.doi.org/10.1177/1094428107300344
http://dx.doi.org/10.1111/j.1539-6924.2011.01760.x
http://www.ncbi.nlm.nih.gov/pubmed/22300232
http://dx.doi.org/10.1111/j.1539-6924.2006.00810.x
http://www.ncbi.nlm.nih.gov/pubmed/17054527

Int. J. Environ. Res. Public Health 2018, 15, 1434 12 of 12

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Shapira, S.; Aharonson-Daniel, L.; Bar-Dayan, Y. Anticipated behavioral response patterns to an earthquake:
The role of personal and household characteristics, risk perception, previous experience and preparedness.
Int. ]. Disaster Risk Reduct. 2018, 31, 1-8. [CrossRef]

Muttarak, R.; Pothisiri, W. The role of education on disaster preparedness: Case study of 2012 Indian Ocean
earthquakes on Thailand’s Andaman Coast. Ecol. Soc. 2013, 18, 1-16. [CrossRef]

US FEMA. Homeland Security Exercise and Evaluation Program (HSEEP). Available online: https://www.
fema.gov/hseep (accessed on 27 June 2018).

UN. United Nations Office for Disaster Risk Reduction, What is Disaster Risk Reduction? Available online:
https:/ /www.unisdr.org/who-we-are /what-is-drr (accessed on 27 June 2018).

Russo, F; Rindone, C.; Trecozzi, M.R. The role of training in evacuation. WIT Trans. Inf. Commun. Technol.
2012, 44, 491-502. [CrossRef]

Russo, F,; Rindone, C. Civil risk manager at European level. WIT Trans. Ecol. Environ. 2013, 173, 765-778.
[CrossRef]

Russo, F,; Rindone, C. Urban exposure: Training activities and risk reduction. WIT Trans. Ecol. Environ. 2014,
191, 991-1001. [CrossRef]

Paton, D.; Smith, L.; Johnston, D. When good intentions turn bad: Promoting natural hazard preparedness.
Aust. |. Emerg. Manag. 2005, 20, 25-30.

Loke, A.Y,; Lai, C.K,; Fung, O.W.M. At-home disaster preparedness of elderly people in Hong Kong.
Geriatr. Gerontol. Int. 2012, 12, 524-531. [CrossRef] [PubMed]

Mishra, S.; Suar, D. Effects of anxiety, disaster education, and resources on disaster preparedness behavior.
J. Appl. Soci. Psychol. 2012, 42, 1069-1087. [CrossRef]

Paek, H.J.; Hilyard, K.; Freimuth, V.; Barge, ] K.; Mindlin, M. Theory-based approaches to understanding
public emergency preparedness: Implications for effective health and risk communication. J. Health Commun.
2010, 15, 428-444. [CrossRef] [PubMed]

Becker, ].S.; Johnston, D.M.; Daly, M.C.; Paton, D.M.; Mamula-Seadon, L.; Petersen, J.; Hughes, M.; Williams, S.
Building Community Resilience to Disasters: A Practical Guide for the Emergency Management Sector.
GNS Sci. Rep. 2011, 9, 44.

Becker, ].; Paton, D.; Johnston, D. Communication of risk: A community resilience perspective. GNS Sci. Rep.
2015, 66, 30.

Paton, D.; Johnston, D.M. A means-end chain theory analysis of hazard cognitions and preparedness.
GNS Sci. Rep. 2008, 19, 33.

Lazo, ] K.; Bostrom, A.; Morss, R.E.; Demuth, ].L.; Lazrus, H. Factors affecting hurricane evacuation intentions.
Risk Anal. 2015, 35, 1837-1857. [CrossRef] [PubMed]

Solberg, C.; Rossetto, T.; Joffe, H. The social psychology of seismic hazard adjustment: Re-evaluating the
international literature. Nat. Hazards Earth Syst. Sci. 2010, 10, 1663-1677. [CrossRef]

Lindell, M.K.; Hwang, S.N. Households’ perceived personal risk and responses in a multihazard environment.
Risk Anal. 2008, 28, 539-556. [CrossRef] [PubMed]

Paton, D.; Bajek, R.; Okada, N.; McIvor, D. Predicting community earthquake preparedness: A cross-cultural
comparison of Japan and New Zealand. Nat. Hazards 2010, 54, 765-781. [CrossRef]

Mulilis, J.P; Duval, T.S. Negative threat appeals and earthquake preparedness: A person-relative-to-event
(PrE) model of coping with threat !. J. Appl. Soc. Psychol. 1995, 25, 1319-1339. [CrossRef]

@ © 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/j.ijdrr.2018.04.001
http://dx.doi.org/10.5751/ES-06101-180451
https://www.fema.gov/hseep
https://www.fema.gov/hseep
https://www.unisdr.org/who-we-are/what-is-drr
http://dx.doi.org/10.2495/RISK120411
http://dx.doi.org/10.2495/SDP130641
http://dx.doi.org/10.2495/SC140842
http://dx.doi.org/10.1111/j.1447-0594.2011.00778.x
http://www.ncbi.nlm.nih.gov/pubmed/22122609
http://dx.doi.org/10.1111/j.1559-1816.2011.00853.x
http://dx.doi.org/10.1080/10810731003753083
http://www.ncbi.nlm.nih.gov/pubmed/20574880
http://dx.doi.org/10.1111/risa.12407
http://www.ncbi.nlm.nih.gov/pubmed/26299597
http://dx.doi.org/10.5194/nhess-10-1663-2010
http://dx.doi.org/10.1111/j.1539-6924.2008.01032.x
http://www.ncbi.nlm.nih.gov/pubmed/18419668
http://dx.doi.org/10.1007/s11069-010-9500-2
http://dx.doi.org/10.1111/j.1559-1816.1995.tb02620.x
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Design and Participants 
	Questionnaire 
	Data Analysis 
	Ethics Approval 

	Results 
	Demographic Differences among Major Variables 
	Mean Scores and Correlations among Various Measures 
	Structural Equation Modeling Analysis 

	Discussion 
	Conclusions 
	References

