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ABSTRACT

Natural hazards such as earthquakes and tsunami can have adverse impacts on infrastructures and populations globally. In Wellington, New Zealand, perception
of these risks is high but many people are poorly prepared. Using the Theory of Planned Behaviour in a pre-registered longitudinal study, we assessed intentions,
cognitions, and beliefs about the behaviour of preparing for natural hazards at Time 1 (N= 153) and self-reported behaviour one month later with 61 participants
from the sample at Time 2. Experiential attitudes, instrumental attitudes, self-efficacy, and perceived descriptive norms explained approximately 34% of the variance
in intentions, which in turn predicted preparation for natural hazards, although confidence in this result is qualified by the small sample size. Further, this study
identified several key beliefs related to preparing, such as the belief that preparing helps people to get through a natural hazard event better, that people can make
the effort to prepare, and that preparing can be fun and rewarding. These beliefs offer specific and tangible factors which can be efficiently addressed in public
education campaigns. Secondly, this study addressed a number of common methodological limitations in how the Theory of Planned Behaviour is conceptualised,
applied, and measured, by incorporating consistent inclusion of constructs and belief measures and coherence between measures of intentions and behaviour. This
research supports the implementation of the two-factor distinction, splitting attitudes into instrumental and experiential, social norms into descriptive and injunctive,
and perceived behavioural control into controllability and self-efficacy as well as including the belief measures which indirectly explain intentions. The Theory of
Planned Behaviour has a long history of beneficial applications to a variety of behaviours, but the recommendations made here for future use aim to improve the

usefulness of the theory in research beyond natural hazards, including comparisons of findings between studies.

Disaster impacts are increasing due to a combination of population
growth heightening exposure to hazards as well as climate change driv-
ing more frequent and severe high-impact weather events such as cy-
clones and drought (Paton and Buergelt, 2019; Tippett, 2018). Estimates
indicate that disasters triggered by natural hazards cost the global econ-
omy over US$500 billion each year, while over a million people were
killed and another billion impacted by disasters during the two decades
from 1998 to 2017 (Wallacemacq and House, 2018). Social scientists
have examined ways to reduce these impacts, particularly in disaster-
prone areas (e.g., Becker et al., 2015; Solberg et al., 2010). The present
research contributes to this literature by investigating the psychological
constructs that might contribute to preparation for natural hazards in a
disaster-prone region in Aotearoa New Zealand (NZ), a country prone
to a range of natural hazards such as earthquakes, tsunami, landslides,
and floods (Khan et al., 2012).

Indeed, NZ has been affected by several severe earthquakes, as well
as wildfires and meteorological hazards such as storms and droughts, in
the past decade. In particular, the Canterbury Earthquake Sequence in
2010/2011, which claimed 185 lives and caused billions of dollars of
damage and loss (Potter et al., 2015), has led to an ongoing conversa-
tion around how to reduce the impacts of such events (e.g., strengthen-
ing building codes; Vinnell et al., 2018). Subsequent events such as the
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2016 Kaikoura earthquake have likewise stimulated research on how to
reduce impacts of natural hazards (Vinnell et al., 2019).

The Wellington Region, which includes the capital city of New
Zealand, has long been known to be at objectively high risk of a power-
ful earthquake (Smith, 2015). Recent estimates suggest that as many as
1,500 people could be killed if an earthquake similar in magnitude to
the 2011 Christchurch earthquake struck Wellington City, with as many
as 12,000 injuries overwhelming local health systems (George, 2017).
Because of the city’s geography, a large earthquake could split the wider
region into 23 different areas with no roading access which would take
up to 120 days to fully reconnect, while electricity would likely be dis-
rupted for up to six months and water for up to a year (Brown et al.,
2019). The property damage and economic loss could be so severe that
the city would never fully recover.

While understanding of the specific features of Wellington’s risk con-
tinues to develop, the general danger posed by earthquakes has long
been known, and as a result decades of public education campaigns
have aimed to encourage residents to prepare. Although the vast ma-
jority of people in Wellington are aware of this earthquake risk, evi-
dence from previous research suggests that such education programmes
do not lead to significant increases in preparedness (Johnston et al.,
2013; Lindell and Whitney, 2000; Paton et al., 2005). This is perhaps
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because there is a disconnect between the beliefs about hazards held by
the public and by those who are communicating risk information, rather
than that information not being of a high enough quality (Paton and
Buergelt, 2019). It is therefore important to understand the beliefs held
by citizens which affect their preparation behaviour. In this investiga-
tion, we employ and extend the Theory of Planned Behaviour (TPB;
Ajzen, 1991) to assess intentions to prepare for natural hazards and pre-
dict preparation behaviour.

Several risk-specific theories have been developed to explain and
predict people’s behaviour in relation to natural hazards, including the
Person-relative-to-Event model (Duval and Mulilis, 1999), Protection
Motivation Theory (Tanner et al., 1989), the Protective Action Decision
Model (Lindell and Perry, 2012), and Community Engagement Theory
(Paton, 2013). These theories share some similarities and have strengths
suitable for specific contexts; however, none of these theories aligned
completely with the goals of the present research.

The first goal of this research is to explain and predict people’s prepa-
ration for natural hazards in order to inform behaviour change interven-
tions. To achieve this, the theory needs to treat behaviour as a specific
outcome, have been previously applied to a range of behaviours and
communities, and include a combination of previously supported and
novel constructs which can be modelled simultaneously and targeted in
interventions. The Theory of Planned Behaviour uniquely meets all of
these criteria.

The second goal of this research, and the main goal of the paper, is to
implement improvements and refinements to an existing theory rather
than attempting to generate a new theory. The TPB has been applied
previously to a broad range of behaviours (briefly reviewed below), but
many of these applications could be improved methodologically. It fol-
lows that developing a comprehensive set of measures for this theory
will likely be more impactful than doing the same for more narrowly-
applied theories such as those developed and used solely in the disaster
field.

The Theory of Planned Behaviour

The TPB proposes that the primary determinant of a given behaviour
is intention to carry out that behaviour. Intention in turn is informed by
attitudes about the behaviour, perceptions of social norms relating to the
behaviour, and perceptions of control over carrying out the behaviour
(perceived behavioural control; PBC). Meta-analyses have found sup-
port for the usefulness of the TPB in predicting a range of behaviours
(Armitage and Conner, 2001) including health-related behaviours such
as nutritional choices and smoking (Guo et al., 2016; McDermott et al.,
2015; Riebl et al., 2015; Topa and Moriano, 2010) and environmental-
related behaviours such as use of public transport and “green” consump-
tion (Si et al., 2019). Below we provide a brief description of each TPB
component.

Intentions are typically measured with questions regarding whether
individuals anticipate engaging in the behaviour in the near future
(e.g., Francis et al., 2004) and are therefore particularly relevant for
behaviours that require planning and conscious thought. The first com-
ponent shown to predict behavioural intentions is attitudes about the be-
haviour; this refers to whether individuals see the behaviour as positive
or negative (Ajzen, 2011). The attitude construct is differentiated into
attitudes about the experience of enacting the behaviour (experiential at-
titudes) and attitudes about the outcomes of the behaviour (instrumental
attitudes; Francis et al., 2004). Social norms relate to influences on an
individual’s behaviour caused by what is perceived as “normal” within
that individual’s social group. While injunctive norms refer to whether a
behaviour is approved of or not (e.g., Ajzen, 2002; White et al., 2009),
descriptive norms refer to prevalence of the behaviour (Cialdini et al.,
1990). Research has demonstrated that descriptive and injunctive norms
are discrete concepts (e.g., Vinnell et al., 2018) with different motiva-
tional mechanisms (Hamann et al., 2015).
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Finally, PBC refers to the general level of control that individuals
perceive themselves to have over whether they carry out the behaviour.
This can refer to whether individuals are able to plan to carry out the
behaviour, rather than the behaviour being seen as involuntary (control-
lability), as well as whether individuals have the capability to carry out
the behaviour in terms of individual factors such as time, knowledge,
effort, and finances (self-efficacy).

Beyond the three TPB components of attitude, social norms, and PBC
outlined above (hereafter referred to as “cognitions”), the theory also in-
cludes beliefs, which function as antecedents of the TPB constructs (e.g.,
attitude beliefs precede attitudes; Ajzen, 2006; McMillan et al., 2009).
People develop beliefs about a behaviour, which then influence the at-
titudes, perceptions of norms, and perceptions of control that they de-
velop. If these beliefs operate as proposed, then targeting these beliefs,
rather than the constructs they inform, should lead to greater success in
interventions (Ajzen, 2006; Darker et al., 2007). Although belief mea-
sures are seldom included in TPB studies (e.g., Hardeman et al., 2002),
evidence supports the targeting of beliefs in behavioural interventions
(e.g., Elliott and Armitage, 2009).

There is mixed evidence for the importance of these TPB con-
structs in natural hazard preparation. Instrumental attitudes are sim-
ilar to response-efficacy and outcome expectancy, which have been
repeatedly shown to be strongly associated with preparation (e.g.,
Becker et al., 2015; Johnston et al., 2013; Lindell and Whitney, 2000;
Paton et al., 2005, 2010; Vinnell et al., 2017), whereas little research
has directly explored the role of experiential attitudes in disaster prepa-
ration. Similarly, self-efficacy is one of the most commonly discussed
cognitive factors related to preparedness (e.g., Becker et al., 2015;
Duval and Mulilis, 1999; Lindell and Whitney, 2000; Paton et al., 2015)
Rowney et al., 2014), whereas controllability has no direct equivalent
in the disaster literature, although related concepts such as perceptions
of personal versus government responsibility for preparedness have re-
ceived some attention (Becker et al., 2015; Paton et al., 2005). Other
research has demonstrated social norm effects (e.g., Becker et al., 2014,
Vinnell et al., 2018), but most work tends to look at one type of social
norm in isolation (Ozaki and Nakayachi, 2015), does not incorporate
the descriptive/injunctive distinction (e.g., McIvor and Paton, 2007), or
examines less specific social cues (Bourque, 2013; Sanquini et al., 2016).

Using the TPB as a framework therefore presents an opportunity to
explore relatively novel constructs for the disaster field. This strategy
offers the potential to reveal new targets for preparation interventions
and campaigns while also examining well-established constructs so that
some informative relationships within the TPB could be identified, re-
gardless of any novel findings.

Extending the theoretical and applied scope of the TPB

Numerous meta-analyses and reviews support the TPB as a predic-
tion and measurement tool, as well as providing support for the theory
as a way to inform behaviour change interventions. However, there are
several ways in which the typical application of the theory can be im-
proved.

The two-factor distinction. Although attitudes have been recog-
nised as comprising both instrumental and experiential (or affective)
components for over a decade, few studies include this distinction. In-
deed, Darker et al. (2007) report that the predictive capability of the two
types of attitudes differ but argue that more evidence is necessary. Fur-
ther, some researchers have argued that the subjective norm component
should be dropped from the TPB given weak and inconsistent findings in
the literature while others have argued that the weakness in this element
could be due to poor and inconsistent operationalization and measure-
ment, which often involves single-item measures (Armitage and Con-
ner, 2001). The Cialdini et al. (1990) focus theory of normative conduct
divides social norms into descriptive and injunctive norms. This offers a
way to strengthen this component of the model, yet this division has
been infrequently and inconsistently applied in TPB studies. Finally,
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previous research has found that both PBC generally and self-efficacy
specifically play a significant role in the model, although they were not
historically tested in conjunction (for a review, see Armitage and Con-
ner, 2001). In fact, some formulations of the model define PBC as self-
efficacy (Ajzen, 2011). As noted above, recent research suggests that
PBC has two distinct but related components: perceived controllability
(whether the individual thinks they have control over carrying out the
behaviour) and self-efficacy (whether the individual thinks they are able
to carry out the behaviour; Ajzen, 2002).

Measurement and modelling. Several authors have argued that the
conflicting results in research applying the TPB reflects the use of dif-
ferent measures (e.g., Armitage and Conner, 2001). First, studies often
create novel TPB measurement items within the context of each individ-
ual study, rather than adapting consistently used and validated scales.
Second, there is often inconsistency in the inclusion and operational-
ization of the constructs themselves, including beliefs. Finally, the anal-
ysis used to test the TPB varies between studies. Many use regression
analysis (Topa and Moriano, 2010) while others use structural equation
modelling as recommended by Ajzen (2011). Importantly, findings can
differ between a stepwise regression analysis and a path analysis within
a structural equation modelling framework where all paths are tested
simultaneously (Topa and Moriano, 2010).

Behaviour. Regardless of weaknesses in the individual components
of the model, one of the main challenges of applying the TPB is the
definition and measurement of behaviour. Given the wide number of
behaviours to which the theory has been applied, there are several in-
consistencies in measurement of the behaviour under study. First, some
studies refer to specific behaviours (such as having a blood pressure test;
Francis et al., 2004) while others refer to broad categories of behaviour
(such as healthy eating or exercising, which involve several different
behaviours; Manning and Bettencourt, 2011; Riebl et al., 2015). Other
differences between studies include whether the behaviour is framed
positively (e.g., eating fruit; Hewitt and Stephens, 2007) or negatively
(e.g., following a low-fat diet; Armitage and Conner, 1999), and whether
the target is to increase engagement in a positive behaviour or to re-
duce engagement in a negative behaviour. This issue is non-trivial since
research has demonstrated that intentions to do something differ from
intentions to not do something (Richetin et al., 2011), including research
in relation to preparing for natural hazards (Paton et al., 2005).

The TPB in natural hazard literature

The full TPB has been applied to risk-mitigating behaviours such
as health preparedness (e.g., donating blood during disease outbreaks
and vaccine intentions; see Ejeta et al., 2015 for a review) but rarely
to natural hazard behaviour. The TPB has been applied to bushfire
preparation in Australia and wildfire preparation in the United States
(Bates et al., 2009; Morrison et al., 2014). These studies both contained
some of the inconsistencies common in TPB research; for example, both
used the subjective norms construct rather than descriptive and injunc-
tive norms. Further, Morrison et al. (2014) used numerous sources to
construct scale measures with differing numbers of items and modelled
attitudes and norms as direct predictors of behaviours, contrary to the
TPB, while Bates et al. (2009) conflated self-efficacy and instrumental
attitudes within the PBC component.

A study of disaster preparation in Iran presents support for the rel-
evance of the TPB (Najafi et al., 2017), but the approach used in this
study can be improved in several ways. The authors used past prepa-
ration both to dichotomise preparedness (producing unequal groups of
10% prepared versus 90% unprepared) and as the behavioural outcome
in the model, contrary to the theory. It is important to test predictors of
behaviour longitudinally or experimentally, rather than relying solely
on correlational design studies. Further, as with the fire studies men-
tioned above, this research measured only subjective norms and did not
include all theorised constructs in the TPB. A follow-up study in Iran as-
sessed TPB beliefs in relation to earthquake preparation but did not ex-
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amine whether these beliefs causally related to preparation (Najafi et al.,
2018).

In sum, these studies support the potential of the TPB to explain and
predict preparation for natural hazards, one of the two main goals of this
research. However, these studies also demonstrate several methodolog-
ical limitations common within the wider TPB literature. The second
goal of this research, therefore, was to develop a TPB measurement tool
which addresses these limitations, as outlined in the next section.

The present research

The TPB has not yet been thoroughly applied to the area of natural
hazard preparation, despite support from researchers in the field of nat-
ural hazards (e.g., Beatson and McLennan, 2011), including bushfires
(Bates et al., 2009; Morrison et al., 2014) and earthquakes (Najafi et al.,
2017; 2018). Advancing these natural hazard studies and TPB research,
we employ the full TPB model and address the methodological issues
listed above. This study also included surveys at two time points; in-
tentions, explanatory cognitions (attitudes, social norms, and PBC), and
beliefs were measured at Time 1 whereas preparation behaviour was
measured one month later at Time 2.

Hypotheses

Although the TPB proposes that all included cognitions (attitudes,
social norms, and PBC) will be significantly related with intentions, the
explanatory power of these cognitions may differ depending on the par-
ticular behavioural intention (Armitage and Conner, 2001), and some
constructs of the TPB do not have empirical support in the field of nat-
ural hazard preparation. Our hypotheses are therefore primarily based
on the findings of our earlier study (see Vinnell, 2020, Study 2). We
expected that experiential attitudes, instrumental attitudes, and self-
efficacy would be positively associated with intentions to prepare for
natural hazards, whereas perceived descriptive norms, perceived injunc-
tive norms, and controllability would not be associated with these in-
tentions. Further, intentions to prepare were expected to positively pre-
dict hazard preparation behaviour for all three preparation measures
conducted one month after the initial survey, with an effect consistent
with previous findings from the TPB literature (e.g., Armitage and Con-
ner, 2001).

Our predictions around intentions to prepare, instrumental attitudes,
and self-efficacy are consistent with the existing natural hazard liter-
ature as well as the TPB model. Some evidence would suggest a sig-
nificant relationship between intentions and descriptive and injunctive
norms. However, many TPB studies demonstrate that social norms are
a relatively weak explanatory factor, consistent with social norm the-
ory where effects are larger when norms are congruent (Hamann et al.,
2015), the population is less economically-developed and individualistic
(Fischer et al., 2019), the situation is new or ambiguous (Goldstein et al.,
2007), and the decision-making process is more automatic than delib-
erative (Kredenster et al., 2012). The context of this research does not
fit these situations.

Two other exploratory analyses were included. First, a potential di-
rect effect of PBC (self-efficacy and controllability) on behaviour was
tested. Second, we tested whether specific belief measures would lead
to increased model fit and demonstrate stronger associations with their
concordant cognitive components than the general belief measures. That
is, whether experiential attitude beliefs would be more strongly as-
sociated with experiential attitudes than general attitude beliefs, and
so on. This study, including the above predictions and planned ex-
ploratory analyses, was pre-registered on the Open Science Framework:
https://osf.io/xnepu/
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Study design

This study used a longitudinal design to examine whether intentions
to prepare for natural hazards would predict behaviour over time. This
involved testing all components of the TPB including beliefs, cognitions,
and intentions at Time 1 and then testing behaviour one month later
at Time 2. We assessed preparation behaviour with three measures: a
single item about preparation in general over the last month, a list of
specific actions participants could report taking over the last month,
and whether participants requested or declined an earthquake-planning
guide.

Participants

One thousand five hundred participants were randomly selected
from a list combining the electoral rolls of the urban Wellington re-
gion (i.e., Wellington, Hutt City, Upper Hutt, and Porirua City Coun-
cils). This number was calculated to achieve a probability sample of
approximately 383 participants at Time 1 (using the equation provided
by Dillman et al., 2014, p. 78), assuming a low response rate. A recent
study of natural hazard preparedness in Wellington using a postal re-
cruitment method achieved a response rate of approximately one-third
(Doyle et al., 2018). Although a sample of this size with complete data
at both time points would be preferable, assuming moderate attrition
between the two time points would mean an initial recruitment size
beyond the time, financial, and resource capabilities available for the
present study. The planned sample size of approximately 400 partici-
pants at Time 1 was expected to result in a sample size comprising data
at both time points of at least 100-200 participants (e.g., Satherley et al.,
2015). This is considered a minimum for structural equation modelling
analyses by conventional standards (Boomsma, 1985) as well as more
recent, rigorous standards (Wolf et al., 2013).

The 1,500 randomly selected participants were mailed a recruitment
letter giving a brief description of the research and a link to access the
online survey, with data collection running from the 11th of October
2019 to the 7th of November 2019. Of those who responded to the first
survey, 87 agreed to participate in the Time 2 survey, which was emailed
to them approximately one month after the Time 1 survey. One month
allows time for some behaviour to be undertaken while limiting the
influence of potential confounds such as the occurrence of a natural
hazard event.

Time 1 sample. One hundred and fifty-three participants com-
menced the Time 1 survey for an approximate response rate of 10%.
This is much lower than the anticipated response rate of approximately
one-third based on similar methods used in previous research with the
same population (Doyle et al., 2018), and therefore some of the follow-
ing statistical analyses differ from those laid out in the pre-registration
document. Two participants did not answer any questions beyond the
first intentions scale and were excluded from the dataset. All partici-
pants consented, were over the age of 18, lived in the urban Wellington
region, and understood the presented definition of natural hazards so
no exclusions were made for these factors. Participants were on average
51 years old (ranging from 18 to 86) and most had completed at least
secondary school (94.4%). Men and women were equally represented
in the sample (50.7% and 49.3%, respectively); however, most were
Pakeha (European descent: 81.9%) with Maori (the indigenous people
of NZ) under-represented (2.1%).

Time 2 sample. Sixty-three participants completed the Time 2 sur-
vey for a response rate of approximately 74% from the Time 1 sample.
Two participants did not provide their email address to link their re-
sponses to their Time 1 data and were excluded. All remaining 61 par-
ticipants responded to at least one behavioural measure. The mean age
of this sample, 52.37 years (SD = 16.12) did not significantly differ from
the mean age of the Time 1 sample, p = .66. Further, 30 participants
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identified as male and 31 as female, which again did not differ from the
ratio in the Time 1 sample, p = .84. The ratio of participants’ ethnicity
identifications and education level could be not compared between the
two samples as most cell sizes within the chi-square test would be too
small. However, again the majority (86.9%) identified as Pakeha and
had gained at least a secondary school qualification (95.1%).

Materials

Time 1 survey. The online survey included a range of measures
adapted primarily from two TPB questionnaire construction guides
(Ajzen, 2013; Francis et al., 2004). All components of the TPB model
were measured with four item scales with the exception of the two at-
titude belief scales (see Table 1). These two scales contained six items
to allow for an exploratory test of the instrumental and experiential dis-
tinction at the belief level. Participants also reported their experience of
natural hazard events and prior preparation behaviour. At the beginning
of the survey, participants were asked if they understood the following
definition:

“This survey will ask a number of questions about natural hazards.
For the purpose of this research, a natural hazard is a process or force of
nature, such as an earthquake, flood, tsunami, landslide, wildfire, storm,
and volcanic eruption, which has the potential to cause negative con-
sequences such as damage, injury, and/or disruption to lifelines (e.g.,
roads, water, electricity, food and medical supplies).”

All participants indicated that they understood this definition.

Natural hazard experience. Of this three-item measure, two ques-
tions were adapted from McClure et al. (2011) and the third added for
this study. The questions asked: “Have you or someone close to you suf-
fered damage to your home or possessions in a natural hazard event in
the past?”; “Have you or someone close to you been harmed in a natural
hazard event in the past?”; and “Have you experienced natural hazard
events which didn’t cause you harm or damage but made you feel scared
or vulnerable?”. All items used a 7-point Likert-type response scale,
ranging from “Never” to “A moderate amount/Moderately/A moderate
number” (respectively) to “A lot/Severely/A lot” (respectively).

Past preparation. This measure presented a list of 19 behaviours to
increase preparedness for a range of natural hazards but with a focus
on earthquakes, drawn from several scientific (McClure et al., 2015;
Mulilis et al., 1990; Spittal et al., 2006) and government sources (such as
getready.govt.nz and National Emergency Management Agency leaflet
material). Participants were presented with the following instructions:

“Please indicate which of these preparations you or someone in
your household have made for the specific purpose of a natural
hazard. If you’ve done one of these in the past but can no longer
benefit from it (e.g., stored food years ago which you’ve since thrown

out) please respond ’No’. If you have done part of the action (e.g.,

purchased a torch but not a battery-powered radio) please respond

Partly’.”

For each behaviour, participants could respond “Yes”, “No”,
“Partly”, “Unsure”, or “Not applicable”. The instructions and the be-
haviours were worded so as to make the behaviours applicable for as
many people as possible; for example, including the behaviour of others
in the household or including asking the landlord to carry out actions
which tenants cannot. The 19 behaviours were:

Store water

Store non-perishable food

Make an emergency kit

Make an emergency plan (e.g., knowing where to meet family)
Store supplies (such as plastic bags and toilet paper) to use as an
emergency toilet

Purchase items to use if power is lost such as a torch, radio, or gas
cooker

Obtain a fire extinguisher for my household
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Table 1
Theory of Planned Behaviour scales.
Scale Question ‘1’ label 7’ label Adapted from
Intentions I expect to prepare for a natural hazard Strongly disagree  Strongly agree Francis et al. (2004)
I want to prepare for a natural hazard Strongly disagree  Strongly agree Francis et al. (2004)
I intend to prepare for a natural hazard Strongly disagree  Strongly agree Francis et al. (2004)
I plan to prepare for a natural hazard Strongly disagree  Strongly agree Ajzen (2013)
Attitudes
Experiential I think that preparing for a natural hazard is: Simple Complicated Ajzen & Madden (1986)
(reverse coded)
I think that preparing for a natural hazard is: Boring Enjoyable Ajzen & Madden (1986)
I think that preparing for a natural hazard is: Unpleasant Pleasant Ajzen & Madden (1986)
I think that preparing for a natural hazard is: Rewarding Unrewarding Ajzen & Madden (1986)
(reverse coded)
Instrumental I think that preparing for a natural hazard is: Useless Useful Ajzen & Madden (1986)
I think that preparing for a natural hazard is: Unimportant Important Ajzen & Madden (1986)
I think that preparing for a natural hazard is: Unnecessary Necessary Ajzen & Madden (1986)
I think that preparing for a natural hazard is: Pointless Valuable Ajzen & Madden (1986)
Behavioural belief strength Preparing for a natural hazard will result in me Strongly disagree  Strongly agree Ajzen (2013)
and my home getting through a hazard event
better
I will feel like I'm doing something life-saving if I Strongly disagree  Strongly agree Francis et al. (2004)
prepare for a natural hazard
Preparing for a natural hazard can be a fun Strongly disagree  Strongly agree Ajzen (2013)
experience
Preparing for a natural hazard can be a rewarding Strongly disagree  Strongly agree Ajzen (2013)
experience
It is complicated to prepare for a natural hazard Strongly disagree  Strongly agree Francis et al. (2004)
(reverse-coded)
It is expensive to prepare for a natural hazard Strongly disagree  Strongly agree Francis et al. (2004)
(reverse-coded)
Outcome evaluation Getting through a natural hazard better is: Extremely bad Extremely good Ajzen (2013)
Doing something life-saving is: Extremely bad Extremely good Francis et al. (2004)
Doing something complicated is: Extremely bad Extremely good Francis et al. (2004)
Doing something expensive is: Extremely bad Extremely good Francis et al. (2004)
Doing something fun is: Extremely bad Extremely good Francis et al. (2004)
Doing something rewarding is: Extremely bad Extremely good Francis et al. (2004)
Descriptive norms
Direct Most people like me have prepared for a natural Strongly disagree  Strongly agree Ajzen (2002)
hazard
The people in my life whose opinions I value Strongly disagree  Strongly agree Ajzen (2002)
have prepared for a natural hazard
How many of the people who are important to None All White et al. (2009)
you do you think have prepared for a natural
hazard?
Normative belief strength Most of my friends and family have prepared for Definitely false Definitely true Ajzen (2013)
a natural hazard
Most of my neighbours have prepared for a Definitely false Definitely true Ajzen (2013)
natural hazard
Most Wellingtonians have prepared for a natural Definitely false Definitely true Ajzen (2013)
hazard
Most New Zealanders have prepared for a natural Definitely false Definitely true Ajzen (2013)
hazard
Identification with referent =~ When it comes to preparing for a natural hazard, Not at all Very much Ajzen (2013)

how much do you want to be like your
friends and family?

When it comes to preparing for a natural hazard, Not at all Very much Ajzen (2013)
how much do you want to be like your
neighbours?

When it comes to preparing for a natural hazard, Not at all Very much Ajzen (2013)
how much do you want to be like other
Wellingtonians?

When it comes to preparing for a natural hazard, Not at all Very much Ajzen (2013)
how much do you want to be like other New
Zealanders?

Injunctive norms
Direct Most people who are important to me approve of Strongly disagree  Strongly agree Ajzen (2002)

my preparing for a natural hazard

Most people like me approve of my preparing for Strongly disagree  Strongly agree Ajzen (2002)
a natural hazard

The people in my life whose opinions I value Strongly disagree  Strongly agree Ajzen (2002)
approve of my preparing for a natural hazard

Amongst the people who are important to you, No agreement A great deal of agreement  White et al. (2009)
how much agreement would there be that
preparing for a natural hazard is a good thing
to do?

(continued on next page)
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Table 1 (continued)
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Scale

Question

‘1’ label

7’ label

Adapted from

Normative belief strength

Motivation to comply

PBC
Self-efficacy

Controllability

Control belief strength

Power of control factors

Most of my friends and family approve of my
preparing for a natural hazard

Most of my neighbours approve of my preparing
for a natural hazard

Most Wellingtonians approve of my preparing for
a natural hazard

Most New Zealanders approve of my preparing
for a natural hazard

When it comes to preparing for a natural hazard,
I want to do what my friends and family
think I should do

When it comes to preparing for a natural hazard,
I want to do what my neighbours think I
should do

When it comes to preparing for a natural hazard,
I want to do what other Wellingtonians think
I should do

When it comes to preparing for a natural hazard,
I want to do what other New Zealanders
think I should do

I am confident that [ can prepare for a natural
hazard

If I wanted to, I could prepare for a natural
hazard

For me to prepare for a natural hazard is:
(reverse coded)

For me to prepare for a natural hazard is:

The decision to prepare for a natural hazard is
beyond my control

My preparing for a natural hazard is up to me

It is mostly up to me whether or not I prepare for
a natural hazard

How much control do you believe you have over
preparing for a natural hazard?

In the next month, I will have the money to
prepare for a natural hazard

In the next month, I will think about preparing
for a natural hazard

In the next month, [ will have the time to prepare
for a natural hazard

In the next month, I will make the effort to
prepare for a natural hazard

Having enough money would make me more
likely to prepare for a natural hazard

Thinking about preparing would make me more
likely to prepare for a natural hazard

Having the time would make me more likely to
prepare for a natural hazard

Making the effort to prepare for a natural hazard
would make me more likely to prepare

Strongly disagree
Strongly disagree
Strongly disagree
Strongly disagree

Strongly disagree

Strongly disagree

Strongly disagree

Strongly disagree

Strongly disagree

Strongly disagree

Extremely easy

Definitely impossible

Strongly disagree

Strongly disagree
Strongly disagree

No control
Extremely unlikely
Extremely unlikely
Extremely unlikely
Extremely unlikely
Strongly disagree
Strongly disagree
Strongly disagree

Strongly disagree

Strongly agree
Strongly agree
Strongly agree
Strongly agree

Strongly agree

Strongly agree

Strongly agree

Strongly agree

Strongly agree
Strongly agree
Extremely difficult

Definitely possible
Strongly agree

Strongly agree
Strongly agree

Complete control
Extremely likely
Extremely likely
Extremely likely
Extremely likely
Strongly agree
Strongly agree
Strongly agree

Strongly agree

Ajzen (2013)
Ajzen (2013)
Ajzen (2013)
Ajzen (2013)

Ajzen (2013)

Ajzen (2013)

Ajzen (2013)

Ajzen (2013)

Francis et al. (2004)
Ajzen (2002)
Ajzen (2002)

Ajzen (2002)
Francis et al. (2004)

Ajzen (2013)
Ajzen (2013)

Ajzen (2002)
Ajzen (2013)
Ajzen (2013)
Ajzen (2013)
Ajzen (2013)
Ajzen (2013)
Ajzen (2013)
Ajzen (2013)

Ajzen (2013)

Purchase a water tank

Cloud-store important documents and/or photos on an internet
server

Make sure that my house is insured for damage caused by natural
hazards

Seek out information about the different natural hazard risks posed
to my home

Have the strength of my building checked (or ask landlord to do the
same)

Fasten tall furniture to the wall

Secure movable objects in my home (such as computers and TVs)
Strengthen my house/its foundations (or ask landlord to do the
same)

Ensure that heavy objects are stored on the floor and at the bottom
of cupboards

Identify people in my neighbourhood who need checking up on in a
natural hazard event

Store enough emergency supplies to help others not in my household

- Identify my local Community Emergency Hub so I can volunteer in
a natural hazard event

Time 2 survey. The follow-up survey included the same experience
measure described above, as well as three measures to assess preparation
behaviour between Time 1 and Time 2.

Preparation behaviour. First, a single question asked participants,
“In the past month, how much preparation have you done for a natural
hazard event?”, to which they responded on a 7-point Likert-type scale
from 1 (None) to 7 (A lot). Second, the same measure of past behaviour
used in the Time 1 survey, which presented a list of actions that par-
ticipants could report undertaking, was used here but with the specific
time frame of the past month. Third, participants were asked if they
would like to receive an earthquake planning guide (Wellington Region
Emergency Management Office n.d).

Descriptive statistics

Descriptive statistics and Cronbach’s alpha were calculated using
SPSS Version 25. All other analyses were run in Mplus Version 8.1
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Table 2
Descriptive statistics for all TPB scales.

Cognition Factor N Mean SD Response range a

Attitude Experiential 148  4.23 1.11 1to7 .69
Instrumental 148 6.44 1.01 1.25to0 7 .95
Beliefs
General 148 26.33 5.26 14 to 42 .55
Experiential 148 2346 6.73 8.67 to 39.67 .20
Instrumental 148 29.31 6.67 10 to 49 30

Norms Injunctive 148  5.44 1.09 1.50 to 7 .83
Descriptive 148 395 1.36 1to7 .89
Beliefs
Injunctive 147 1858 1040  1.50 to 49 .87
Descriptive 146 1449 6.26 4 to 33.25 .86

PBC Self-efficacy 146 5.67 0.99 3to7 .79
Controllability 146 6.05 0.88 3.50to 7 .67
Beliefs
General 145 1475 6.55 1 to 32.20 .82
Self-efficacy 145 10.96 5.09 1to 21 .89
Controllability =~ 145 2043 1098 1to 49 .70%

Intentions 139 5.26 1.44 1to7 .87

Note. All cognition measures had a possible range of 1 to 7, with a midpoint of 4.
All belief measures had a possible range of 1 to 49, with a midpoint of 25 within
the model. * = Spearman-Brown coefficient.

Table 3

Confirmatory factor analysis fit criteria results for individual TPB constructs.

Cognition Factor 7 df  pvalue Ratio CFI RMSEA SRMR
Attitudes Instrumental 3.37 2 .186 1.69 986  .068 .013
Experiential 5.36 2 .069 2.68 963  .106 .042
Beliefs 1032 2 .006 5.16 949  .166 .034
Item 4 with 3 0.02 1 .894 0.00 1.00 .000 .001
Norms Injunctive 5.12 2 .075 2.56 969 .104 .031
Descriptive 0.49 2 781 0.25 1.00 .000 .007
Injunctive beliefs 1255 2 .002 6.28 932 .189 .042
Item 2 with 1 0.02 1 .886 0.00 1.00 .000 .001
Descriptive beliefs 5.80 2 .055 2.90 964 114 .045
PBC Self-efficacy 9.05 3 .029 4.53 934 117 .074
Controllability 2786 3 .000 9.29 737 238 .160
Item 3 with 2 5.79 2 .059 2.90 961 112 .070
PBC beliefs 19.02 2 .000 9.51 852  .242 .067
Item 3 with 1 3.04 1 .081 3.04 982  .119 .015
Intentions 3.96 2 138 1.98 983  .081 .026

Note. Entries under the “Factor” heading which are in italics report modifications to the model
to improve fit. These modifications were based on the indices provided in the Mplus output.

(Muthén and Muthén, 1998-2017). Table 2 presents the descriptive
statistics for each of the TPB constructs at Time 1. All direct TPB scales
demonstrated adequate to good reliability, as did most of the belief mea-
sures. However, the attitude belief measures demonstrated poor reliabil-
ity based on the threshold stipulated in the pre-registration. Removing
item 5 (expensive) or item 6 (complicated) increased the reliability of
the general attitude belief measure to .73 or .64, respectively, removing
item 5 increased the reliability of the instrumental attitude belief scale
to .69, and removing item 6 increased the reliability of the experiential
attitude scale to .76. Therefore, the following analyses do not include
either the “expensive” or “complicated” attitude belief items. Table 3
presents fit criteria results for the TPB components, which generally in-
dicate good fit.

Correlations between intentions and each of the cognition compo-
nents were calculated in Mplus to control for the error in the observed
items (see Table 4). Intentions correlated positively with all cognition
components, ranging from weak to moderate. Most components were
correlated with each other, with the exception of descriptive norms
which only correlated significantly with instrumental attitudes and in-
junctive norms.

Predicting intentions

The lower-than-expected sample size did not provide enough power
to test a full latent structural equation model including all TPB con-
structs as well as behaviour; therefore, a simpler structural equation
model explaining intentions to prepare without behaviour variables was
tested. In this model, each of the scale items were treated as observed
variables loading on latent constructs. Intentions to prepare and PBC
were then tested as predictors of preparation behaviour in separate anal-
yses. The model explaining intentions demonstrated acceptable fit: y?
(881) = 1869.97, p < .001, y2/df = 2.12, RMSEA = 0.086, 95% CI [.081,
0.092], CFI = 0.72, SRMR = 0.15.

As shown in Fig. 1, all belief constructs were significantly associ-
ated with their related cognitions. As expected, instrumental attitudes,
experiential attitudes, and self-efficacy were positively associated with
intentions to prepare while injunctive norms and controllability were
not associated. Unexpectedly, descriptive norms were also positively
associated with intentions. Overall, the four TPB factors explained ap-
proximately 34% of the variance in intentions to prepare for natural
hazards.
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Table 4
Correlations between intentions and TPB cognition components.
Intentions  Inst Att  Exp Att InjNorm  DesNorm  SE Control

Intentions - 39%** 40+ .26* 29+ 38+ .25*
Inst attitudes - 52%*x 36+ 17+ .28%* 35%x*
Exp attitudes - .28 12ns 38+ 39+
Injunctive norm - A2%xx 33* .28*
Descriptive norm - .16ns -.01ns
Self-efficacy - 1.02%**

Controllability

Note. Inst = Instrumental, Exp = Experiential, Inj = Injunctive, Des = Descriptive, SE = Self-efficacy,
Control = Controllability. * =p < .05, ** =p < .01, *** =p < .001, ns =p > or = .05.
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Fig. 1. Structural equation model of TPB constructs explaining intentions to
prepare for natural hazards. R? for intentions = 0.34, * = p < .05, ** =p < .01,
“* = p <.001, ns = p> .05, ¥ =p = .05.

Predicting behaviour

The TPB does not hypothesise that attitude and norm components
directly relate to behaviour, so these factors were not included in the fol-
lowing analyses. It is important to note when interpreting these results
that only a relatively small sample size was available for these analy-
ses on behaviour which was measured at Time 2. Despite the sample-
size limitation, intentions to prepare positively predicted self-reported
general preparation as expected, g = 0.25 (SE = 0.10), p < .05, demon-
strating that those participants who had stronger intentions to prepare
at Time 1 reported having done more preparation at Time 2 than those
who had weaker intentions. However, when self-efficacy and controlla-
bility were included in the regression along with intentions, no factors
significantly predicted behaviour (p = .90, 0.93, and 0.49, respectively).

Given the past focus on self-efficacy and the well-supported role
this factor plays in natural hazard perceptions, a third regression tested
only intentions and self-efficacy as predictors of behaviour.! In this re-

! This test was not run for the behaviour of requesting an earthquake-planning
guide as intentions alone did not predict behaviour and therefore controllability
could not have a suppressive effect.

gression, self-efficacy again was not significantly associated with prepa-
ration, p = .22. However, intentions predicted preparation, g = 0.22
(SE = 0.096), p < .05. This exploratory analysis suggests that some con-
ceptual overlap of intentions with the controllability variable suppressed
the association between intentions and behaviour, although consider-
able overlap in controllability and intentions would be contrary to the
lack of a direct association between the two variables.

As above, intentions to prepare positively predicted the number of
preparation actions undertaken, f = 0.20 (SE = 0.088), p < .05. How-
ever, and again similar to the above results, when self-efficacy and
controllability were included in the regression along with intentions,
no factors significantly predicted behaviour, p = .96, 0.96, and 0.92,
respectively. When removing controllability from this regression, as
for the single-item measure of behaviour, self-efficacy was again non-
significant, p = .96, but intentions significantly predicted behaviour,
p = 0.20 (SE = 0.090), p < .05.

Forty-three participants requested the earthquake planning guide
and 18 declined. In contrast to the prediction, intentions to prepare
alone did not significantly predict requests for the earthquake guide,
D = .83. When self-efficacy and controllability were included in the
model, intentions again did not significantly predict request behaviour,
p = .90, nor did controllability, p = .96. However, self-efficacy was a sig-
nificant predictor of request behaviour, Estimate = 0.002, (SE = 0.046),
p < .001, such that the odds of requesting the earthquake planning guide
decreased when participants had higher self-efficacy. Although this is a
small effect, indicating a 1.4% difference in odds between those who
scored the highest and those who scored the lowest, this finding sug-
gests that those who see themselves as more capable of preparing for
natural hazards see less need for additional information or preparing
tools such as a planning guide.

Identifying beliefs

Regressions examined the direct association between belief scale
items and their related cognition for the three significant explanatory
components (instrumental attitudes, experiential attitudes, and self-
efficacy) to identify the most important beliefs within each construct
to target. Both instrumental attitude beliefs were significantly associ-
ated with instrumental attitudes: the belief that preparing will result in
getting through a natural hazard event better, § = 0.38 (SE = 0.094), p
< .001, and that preparing is a life-saving action, g = 0.25 (SE =0.068),
p < .001. A follow-up Wald test comparing the strength of these paths
was non-significant, p = .22, suggesting that the two beliefs are equally
important predictors of instrumental attitudes.

Similarly, both experiential attitude beliefs were significantly asso-
ciated with experiential attitudes: preparing can be a fun experience,
f = 0.43 (SE =0.095), p < .001, and preparing can be a rewarding ex-
perience, f =0.31 (SE =0.10), p < .01. Again, the paths did not sig-
nificantly differ in strength, p = .41. Only participants’ belief that they
would be able to put in the effort to prepare was significantly associated
with self-efficacy, g =0.34 (SE =0.13), p < .05. Participants’ belief that
they will think about preparing was not associated with self-efficacy,
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p = .88. Finally, while the descriptive norm belief scale was positively
associated with descriptive norms, none of the individual belief items
demonstrated significant associations (p values ranged from 0.095 to
0.551), suggesting that participants form holistic perceptions of descrip-
tive norms rather than prioritising a particular referent group.

Discussion

Preparing for natural hazards can ameliorate the personal, social and
economic impacts of disasters. In this pre-registered longitudinal study,
we employed and extended the Theory of Planned Behaviour (TPB) to
explain intentions and predict natural hazard preparation behaviour in
a general sample of residents of an earthquake-prone region (Welling-
ton, New Zealand). As predicted, instrumental attitudes, experiential
attitudes, and self-efficacy were significantly and positively associated
with intentions to prepare for natural hazards while a fourth factor, per-
ceived descriptive norms, also unexpectedly demonstrated a significant
association with these intentions. The amount of variance in intentions
explained by the above factors (approximately 34%) is within the range
typical for TPB studies (e.g., Armitage and Conner, 2001), though is to-
wards the low end of expected effect sizes. It is likely that the lower
variance explained here than in most previous research is a result of us-
ing structural equation modelling which controls for errors associated
with all items, which is not the case in the typical regression approaches
used in many TPB studies.

We acknowledge that our expected response rate was optimistic, al-
though it was based on a previous similar study and was therefore not
implausible. While the small sample size at Time 2 limits the confidence
of results from behaviour regressions, several findings are worth dis-
cussing. Intentions at Time 1 did not predict whether participants re-
quested an earthquake planning guide at Time 2; however, self-efficacy
did predict this behaviour, with those scoring higher being less likely
to request the guide. This finding is unsurprising in that those who see
themselves as more capable of preparing for natural hazards would log-
ically be less likely to gather information on how to undertake this be-
haviour. The lack of association between information seeking and inten-
tions to prepare suggests that the behaviour of information-seeking is
perceived differently than the behaviour of actually undertaking prepa-
ration actions (Paton et al., 2005; Paton et al., 2001).

Another explanation for the lack of association between intentions
and information-seeking is that the intention—-behaviour association is
less likely to be significant when the measures used are not aligned as is
the case here (Ajzen, 2011). When behaviour was assessed with a con-
tinuous measure, intentions to prepare positively predicted preparation
behaviour, with associations that were weak to moderate in strength.
Intentions, therefore, are important to encourage in terms of increas-
ing preparation for natural hazards. However, the well-documented
intention-behaviour gap (Sniehotta et al., 2005) suggests that a second
method for increasing behaviour specifically targeted at this problem
would be beneficial.

Theoretical and practical implications

As well as examining cognitions and beliefs which relate to prepa-
ration for natural hazards, this research developed and tested a TPB
measurement tool addressing several inconsistencies common through-
out the wider literature. This study supports the use of the two-factor
distinction in the cognition components of the TPB: attitudes into ex-
periential and instrumental, norms into injunctive and descriptive, and
PBC into controllability and self-efficacy. The identification of some but
not all beliefs associated with the explanatory variables highlights the
importance of including belief measures, especially when the aim of the
research is to identify specific, targetable factors for intervention, as is
the case here. This study provides a set of tested measures which can
be easily adapted to different behaviours to increase the consistency
between TPB studies and therefore make comparisons between these
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studies more meaningful. However, different salient attitude and con-
trol beliefs for each new behaviour should be ascertained at the outset
and used to adapt the items employed here. Finally, the varied findings
between the different behaviour measures reinforces the importance of
ensuring that the intention and behaviour measures used within a study
are compatible.

While the concepts of outcome expectancy and fatalism (similar to
instrumental attitudes) are well supported as relevant to natural hazard
preparation (Johnston et al., 2013; Lindell and Perry, 2000), this study
clarifies specific aspects of these concepts that could be targeted. For
example, it is useful to know that communications can convey prepar-
ing as beneficial, without having to specify particular benefits, and that
communications which do specify particular benefits should include that
these actions can be life-saving. Given that survival actions are under-
taken at a higher rate than mitigation actions (Spittal et al., 2008), this
latter finding suggests that emphasizing how steps such as strengthen-
ing the foundations of a house may save the lives of its occupants (as
well as reducing damage) could be an effective way to encourage such
behaviour.

In contrast with instrumental attitudes, research in the natural haz-
ard field has not tested experiential attitudes as a predictor of prepara-
tion. While several programmes locally and internationally have aimed
to make both understanding risk and preparation actions engaging for
children using games (e.g., Dreaver, 2018), little research has tested the
same for adults; one exception found only small benefits in knowledge
of protective actions (Gampell et al., 2020). Finally, despite the finding
of McClure et al. (2015) that not thinking about undertaking a particu-
lar action was one of the most common reasons for inaction, the current
study found that participants’ belief that they will think about prepar-
ing was not significantly associated with self-efficacy, whereas the belief
that they will be able to put in the necessary effort was. It is possible that
participants think about preparing generally, rather than specifically as
was assessed in McClure et al. (2015), and that it is lack of willingness
to put in the effort that inhibits them acting rather than not thinking
about it (see also Doyle et al., 2011).

Several suggestions have been made in the literature to increase the
translation of intentions into behaviour, including goal setting and im-
plementation intentions (Ajzen, 2006; Ajzen, 2011; Hardeman et al.,
2002; Gollwitzer, 1999; Riebl et al., 2015; Webb and Sheeran, 2006).
These aligned concepts can be applied together (Hardeman et al., 2002),
where participants break down a particular broad task such as preparing
for natural hazards into smaller tasks (goal setting; Locke et al., 1981)
and decide how, when, and (if relevant) where they will undertake those
smaller tasks (implementation intentions; Gollwitzer, 1999). Goal set-
ting has been used to increase preparation for earthquakes by Welling-
ton businesses (McClure et al., 2015) and implementation intentions
have been used successfully to supplement the TPB in behaviour change
interventions as a way of bridging the intention—-behaviour gap. For ex-
ample, implementation intentions have fully mediated the effect of in-
tentions on physical activity in the study by Sniehotta et al. (2005) and
increased the effectiveness of an intervention to reduce snacking be-
haviour (Karimi-Shahanjarini et al., 2013). This is an important direc-
tion for future research.

Limitations

Contrary to expectations based on previous similar research, only a
relatively small sample was obtained for this study. This difference is
possibly due to the new method used here of providing an online link
for participation rather than a paper survey and a return envelope, al-
though no rural areas were sampled, and internet access is nearly univer-
sal across New Zealand (InternetNZ, 2017). Due to this smaller than ex-
pected sample, the data collected was underpowered to test behaviour as
part of the full model. Testing the intention-behaviour association sep-
arately did not allow for a test of the proportion of variance explained
in behaviour as planned in the pre-registration. This low response rate
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also increases the likelihood of a self-selection bias, as potentially par-
ticipants with strongly positive or strongly negative views of preparing
were more motivated to take part in the study.

This study used postal recruitment to select a random sample from
the population. The sample had a gender ratio accurately reflecting
the Wellington population, but minority ethnicity groups were under-
represented. However, the overall purpose of this research is to inform
a non-targeted intervention and demographic variables typically appear
to have weak effects on risk perception and preparation (Becker et al.,
2015).

TPB studies tend to use self-report measures of behaviour (e.g.,
Hardeman et al., 2002) which are open to biases such as social desir-
ability (van de Mortel, 2008), as such data are typically easier, quicker,
and cheaper to collect (Ajzen, 2002). Findings on how behavioural
measurement affects the intention-behaviour relationship are conflict-
ing, with some showing a stronger association for self-report measures
(Armitage and Conner, 2001; McEachan et al., 2011) and others showing
a stronger association for objective measures (Webb and Sheeran, 2006).
Although this study uses self-report, several aspects of the method ad-
dress the inherent limitations of this method. First, Ajzen (2002) sug-
gests that one way to improve the validity of self-report behaviour mea-
sures is to use multiple items. It is likely that individuals will be better
at accurately reporting whether they have stored water than how many
times in the past month they have eaten fruit, for example. Second, the
behavioural item offering an earthquake-planning guide is a more ob-
jective measure of behaviour than self-report.

Strengths

This study has several strengths in statistical, theoretical, and prac-
tical respects. First, the use of structural equation modelling to test
how the TPB cognitions explain the variance in intentions allows for
more confidence in the findings than if regression models had been
used (Ajzen, 2011; Topa and Moriano, 2010), although this test would
ideally have included behaviour had the data been sufficiently pow-
ered. Second, inconsistencies in how behaviour is measured, both within
and across TPB studies, likely contributes to conflicting findings. For
example, the association between intentions and behaviour has been
found to be both weaker (Webb and Sheeran, 2006) and stronger
(Armitage and Conner, 2001) when the behaviour measure is self-report.
Though Ajzen (2011) argues that the intentions and behaviour measures
should be compatible within studies, this recommendation is not applied
in all TPB studies. The inclusion of three different behaviour measures,
then, presents a significant strength of this study.

Although the multi-item behaviour measure is self-report, it as-
sesses objective actions rather than a holistic judgement as is required
in the single-item behaviour measure. Consistent with findings from
Armitage and Conner’s (2001) meta-analysis showing that self-report
measures demonstrate stronger associations than objective measures,
intentions predicted the single-item behaviour measure better than the
multi-item behaviour measure. It is possible, however, that this small
difference in paths is due to the single-item behaviour measure being
more similar to the intentions measure (i.e., response on a 7-point scale,
referring to the behaviour generally). While these two potential expla-
nations cannot be tested here, the differences in associations found in
this study support the careful evaluation and future exploration of the
role of behaviour measure construction.

In addition, this study tests the full TPB model, including behaviour,
all proposed subcomponents, the level of antecedent beliefs, and the
two-factor distinction at that belief level. In addition, although the
dataset did not provide sufficient power to test this full model with all
variables included at once, this study demonstrates that it is feasible to
present all necessary items in a single study. Using the full model in this
way allows for the identification of which attitudes, norms, and control
perceptions are relevant to intentions and behaviour, and goes beyond
testing broad concepts such as outcome expectancy (i.e., instrumental
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attitudes) and self-efficacy to include specific relevant beliefs which can
be more easily and directly targeted in public education campaigns. Pre-
vious research using the TPB suggests that behaviour change interven-
tions to target specific beliefs are more effective than interventions to
target the cognitions broadly (e.g., Ajzen, 2011; Darker et al., 2007;
Elliott and Armitage, 2009; Hardeman et al., 2002).

In conclusion, this study demonstrates that instrumental attitudes,
experiential attitudes, self-efficacy, and descriptive norms meaningfully
relate to intentions to prepare for natural hazards. In relation to the
aim of suggesting factors for a behaviour change campaign to target,
five beliefs were found to be important: the belief that preparing (1)
will get the individual through a hazard event better, (2) is a life-saving
action, (3) can be fun, (4) can be rewarding, and (5) is an effort of which
they are capable. The findings here present potential ways to increase
the effectiveness of public education campaigns and interventions to
increase natural hazard preparation.
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