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ABOUT ROYAL LIFE SAVING 
 
Royal Life Saving is focussed on reducing 
drowning and promoting healthy, active and 
skilled communities through innovative, 
reliable, evidence based advocacy; strong and 
effective partnerships; quality programs, 
products and services; underpinned by a 
cohesive and sustainable national organisation.  
 
Royal Life Saving is a public benevolent institution 
(PBI) dedicated to reducing drowning and turning 
everyday people into everyday community 
lifesavers. We achieve this through: advocacy, 
education, training, health promotion, aquatic 
risk management, community development, 
research, sport, leadership and participation and 
international networks. 
 
ABOUT GRIFFITH UNIVERSITY’S MENZIES HIQ 
 
Based at Griffith University, the Menzies Health 
Institute Queensland undertakes research across 
the lifecycle to identify key factors that 
influence health. From this we develop and test 
strategies to improve health and wellbeing for 
individuals, families and communities. 
 
With exceptional biomedical, nursing, allied 
health, social and behavioural scientists, clinical 
researchers and research candidates, Griffith’s 
MenziesHIQ has achieved remarkable outcomes. 
 
Four overarching programs—Disability and 
Rehabilitation, EPIC Health Systems, Healthcare 
Practice and Survivorship, and Infectious Diseases 
and Immunology—encapsulate our research 
strengths and align with local and national health 
priorities. Underpinning the work of these 
programs is a focus on innovation, data science, 
research translation and meaningful clinical and 
community partnerships. 
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EXECUTIVE SUMMARY 
 
Drowning is the third leading cause of injury-
related deaths worldwide1 and is thought to be 
a leading cause of death during times of flood2 3. 
Activities such as driving into, walking near, or 
engaging in recreational activities near or in 
floodwater are commonly reported as preceding 
drowning1. Reports have shown that, in 
Australia, around 53% of flood-related drowning 
deaths and 55% of all river flood-related 
unintentional drowning deaths4 were the result 
of driving through floodwaters.  
 
This study was conducted in two phases: an 
intervention development phase, and an 
intervention evaluation phase. The intervention 
evaluation phase utilised a randomised controlled 
trial design in which participants were 
randomised into one of two experimental 
conditions: (1) education about the risks of 
driving through floodwater; or, (2) education 
about the risks of driving through floodwater plus 
a theory-based behaviour change intervention 
using planning and implementation imagery 
exercises. Outcomes were measured at baseline, 
immediately post-intervention, and at a follow-up 
one month later. The intervention was delivered, 
and outcomes were measured, within an online 
survey. The effect of the intervention on the 
outcomes was assessed using a series of mixed-
model ANCOVAs. 
 
Results indicated that the intervention reduced 
intentions toward driving through floodwater, 
subjective norms regarding driving through 
floodwater, and improved action planning 
regarding avoiding driving through floodwater. 
The control group, who received only publicly 
available information, also improved with regard 
to intentions and subjective norms immediately 
after receiving this information, but changes were 
not maintained at the follow-up, unlike the 
intervention group. The intervention group 
showed significantly greater levels of action 
planning to avoid driving through floodwater 
both immediately post-intervention and at the 
follow-up. Results also revealed that changes in 
intentions and subjective norms may be stronger 
for males. Further analyses also indicated that 
the intervention showed effects on post-

intervention intentions, subjective norms,  
perceived behavioural control, perceived 
severity, anticipated regret, barrier self-efficacy, 
and action planning in individuals who indicated a 
modest level of intention or willingness to drive 
through floodwater prior to the intervention. 
 
This study has important implications for the 
prevention of flood-related deaths. Specifically, 
the study shows that the theory-based 
implementation imagery intervention may be 
superior to providing information alone when 
lasting changes in intentions and beliefs toward 
driving through floodwater is desired.  
 

Next steps 
Policy, programs and advocacy 
• This research supports that theory-based 

interventions such as implementation imagery 
are a promising approach to creating lasting 
changes in psychological constructs that are 
associated with driving through floodwater. 

• Future implementation strategies could 
include embedding the intervention within 
driver education programs and school-based 
activities to promote safer intentions and 
beliefs regarding driving during flood events. 

• Public safety campaigns should utilise 
behaviour change methods that impact upon 
norms, and should help to build self-efficacy 
and good quality planning around utilising 
alternatives to driving through floodwater. 

 

Research agenda 
• Conduct further testing of the intervention in 

“real-world” contexts, such as during flood 
events, and examine the effect of the 
intervention on actual behaviour. 

• Research is currently underway to examine 
attitudes and beliefs toward driving through 
floodwater among learner drivers. Further 
research can examine feasibility and efficacy 
of using the intervention in education and 
assessment programs for this population. 

• Test effects of the intervention on those with 
low intentions to drive through floodwater, 
such as learner drivers over an extended 
period of time. This could be conducted, for 
example, over a season when flood events are 
prevalent.
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BACKGROUND 
 
Drowning is the third leading cause of injury-
related deaths worldwide1 and is thought to be 
a leading cause of death during times of flood2 3. 
Activities such as driving into, walking near, or 
engaging in recreational activities near or in 
floodwater are commonly reported as preceding 
drowning1. Reports have shown that, in 
Australia, around 53% of flood-related drowning 
deaths and 55% of all river flood-related 
unintentional drowning deaths4 were the result 
of driving through floodwaters.  
 
A recent study surveyed more than 600 
Australian river users and found 35.7% of 
participants reported having driven through 
floodwater, with males (43.9%) significantly more 
likely to have driven through floodwaters than 
females (27.8%)5.  
 
Drowning statistics in this area also likely 
underestimate the true extent of the driving-
related drownings due to limitations around the 
use of International Classification of Diseases 
(ICD) flood-related drowning codes6 7.  
 
Due to the magnitude of this issue, intentionally 
driving through floodwater has been the subject 
of mass-media prevention campaigns such as 
‘Turn Around Don’t Drown’8 in the United States 
and ‘If it’s flooded, forget it’9 in Australia. 
However, very little research to date has 
evaluated the effect of these campaigns on 
attitudes, motivation, and actual drowning rates. 
In fact, fatal and non-fatal drownings resulting 
from intentionally driving through floodwater 
continue to occur regularly10-12. For example, 
during a severe weather event in a 24-hour 
period, in March 2017, 108 floodwater rescues 
were conducted in Queensland, Australia by the 
State Emergency Service13. This has in resulted in 
a national call for research into driving 
behaviours around floodwater12. 
 
 
 
 
 
 
 

In response to a paucity of empirical research, we 
conducted a series of studies to understand the 
psychological processes underpinning decisions 
around driving through floodwater14-16, avoiding 
driving through floodwater17, and the 
experiences of those who rescue drivers who 
have driven through floodwater18. While it is 
commonly assumed that people choose to drive 
through floodwater due to a lack of awareness of 
the risks, our research identified that many of the 
people who drive through floodwater are aware 
of the risks and have been exposed to relevant 
mass-media campaigns14. 
 
Building on this research, we developed and 
evaluated a mass-media style infographic video 
that included theory-based behaviour change 
methods to bridge the gap between awareness 
and intentions to drive through floodwater19. 
While the video had an effect on attitudes, 
subjective norm, perceived susceptibility, and 
perceived severity immediately post-intervention, 
these effects were only maintained at the four-
week follow up for women and not men. Further, 
there was no effect of the video on intentions19. 
Therefore, continued development and 
evaluation of interventions aimed at promoting 
safe driving behaviour during floods is a priority. 
Some potential explanations for the null effect of 
the infographic on intentions are that the 
intervention did not directly target intentions 
and/or did not aid in the development of a plan 
that can be implemented if this particular 
situation arises for the person during a flood 
event (i.e. faced with a flooded road whilst in 
their vehicle). 
 
We also suspect that gender differences in the 
effects at follow-up may have been due to 
females self-reinforcing the messages contained 
within the intervention due to a greater tendency 
to utilise ruminative thinking styles20. This 
suggests that an effective intervention aimed at 
promoting safe driving behaviour during floods 
should utilise behaviour change methods that aid 
in the development of a plan and when to 
implement it, such as implementation 
intentions21; and, allow sufficient internalisation 
of the intervention content through strategies 
such as mental imagery22.  
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Implementation intentions are concrete plans 
about when, where, and how to enact a 
behaviour to achieve a specific goal which 
contrasts from simply intending to achieve a 
goal–otherwise known as goal intentions23. 
Implementation intentions have been found to 
be superior to goal intentions in achieving goals, 
with a meta-analysis finding medium to large 
effects of implementation intentions on goal 
achievement24.  
 
Conroy and Hagger 22 describe mental imagery 
interventions as involving “self-directed 
imagining or visualising specific events, actions, 
or outcomes, including concomitant feelings and 
responses, with the express purpose of increasing 
motivation toward a target action or task” (p. 
669). Conroy and Hagger’s meta-analysis of 
imagery interventions in health behaviour found 
nontrivial small averaged corrected effects of 
these interventions on post-intervention 
behaviours, intentions, perceived control, and 
attitudes; and, identified characteristics of 
interventions that moderate the effect size. A 
small number of studies have combined 
implementation intentions and mental imagery 
to change health behaviours such as fruit and 
vegetable consumption25 and alcohol intake26 
yielding small to medium effect sizes.  
 
Building upon our prior work19, we combined two 
behaviour change strategies–mental imagery and 
implementation intentions–to develop an 
implementation imagery intervention to promote 
less favourable intentions to drive through 
floodwater.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Implementation imagery is an intervention 
procedure comprising imagery and planning 
exercises. Participants are prompted to imagine 
the steps required to engage in a future 
motivated behaviour and form a concrete plan to 
implement the steps. We used a six-part 
implementation imagery intervention procedure 
for the current intervention.  
 
In Part 1, participants were provided with 
information on the target behaviour. In Part 2, 
participants received persuasive communication 
prompting participants to form a goal to perform 
the target behaviour in the future. In Part 3, 
participants were asked to complete a practice 
imagery exercise. In Part 4, participants were 
instructed to imagine the steps required for them 
to achieve the goal set in Part 2 and to develop 
and specify a plan to follow the steps if they 
encounter floodwater while driving. In Part 5, 
participants were prompted to imagine the 
outcomes associated with enacting the plan to 
highlight the personal relevance of the plan. In 
Part 6, participants were provided with a final 
statement indicating when they should 
remember their plan in the future. 
 



 8 

RESEARCH AIMS 
Drawing on our previous research14-19 we aimed 
to develop a theory-based behavioural 
intervention to promote less favourable 
intentions drivers to drive through floodwaters 
among Australian drivers. The research was 
conducted in two phases: a development phase 
in which the theory-based content of the 
implementation imagery intervention was 
developed and piloted, and an implementation 
and evaluation phase where the effect of the 
intervention in changing intentions and beliefs 
with respect to driving through floodwaters was 
tested in a population of drivers using a 
randomised controlled trial design.  
 
The project has two overarching aims which were 
achieved in these phases: 
 
AIM 1) Intervention development: The first aim 
was to develop the first online intervention 
combining two behaviour change strategies 
including mental imagery and implementation 
intentions - implementation imagery - to 
promote motivation toward and adoption of safe 
driver behaviour during floods. 
AIM 2) Intervention evaluation: The second aim 
was to test the effectiveness of the intervention 
in changing individuals’ beliefs and intentions for 
this risky driving behaviour. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Drivers recruited to the trial were randomly 
assigned to intervention or control conditions. 
Participants assigned to the implementation 
imagery condition received a set of education-
based messages that focussed on changing 
attitudes and intentions with respect to driving 
through floodwaters, and the theory-based 
implementation imagery exercises. The control 
condition participants received the education-
based messages alone, which were drawn from 
information commonly disseminated by public 
safety organisations. This represents a “usual 
care” control condition.  
 
The specific objectives of Aim 2 were to: (a) test 
the effectiveness of the intervention 
administered after baseline measures of study 
constructs at Time 1 (T1) in changing drivers’ 
intentions and beliefs immediately post-
intervention at Time 2 (T2); (b) determine 
whether the effects of the intervention were 
maintained four weeks later at Time 3 (T3); 
compare the effects of the intervention to effects 
of a comparison condition comprising publicly 
available education on driving through 
floodwater; and, (d) examine gender differences 
in intervention effects at T2 and T3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 



 9 

METHODS 
 

Ethical approval 
This project received ethical approval from the 
Griffith University Human Research Ethics 
Committee (2017/895). 
 

Trial registration and study 
protocol 
The study was registered at the Australia and 
New Zealand Clinical Trials Registry prior to Phase 
2 data collection. 
Registration no: ACTRN12618001212246  
The research protocol was published in BMJ 
Open27 and is available at: 
doi.org/10.1136/bmjopen-2018-025565 
 

Survey development 
The research questionnaires were developed by 
researchers at Griffith University in collaboration 
with Royal Life Saving Society – Australia. 
Measures were based on established guidelines28 
and have been used in our prior research19.  
 

Phase 1: Development  
Intervention optimisation and 
development 
The intervention content was developed based 
on existing safety messages9, our prior research14 

17, behaviour change methods29, and best-
practice techniques for implementation 
intentions and mental imagery22. The 
intervention is delivered in a multimedia video 
that contains video and audio content. Prior to 
recording, the scripts were reviewed by a panel 
of experts in drowning prevention, behaviour 
change, and media and communication. The 
scripts were also piloted with two Australian 
drivers and feedback was invited. Based on initial 
expert and driver feedback, refinements to 
wording of the scripts were made. The scripts 
were then audio-recorded using a voiceover actor 
and developed into videos. The videos then 
underwent further expert review and piloting 
with seven drivers from the target population. 
The pilot involved the participants completing the 
T1 survey, the intervention, the T2 survey, and 
then a semi-structured interview where they 

were asked broadly about their thoughts 
regarding the exercises. The participants were 
probed for specific information regarding clarity 
and timing of the different exercises in the video 
if it was not already shared. The drivers were 
purposively recruited to ensure a range on key 
demographic factors of age, sex, and education 
level. Based on qualitative feedback provided by 
pilot participants, we made data-driven 
refinements to the presentation and timing 
allocated to the exercises. Data were collected in 
June 2018 for Phase 1. 
 
All intervention and control condition materials 
are available at the Open Science Framework 
project site at: osf.io/z7xph/ 
 

Phase 2: Evaluation 
Participant recruitment and data 
collection 
Participants were 460 Australian residents who 
hold a provisional or full/unrestricted driver’s 
licence (those who require supervision to drive 
such as learner drivers were excluded). 
Participants completed an online survey 
containing a range of multiple choice and Likert-
style questions, and the intervention or control 
condition stimuli. Participants were sourced 
through an independent research panel 
company.  
 
In addition to the inclusion criteria, participants 
were screened on the following demographic 
characteristics and quotas were be imposed to 
ensure that the sample comprised similar 
proportions of these characteristics to the 
distribution of flood-related transport deaths in 
the general population: age, sex, geographic 
region (by state and metropolitan vs. rural), and 
household income.  
 
The study adopted a double-blind procedure. 
Participants were unaware of the condition to 
which they have been assigned and study 
purpose. Staff at the research panel company 
who could have had direct contact with the 
participants were also unaware of the conditions 
and aim of the study. Data were collected 
between November 2018 and January 2019 for 
Phase 2. 

http://www.anzctr.org.au/ACTRN12618001212246.aspx
http://doi.org/10.1136/bmjopen-2018-025565
file:///D:/My%20Drive/Research/Mental%20Imagery%20Study%20-%20Floodwater/Report/osf.io/z7xph
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Figure 1. Postcodes of Phase 2 participants 

  
 

Intervention condition materials 
Participants were initially presented with an 
information sheet outlining details of the study 
prior to completing an informed consent form. 
Participants then watched a brief ‘welcome’ 
video to familiarise them with the voice of the 
narrator, and to give participants the opportunity 
to enable the audio on their device prior to 
commencing the intervention. Next, participants 
completed the T1 (pre-intervention) 
questionnaire, after which they were randomised 
into one of two conditions (see Figure 1 for trial 
design). Both groups watched the welcome 
video; however, the welcome video for the 
control group differs in that it does not make 
reference to the mental imagery activity. The 
intervention group then went through the 
following six-part procedure, while the control 
group received only Part 1. Participants were 
then directed to the T2 survey.  
 
Part 1: Education. The first video was designed to 
educate participants on the risks of driving 
through floodwater. It was composed based on 
information that is publicly available and 
commonly broadcasted in Australia about the 
risks of driving through floodwater. See Figure 2 
for a screenshot of this video. 
 
 
 
 
 
 
 

Figure 2. Intervention video screenshot 

 
 
Part 2: Formation of a goal intention. The second 
video was designed to encourage participants to 
form a goal intention to avoid driving through 
floodwater if they encounter it on their route and 
to indicate that by forming a plan of what do in 
this situation, they can achieve their goal and 
avoid driving through floodwater. The video 
contained visuals of rain, floodwater, and a 
floodwater damaged road, and drivers were 
provided with further information about why 
people drive through floodwater drawn from our 
prior research14 17. Following Part 2, participants 
completed a single-item measure of goal 
intention, indicating their commitment to the 
goal. 
 
Part 3: Practice imagery exercise. Prior to the 
process imagery exercise, participants were 
provided with a practice guided imagery exercise. 
The purpose of the exercise was to allow 
participants to familiarise themselves with the 
practice of imagery, and to get them to relax and 
begin visualising vivid images. The practice guided 
imagery exercise prompted participants to 
imaging cutting into a lemon with a knife. The 
exercise uses a familiar situation in order to 
facilitate imagery. See Figure 3 for a screenshot 
of this video. 
 
Figure 3. Intervention video screenshot 
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Part 4: Process imagery exercise. Following the 
practice exercise, participants were provided with 
some examples of safe options to take should 
they encounter floodwater on their route. 
Participants were then instructed to imagine 
approaching floodwaters while driving their car 
and to consider the steps that they could take to 
avoid driving into the floodwater. Participants 
were then instructed to visualise these scenes 
independently for approximately two minutes. 
After the exercise was complete, the narrator 
advised the participant that the activity was over 
and requested that they note down the plan that 
they imagined in a response box below the video. 
See Figure 4 for a screenshot of this video. 
 
Figure 4. Intervention video screenshot 

 
 
Part 5: Outcome imagery exercise. In this part, 
participants watched a video which guided them 
through an outcome imagery exercise. This 
involves imagining the outcomes that may occur 
if they drive through floodwater, followed by a 
range of outcomes that would occur if they do 
not drive through floodwater. After the exercise 
was complete, the narrator advised the 
participant that the activity was over and 
requested that they note down the things that 
they imagined in the space below the video. 
 
Part 6: Conclusion. Following the final imagery 
exercise, participants watched a video thanking 
them for their attention and reminding them that 
if they are ever in the imagined situation, to 
remember their goal. The purpose of this was to 
create a cue that may be triggered by a situation 
similar to that imagined during the intervention. 
 
 
 
 

The intervention utilised a range of behaviour 
change methods29, which have been mapped on 
to theoretical constructs that comprise the study 
outcomes (see Table 2).  
 

Control condition materials 
Participants in the control group received the 
Part 1 education video described above and were 
then then directed to the T2 survey. This active 
control condition was chosen as the comparator 
to allow the effect of the imagery intervention to 
be examined relative to the effect of simply 
providing information about the behaviour. 
 

Study design 
The intervention was evaluated against the 
control condition immediately post-intervention 
(T2) and four-weeks later (T3). The evaluation 
adopted a 2 (intervention condition: education 
and implementation intention imagery condition 
vs. education only condition) x 3 (time: T1, T2, T3) 
parallel group randomised controlled design. 
Figure 5 illustrates the design of the intervention 
and participant flow through the study. 
 

Data quality 
Two questions were embedded within the T1 
survey to assess attentive responding30 31. The 
questions instruct the choice of a particular 
answer so that it is not possible to answer the 
question incorrectly if the item is read carefully 
(e.g., “please choose option two to ensure you 
are paying attention”). Participants who did not 
answer both of the questions correctly were 
excluded. 
 

Measures 
 

Intention 
Intention to drive through floodwater was 
measured using four items (e.g., “I intend to drive 
through the floodwater”). Responses were 
provided on 7-point scales (1 = strongly disagree 
and 7 = strongly agree). Change in intention was 
the primary outcome in the study. The following 
outcomes are secondary outcomes. 
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Attitudes  
Attitudes toward driving through floodwater 
were assessed using five items preceded by the 
common stem: “If I were to drive through the 
floodwater, it would be” Responses were 
provided on semantic differential scales (e.g., 1 = 
bad and 7 = good).  
 

Subjective norms  
Subjective norms were measured using five items 
prompting participants to rate the extent to 
which important others would want them to 
drive through floodwater and whether people 
similar to them would drive through (e.g., “Most 
people who are important to me would approve 
of me driving through the floodwater”). 
Responses were provided on 7-point scales (1 = 
strongly disagree and 7 = strongly agree). 
 

Perceived behavioural control 
Perceived behavioural control was measured 
using three items assessing drivers’ perceptions 
of their ability to control the behaviour (e.g., “I 
have complete control over whether I drive 
through the floodwater”). Responses were 
provided on 7-point scales (1 = strongly disagree 
and 7 = strongly agree). 
 

Risk perceptions 
Risk perceptions were measured using a two-item 
scale (e.g., “It would be risky for me to drive 
through the floodwater”. Responses were 
provided on 7-point scales (1 = strongly disagree 
and 7 = strongly agree). 
 
Figure 5. Study design 
 

Perceived susceptibility 
Perceived susceptibility was measured using a 
three-item scale (e.g., “My chances of having 
trouble if I drive through the floodwater are 
great”). Responses were provided on 7-point 
scales (1 = extremely unsusceptible and 7 = 
extremely susceptible). 
 

Perceived severity 
Perceived severity was measured using a two-
item scale (e.g., “If I drive through the 
floodwater, the consequences would be…”). 
Responses were provided on 7-point scales (1 = 
not at all severe and 7 = extremely severe). 
 

Anticipated regret 
Anticipated regret was measured using a three-
item scale (e.g., “If I were to drive through the 
floodwater, I would feel regret”. Responses were 
provided on 7-point scales (1 = strongly disagree 
and 7 = strongly agree). 
 

Barrier self-efficacy 
Barrier self-efficacy was measured using nine 
items assessing drivers’ confidence to avoid 
driving through floodwater (e.g., “I am confident I 
can avoid driving through floodwaters in the 
future… even when the alternative route will take 
more time/is inconvenient”. Responses were 
provided on 7-point scales (1 = strongly disagree 
and 7 = strongly agree). The barrier self-efficacy 
items were developed using belief elicitation in 
our prior work17 with a sample of drivers who had 
avoided driving through floodwater when they 
encountered it on their route. 
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Action planning  
Action planning was measured on a four-item 
scale (e.g., “I have made a plan regarding… How 
to avoid driving through floodwater”). Responses 
were provided on 7-point scales (1 = not at all 
true and 7 = exactly true). 
 

Demographic and other background factors 
Demographic and background details were 
collected at the baseline including: (i) gender (0 = 
male and 1 = female); (ii) age (in years); (iii) 
relationship status (0 = not married and 1 = 
married); (iv) education level (0 = non-university 
and 1 = university); (v) number of years driving; 
(vi) number of children; and (vii) past frequency 
of driving through floodwater measured using a 
single item: “How often in the past 5 years have 
you driven through floodwater? ‘Floodwater’ 
refers to a body of water covering land that is 
normally dry”, with responses provided on a 7-
point scale (1 =never and 7 = very often). 

 

Goal intention 
Following Parts 1 and 2 of the intervention (or 
Part 1 for the control group), participants were 
asked a question to assess their willingness to 
form a goal to avoid driving through floodwater, 
“Now that you have heard some information  
 

 
about driving through floodwater, please indicate 
your agreement with the following statement: I 
am willing to form a goal to avoid driving through 
floodwater”, responses were provided on a 7-
point scale (1 = strongly disagree and to 7 = 
strongly agree). 
 

Imagery ability 
Individual differences in imagery ability was 
measured using a 10-item scale drawn from the 
International Personality Item Pool (IPIP)32 and 
designed to measure Factor V (Intellect and 
Imagination) of Goldberg’s Big-Five Factor 
Markers 33. Responses were provided on 5-point 
scales (1 = very inaccurate and 5 = very accurate). 
For example, “Typically, I… Have a vivid 
imagination”. 
 

Data analysis 
Data analysis was conducted using SPSS v.25. This 
included descriptive statistics, mixed model 
ANCOVAs, and Johnson-Neyman moderation 
analyses using the Process macro v.3.334. 
Gender, age, marital status, education level, 
parent status, years driving, imagery ability, 
willingness to form a goal to avoid driving 
through floodwater, and past history of driving 
through floodwater were included as covariates 
in all analyses. 
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Participant characteristics 
 
Table 1. Participant demographic characteristics. 

Demographic characteristic Baseline (n = 460) Follow-up (n=315) 

Gender 
     Male 
     Female 

 
279 (60.7%) 
181 (39.3%) 

 
185 (58.7%) 
130 (41.3%) 

Marital status 
     Married registered 
     Married de facto 
     Separated/Divorced 
     Widowed 
     Never Married 

 
204 (44.3%) 
65 (14.1%) 
81 (17.6%) 
24 (5.2%) 
86 (18.7%) 

 
151 (47.9%) 
41 (13.0%) 
61 (19.4%) 
21 (6.7%) 
41 (13.0%) 

Employment status 
     Full-time work 
     Part-time/casual work 
     Full-time student 
     Part-time student 
     Unemployed/home duties 

 
92 (20.0%) 
84 (18.3%) 
10 (2.2%) 
6 (1.3%) 
268 (58.3) 

 
55 (17.5%) 
63 (20.0%) 
4 (1.3%) 
3 (1.0%) 
190 (60.3%) 

Household income (annual) 
     Nil – $26,000 
     $26,000 - $78,000 
     >$78,000 

 
141 (30.7%) 
218 (47.4%) 
101 (22.0%) 

 
99 (31.4%) 
143 (45.4 %) 
73 (23.2%) 

Highest educational attainment 
     Completed junior school (yr 10) 
     Completed senior school (yr 12) 
     TAFE certificate / diploma 
     Undergraduate degree 
     Postgraduate degree 

 
81 (17.6%) 
82 (17.8%) 
183 (39.8%) 
76 (16.5%) 
38 (8.3%) 

 
60 (19.0%) 
53 (16.8%) 
130 (41.3%) 
46 (14.6%) 
26 (8.3%) 

State 
     New South Wales 
     Victoria 
     Queensland 
     South Australia 
     Western Australia 
     Tasmania 
     Northern Territory 
     Australian Capital Territory 

 
188 (40.9%) 
23 (5.0%) 
194 (42.2%) 
11 (2.4%) 
21 (4.6%) 
17 (3.7%) 
3 (0.7%) 
3 (0.7%) 

 
126 (40.0%) 
20 (6.3%) 
123 (39.0%) 
10 (3.2%) 
16 (5.1%) 
16 (5.1%) 
2 (0.6%) 
2 (0.6%) 

Region 
     Major city or inner regional area 
     Outer regional, rural, or remote area 

 
268 (58.3%) 
192 (41.7%) 

 
178 (56.5%) 
137 (43.5%) 

Age 
     Mean (SD) 
     Minimum 
     Maximum 

 
57.35 (14.49) 
17 
86 

 
60.73 (12.18) 
19 
86 
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Table 2. Behaviour change methods, targeted theoretical constructs, and implementation strategies. 
Behaviour change methods are mapped on to theoretical constructs that comprise the study outcomes27. 

Part Behaviour change 
method/s 

Implementation strategy Target construct 

1: Education Information provision Provide information about the 
risks of driving through 
floodwater 

Attitudes, risk 
perception, perceived 
severity, perceived 
susceptibility 

2: Formation 
of a goal 
intention 

Personalise risk 
Scenario-based risk 
information 
Provide opportunities for 
social comparison 
Goal setting 
 

Providing information about 
the personal risk; providing 
reasons people commonly 
drive through floodwater from 
prior studies; providing a 
strategy for overcoming 
barriers to avoiding driving 
through floodwater 

Intention, attitudes, 
subjective norm, 
perceived behavioural 
control, risk 
perception, perceived 
severity, perceived 
susceptibility, 
anticipated regret, 
barrier self-efficacy 

3: Practice 
imagery 
exercise 

Guided practice (imagery 
skill) 

Tangy lemon guided imagery 
task 

Not applicable 

4: Process 
mental 
simulation 

Implementation intentions 
Goal setting 
Planning coping responses 
Guided practice 
Using imagery 

Provide examples of things to 
do when floodwater is 
encountered; imagining the 
steps to use when 
encountering floodwater while 
driving; process mental 
simulation exercise 

Intention, perceived 
behavioural control, 
barrier self-efficacy, 
action planning 

5: Outcome 
mental 
simulation 

Personalise risk 
Information about others’ 
approval 
Provide contingent rewards 
Using imagery 

Encouragement to think about 
the things that can happen 
when driving through 
floodwater and when avoiding 
driving through floodwater, 
including the risk and the 
benefits. Information about 
what important others will 
think; outcome mental 
simulation exercise 

Intention, attitudes, 
subjective norm, 
perceived behavioural 
control, risk 
perception, perceived 
severity, perceived 
susceptibility, 
anticipated regret 

6: Conclusion Cue altering Instructing that if ever in the 
situation to remember goal 

Barrier self-efficacy 

Note: Part 3 refers to the practice task which is designed to build imagery ability and does not relate to a 
target construct being assessed. 
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RESULTS 
 

Intervention effects 
Mixed model ANCOVAs revealed a statistically 
significant time × intervention group interaction 
effect on intentions to drive through floodwater 
F(1.90, 562.69) = 5.01, p = .008, ηp

2 = .02 and 
subjective norms, F(1.79, 528.87) = 5.60, p = .005, 
ηp

2 = .02. This indicates that changes in intentions 
and subjective norms across time points were not 
equivalent between groups.   
 
A mixed model ANCOVA also revealed a time × 
intervention group interaction effect on action 
planning to avoid driving through floodwater 
F(1.83, 541.37) = 3.25, p = .044, ηp

2 = .01; 
however, this effect fell short of the our pre-
specified cutoff level for statistical significance by 
a trivial margin. 
 
To probe these interaction effects, simple effects 
were examined. There were no significant 
differences between the intervention and control 
groups at the baseline for intentions (p = .399, ηp

2 
= .00), subjective norms (p = .360, ηp

2 = .00), and 
action planning (p = .097, ηp

2 = .01). 
 
Both groups showed a significant decrease in 
intentions to drive through floodwater from pre- 
to post-intervention, and there was no significant 
difference between groups (p =.101, ηp

2 = .01). 
Intention had started to increase again at the 
follow-up; however, there was less of an increase 
in the intervention group, and the difference 
between groups fell just short of conventional 
levels of significance by a trivial margin (p =.057, 
ηp

2 = .01). 
 
Both groups showed a significant decrease in 
subjective norms regarding driving through 
floodwater from pre- to post-intervention, and 
there was no significant difference between 
groups (p =.585, ηp

2 = .00) immediately post-
intervention. Subjective norms had started to 
increase again at the follow-up; however, there 
was less of an increase in the intervention group, 
with a significant difference between groups at  
the follow-up (p =.026, ηp

2 = .02). 
 

 
 
 
 
Both groups had a significant increase in action 
planning from pre- to post-intervention, which 
had started to reduce at the follow-up; however, 
action planning was significantly higher in the 
intervention group, compared to the control 
group at both Time 2 (p < .001, ηp

2 = .08) and 
Time 3 (p =.025, ηp

2 = .02). 
 
Mixed model ANCOVAs revealed no statistically 
significant time × group interaction effects on 
attitudes (F (1.79, 530.30) = .77, p = .452, ηp

2 = 
.00), perceived behavioural control (F (1.88, 
557.42) = 1.79, p = .170, ηp

2 = .00); risk 
perceptions (F (1.96, 573.82) = .25, p = .772, ηp

2 = 
.00); perceived susceptibility (F (1.79, 529.38) = 
.40, p = .651, ηp

2 = .00); perceived severity (F 
(1.84, 545.54) = .72, p = .477, ηp

2 = .00); 
anticipated regret (F (1.77, 521.12) = .64, p = 
.511, ηp

2 = .00); or barrier-self efficacy (F (2, 592) 
= 2.03, p = .132, ηp

2 = .01). Effect sizes were also 
consistently small. 
 
Note: Mauchley’s test indicated that sphericity 
could not be assumed for all tests except where 
barrier self-efficacy was the dependent variable. 
Therefore, the Greenhouse-Geisser correction 
was applied for these analyses. Inverse 
transformations were applied to intention and 
subjective norms variables to address significant 
skewness. 
 
 
Figure 6. Estimated marginal means for intention 
to drive through floodwater across time. 
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Figure 7. Estimated marginal means for 
subjective norm regarding driving through 
floodwater across time. 

 
 
Figure 8. Estimated marginal means for action 
planning to avoid driving through floodwater 
across time. 

 
 

Effects by gender 
Three-way mixed model ANCOVAs revealed time 
× group × baseline intention interaction effects 
on intentions, F (5.69, 559.65) = 2.80, p = .012, 
ηp

2 = .03; and subjective norms, F (5.34, 525.45) = 
2.79, p = .015, ηp

2 = .03; however, these, effects 
fell short of the our pre-specified cutoff level for 
statistical significance by a trivial margin. This 
indicates that changes in intentions and 
subjective norms across time points between the 
intervention and control group were likely 
different between genders. 
 
To probe the interaction effect, simple effects 
were examined. There were no significant 
baseline differences in intention between the 
control and intervention groups for males (p = 
.740, ηp

2 = .00), or females (p = .089, ηp
2 = .01). 

Similarly, there were no significant baseline 
differences in subjective norms between the 
control and intervention groups for males (p = 
.796, ηp

2 = .00), or females (p = .267, ηp
2 = .00). 

 

Consistent with the prior analyses of the overall 
sample, there were no significant differences 
between the intervention and control groups in 
intentions or subjective norms for either gender 
immediately post-intervention. However, a 
difference (which fell short of statistical 
significance by a trivial margin) between the 
intervention and control groups in intentions was 
observed at the follow-up in males (p = .047, ηp

2 = 
.01) but not females (p = .559, ηp

2 = .00). A 
difference between the intervention and control 
groups in subjective norms was also observed at 
the follow-up in males (p = .065, ηp

2 = .01) but not 
females (p = .207, ηp

2 = .01); however, this 
difference fell just short of conventionally-
accepted cutoff level for statistical significance by 
a trivial margin and effect sizes were small. 
 
Three-way mixed model ANCOVAs revealed no 
time × group × baseline intention interaction 
effects on attitudes (F (5.37, 528.17) = .54, p = 
.756, ηp

2 = .01), perceived behavioural control (F 
(5.61, 551.63) = 1.97, p = .073, ηp

2 = .02); risk 
perceptions (F (5.88, 572.27) = .72, p = .631, ηp

2 = 
.01); perceived susceptibility (F (5.37, 527.59) = 
.53, p = .769, ηp

2 = .01); perceived severity (F 
(5.51, 542.08) = .89, p = .497, ηp

2 = .01); 
anticipated regret (F (5.30, 519.48) = .82, p = 
.533, ηp

2 = .01); or barrier-self efficacy (F (6, 590) 
= 1.36, p = .229, ηp

2 = .01). Effect sizes were also 
consistently small. This indicates that changes in 
attitudes, perceived behavioural control, risk 
perceptions, perceived susceptibility, perceived 
severity, anticipated regret, and barrier-self 
efficacy across time points were not different 
between genders.  
 
Note: Mauchley’s test indicated that sphericity 
could not be assumed for all tests except where 
barrier self-efficacy was the dependent variable. 
Inverse transformations were applied to intention 
and subjective norms variables to address 
significant skewness. 
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Effects moderated by 
baseline intentions 
After conducting the pre-registered analyses, we 
sought to examine factors which may explain the 
lack of overall effect of the intervention on some 
of the secondary outcomes. The distribution of 
drivers’ responses for intention toward driving 
through floodwater was skewed toward the 
lower end. This means that many of the drivers 
indicated having no intention or willingness to 
drive through floodwater. While this does not 
mean that they should not be targeted by 
interventions of this nature, because they may 
find themselves willing to drive through 
floodwater in the future, it does raise the 
question that the intervention may affect them 
differently compared to those with some 
intention and willingness to drive through 
floodwater. To examine this question, we 
conducted Johnson-Neyman moderation analyses 
using the Process Macro in SPSS34. 
 
 
 

 

 
 
 
Results indicated that the intervention began 
having a statistically significant effect on post-
intervention intentions, subjective norms, 
perceived behavioural control, perceived 
severity, anticipated regret, barrier self-efficacy, 
and action planning at modest levels of baseline 
intention to drive through floodwater (i.e. 
baseline intention scores greater than 
approximately 2 on a 7-point scale). No effect 
was observed on risk perceptions of perceived 
severity at any level of baseline intention. 
 
Results also indicated that the effect of the 
intervention on intentions and subjective norms 
was retained at the follow-up at modest levels of 
baseline intention to drive through floodwater 
(i.e. baseline intention scores greater than 
approximately 2.5 on a 7-point scale).
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DISCUSSION 
The current research used a comprehensive two-
phase approach to design and develop, pilot test, 
and evaluate the efficacy of a novel e-health 
implementation imagery intervention in changing 
intentions and beliefs toward driving through 
floodwater. A key strength of the study is that it 
uses a sample with key demographic 
characteristics proportional to the distribution of 
flood-related transport deaths in the Australian 
population, ensuring results are generalisable. 
 

Key findings 
Results indicate that the intervention reduced 
intentions toward driving through floodwater, 
subjective norms regarding driving through 
floodwater, and improved action planning 
regarding avoiding driving through floodwater. 
The control condition who received just publicly 
available information also improved with regard 
to intentions and subjective norms immediately 
after receiving this information, but the changes 
were only maintained at the follow-up for the 
intervention group. The intervention group 
showed significantly greater levels of action 
planning to avoid driving through floodwater 
both immediately post-intervention and at the 
follow-up. Results also revealed that changes in 
intentions and subjective norms may be stronger 
for males. Further analyses also indicated that 
the intervention showed effects on post-
intervention intentions, subjective norms, 
perceived behavioural control, perceived 
severity, anticipated regret, barrier self-efficacy, 
and action planning in individuals who indicated a 
modest level of intention or willingness to drive 
through floodwater prior to the intervention. 
 

Implications 
This study has important implications for the 
prevention of flood-related deaths as a result of 
driving through floodwater. Specifically, the study 
shows that the theory-based behaviour 
implementation imagery intervention may be 
superior to providing information alone when 
lasting change in intentions and beliefs toward 
driving through floodwater is desired.  
 

The research supports that theory-based 
interventions such as implementation imagery 
are a promising approach to creating lasting 
changes in psychological constructs that are 
associated with driving through floodwater. In 
the future, this could include embedding the tool 
within driver education programs and school-
based programs to promote safer intentions and 
beliefs surrounding driving during flood events. 
Public safety campaigns should also seek to utilise 
behaviour change methods that impact upon 
norms, and help to build self-efficacy and good 
quality planning around utilising alternatives to 
driving through floodwater 
 

Future research 
Future research should seek to further evaluate 
the intervention. Specifically, the intervention 
could be embedded within an online tool and 
evaluated in a “real-word” ecological setting 
among drivers who have at least some intention 
to drive through floodwater if it is encountered 
on their driving route. Evaluation could include 
enrolling a cohort of drivers in a study where they 
receive the intervention at the beginning of the 
trial. Drivers could then receive text message 
cues during flood events and data could 
subsequently be collected on their actual driving 
behaviour. For example, drivers may report their 
behaviour via text message. This would provide 
information on the efficacy of the intervention in 
a “real-world” setting and would examine the 
effect of the intervention on actual behaviour. 
 
The intervention not having an effect on drivers 
with no intention or willingness to drive through 
floodwater does not necessarily suggest that it 
would not have some kind of effect in the long-
term if these individuals encountered floodwater 
in a “real-world” setting. For example, our prior 
research has identified that a range of social-
cognitive factors, and not just willingness, 
underpin decisions when floodwater is 
encountered while driving14-19. The potential 
long-term efficacy of the intervention on people 
who have not formed any intention to drive 
through floodwater should therefore be further 
examined. Research is currently underway to 
examine attitudes and beliefs toward driving 
through floodwater among learner drivers and 
this is one potential population of drivers where 
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intentions may be low. The current intervention 
could therefore be trialled in this population to 
examine potential effects on those with low 
intentions to drive through floodwater.   
There are a range of further practical implications 
that may arise from testing this intervention in 
those with low intentions to drive through 
floodwater, such as learner drivers. For example, 
the intervention could be embedded into learner 
driver training or assessment, or into school-
based safety and educational programs and 
feasibility and efficacy could be examined.  
 

Limitations 
While the outcomes are an extensive range of 
psychological variables established to predict 
driving through floodwater, the unpredictable 
and infrequent occurrence of flood events means 
that examining the effect of the current 
intervention on actual behaviour was not feasible 
within the timeframe of the study. A limitation of 
the study is therefore that the primary outcome 
is behavioural intentions rather than behaviour. 
Further, there are limitations associated with the 
use of self-report surveys in contrast with 
objective measurement when studying 
behaviours with strong social components. 
However, there are currently no objective 
alternative forms of measurement for these 
constructs, and we aimed to mitigate this 
limitation through the use of self-report 
measures that were developed based on 
established guidelines used in prior research. A 
final limitation is that Phase 2 was conducted 
online to maximise the geographical 
representativeness of the sample. This online 
administration (as opposed to conducting the 
study in a research laboratory) means that it was 
not possible to rule out potential distractions that 
could have occurred while the driver was 
completing the imagery tasks.  
 

Conclusions 
The current study developed and evaluated a 
novel e-health intervention to change drivers’ 
intentions and beliefs about driving through 
floodwater. Results indicated that the 
implementation imagery intervention is a 
promising approach to creating lasting changes in 
some psychological constructs that are associated 

with driving through floodwater. Key findings 
include that both the imagery intervention 
condition and information only control condition 
showed improvements on some outcomes 
immediately following the intervention. However, 
the effects had diminished to a significantly lesser 
degree in the imagery intervention group when 
followed-up one month later. Results further 
indicated that the intervention had effects on 
perceived behavioural control, perceived 
severity, anticipated regret, and barrier self-
efficacy in individuals who indicated a modest 
level of intention or willingness to drive through 
floodwater prior to the intervention. Further 
research is needed to evaluate this intervention 
in “real-world” settings and to examine effects on 
actual behaviour among drivers with at least 
some level of intention to drive through 
floodwater. Research is also needed to examine 
long-term feasibility and potential long-term 
effects in those with low intentions toward 
driving through floodwater such as learner 
drivers. 
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