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ABSTRACT
Background Road injury is the leading cause of death
for young people, with human error a contributing factor
in many crash events. This research is the first
experimental study to examine the extent to which direct
feedback and incentive-based insurance modifies a
driver’s behaviour. The study applies in-vehicle telematics
and will link the information obtained from the
technology directly to personalised safety messaging and
personal injury and property damage insurance
premiums.
Methods The study has two stages. The first stage
involves laboratory experiments using a state-of-the-art
driving simulator. These experiments will test the effects
of various monetary incentives on unsafe driving
behaviours. The second stage builds on these
experiments and involves a randomised control trial to
test the effects of both direct feedback (safety
messaging) and monetary incentives on driving
behaviour.
Discussion Assuming a positive finding associated
with the monetary incentive-based approach, the study
will dramatically influence the personal injury and
property damage insurance industry. In addition, the
findings will also illustrate the role that in-vehicle
telematics can play in providing direct feedback to
young/novice drivers in relation to their driving
behaviours which has the potential to transform road
safety.

INTRODUCTION
It is well established that young drivers are over-
represented in crash, injury and fatality statistics
with young drivers comprising 13% of the driving
population yet comprising 22% of driver deaths in
Australia.1 Over-representation of young drivers in
the crash statistics is also evident in other highly
motorised countries including North America and
Europe.2–4 Although the road fatality rate has
declined in Australia over the past 20 years, the
over-representation of young drivers in fatal crashes
has not changed.5 As a result, driving is a high-risk
activity for young people (ages 18–25), with the
risk of a crash greatest in the novice driver’s first 6–
12 months of licensure.6

There are a number of risk factors contributing
to the over-representation of young drivers in the
crash statistics including driving at a young age,7

limited driving experience,8 being male,9 drink
driving,8 driving at night10–12 and carrying passen-
gers particularly peer passengers.13–15 Many of the
risk factors have been targeted in the design and

implementation of specific intervention strategies
such as Graduated Licensing Systems (GLS).
Despite the gains achieved in reducing road

trauma in Australia over the past four decades,
there are still over 1100 deaths and 50 000 hospita-
lised injury cases from transport-related causes each
year.16 17 This raises concern about the potential
for future reductions in road trauma now that road
safety’s ‘low-hanging fruit’ has already been tar-
geted.18 To achieve further reductions in road
trauma, there is a need to trial and implement new
strategies.19

In-vehicle telematics
The introduction of in-vehicle telematics technology
holds considerable promise with respect to reduc-
tions in road trauma, and there are an increasing
number of insurers across Europe, North America
and Australia that offer an insurance policy that
requires policy-holders to have an in-vehicle tele-
matics device installed in the on-board diagnostic
(OBD) port of their registered motor vehicle. For
example, InsuranceBox policy-holders in Australia
are required to install the telematics device in the
insured motor vehicle (see figure 1). The driver
then receives direct feedback in relation to attri-
butes such as speed relative to speed zone, driving
times, distance travelled, crash events and near miss
events (as defined by rapid deceleration).
In-vehicle telematics enables drivers, insurers or

employers (in relation to commercial vehicles) to
collect safety-specific information on a driver’s
on-road behaviour and performance20 and to use
this information as feedback to promote safer
driving. Importantly, the potential uses of in-vehicle
telematics are broad and vary from vehicle-
to-vehicle communication, vehicle-to-infrastructure
communication and direct feedback to drivers
regarding vehicle behaviour, driving performance
and driving conditions. In addition, there is an
opportunity to link the feedback a driver receives
from the in-vehicle telematics technology to various
incentives to achieve desired driving behaviours.

Incentives
There is considerable evidence highlighting the
impact of incentives for health behaviours including
smoking cessation, physical activity, vaccination and
screening,21 and blood donation22 and for non-
health behaviours such as school attendance and
educational achievement.23 Similar incentives could
be used by insurers in relation to safer driving prac-
tices, based on the information obtained from the
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telematics device. The permanent nature of insurance policy
embedded incentives is also promising when compared with the
limited effectiveness of temporary incentives.24 25 However, the
evidence regarding the effectiveness of monetary and non-
monetary incentives for safe-driving is sparse and restricted to
the impact of speed cameras, drink driving legislation and the
associated risks of financial penalty.26

A small number of studies have evaluated the impact of
no-claim bonuses on driving behaviour,27 incentives for comple-
tion of PassPlus driving courses 28 and direct financial incentives
for safe driving via pay-as-you-drive (PAYD) vehicle insur-
ance.24 29 Early trials of PAYD insurance via in-vehicle telemat-
ics monitoring offered large monetary incentives (up to €50/
month) for keeping to the speed limit. The study observed a sig-
nificant reduction in the percentage of total distance travelled at
6% or more above the local speed limit.24 Similarly, recent
research found insurance-based incentives lead to fewer
instances of speeding in excess of the posted speed limit. The
finding by Reagan et al30 concurs with a similar study by
Greaves and Fifer31 that investigated variable rate charging
designed to reduce speeding, night-time driving and kilometres
driven which also found that insurance-based incentives were
particularly effective in relation to reducing speeding. However,
the large monetary rewards used in these studies are not likely
to be feasible for insurance companies outside of an
experiment.

Importantly, behavioural research highlights that incentives
are more effective when they exploit loss aversion and gain/loss
asymmetry.32 The available evidence suggests that loss aversion
is a pervasive characteristic of preferences,33 with ratios of will-
ingness to accept to willingness to pay well in excess of unity for
both private goods such as mugs, chocolate or hockey tickets
and public goods such as environmental amenity or public infra-
structure.34 In the present context, gain/loss asymmetry would
imply that loss of a discount might have a much larger impact
on driving behaviour than a reward or bonus of the same dollar
value. In the proposed trial, we are exploiting the asymmetry in
behaviour and are testing the effectiveness of a smaller loss of a
safe driving rebate as an alternative to a bonus for safe driving.
If successful, this will enhance the practicality of ongoing insur-
ance schemes.

Safety messaging
Combined with existing demographic and vehicle information,
the use of in-vehicle telematics also offers a promising oppor-
tunity to enhance the safety of young drivers through providing
direct feedback, tailored to their personal driving habits. Recent
research found improved driving skills among high-risk young

drivers who received feedback on their driving by way of
in-vehicle telematics.35 Used traditionally in the organisational
contexts for monitoring drivers of work-based vehicles, there is
also considerable evidence indicating that in-vehicle monitoring
systems are effective in reducing the instances of risky driving
among young drivers.36 37

Until now, there has been no comprehensive assessment of
providing individualised driver feedback along with monetary
incentives on the likelihood of reducing ‘at-risk’ driving beha-
viours such as hard acceleration, severe braking and excessive
speeding. This study examines the extent to which in-vehicle
telematics contributes to enhancing road safety by modifying a
driver’s behaviour. The application of in-vehicle telematics will
transform road safety as it will augment existing policies such as
GLS and will become a valuable technology to assist with
enforcement practices and thereby contribute to reducing the
incidence and severity of road trauma across Australia and
beyond.

METHODS AND DESIGN
Overview of study design
To assess the elements in relation to ‘at-risk’ driving, we are
applying a staged research approach whereby we first explore
what form monetary incentives should be offered, namely what
monetary level and the most effective way of delivering it. This
first stage involves laboratory experiments to test the effects of
various monetary incentives on unsafe driving behaviours. The
findings from stage 1 contribute to the second stage namely, to
assess whether the provision of direct feedback on driving per-
formance (safety messaging) and/or monetary incentives leads to
measureable change in at-risk driving of young drivers. The
second stage is delivered using a randomised control trial of
both direct feedback and monetary incentives as the interven-
tions. Stage 1 will be completed over 12 months and stage 2
over 36 months.

Stage 1
In this stage, we will run a series of experiments in an advanced
driving simulator to examine the effectiveness of various monet-
ary incentive schemes at reducing at-risk driving behaviours
among provisional licence (P1) holders. The simulated driving
scenario will be designed in such a way that it contains a set of
roadway situations likely to induce risky driving behaviours (eg,
speeding, red light running and failure to give way). A total of
four treatments will then be trialled using a randomised experi-
mental design. The first two treatments will involve the use of
reward-based incentives, whereby drivers can earn a certain
amount of ‘bonus’ money for good driving performance, as
measured by adherence to speed limits and traffic signals, safe
gap selection and safe giving-way behaviour. The final two treat-
ments will entail the use of punishment-based incentives,
whereby drivers start with a set amount of ‘bonus’ money and
they lose a predetermined amount for each unsafe or violation
driving act they commit. The monetary amount received or lost
will be varied across each of the two reward and punishment
conditions to determine the most effective incentive amount to
encourage safe driving behaviour. Each treatment group will
contain 20 participants, comprised of young, novice drivers
(aged 18–25 years) who hold a provisional (P1) driver’s licence.

Stage 2
Overview
This stage involves implementing a randomised controlled trial
to assess whether the provision of direct feedback on driving

Figure 1 Telematics device.
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performance (safety messaging) and/or an incentive-based insur-
ance leads to measureable change in at-risk driving. Young
drivers (aged 18–25 years) who hold a provisional licence (P1)
in the State of Victoria, Australia, will be recruited to participate
in the study at the time they obtain their motor vehicle insur-
ance through InsuranceBox. The participants’ vehicle will be
fitted with the InsuranceBox telematics device and the partici-
pants driving behaviour monitored for a 4-week ‘baseline’
period. Consenting participants will then be randomly assigned
to one of three groups, differentiated on the basis of the inter-
vention(s) or control group. The InsuranceBox telematics system
will provide the outcome data required to evaluate the interven-
tions and will also provide participant/driver feedback; during
the intervention phase, trip-related safe and unsafe driving
behaviour and practices will be provided to participants in
groups 2 and 3. Participants in groups 2 and 3 will also be
alerted each week by phone and encouraged to access, online,
more detailed information about their individual driving behav-
iour and practices. Added to this, group 3 participants will
receive varying monthly monetary incentives that reflect their
driving behaviour for the preceding month (incorporating the
findings obtained from stage 1).

We will collect data from participants over a 28-week period,
divided into two phases: (i) a 4-week baseline period during
which there is no intervention and (ii) a 24-week intervention
period. Outcome data via the InsuranceBox telematics system
will be collected continuously throughout the 28-week study
period. Self-report data to assess behavioural change and eco-
nomic parameters including resource utilisation for the cost-
effectiveness evaluation will be collected from participants at
several time points, including preintervention (at the end of the
baseline period and prior to randomisation), and at the cessation
of the intervention period.

Eligibility criteria
There are five criteria that need to be met to participate in the
trial namely (i) the driver must be aged between 18 and
25 years and currently hold a P1 provisional licence in the State
of Victoria, (ii) the driver will hold (or is about to take out) an
InsuranceBox policy, (iii) the driver is the sole driver of the
insured motor vehicle, (iv) the driver must own and use a smart
phone and, finally, (v) the driver must reside in the State of
Victoria throughout the duration of the trial.

Randomisation
Following the 4-week baseline phase, individual drivers will be
block randomised so there are equal numbers of intervention
and control participants. As this trial will not be double blind,
the block size will be randomly varied to reduce the likelihood
of the research assistant being aware of assignment to either the
intervention or control arms.

Initial assessment
Once a driver consents to participate in the trial, a brief online,
self-report questionnaire will be completed by the driver. The
questionnaire will obtain demographic detail beyond what the
insurer has recorded such as educational level, information on
driver characteristics such as the duration and type of driver
training and supervision, date of P1 licensure, duration and
extent of experience in unsupervised driving, the proportion of
driving for work, academic and social purposes and a 14-item
assessment of risky driving behaviour.38 Key economic para-
meters for the cost-effectiveness evaluation will also be collected

from participants at the time of recruitment and at the cessation
of the intervention period.

Intervention groups
The intervention consists of both direct feedback and incentive-
based insurance.

Direct feedback (safety messaging)
For each day in which driving trips have been undertaken, parti-
cipants in groups 2 and 3 will be sent a summary of their
driving performance via a phone app. The phone app will
provide feedback on their driving performance and rank their
driving performance with respect to the primary outcome of
interest namely ‘at-risk driving’. The participants’ driving per-
formance will be ranked using a green code (for safe low-risk
driving), amber (for some at-risk driving) and red (for at-risk
driving). The phone app is an integral part of the InsuranceBox
policy, it has been extensively trialled and is currently being
used by drivers in Victoria. At the end of each week, each par-
ticipant in groups 2 and 3 will be sent a text message with a
website address and a message encouraging the participant to
review their driving performance on this secure website. The
website provides more detailed analysis of the participants’
driving performance and we will be able to monitor the partici-
pants’ frequency of reviewing the website (a proxy for the fidel-
ity of the intervention).

Monetary incentive
A monetary incentive (namely, between $0 and $5–$50 per
month based on driving performance) will be paid to the driver
throughout the duration of the trial. The exact amount of the
monetary incentive and how the incentive will be delivered will
be decided based on the findings from stage 1.

Control group
The control group will have the in-vehicle telematics device
installed in the OBD port of the participants’ motor vehicle and
throughout the period of the trial, the drivers will be sent (on
their smart phone) a brief weather alert that provides details on
adverse weather that could affect the safety of their driving.
This application is currently being used by InsuranceBox and is
available to all policy-holders.

Outcome measures
The primary outcome measures, calculated over a 7-day period,
will be (i) the proportion of daily trips in which the driver
exceeded the posted speed limits by 10 km/hour, (ii) the propor-
tion of driving trips undertaken at night and (iii) the proportion
of trips in which sudden heavy braking was required (usually an
evasive driving action). All three measures are captured, elec-
tronically, from the in-vehicle telematics device that will be
installed in the OBD port of the participants’ motor vehicle.

Further to the above outcomes, we will predict crash types by
severity and quality-adjusted life year decrements due to mortal-
ity and morbidity over a 3-year period using (i) dynamic estima-
tion of the participants’ risk of crashing obtained from the
in-vehicle telematics, and (ii) literature-based estimates of crash
risk associated with the three primary outcome measures.

Cost-effectiveness
If either or both interventions are assessed to be effective, the
cost-effectiveness of the intervention(s) will be evaluated relative
to the control condition from a societal perspective. An initial
trial-based economic evaluation will be conducted calculating
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the cost per outcome avoided. Costs will include annualised cost
of the in-vehicle telematics technology (including monitoring
and maintenance), installation, the cost of financial incentives,
costs (savings) from property damage, healthcare costs (savings)
secondary to fatal and non-fatal road traffic accidents and prod-
uctivity losses arising from disability. The incremental cost-
effectiveness ratio will be estimated by dividing the estimated
cost of the intervention by the observed effectiveness of the
intervention with respect to the primary outcomes. We will
extrapolate the outcomes from the trial to more final health out-
comes over a 3-year period (particularly night-time driving and
speeding) using (i) dynamic estimation of the participants’ risk
of crashing obtained from the in-vehicle telematics, and (ii)
literature-based estimates of crash risk associated with the three
primary outcome measures. For example, that exceeding the
speed limit by 5 km/hour doubles the likelihood of a casualty
crash and each additional increase in speed by 5 km/hour
further doubles the risk.39 We will calculate the additional cost
per road crash avoided by severity of crash (fatal, hospitalised,
non-hospitalised and property only) using standard money
values for the cost of care for short-term and long-term injury1

and calculate the annual incremental cost per crash avoided, per
life year gained and per disability-adjusted life year.

Ethical considerations
InsuranceBox will approach all potential participants to invite
them to participate in the study. Once a young driver agrees to
participate, detailed information on the study will be provided
and an informed consent signed by the participant. Based on
the findings from stage 1, financial remuneration to participants
in group 3 will be provided.

Sample size
A sample size of 60 participants per group is required. Based on
a power of 80% and a type I error of 5%, this will allow the
detection of a change in the proportion of trips involving night
driving or heavy braking from 5% in the comparison to 2% in
the control group or the proportion of trips where the speed
limit is exceeded by more than 10 km/hour from 10% in the
comparison group to 5% in the control group.

Statistical analysis
Data will be analysed using Logistic Generalised Estimating
Equation (GEE) methods. The unit over which repeated mea-
sures are correlated in the GEE will be the recruited participants
(driver) with each participant trip being the repeated measure.
Outcome data will be coded as a binary quantity according to
whether the outcome was present during a trip. Factors which
might be unbalanced after randomisation and that could con-
found the analysis such as the driver age and gender or socio-
economic status can be controlled through the logistic
regression analysis.

DISCUSSION
Although road fatality rates have been declining over the past
decade, the decline has not been observed for hospitalisations
from road crashes.16 The increasing market penetration of tech-
nologies such as in-vehicle telematics provides a promising
opportunity to enhance the safety of drivers and to reduce the
likelihood of road trauma. This study responds to these develop-
ments and investigates the effects of driving performance feed-
back and insurance-based incentives on safer driving behaviour.
Data recorded by the in-vehicle telematics devices of

participants will provide objective outcome measurements for
understanding the effects of such interventions.

Linking information obtained from the technology directly to
the calculation of individual personal injury and property
damage insurance premiums will alter the range of insurance
and provide a permanent behavioural incentive. To date, behav-
ioural economic approaches to changing behaviour have been
short term and incrementally small in relation to changing
behaviour. In contrast, there is likely to be a large effect from
incentive-based insurance premiums with the potential for long-
lasting effects and hence, establishing a new norm for beha-
vioural economic approaches. The findings from this research
will transform the insurance industry (if the findings are success-
ful) and will provide evidence of the effectiveness of persona-
lised feedback to change driver behaviour and would thereby
provide an accoutrement to the current GLS. In addition, it will
influence the personal injury and property damage insurance
industry by reducing insurance scheme liability through the
adoption of telematics monitoring, encouraging behavioural
change and providing direct financial incentives that reward
positive behaviour in high-risk individuals.
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