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Abstract

Background: The over-representation of youth in road crash injury and fatality ratesis amajor public health issue globaly. In
New Zealand, youth drivers are most vulnerable in the restricted license period when they can drive without the requirement for
supervision by an experienced adult. Behavioral change interventions delivered using mobile phone technology to young drivers
could serve as a useful mechanism to develop safe driving skills, but this potential remains to be fully explored.

Objective: Thisstudy aimed to apply behavioral change principlesto design and develop a smartphone-based intervention with
the aim of helping youth drivers to develop and hone safe driving skills.

Methods: Aniterative process was used to support devel opment of the smartphone intervention. We reviewed behavioral change
literature, identifying fundamental principles and exploring use of behavior change techniques (BCTs) in other areas of public
health. We engaged with key stakeholders, including young drivers, government agencies, and relevant organizations. We also
took into account technology adoption considerations when designing the app.

Results: We developed BackPocketDriver (BPD), an Android smartphone app that uses in-built sensors to monitor and infer
driver behavior. The app implements features that wereidentified during the design process and are traceable to BCTs and theory.
A key featureismessaging, which isused to instruct, motivate, educate, and relay feedback to participants. In addition, messaging
addresses attitudes and beliefs. Other featuresinclude journey feedback summaries, goal setting, achievements, and leaderboards.

Conclusions: BPD’sdesign rests on asound foundation of theory and evidence. With explicit links between theory and features,
the app aims to be an effective intervention to change and improve youth driver behavior. The next phase of this study isto run
asmall pilot study to assess BPD's effectiveness.

(IMIR Formativ Res 2018;2(2):e25) doi: 10.2196/formative.9660
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Introduction

Road safety isasignificant public health issue worldwide, with
approximately 1.3 million fatalitiesand 20 to 50 million injuries
per year, many of which lead to lifelong disabilities.
Internationally, road traffic injuries are the leading cause of
death among people aged 15to 29 years[1]. Thispatternisalso
evident in New Zealand where young drivers aged 16 to 24
years are over-represented in crash statistics.

According to recently published data [2] by the New Zealand
Ministry of Transport, in 2015, 4% of driverswere aged between
16 and 19 years; however, this age group accounted for 9% of
all driversin minor crashes, 9% of drivers in serious crashes,
and 7% of those involved in fatal crashes. Drivers aged 16 to
24 years were involved in 90 fatal crashes, 579 serious injury
crashes, and 2608 minor injury crashes. Of these, it wasayoung
driver that was responsible for approximately 80% of the
crashes. The socia cost for which responsibility was attributed
to young drivers was NZ $951 million, 25% of the cost for all
injury crashes over the 2015 period [2].

Over time, young drivers tend to become safer. Drivers aged
16 to 19 years are 6 to 8 times more likely to crash than those
aged 55 to 59 years, whereas for 20- to 24-year-old drivers, this
drops to 3 to 4 times [2]. Particularly, significant factors that
cause crashes involving young drivers include speed and
alcohal; 53% of young drivers in fatal crashes had acohol or
drugs and/or speed as a crash factor. Other significant factors
arelosing control of the vehicle and inexperience [2].

Recent and ongoing initiatives have made progress in tackling
the youth driver problem. Such initiatives include legislation
and graduated driver licensing (GDL), parental involvement to
agree on protective limits on teen driving [3], education [4],
and training [5]. According to the New Zealand Ministry of
Transport’s data, the period when young drivers are at greatest
risk of being involved in crashes is when they are on their
restricted license[2]. On arestricted license, drivers are subject
to conditions, for example, they are not generally permitted to
drive after 10 pm or carry passengers. Although legislation and
GDL can serve as useful restraints on risky driving behaviors
[3], and driver education and training can assist young people
to gain the foundational knowledge to obtain their driving
license, current initiatives fail to provide young drivers with
support for continuousimprovement, feedback, and devel opment
regarding their driving skills asthey begin driving without adult
supervision.

Smartphones offer a low-cost sensing platform that enables
many facets of driver behavior to be monitored, including speed,
acceleration, braking, and steering. These capabilities form a
foundation for monitoring, analyzing, and providing feedback
on driver behavior [6-9]. Applications of the technology include
insurance telematics (Pay How You Drive) [10], detecting
impaired driving [11,12], carpooling, and ride sharing—where
driver reputation and safety are used to decide who to drive
with, eco-driving [13] to reduce pollution, and use of
crowdsourced data to identify potential crash-risk areas of the
road network [14].
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Used in the context of driving, the smartphone, nevertheless, is
a double-edged sword. Using a mobile phone while driving is
a key contributor to distracted driving, which claims the lives
of 5000 Americansannually [15]. Hence, care needsto betaken
with any attempt to use smartphones as the basis of a driving
intervention. Although moral outrage has not been completely
effective in eradicating drink and drive, combining moral
arguments with technology shows promise to tackle distracted
driving [15]. On one level, an app might block cals and
messages while monitoring driver behavior; on another level,
it could al so augment the monitoring functionality with an array
of other featuresthat help to improve driving skills and attitudes.

Interventions in many areas of public health have been based
on behavior change techniques (BCTs) [16-18]. A BCT isan
observable, nonreducible component of an intervention that is
designed to change behavior [19]. Thereisalso strong evidence
that particular techniques, for example, setting goals and
providing feedback on behavior, have been successful inleading
to positive behaviora change among participants[19]. However,
the role of BCTs in youth driving interventions is largely
unexplored. A notable exception is areview of 6 interventions
[20] that found that only a small subset of techniques was
employed. In addition, the review identified that the
interventions ignored the evidence concerning -effective
techniques; the techniques actually employed had little overlap
with those for which thereis evidence that they have been used
with success elsewhere.

This study aimed to apply behavioral principles to design and
develop a smartphone-based intervention, BackPocketDriver
(BPD), with an aim to help youth drivers to develop and hone
safe driving skills. Rather than inventing a feature-set based on
intuition, we have reviewed behavioral theory, BCTs, and
evidence of their effectiveness to develop an informed
smartphone app. BPD represents a step toward developing
youth-driving interventions that are more theory-led and
grounded in evidence. As aresult, we expect BPD to be more
effectivein changing behavior than other appsthat are currently
available.

Methods

Scope

BPD’s development was informed by engaging with key
stakeholders, identifying appropriate techniques for behavior
change, and relevant design principles for technology-assisted
interventions.

This study does not report the outcomes for testing; however,
these will be described in the paper on a pilot study of BPD.

Ethics Approval

The study was given ethics approval by the University of
Auckland’s Ethics Committee in February 2016. Informed
consent was obtained by participants before participation in the
study.

Stakeholder Engagement
Understanding and incorporating the priorities and preferences
of the target audience as well as key stakeholders is important
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to ensure the success of interventions. Therefore, it is vital to
engage with the target population during the design and
development process [21].

Inthe case of BPD, 3 groupswereidentified askey stakeholders
for engagement: young drivers (aged 16 to 24 years), parents
of teen drivers, and relevant organizations. The organizations
included New Zealand Transport Authority (NZTA), a
government entity with a mission to develop a safe land
transport system for New Zealand. New Zealand Police were
included because of their prevention-first strategy that aimsto
reduce fatalities and serious crashes. In addition, the Automobile
Association (AA) isan independent organization that isactively
involved ininitiatives for youth driver safety, including license
reforms and young driver education.

Engagement with each of the key stakeholder groups was
undertaken either in theform of semistructured phoneinterviews
with representatives from the relevant organizations or less
formal discussion-based sessionswith young driversand parents.
Topics covered with each group of key stakeholders included
understanding the issue—causes and implications of crashes
involving young people, the level of interest in a smartphone
app for safe driving, barriersto engagement with adriving app,
preferred functionality and features, and incentives. When
interviews were undertaken, these were recorded and
transcribed. During sessionswith teens and parents, information
was captured on flip charts. Teens and parents also completed
guestionnaires.

Behavioral Modeling

Several model s have been devel oped to explain behavior. Many
of the models share common concepts, and awareness of the
fundamental ideas isimportant in developing BPD.

Drawing on the theory of planned behavior, the dual-process
approach, and the prototype willingness model [22], the key
concepts are as follows: target behavior, emotions, barriers,
facilitators, and willingness to perform the target behavior.
Target behavior isthe behavior wanted of participants, contrary
to unwanted behavior.

Emotions can influence performance of target behavior. There
are 2 emotion types. anticipated feelings and experienced
feelings. Anticipated feelings capture how a person thinks he
or she will feel after performing atarget behavior. Experienced
feelings are the way a person feels at a particular point in time
and can influence behavior independently to any intention to
perform the target behavior.

Barriers are obstacles that can prevent a person from acting on
his or her intentions to perform atarget behavior. Intervention
design involves helping people to anticipate and overcome
particular barriers. Conversely, facilitators make it easier for
people to perform target behaviors.

A person’swillingness or intention to perform atarget behavior
is governed by the following:

« Norms. Norms are about what people believe is normal
behavior. Descriptive norms address the question—“Do
people like me perform the target behavior?’ People are
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more likely to perform the target behavior if they believe
otherslike them do. Injunctive normsdiffer in that they are
about whether others approve or disapprove of a particular
behavior. People are more likely to perform a behavior if
they believe others want or expect them to.

«  Control. Thisconcerns how much control aperson believes
he or she has over his or her behavior. Control poses the
guestion—*How able am | to perform a target behavior?’
Effective interventions build a person’s confidence and
capability, contributing to their belief that they can perform
atarget behavior.

«  Sdf-identity. Self-identity addresses how a person’s sense
of self aligns with the target behavior. People who align
themselves with the wanted behavior are more likely to
perform the behavior than if they align with some other
identity. Interventions often need to help people change
their self-identity or find a solution that fits with their
current identity.

- Attitudes. Instrumental attitudes focus on what a person
thinks about a target behavior. For example, people might
have the opinion that a target behavior makes them safe,
excited, frightened, or bored. On the basis of their thinking,
people make a judgment as to whether a behavior is good
or bad; where the good outweighs the bad, people are more
likely to perform the behavior. Affective attitudesare similar
but concern how a person feels when performing the
behavior.

Behavioral models are useful in developing interventions in
which they identify a range of psychological elements to
address. However, it is often unclear how a particular element
can be operated to bring about behavioral change [20]. BCTs
offer a solution and define the active ingredients of an
intervention.

Behavior Change Techniques

A BCT is an observable, nonreducible component of an
intervention that is designed to change behavior [19]. BCTscan
be used in interventions to change one or more psychological
determinants of a person’s behavior, including the behavioral
modeling elements discussed above [16].

To ensurethat the proposed intervention is effective in changing
behavior, a review of the literature was conducted to identify
relevant BCTs for incorporation into the intervention. We
focused on Michie et a’s hierarchical taxonomy comprising 16
categories of 93 distinct techniques [23]. Table 1 introduces
each category.

Toillustrate acouple of BCTs, goal setting, from the goalsand
planning category is concerned with setting short-term goals.
To meet aseriesof goals, aperson’s attitude and behavior might
change in some desired way. Where a person takes ownership
of goa setting, their intrinsic motivation also tends to increase
[24]. Social comparison, from the comparison of behavior
category, involves drawing attention to those who exhibit good
behavior. In doing so, people are able to compare their own
behavior with that of exemplars. This can motivate people to
reach or exceed the exemplary behavior.
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Table 1. Behavior change technique categories.

Category

Description

1. Goals and planning

2. Feedback and monitoring
3. Social support

4. Shaping knowledge

5. Natural consequences

6. Comparison of behavior

7. Associations

8. Repetition and substitution
9. Comparison of outcomes
10. Reward and threat

11. Regulation

12. Antecedents

13. Identity
14. Scheduled consequences

15. Self-belief

16. Covert learning

Setting goals for the target behavior, making plans to achieve goals, and dealing with any barriers
Monitoring progress toward goals and providing feedback to users

Providing social support, from friends, family, colleagues, and professionals to help meet goals
Assisting users to better understand their behavior and how to perform target behaviors

Highlighting consequences of performing particular behaviors, enabling users to see that they would regret not
changing behavior

Comparing participants’ behavior with that of others and leading users to consider whether others approve
(normsin a psychological model)

Associating target behavior with positive things and reminding users to perform the behavior
Enabling users to practice and develop skills so that target behavior becomes habitual
Allowing users to explore the outcomes of exhibiting or not exhibiting the behavior
Rewarding the target behavior and punishing unwanted behavior

Easing the task of performing the behavior, for example, by reducing negative emotions that result from the
target behavior

Understanding what triggers unwanted behavior, taking steps to avoid the triggers, and changing the physical
environment

Encouraging users to believe that the target behavior isright for them

Arranging aschedule of punishments and rewardsfor users performing the target behavior and not the unwanted
behavior

Building user confidence that a participant can perform the target behavior

Enabling users to imagine consequences arising from performing a behavior and observing the consequences
to others as they perform behaviors

Table 2. Behavior change techniques that have generally featured in successful interventions.

Behavior change technique

Description

1.1 Godl setting (behavior)
2.2 Feedback on behavior

2.3 Self-monitoring of behavior

3.1 Socia support

4.1 Instruction on how to perform the behavior

5.1 Information about health consequences

Set or agree agoal defined in terms of the target behavior

Monitor or observe behavior and provide feedback on performance of the target behavior
Establish a method for the person to monitor and record their behavior(s)

Adviseon, arrange, or provide social support or encouragement for performing the target behavior
Agree or advise on how to perform the target behavior

Provide information about the consequences of performing the target behavior

BCTs have been widely used in many areas of public health.
Table 2 describes BCTsfor which thereis strong evidence that
they have been effective in changing behavior for adolescents
and adults regarding a broad range of behaviors. obesity,
physical exercise, diet and nutrition, and drug use [19]. Each
BCT is numbered in Table 2 such that the first digit identifies
its category (from Table 1), and the second digit uniquely
identifies the BCT within the category.

Developing youth driving interventions that are informed by
behavioral changetheory haslargely beenignored [22,19]. One
study [1], however, conducted a review of 6 youth driving
interventionsto expose any BCTsbeing used. Theinterventions
included conventional presentations, crash analysis activities,
interactive discussions, and a theatrical show with road safety
messages. The study found that all of the interventions gave
information about consequences and risks (BCT 5.1). The
majority of theinterventions al so demonstrated how to perform
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target behaviors (a category 6 BCT) and provided feedback on
performance of wanted behaviors (BCT 2.2). In 4 interventions,
participants were supported in forming intentions (part of
category 1 goalsand planning) that would help them to perform
a target behavior, such as not using a mobile phone while
driving. In short, the study exposed that only a narrow set of
BCTswere used in the interventions, and there islittle overlap
between those used and those with strong evidence of
effectiveness (Table 2).

At the time of writing, we were not aware of any
smartphone-based interventions for youth driving that have
been designed with consideration of behavioral change theory.
However, |ater in this paper, we report on popular appsfor youth
driving and identify featuresthat can betraced back to particular
BCTs.
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Design for Technology-Assisted | ntervention

Developing technology-assisted interventions is not without
challenges. As discussed earlier, participants must be willing
to engage in the intervention. With a smartphone-based
intervention such as BPD, they must also be willing to use the
mobile phone technology [25]. In this context, willingness
requires that participants accept the technology and that they
perceive gains and little risk from its use [25]. Gains can be
extrinsic, for example, insurance discounts, or intrinsic, with
participants genuinely willing to improve their driving skills.
Risks represent potential barriers to use of the technology.

Technology acceptance can further be affected by 4 attributes
[25]:

« Delay discounting. For youth driving interventions, the
benefits—improved driving skills—arelikely to comelater.
With no immediate benefit, youth drivers who discount
delayed benefit tend to have alower perception of the gains
associated with engaging with the intervention. This
suggests that the technology needs to include appealing
features that offer value in the short term and which retain
user interest until longer-term gains are evident.

«  Social influence is concerned with how social groups and
peer pressure influence norms, decision making, and
behavior. For BPD, featuresthat appeal to youthsand youth
groups are likely to lead to amore successful intervention.
Similarly, features that are perceived by youth as uncool
are likely to be detrimental to intervention success. Social
influenceis addressed in behavioral modeling using norms
and self-identity.

«  Usability covers a range of issues, including general user
interface (Ul) design, but more specifically, for BPD, it is
the ease with which the app can be downloaded and used.
If the mobile phone needs to be held in a fixed position
while driving, necessitating the use of a dashboard mount
and a calibration step before each journey, then the app’s
perceived usability would be reduced.

« Attitude, as discussed earlier in behavioral modeling,
concernsanindividual’sdisposition toward an intervention.
Thosewho areintrinsically motivated or whose motivation
can be developed, perhaps extrinsically, are more likely to
engage with an intervention.

Results

Stakeholder’s Feedback

A summary of the learnings from the stakeholdersis presented
in Table 3. All 3 groups recognized the youth driving problem
and were concerned with the over-representation of road crashes
involving young drivers. Limited experience and maturation
were identified as key factors, with the Police noting that the
majority of fatal crashesare caused by mistakes and inattention.
The New Zealand transport agency (NZTA) was interested in
the role an app could take as part of amore holistic program to
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publicize safe driving and to make drivers aware of the effect
of their actions on other road users. The Police were supportive
of interventions such as BPD that could contribute toward
addressing road safety issues. The stakeholder organizations
were a so more supportive where an app is evidence-based and
grounded in (behavioral change) theory. Interest in the BPD
concept from young drivers and parents was also positive,
notwithstanding potential risksto adoption.

Young driversraised anumber of risksrelating to privacy. Teens
did not want their parents to be able to track their movements
or to receive real-time alerts of poor driving behavior. Some
teens al so raised concerns about the data being made available
to authorities and used, for example, to issue speeding
infringement notices.

Quiality of feedback was an important concern raised by young
drivers. Youth drivers wanted reassurance that any feedback
would be useful and effective. In addition, they felt that they
would be stressed by negative or nagging feedback, for example,
suggesting that they were a bad driver. Similar concerns were
voiced about the app being able to consider real conditions, for
example, the need to brake heavily to avoid an accident, and
subsequently not rating the driving as poor.

Young driversal so expressed usability concerns about the effect
of using the app on their smartphone's battery, storage, and
mobile data. Liberal consumption of any of these resources
would be unacceptable.

The Policeidentified that youth who areinterested in using the
app are unlikely to be those who engage in criminal behavior.
There exists a correlation between criminality, antisocia
behavior, and car crashes, with risk taking and poor decision
making being contributory factors. Appeaing to this
demographic subset, given its attitude, therefore poses a
challenge. Another attitude-related issue, raised by the NZTA,
concerns the potential to subvert the intention, for example,
youth using the app for bragging rights and sharing incidents
of fast, dangerous, or reckless driving.

Constructive feedback wasimportant to young drivers. Although
negative feedback poses a risk, feedback that is encouraging
and addresses both good and bad driving, allowing users to
discover what they are doing wrong, was viewed as something
that young drivers could gain from. Similarly, education was
also important to youth, suggesting that tips for passing the
practical driving test and practice questions for the theory test
would be desirable.

Parents were interested in monitoring both routes driven and
driving behavior of their teens. Similar to young drivers, parents
saw value in the app providing their teenswith driver education
and instruction. Parents favored automatic deactivation of the
phone while driving; however, teens wanted this tempered, for
example, to be aware of when a short message service (SMS)
text message had arrived but having to stop the vehicle before
reading the message.
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Table 3. Key findings from stakeholder engagement to inform app development.
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Finding category

Young drivers

Parents of teen drivers

Relevant organizations

Risks to adoption

Gain enablers

Incentives

Threatsto privacy; Negative or inac-
curate feedback on driving; Battery
and mobile data consumption; Ex-

cess use of push notification or au-
dio alerts; Cost

Constructive feedback; Safedriving
education; Peer competition

Recognition of achievements; Use

Ability to monitor teens’ driving and
behavior; Automated deactivation
of phonewhiledriving; Suggestions
to improve driving

Integration with licensing process

App being used as a source of distraction;
Appeal of app to most at-risk drivers; Poten-
tial to subvert intervention; Cost

Sticky intervention; Data analytics based
on crowd-sourced data

Material rewards schemes, for example,

of app data as proof of safe driving;
Endorsement by relevant organiza-

tions, for example, NZTA? Esthet-
ics and ease of use

fuel discounts; Automated starting or stop-
ping of journey monitoring

3NZTA: New Zealand Transport Agency.

Table 4. Mapping objectives to behavioral elements and behavior change technique categories.

Objective Behavioral elements

Behavior change categories

1. Improve driving skills

2. Strengthen intentionsto perform target behaviors  Facilitators

3. Increase positive attitudes toward performing
target behaviors

4. Manage self-identity Self-identity

5. Address the mismatch between perceived and  Facilitators

actual driving skills

Emotions; Control; Barriers

Attitudes; Norms; Barriers; Facilitators

2. Feedback and monitoring; 4. Shaping knowledge;
7. Associations; 8. Repetition and substitution

1. Goals and planning; 10. Reward and threat; 13.
Identity

3. Social support; 5. Natural consequences, 6.
Comparison of behavior

4. Natural consegquences
13. Identity

The AA reported that conventional driver training decays over
time. Conversely, a driving app has the potential to remain
supportive and of value to youth over time. To do so, it needs
to be sticky by providing features that retain users’ interest and
engagement, for example, material rewards, peer competition,
and social comparison. This aso helps to combat delay
discounting, where the benefit of improved driving skillsis seen
later and only after a period of participating with the
intervention. In addition, to address usability, the AA suggested
that BPD should automatically start and stop journey monitoring
without the need for user involvement, thereby providing for
seamless operation and preventing fatigue.

App Design
BPD has 3 target behaviors for young drivers:

1. To drive within speed limits.
2. To perform maneuvers safely and in a controlled manner.
3. To not use a mobile phone while driving.

These behaviors lend themselves to BPD’s smartphone-based
delivery platform because they can be automatically tracked by
the smartphone. On the basis of the gathered data, the app can
generate tailored responses to help participants develop the
wanted behaviors.

We have identified 4 objectives from the target behaviors. For
each objective, we have identified the relevant behavioral model

http://formative.,jmir.org/2018/2/e25/

elements to operate on. In selecting particular BCTs for each
objective, we have considered which BCTs have been proven
to work in other interventions. In addition, we have considered
which BCT categories are best placed to meet particular
objectives. Toincrease skills, for example, category 8 (repetition
and substitution) is appropriate, whereas category 5 (natural
consequences) is well suited to changing attitudes [22]. Table
4 presents the objectives, associated behavioral elements, and
appropriate BCT categories.

Improving Driving Skills

For objective 1, to improve driving skills, BCT category 2
(feedback and monitoring) plays a key role by offering BCTs
that can be used to monitor driving behavior and relay feedback
to participants. On the basis of feedback, areasto focus on can
be identified, enabling participants to practice and improve on
these aspects. Category 4 (shaping knowledge) can be employed
to assist with improving skills through BCTs that educate
participants, for example, by providing instruction on how to
perform maneuvers and antecedents to performing the target
behaviors poorly. Category 7 (associations) includes BCTs for
prompting wanted behavior at particular times. BCTs from
category 8 (repetition and substitution) help with honing target
behaviors through practice. They also facilitate formation of
good habits.
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A person’semotional state can affect hisor her driving behavior.
Asdiscussed earlier, experienced feelings, such as being upset,
can negatively impact performance of target behaviors even
when a person has strong intentions and a positive attitude
toward the target behaviors. Category 4 is of further value for
objective 1 in which it has BCTs that can be used to educate
participants in recognizing and managing emotions. Moreover,
category 4 can be used to raise participants awareness of
barriersto performing wanted behaviors, for example, poor time
management, drugs and alcohol, tiredness, and phone use. In
shaping knowledge, the intervention can suggest how to deal
with barriers.

A necessary element to improving driving skills is
self-belief—participants must believe that they are capable of
performing the target behaviors. BPD can strengthen
participants’ self-belief through applying BCTs in category 8.
This category includes a BCT for graded tasks, where tasks
become more difficult over time. As participants work through
agrade or level, they become more proficient and prepared for
the next. In terms of driving to speed limits, for example,
successive levels might lower the speeding tolerance for
achieving a speed-focused goal.

Strengthening | ntentions to Perform Target Behaviors

Regarding the second objective, to strengthen intentions to
perform target behaviors, we recognize that while many
participants have a positive attitude toward the target behaviors,
without goalsthey might lack theimpetusto engage and develop
the wanted behaviors. BCT category 1, goals and planning, is
appropriate to draw on as it provides BCTs for participants to
set and track progress with goals associated with target
behaviors.

Category 10, rewards and threats, can also be used to incentivize
participants. Social rewards recognize that participants have
performed a target behavior well and provide a sense of
achievement. Similarly, category 13, identity, includes a
role-modeling BCT where a participant can be elevated to a
role model after performing well in atarget behavior. This can
bring a sense of kudos to the participant, fostering their
motivation and engagement.

I ncreasing Positive Attitudes Toward Performing Target
Behaviors

Although attitudes of many young people align closely with
safe driving, there are others who hold less positive attitudes
toward BPD'’s target behaviors. Hence, for some participants,
the intervention needs to change their thinking (instrumental
attitude). This is the motivation for objective 3 to increase
positive attitudes toward performing target behaviors. BCT
category 5, natural consequences, includes BCTs that can be
applied to help partici pants see the consegquences of performing
wanted or unwanted behaviors. Related to consequencesisthe
notion of anticipated regret, which involves having a participant
think about how they would fedl if they did not change their
behavior and continued to perform an unwanted behavior, for
example, speeding. Thinking through an undesirable outcome
may contribute to change in instrumental attitude.

http://formative.,jmir.org/2018/2/e25/
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Descriptive normsinfluence attitudes. To show that it isnormal
for other young people to perform the target behaviors, BCTs
from category 6, comparison of behavior, can be used. Socia
comparison involves bringing to the attention of participants
other participantswho they consider to be part of the same social
group and who are performing the target behaviors well.
Category 6 also includes BCTs for addressing the approval of
others (injunctive norms). In addition, where celebrity figures
who are respected by young people endorse the target behaviors,
this might also contribute to changing attitudes and meeting
objective 3.

BCT category 3, socia support, is aso appropriate to consider
for the third objective. The BPD app could include socia
networking functionality allowing participants to support one
another in developing the target behaviors. Another supportive
role for BPD would be to address barriers to performing the
target behaviors. Barriers include peer pressure and triggers,
for example, racing or using mobile phones while driving. The
app could deliver advice on how to deal with such barriers.

Managing Self-I dentity

Objective 4, to manage self-identity, recognizes that a person’s
attitude might be oppositeto thetarget behaviors. For BPD, boy
racers are an obvious group that is unlikely to view positively
the target behaviors of driving within speed limits and
conducting maneuvers safely. To address such groups, category
5 BCTs can be used to help change attitudes, similarly to their
role in objective 3. Redlistically, however, a more effective
approach might be to complement use of natural consequences
BCTs with a solution that allows boy racers to become aware
that they can satisfy their need for speed and thrill seeking
through other means.

Addressing the Mismatch Between Perceived and Actual
Driving Skills

The final objective concerns the mismatch between perceived
and actual driving skills. Young drivers tend to overestimate
their safety margin, resulting in more risk taking [26] and a
heightened optimism bias that leads them to underestimate the
likelihood of negative outcomes from unwanted driving
behaviors [22]. For example, young drivers might believe that
using amobile phone while driving is dangerous and choose to
protect themsel ves by not doing so when driving on motorways,
however, they may still be prepared to take the risk when driving
around town [22]. Although BCT categories discussed earlier,
notably 1 and 2 for setting goals and receiving feedback, can
help to highlight to a driver that their skills are not as good as
they think they are, BPD could also expose their incompatible
beliefs, for example, thinking that it is not risky to use amobile
phone while driving in an urban environment. BCT category
13'sincompatible belief serves this purpose.

Having identified the subset of BCT categories that are
applicable to BPD, Table 5 introduces particular techniques
from the categories as deemed relevant to this intervention. In
each case, possible application of the technique in the context
of BPD is described. The BCTs for which there is strong
evidence that they have led to behavior change elsewhere,
discussed earlier, and presented in Table 2, are showninitalics.
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Table 5. Relevant behavior change techniques (BCTs). There is strong evidence that the BCTs shown in italics (outlined in Table 2) have generally

featured in successful interventions.

Behavior change technique

Description

1.1 Goal setting (behavior)
1.2 Problem solving

1.3 Goal setting (outcome)

1.4 Action planning
1.5 Review behavior (goals)

2.1 Monitoring without feedback

2.2 Feedback on behavior

2.3 Sdf-monitoring of behavior

2.7 Feedback on outcomes

3.1 Social support (unspecified)

4.1 Instruction on how to perform a behavior

4.2 Information about antecedents

5.1 Information about health consegquences

5.2 Salience of consequences

5.5 Anticipated regret

6.2 Social comparison

6.3 Information about others’ approval

7.1 Prompts or cues

8.3 Habit formation

8.7 Graded tasks

10.1 Materia incentive (behavior)

10.4 Socia reward

Mutually agree on short-term goalsto be achieved, such as“ Thisweek | will brake more gently.”

Prompt participants to analyze behaviorally influencing factors and devel op strategies for over-
coming barriers. For example, “ So it seems you've been having trouble with your speed. How
do you think you could try to change that next time you go out?’

Facilitate longer-term goals, such as“Be asafe driver,” “Get my full license,” and “Avoid acci-
dents”

Prompt participantsto plan their driving, including factors such as context, frequency, and duration.

Review behavioral goals together with the participant and consider modifying them based on
progress. For BPD?, goals can be reviewed and modified by the app.

Record behavior with the participant’s knowledge. Driving behavior data captured by the app
could be made available to a participant’s parents. The knowledge that their driving behavior is
being observed can influence their behavior.

Monitor and provideinformative feedback on performance. BPD could provide feedback interms
of poor driving behavior, suggestions on how to improve, and recognition of good behavior.

Establish amethod for participants to monitor their own behavior. BPD could provide the ability
to review earlier feedback and to identify behavioral trends.

After periods of prolonged safe driving, BPD might inform participants that they are now statis-
tically lesslikely to beinvolved in an accident than when they started the intervention.

Arrange for participants to receive support from others. In BPD, this could take the form of a
social network connecting participants and friends.

Provide advice on how to perform abehavior. BPD could present how-to messages, describing
techniques, and practices that help participants to perform the target driving behaviors.

Provide information about situations, events, or emotions likely to cause poor performance of
the target driving behaviors.

Provide information about the positive or negative health consequences of wanted or unwanted
behavior. BPD could deliver messages concerning the benefits associated with target behaviors.

Use methods to emphasize consequences for 5.1, for example, having BPD display images of
car wrecks and devastated loved ones.

Have participantsimagine how regretful they would feel if they perform unwanted behavior, for
example, speeding and something negative happens.

Draw attention to performers of good behavior to allow comparison with a participant’s own
performance. For example, BPD could maintain aleaderboard allowing participants to see how
well others are driving.

Provide information about what other people think about good and bad behavior. BPD could
provide informational messages about the negative social perception of unsafe drivers (or vice

versa).

Introduce stimuli to encourage good behavior. BPD might provide N FCP sticker tagsthat partic-
ipants can place in their vehicles to remind them to use the app and put their phone away.

Prompt rehearsal and repetition of good behavior in the same context repeatedly, so the context
elicits the behavior. Having finished using BPD, participants should continue to perform the
target behaviors they have devel oped habitually.

Set easy tasks and then gradually make them harder as participants improve. BPD could offer
goals at varying difficulty levels and ensure that participants make progress through the more
challenging goals.

Inform participants that a material reward ( eg, money or vouchers) will be given in exchange
for demonstration of the target behavior. BPD might seek partnership with businesses and orga-
nizations to provide such rewards.

Similar to 10.1, but rather than a materia incentive, the incentive would enhance a participant’s
standing in some way. Performing target behaviorsin BPD could earn participants achievements.
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Behavior change technique Description

10.11 Future punishment

Inform participants that punishment or loss of reward occurs if poor behavior continues. BPD

might simply raise awareness of legal or social punishmentsin response to detecting prolonged

poor driving behavior.

13.1 Identification of self asrole model

Inform participants that their good behavior is an example to others. BPD could promote

demonstrably safe drivers to others, offering alevel to aspire to.

13.3 Incompatible beliefs

Draw attention to discrepancies between current or past behavior and self-image to create dis-

comfort. BPD could use messaging to highlight differencesin actual versus perceived driving
skills and incompatible beliefs over driving practices.

3BPD: BackPocketDriver.
bN FC: near field communication.

In addition to the BCTsfor which there is strong evidence that
they haveled to behavioral changein other interventions, BCTs
4.2 information about antecedents, 5.5 anticipated regret, 7.1
prompts or cues, 8.3 habit formation, and 13.3 incompatible
beliefs are serioudy worth considering because they are founded
in behavioral change theory [22]. Others, including 6.2 social
comparison, 6.3 information about others’ approval, 10.4 social
reward, and 13.1 identification of self as role model, currently
lack evidence but appear interesting and relevant to BPD.
Although there is no evidence yet to support BCTs 6.2, 6.3,
104, and 13.1, it is nevertheless valid to apply them in our
intervention to determine their success in the context of youth
driving.

App Development

On the basis of the design considerations, as discussed above,
we have identified severa features for the BPD smartphone
app. The features areinformed based on the selection of BCTs
that are appropriate for the intervention. Each feature is
described below.

Achievements

BPD usessocia rewards (BCT 10.4) to reward participantswho
exhibit the target behaviors. Essentially, participants accrue
points over time. Recognizing achievement was also a feature
wanted by the target demographic.

Goal Setting

Goals are fundamental to BPD (BCT 1.1). Goals are presented
intheform of “I will..."” statements to promote the user’'s sense
of attachment to the task, for example, “ Thisweek | will try not
to steer jerkily.”

On the basis of aparticipant’s prior driving performance, BPD
suggests particular goals that users can modify in terms of
difficulty. Users are encouraged to choose more difficult goals
as their driving performance improves (BCT 8.7).

Journey Summaries

At the conclusion of each driving episode, users can review
their performance (BCT 1.5). Information displayed includes a
map with the participant’s route, highlighting incidents of good
driving behavior, and others where driving can be improved.
Feedback is provided (BCT 2.2) to include advice on how to
modify behavior to reach goals. Where goals are being achieved,
suggestions on more challenging goals are offered (BCT 8.7).

http://formative.,jmir.org/2018/2/e25/

In addition to postjourney feedback, users have the opportunity
to view feedback on previous journeys (BCT 2.3) and are
prompted to use thisfeatureif they have not used it for awhile.
This encourages them to view their progress over time.

Messaging

BPD makes liberal use of messaging as a means to meet many
of the intervention’s objectives introduced earlier. Messages
serve many purposes, including providing information relating
to instruction, consequences, antecedents, anticipated regret,
feedback, other’s approval, and incompatible beliefs. Table 6
lists a selection of messages to illustrate the type of content
participants can expect to see and shows the mapping to
objectives and BCTs.

Messages are generally framed in terms of gain as opposed to
loss, which has been shown to be more effective in leading to
behavioral change[20]. In addition, the app generates messages
that are specific to participant behavior. Again, messages|linked
to actual behavior are more effective in facilitating behavior
change than those that simply offer general encouragement to
drive safely [20].

BPD displays messages to users at different times in response
to different stimuli. Prejourney messages are shown whenever
the user starts a new journey. Prejourney messages remind the
user of their goals for the journey in an encouraging manner.

Postjourney messages offer feedback on how well a user has
driven (BCT 2.2). Positive messages are shown if a user has
done particularly well, for example, “ You've kept to speed
limits today! Well done!” In other cases, encouragement with
constructive criticism and tailored adviceis offered, for example,
“ Well done on your journey today, but we noticed it was a
little rough at times. Try to allow more time to stop the vehicle
in the future so you don’t have to slam on the brakes’ (BCT
4.1). Where prolonged periods of poor behavior are observed,
message content discourages continued poor driving (BCT
10.11).

Daily messages are sent to educate participants, for example,
the messages derived from BCTs 4.1 and 4.2 in Table 6. They
may also include content targeting attitudinal change, where
appropriate, and based on behavior data gathered by the app,
for example, the messages associated with objectives 3 and 4
in Table 6. Daily messages additionally prompt self-monitoring
(BCT 2.3) by reminding the user of BPD’s functionality, for
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example, “ Did you know you can review your past journeys
by accessing the Journey History from the main menu?’

Friends

Users can connect with elected friends who are also using the
app, facilitating social support (BCT 3.1). This provides users
with the opportunity to share achievements, statistics, and
commentary with others.

Leaderboards

The app operates a leaderboard with which users can compare
their own progresswith that of other participants. Thisfacilitates
social comparison (BCT 6.2) and promotion of good drivers
with role models (BCT 13.1). Leaderboards are a popular
gamification element and have been shown to be effective in
incentivizing user engagement in other apps[27]. Leaderboards
also offer a means to peer competition, which is attractive to
the target demographic.

Detection of Driving Conditions

Smartphones are capable of detecting many aspects of the
driving environment, for example, time of day, type of road,
and prevailing weather. Detecting driving conditionsisafeature
that enables automated generation of a driving log, including
hours spent driving on different road types. Such logs are a
requirement for learner driversin somejurisdictions. Automated
logging protects against the possibility of fraudulently entered
manual log entries. As part of the stakeholder engagement, the
NZTA viewed logging positively.

Journey Detection

BPD implements near field communication (NFC)—initiated
journey monitoring. Participants stick an NFC tag on their
dashboard and swipe their phone over the tag to commence
monitoring. The tag additionally serves as a cue (BCT 7.1),

http://formative.,jmir.org/2018/2/e25/
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reminding usersto put away their phone and drive safely. BPD
automatically detects cessation of vehicle movement for a
prolonged period of time, stopping monitoring, and recording
that the driving episode has concluded. For mobile phones that
are not NFC-enabled, users begin monitoring by pressing a
button within the BPD app.

An alternative approach would be to automatically detect,
without any participant action, the start of ajourney. Thiswould
promote usability and would also ensure that all journeys are
monitored. However, automated detection requiresthe device's
accelerometer to be activated at all times, which causes
significant battery drain. As this sort of interference was seen
as arisk to adoption by the target demographic, BPD does not
implement the automated detection.

Additional Driving Behavior Detection

Detecting driver behaviors other than speed and smoothness,
for example, following (stopping) distances, ispossible by using
additional mobile phone sensors. This is discussed further in
the Discussion section.

Rewards Scheme

By offering material incentives (BCT 10.1) in exchange for
demonstrating good driving behavior, some users will be more
extrinsically motivated to achieve their goals. However, we
focusonintrinsic motivation only in this study because, asnoted
earlier, intrinsic motivation tends to lead to better long-term
behavior change [24].

Parental I nterface

Parents showed interest in being able to monitor their children’s
driving behavior, athough the target demographic viewed
parental involvement as arisk to adoption and use of BPD. A
parental interface has not been implemented.
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Table 6. Sample messages derived from objectives and behavior change techniques (BCTS).

Message Objective ~ BCT?
Remember to take your foot off the accelerator prior to cornering so you don't need to brake so suddenly. 1 41
Distractionslike eating, changing music, and passengers can make you unsafe when driving. Try to minimizedistractions 1 41
as much as possible.
Did you know that driving while tired is as risky as driving while intoxicated? 1 4.2
You're much less likely to be involved in an accident if you keep within the speed limit. 1 4.2
In a bad mood today? Don't take it out on the road. Take a few deep breaths before turning the car on. 1 4.2
Allow enough time for your journey so that you don't feel the need to speed. 1 4.2
You'rejust about to start driving. It's now time to put your phone away for today’s journey. 1 7.1
Drive to the speed limits and you' I avoid demerit points. You'll keep your license and enjoy the freedom fromdriving. 3, 4 51
How would you feel if you crashed because you lost control of your car? How would it affect your friends? 3,4 55
Kids want you to share the roads with them safely. Sow down around schools and watch out for kids playing. 3,4 6.3
Does a mate want you to race with them? Weigh it up—isthe thrill of a race that will be over before you know it worth 4 55
the risks?
Feeling the need for speed? Arrange a go-karting track session with your mates. That's the way! 4 4.2
Using a mobile phone on the motorway would be crazy! Did you know it's just asrisky using a mobile phonearound 5 133
town?

3BCT: behavior change technique.
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Table 7. Feature wish list for BackPocketDriver (BPD).

Warren et al

Feature

Behavior change techniques applied

Must haves
Location and speed detection?
Acceleration, braking, and turning detection®

Phone usage detection®
Achievements
Goal setting

Journey summaries

Messaging

BCT 10.4 (social reward)
BCT 1.1 (goal setting); BCT 8.7 (graded tasks)

BCT 1.5 (review behavior goals); BCT 2.2 (feedback on behavior); BCT 2.3 (self-moni-
toring)

BCT 2.7 (feedback on outcomes); BCT 4.1 (instruction); BCT 4.2 (info about antecedents);
BCT 5.1 (info about health consequences); BCT 5.5 (anticipated regret); BCT 6.3 (info

about others' approval); BCT 13.3 (incompatible beliefs)

Should haves
Journey detection
Friends
Leaderboards

BCT 7.1 (prompts or cues)
BCT 3.1 (social support)
BCT 6.2 (social comparison); BCT 10.4 (social reward); BCT 13.1 (identification of

self asrole model)

Detection of driving conditions —
Could haves

Additional driving behavior detection —
Niceto haves

Rewards scheme

Parental interface

BCT 10.1 (material incentive)
BCT 2.1 (monitoring without feedback)

@\ ecessary for target behaviors: 1 (drive within speed limits); 2 (perform maneuvers safely and in a controlled manner); 3 (not use a mobile phone

while driving).
BNot applicable.

Table 7 summarizesthefeature set for BPD showing the linkage
between features and BCTs. Software development followed
an agile development process. Target users contributed to the
development of wireframe models of BPD's Ul, and software
development progressed iteratively taking into account user
feedback. Feature devel opment was prioritized using the Must
have, Should have, Could have, Won't have (MoSCoW) [28]
method. In implementing the app’s Ul, Android's material
design guide [29] was applied to ensure conformance with
established principles and patterns for implementing Uls on
small mobile devices.

App Implementation

Figure 1 shows several aspects of the BPD app. To start a
journey, users either press the car-shaped button on the app’s
home screen (@) or swipe an NFC tag.

Before starting a journey, users choose goals to work toward,
for example, Figure 1 (top center) where a user has chosen a
moderate speeding goal and a more challenging smoothness
goal. Once ajourney has been completed, the smartphone app

http://formative.,jmir.org/2018/2/e25/

sends the journey data to the BPD Web service, accessible via
aWi-Fi link, over the internet.

Having processed the data, the Web service sends feedback to
the BPD app. Upon receipt, anatification appearsinthe device's
notification tray. Users click the natification or navigate back
into the app to view the journey summary (Figure 1, top right).
The screen shows a map with their route, which is color-coded
according to areas of good (green) or poor (red) driving
behavior. Progress bars and icons detail how close a user was
to achieving their goals for the journey, whereas a feedback
message relays further information. Trends can be viewed such
as those in Figurel (bottom center and bottom right), which
allow usersto view their progress over time.

All messages generated by BPD are viewable at any time on
the screen shown in Figure 1 (bottom left). This includes
journey-related messagesin addition to daily messagesthat are
sent via push notification to the device by a Web service.
M essages are generated so as not to unnecessarily repeat content
and to provide afresh user experience.

JMIR Formativ Res 2018 | vol. 2 | iss. 2| €25 | p. 12
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH

Figure 1. Screenshots of the BackPocketDriver app.
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The next step isto run asmall study to assess BPD’s potential
for effectivenessin devel oping safe driving skillsamong youth.
A before-after study is currently underway involving 20
participants, aged 16 to 24 years, and on their restricted or full
license. Participants are monitored using a minimal BPD app
for 1 month to classify their driving behavior. They then switch
to the full BPD app that includes the behavioral-change feature
set for a second month. Following the study, any change in
driving behavior will beidentified based on app-generated data,
and participants will have an opportunity to provide feedback
on the intervention.
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Discussion

Context

This study outlines the design of a smartphone-based
intervention for developing safe driving skills among youth
drivers. Although other researchers have investigated the use
of smartphone technology in monitoring driver style and
behavior, work that has sought to improve driving skills of youth
isvery limited. Moreover, we are not aware of other work that
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has taken an approach rooted in behavior theory, evidence, and
BCTsto inform design of a smartphone intervention.

Related Work: Existing Driving Apps

There is a plethora of driving-related apps available from app
stores. Many apps target a particular aspect such as preparing
for licensing theory tests (eg, Theory Test Kit and New Zealand
Driving Theory Test), logging journeys (eg, DrivePad), and
blocking messages, calls, and notifications during driving (eg,
DriveMaode, Shut Up and Drive, and Safe Ride). Therearealso
appsthat, similar to BPD, aim to assist young peopleto develop
safe driving practices. We have selected 6 popular apps that
appear to have overlapping objectives with BPD and which
offer more than simple blocking or logging functionality.

For each app, we have examined its features and identified any
BCTs to which features are attributable. Table 8 shows that
BCTsare organized into 4 categories: the BCTslisted in Table
2 for which there is strong evidence that they have led to
behavioral change, those that lack strong evidence to date but
arerooted in behavioral theory, othersthat weidentified earlier
as interesting for a youth driving intervention, and others that
we have not viewed as fundamental to BPD but are linked to
the surveyed app(s).

Warren et al

LifeSaver isablocking app that automatically silencesauser’s
smartphone on detecting driving. Journey feedback (BCT 2.2)
is limited to reporting on the unwanted behavior of using the
phone, for example, to text while driving. At the end of a
journey, the app displays a percentage score where 100 indicates
that the user did not use their phone while driving. LifeSaver
supports a family view, which is essentially aleaderboard that
ranks the family members according to their scores. As the
leaderboard shows each family member’s score, teensare aware
that their parents are monitoring them (BCT 2.1). Through
location tracking of family members, the app facilitates social
support (BCT 3.1) as users can see when their family members
aredriving and defer calling them until they have finished their
journey.

TrueMotion Family is similar to LifeSaver in that it is also a
family-oriented app with a leaderboard that publishes each
family member’s driving score. In addition to phone use, for
example, texting and calling, TrueMotion Family also factors
aggressive driving and speeding to generate auser’s score. The
app pinpoints unwanted behavior events on amap allowing the
user to see where the events occurred; it also allows users to
review their driving behavior over time (BCT 2.3).

Table 8. Behavior change technique feature matrix for popular youth driving apps.

Behavior change technique LifeSaver

TrueMotion Family Mojo

DriveSmart  EverDrive Steer Clear

Behavior change techniques used in successful interventions
1.1 Goal setting (behavior)
1.3 God setting (outcome)
2.2 Feedback on behavior O
2.3 Self-monitoring of behavior
3.1 Socia support d
4.1 Instruction on how to perform the behavior
5.1 Information about health consequences

Behavior change techniques grounded in behavioral theory
4.2 Information about antecedents
5.5 Anticipated regret
7.1 Prompts or cues
8.3 Habit formation O
13.3 Incompatible beliefs

Behavior change techniquesthat appear relevant to a youth driving intervention

6.2 Social comparison d

6.3 Information about others’ approval

10.4 Social reward O

13.1 Identification of self asrole model O
Other Behavior change techniques

1.8 Behavioral contract

2.1 Monitoring of behavior by otherswithout feedback [

10.2 Materia reward

10.11 Future punishment

a a O

O
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Mojo, similar to LifeSaver and True Motion Family, employs
a leaderboard that ranks teens among their friends based on
points earned while driving. Aswith LifeSaver, scoring is based
on unwanted phone use alone. LifeSaver breaks down feedback,
for example, providing a count of swipes and taps that a user
makes on their phonewhiledriving. Mojo differs by employing
material rewards (BCT 10.2). Users who have amassed high
scores are invited to spin a wheel for the chance to win a
voucher. Mojo’s feedback, rather than being limited to a score,
also offerstipsfor improving behavior. For example, if the user
has been making calls while driving, Mojo displays a message
to tell the user that they will improve their safety and score by
not making calls during future journeys.

DriveSmart monitors driver's behavior and generates a
percentage score based on their braking, cornering, and
speeding. Similar to TrueMotion Family, DriveSmart plots
driving events on a map and alows users to review their
behavior over time. Similar to Mojo, DriveSmart has rewards
partners and can offer material rewards in exchange for good
driving behavior. Unlike the above apps, DriveSmart does not
offer any collaboration features such as aleaderboard; instead,
it is intended to be used by an individual and not in a group
context. As part of feedback, DriveSmart uses loss-framed
messages, alerting usersto future punishment (BCT 10.11), for
example, for speeding.

EverDrive has a feature set similar to TrueMotion Family. It
monitors adriver’s accel eration, braking, cornering, speed, and
phone use. Instead of providing feedback through percentage
scores, it uses a 5-star scheme.

Unlike the above apps, Steer Clear does not monitor or provide
feedback on driver behavior. It includes logging functionality
that allowsindividualsto record their driving hoursin different
conditions. In addition, it has unique features: a behavioral
contract (BCT 1.8), goal setting (BCT 1.3), and videosto share
experiences of other users, aform of socia support (BCT 3.1).
When a user starts using the app, they make a pledge to drive
safely; the pledge forms the basis of a behavioral contract. In
using Steer Clear, users work toward the outcome goal of
completing the set of Steer Clear modules. Once complete, users
are eligible for insurance discount (BCT 10.2).

Table 8 reveal s that the surveyed apps use quite a narrow band
of BCTs. They generally provide feedback (BCT 2.2) and
through monitoring and feedback, they help with forming good
habits (BCT 8.3).

Many of the apps are group oriented involving family members
and/or peers. They include a leaderboard feature, and the way
that leaderboards are used is effective in exercising severa
BCTs. The leaderboards allow socia rewards (BCT 10.4) in
the form of stars and percentage scores to be publicized to the
group, facilitating social comparison (BCT 6.2). They aso
enable higher scorers to identify themselves as role models
(BCT 13.1). In addition, the |eaderboards make users aware that
they are being monitored by other group membersin away that
does not involve feedback (BCT 2.1). Of these, BCTs 10.4 and
13.1 areparticularly appropriate for strengthening intentionsto
perform wanted driving behaviors.
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Of the apps that offer feedback on behavior, they do so in the
form of a numeric score. Only Mojo and DriveSmart include
textual feedback to supplement scores, and even here, the
messages do not address health consequences, antecedents,
anticipated regret, or incompatible beliefs—that either are
proven or theoretically informed BCTs. Furthermore, none of
the apps employ goal setting for behavior (BCT 1.1), which is
a proven BCT. Similarly, instruction on performing wanted
behaviors (BCT 1.4), another BCT for which there is strong
evidence that it is effective, is employed very sparsely.

The apps have limited support for increasing positive attitudes
toward wanted driving behaviors. The leaderboard feature,
linked to BCT 6.2 (social comparison), can help address norms
and demonstrates to a teen that othersin their social group do
exhibit the wanted behaviors. However, many of the other BCTs
discussed earlier for addressing attitudes, managing self, and
dealing with the actual or perceived skills mismatch are not
associated with the surveyed apps features. Hence, it seems
unlikely that the surveyed apps can lead to long-term behavioral
change.

Related Work: Monitoring Driver Behavior

In recent years, much work has been conducted to validate use
of smartphones in providing a low-cost sensing platform and
to supersede the older in-vehicle data recorder (IVDR) units
that necessitate afixed installation [8].

Today's smartphones include inertial sensors that enable
smartphone driver support systems (SDSS) to detect driving
events such as accel eration, braking, turning, and lane changing
[7,9,30-32]. SDSS typicaly score a driver's behavior [7] or
classify it in some way, for example, passive or aggressive and
risky or safe [33]. Other apps have a narrower focus, for
exampl e, detecting events that suggest when adriver isdriving
under the influence of alcohol [11] that complement yet other
apps concerned with drink and drive prevention [34]. SDSS
offer high levels of accuracy, for example, with ratesin excess
of 90% for correctly classifying driver behavior [7,11,31,33].

Beyond a smartphone's inertial sensors, other in-built sensors
include cameras and microphones that are being used to detect
whether drivers are drowsy or distracted. CarSafe uses both the
forward- and rear-facing cameras to monitor the driver's face
and eyes along with the road ahead [12]. CarSafe detects and
alerts drowsy drivers and warns them of events such as
straddling the center line. DriveSafe [35] similarly warnsdrivers
when they appear to be distracted or drowsy and, additionally,
makes use of the smartphone's microphone, for example, to
identify cases where the driver has turned without using the
indicators (which are assumed to emit an audible signal when
used).

Related Work: Youth Driving I nterventions

In an early SDSS study [36], an app was developed to warn
drivers in real time of speeding events and upcoming speed
zone changes. Subseguently, and in the absence of any behavior
change, the app sent text messages to participants to encourage
them to reduce their speed. With 16 teen driver participants, the
study found that use of the intervention resulted in adrop from
31% to 18% in speeding incidents. Other studies [37-39]
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involving use of IVDR systems have similarly reported that
monitoring and feedback doesimprove youth driving behavior.
Moreover, an 1VDR-based study involving 92 youth drivers
found that teen coaching for 6 monthsis an insufficient period;
when withdrawn, incidents of poor driving behavior, having
previously declined, began to rise [40].

Parental involvement is a contentious issue for SDSS. Key
findings for IVDR systems that involve parents, for example,
[37,38,40], are that these interventions can provide useful and
objective information to parents concerning teen driving
behavior. Where teens believe that their parents might (but will
not necessarily) review their driving, they tend to drive more
safely. This is consistent with BCT 2.1, monitoring without
feedback. Acceptance of parent-focused interventionsis mixed
because of issues of privacy and trust. In addition, systems that
were evaluated by randomized controlled trials did not lead to
areduction in crash rates. Finally, parental involvement can be
used to contribute to an intervention, but it is unlikely to be
effective without other intervention elements [3]. We refer the
readers to Curry et a’s study [41] for more details on
parent-focused interventions.

Gamification, the use of game elements in nongame contexts
[42], is largely unexplored in SDSS for youth. Gamification
uses extrinsic motivators to increase intrinsic motivation [27].
One app that employs gamification does so to encourage young
driversto undertake supervised driving in arange of conditions
toimprovetheir driving skills[43]. On the basis of asmall study
of 25 drivers, a gamified version of the app was found to be
more enjoyable and motivating than a conventional nongamified
version. Although the gamified app did not lead to behavioral
change, it is likely to lead to greater adherence to an
intervention.

With mobile phones known to be a source of distraction when
driving, the role of SDSS in blocking incoming calls and text
messages has been investigated. A study involving teen drivers
[44] found that blocking did reduce the number of calls made
and the number of text messages sent while driving. In
particular, the intervention reduced impulsive calling and
texting. However, the study also found subjective data showing
that users tried to work around the blocking functionality, for
example, by using afriend's phone while driving.

Principal Findings

BPD’s feature set has been derived through the application of
behavioral theory and BCTs and consideration of the evidence
relating to BCT effectiveness elsewhere. Beyond monitoring
and classifying driver behavior, which is where much of the
existing work in SDSS stops, BPD’s design includes a suite of
features that have a clear mapping to distinct BCTs. A key
feature is postjourney feedback. Messaging is aso employed
for many purposes. to instruct, motivate, educate, and relay
feedback to participants and to address participants’ attitudes
and beliefs. BCTsand gamification are complementary; BPD's
design combines elements of gamification with BCTsin offering
goal setting and review and achievements and |eaderboards.
Leveraging the smartphone sensor platform, the design also
allows for monitoring of additional facets of driving behavior
and automated detection of driving conditions.
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BPD’sdesign has also taken into account technol ogy acceptance
considerations. The app enablesyouth to perceive gainsthrough
constructive feedback, education, and social comparison or
competition. These features further contribute to addressing
delay discounting and social influencein that they helpto retain
user engagement and interest over time, not only for individuals
but also for peer or social groups.

Key risks have been mitigated. Unlike other SDSS and IVDR
systems and apps, BPD does not present percentage scores or
include raw or absolute figuresfor accel eration and speed when
providing feedback. This ensures that BPD cannot be used to
subvert the intervention, for example, by teens using the app to
record and share race times and dangerous driving events. In
addition, BPD allows usersto control how they sharetheir data
in the interests of privacy. Moreover, the app conserves device
resources—using no mobile data and minimizing power
consumption—so asto have minimal perceived effect on users
smartphones for daily operation. Furthermore, BPD does not
offer real-time feedback, contrary to many SDSS and IVDR
systems. Thisisboth to avoid distraction, which has been linked
to real-time feedback in other studies [36,41] and to conserve
mobile data.

Regarding usability, the app is easy to use. It requires no
calibration before use, and during ajourney the smartphone can
be kept in the driver's pocket (the app functions accurately
without requiring afixed dashboard mount). The app does not
provide a completely seamless experience in that it does not
detect the start of ajourney and begin monitoring automatically.
Implementing this feature would increase the risk that youth
would not use the app because the necessary power-draw would
interfere with the normal operation of the smartphone. This
representsaconflict between requirements; akey conflict among
stakeholders is the issue of parent involvement versus youth
privacy. In developing BPD, we have sought to minimize risks
to intervention adoption.

BPD is complementary to fundamental research aimed at
understanding the underlying issues that contribute to youths
over-representation in crashes. In Shope et a’s study [45], a
framework has been developed that identifies 7 categories of
influence on teen driving behavior: driving ability,
developmental  factors, behavior factors, personality,
demographic, and perceived and driving environments. Other
research has targeted particular influences, for example, risk
perception and sensation seeking [46]. As a technol ogy-based
intervention, BPD has much potential to address some
influences, for example, driving behavior and ability. It could
serve as part of aholistic approach to supporting youth driving;
such comprehensive approaches necessarily require buy-in from
many factions, including government, researchers, public health
practitioners, parents, teens, and auto industries [3].

Conclusions

BPD is a smartphone-based intervention that aims to improve
driving skills in youth. Critically, BPD’s design has been
informed by behavioral theory and behavioral change expertise.
Stakehol der feedback and technol ogy acceptance considerations
have also been factored into the design. Having implemented
the app on a sound theoretical foundation, the next step is to
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evaluate its potential to be effective in changing youth driving  currently underway, and we expect to report on the resultsin
behavior. A small study involving 20 youth participants is the near future.

Acknowledgments

This study was funded by the University of Auckland, Faculty Research Development Fund Post-Doctoral Fellowship project
3706763, “A Smartphone-Based Intervention for Promoting Behavioral Change in Young Drivers.” The authors would like to
thank TomTom for supporting our research. Use of the TomTom Web service for accessing speed-limit data without restriction
has been necessary to run the ongoing pilot study.

Conflictsof I nterest
None declared.

References

1. World Health Organization. Who.int. Road Traffic Injuries URL : http://who.int/mediacentre/factsheets/f s358/en/[ WebCite
Cache ID 6vcTntGDI]

2. Ministry of Transport. Transport.govt.nz. 2016. Young Drivers URL : http://www.transport.govt.nz/assets/Uploads/Research/
Documents/Young-Drivers-2016.pdf[WebCite Cache ID 6vcUVM8uR]

3. Shope JT. Adolescent motor vehicle crash risk: what's needed to understand and reduce the risk? J Adolesc Health 2010
Jan;46(1):1-2. [doi: 10.1016/j.jadohealth.2009.10.003] [Medline: 20123250]

4.  New Zealand Transport Agency. Drive.govt.nz. Drive URL: https://drive.govt.nz/ [accessed 2017-12-11] [WebCite Cache
ID 6vcV2DRFW]

5. Automobile Association. Aa.co.nz. Defensive Driving Courses URL ; http://www.aa.co.nz/drivers/learn-to-drive-the-aa-way/
defensive-driving-courses/ [accessed 2017-12-11] [WebCite Cache ID 6vcVOI3VI]

6. FazeenM, Gozick B, Dantu R, BhukhiyaM, Gonzalez MC. Safe driving using mobile phones. IEEE Trans Intell Transport
Syst 2012 Sep;13(3):1462-1468. [doi: 10.1109/TITS.2012.2187640]

7. Cadtignani G, Derrmann T, Frank R, Engel T. Driver behavior profiling using smartphones: alow-cost platform for driver
monitoring. |EEE Intell Transport Syst Mag 2015;7(1):91-102. [doi: 10.1109/MITS.2014.2328673]

8.  Paefgen J, Kehr F, Zhai Y, Michahelles F. Driving behavior analysis with smartphones: insights from a controlled field
study. 2012 Presented at: 11th International Conference on Mobile and Ubiquitous Multimedia; December 4-6, 2012; Ulm,
Germany. [doi: 10.1145/2406367.2406412]

9. HongJ MarginesB, Dey AK. A smartphone-based sensing platform to model aggressivedriving behaviors. 2014 Presented
at: SIGCHI Conference on Human Factorsin Computing Systems; April 26-May 01, 2014; Toronto, Ontario, Canada. [doi:
10.1145/2556288.2557321]

10. Tower Insurance. SmartDriver Application. URL: https.//www.tower.co.nz/car-insurance/smartdriver[WebCite Cache ID
6vcVijlwRc]

11. Dai J, Teng J, Bai X, Shen Z, Xuan D. Mobile phone based drunk driving detection. 2010 Presented at: 4th International
Conference on Pervasive Computing Technologies for Healthcare; March 22-25, 2010; Munich, Germany. [doi:
10.4108/ICST.PERVASIVEHEALTH2010.8901]

12. YouC, LaneND, Chen F, Wang R, Chen Z, Bao TJ, et al. CarSafe app: alerting drowsy and distracted drivers using dual
cameras on smartphones. New York: ACM; 2013 Presented at: 11th Annual International Conference on Mobile Systems,
Applications, and Services; June 25-28, 2013; Taipei, Taiwan. [doi: 10.1145/2462456.2465428]

13. AraujoR, IgrgjaA, de Castro R, Araujo R. Driving coach: A smartphone application to evaluate driving efficient patterns.
2012 Presented at: |EEE Intelligent Vehicles Symposium; June 3-7, 2012; Alcala de Henares, Spain p. 1005-1010. [doi:
10.1109/1VS.2012.6232304]

14. Aichinger C, Nitsche P, Shutz R, Harnisch M. Using low-cost smartphone sensor datafor |ocating crash risk spotsin aroad
network. Transp Res Procedia 2016;14:2015-2024. [doi: 10.1016/j.trpro.2016.05.169]

15. Lerner BH. Drunk driving, distracted driving, moralism, and public health. N Engl JMed 2011 Sep 08;365(10):879-881.
[doi: 10.1056/NEJM p1106640] [Medline: 21899449]

16. Michie S, Johnston M, Francis J, Hardeman W, Eccles M. From theory to intervention: mapping theoretically derived
behavioural determinants to behaviour change techniques. Appl Psychol 2008;57(4):660-680. [doi:
10.1111/j.1464-0597.2008.00341.X]

17. FreeC, Knight R, Robertson S, Whittaker R, Edwards P, Zhou W, et al. Smoking cessation support delivered via mobile
phone text messaging (txt2stop): asingle-blind, randomised trial. Lancet 2011 Jul;378(9785):49-55. [doi:
10.1016/S0140-6736(11)60701-0]

18. Ammerman AS, Lindquist CH, Lohr KN, Hersey J. The efficacy of behavioral interventions to modify dietary fat and fruit
and vegetable intake: areview of the evidence. Prev Med 2002 Jul;35(1):25-41. [doi: 10.1006/pmed.2002.1028]

http://formative.jmir.org/2018/2/e25/ JMIR Formativ Res 2018 | vol. 2 | iss. 2| €25 | p. 17
(page number not for citation purposes)

RenderX


http://who.int/mediacentre/factsheets/fs358/en/
http://www.webcitation.org/

                                            6vcTntGDI
http://www.webcitation.org/

                                            6vcTntGDI
http://www.transport.govt.nz/assets/Uploads/Research/Documents/Young-Drivers-2016.pdf
http://www.transport.govt.nz/assets/Uploads/Research/Documents/Young-Drivers-2016.pdf
http://www.webcitation.org/

                                            6vcUVM8uR
http://dx.doi.org/10.1016/j.jadohealth.2009.10.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20123250&dopt=Abstract
https://drive.govt.nz/
http://www.webcitation.org/

                                            6vcV2DRFW
http://www.webcitation.org/

                                            6vcV2DRFW
http://www.aa.co.nz/drivers/learn-to-drive-the-aa-way/defensive-driving-courses/
http://www.aa.co.nz/drivers/learn-to-drive-the-aa-way/defensive-driving-courses/
http://www.webcitation.org/

                                            6vcVOl3VI
http://dx.doi.org/10.1109/TITS.2012.2187640
http://dx.doi.org/10.1109/MITS.2014.2328673
http://dx.doi.org/10.1145/2406367.2406412
http://dx.doi.org/10.1145/2556288.2557321
https://www.tower.co.nz/car-insurance/smartdriver
http://www.webcitation.org/

                                            6vcVjlwRc
http://www.webcitation.org/

                                            6vcVjlwRc
http://dx.doi.org/10.4108/ICST.PERVASIVEHEALTH2010.8901
http://dx.doi.org/10.1145/2462456.2465428
http://dx.doi.org/10.1109/IVS.2012.6232304
http://dx.doi.org/10.1016/j.trpro.2016.05.169
http://dx.doi.org/10.1056/NEJMp1106640
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21899449&dopt=Abstract
http://dx.doi.org/10.1111/j.1464-0597.2008.00341.x
http://dx.doi.org/10.1016/S0140-6736(11)60701-0
http://dx.doi.org/10.1006/pmed.2002.1028
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Warren et al

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

Sullman M. Racfoundation. 2017. Young Driver Safety: A review of behaviour change techniques for future interventions
URL: https://www.racfoundation.org/assets/rac_foundation/content/[ WebCite Cache ID 72sp6iA0P)

Fylan F, Stradling S. Behavioural change techniques used in road safety interventions for young people. Eur Rev Appl
Psychol 2014;64(3):123-129. [doi: 10.1016/j.erap.2014.02.003]

Whittaker R, Merry S, Dorey E, Maddison R. A development and evaluation process for mHealth interventions: examples
from New Zealand. JHealth Commun 2012;17 Suppl 1:11-21. [doi: 10.1080/10810730.2011.649103] [Medline: 22548594]
Fylan F. Racfoundation. 2017. Using Behaviour Change Techniques: Guidance for the road safety community URL: https:/
/www.racfoundation.org/wp-content/upl oads/2017/11/

Using_behaviour_change techniqgues Guidance for_the road_safety community.pdf [accessed 2018-10-03] [WebCite
Cache ID 72spiegL h]

Michie S, Richardson M, Johnston M, Abraham C, Francis J, Hardeman W, et al. The behavior change technique taxonomy
(v1) of 93 hierarchically clustered techniques: building an international consensus for the reporting of behavior change
interventions. Ann Behav Med 2013 Aug;46(1):81-95. [doi: 10.1007/s12160-013-9486-6] [Medline: 23512568]

Ryan RM, Deci EL. Self-determination theory and the facilitation of intrinsic motivation, socia development, and well-being.
Am Psychol 2000 Jan;55(1):68-78. [Medline: 11392867]

Kervick AA, Hogan MJ, O'HoraD, SarmaKM. Testing astructural model of young driver willingnessto uptake Smartphone
Driver Support Systems. Accid Anal Prev 2015 Oct;83:171-181. [doi: 10.1016/j.aap.2015.07.023] [Medline: 26277411]
Fuller R. Driver control theory: from task difficulty homeostasis to risk alostasis. In: Handbook of Traffic Psychology.
Amsterdam: Elsevier; 2011:13-26.

Mekler E, Bruhlmann F, OpwisKA, Tuch AN. Do Points, Levelsand L eaderboards Harm Intrinsic M otivation? An Empirical
Analysisof Common Gamification Elements. 2013 Presented at: 1st International Conference on Gameful Design, Research
and Applications, Stratford, Ontario, Canada; October 02-04, 2013; Toronto, Ontario, Canada p. 66-73. [doi:
10.1145/2583008.2583017]

Wiegers K, Beatty J. Software Requirements. New York: Pearson; 2014.

Android. Material Design for Android. URL: https://devel oper.android.com/design/material/index.html [ WebCite Cache
ID 6vewW7D0Jc]

Meseguer JE, Calafate CT, Cano JC, Manzoni P. DrivingStyles: A Smartphone Application to Assess Driver Behavior. :
|EEE; 2013 Presented at: 18th |EEE Symposium on Computers and Communications; July 7-10, 2013; Split, Croatia. [doi:
10.1109/1SCC.2013.6755001]

Johnson DA, Trivedi MM. Driving Style Recognition using a Smartphone as a Sensor Platform. 2011 Presented at: 14th
International |EEE Conference on Intelligent Transportation Systems; October 5-7, 2011; Washington, DC, USA. [doi:
10.1109/1TSC.2011.6083078]

Saiprasert C, Thajchayapong S, Pholprasit T, Tanprasert C. Driver behaviour profiling using smartphone sensory datain
a V2l environment. 2014 Presented at: International conference on Connected Vehicles and Expo; November 3-7, 2014;
Vienna, Austria. [doi: 10.1109/ICCV E.2014.7297609]

Eren H, Makinist S, Akin E, Yilmaz A. Estimating driving behavior by a smartphone. 2012 Presented at: |EEE Intelligent
Vehicles Symposium; June 3-7, 2012; Alcala de Henares, Spain URL: https://doi.org/10.1109/1V S.2012.6232298

Wilson H, Stoyanov S, Gandabhai S, Baldwin A. The quality and accuracy of mobile appsto prevent driving after drinking
acohol. IMIR Mhealth Uhealth 2016 Aug 08;4(3):€98 [FREE Full text] [doi: 10.2196/mhealth.5961] [Medline: 27502956]
Bergasa LM, AlmeriaD, Almazan J, Yebes J, Arroyo R. DriveSafe: An App for Alerting Inattentive Drivers and Scoring
Driving Behavior. 2014 Presented at: IEEE Intelligent Vehicles Symposium Proceedings; June 8-11, 2014; Dearborn, Ml,
USA. [doi: 10.1109/1V S.2014.6856461]

Creaser J. 2009. Devel opment and Evaluation of a Cellular Phone Based Teen Driver Support System URL : http://www.
its.umn.edu/Research/ProjectDetail .html 71 d=2008057 [accessed 2017-12-22] [WebCite Cache ID 6vtP3si00]

Carney C, McGehee D, Lee J, Reyes M, Raby M. Using an event-triggered video intervention system to expand the
supervised learning of newly licensed adolescent drivers. Am J Public Health 2010 Jun;100(6):1101-1106. [doi:
10.2105/A JPH.2009.165829] [Medline: 20395588]

Farmer CM, Kirley BB, McCartt AT. Effects of in-vehicle monitoring on the driving behavior of teenagers. J Safety Res
2010 Feb;41(1):39-45. [doi: 10.1016/j.jsr.2009.12.002] [Medline: 20226949]

Musicant O, Lampel L. When technology tells novice drivers how to drive. J Transp Res Board 2010;2182(1):8-15 [FREE
Full text]

Klauer SG, Sayer TB, Baynes PG, Ankem G. Using real-time and post hoc feedback to improve driving safety for novice
drivers. Hum Factors Ergon Soc 2016;60(1):1936-1940 [FREE Full text]

Curry AE, Peek-Asa C, Hamann CJ, Mirman JH. Effectiveness of parent-focused interventions to increase teen driver
safety: acritical review. J Adolesc Health 2015 Jul;57(1 Suppl):S6-14 [EREE Full text] [doi:

10.1016/j.jadoheal th.2015.01.003] [Medline: 26112737]

Deterding S, Dixon D, Khaled RL, Nacke L. From Game Design Elements to Gamefulness: Defining Gamification. 2011
Presented at: 15th International Academic MindTrek Conference: Envisioning Future Media Environments; September
28-30, 2011; Tampere, Finland URL : https://doi.org/10.1145/2181037.2181040

http://formative.,jmir.org/2018/2/e25/ JMIR Formativ Res 2018 | val. 2 | iss. 2| €25 | p. 18

(page number not for citation purposes)


https://www.racfoundation.org/assets/rac_foundation/content/
http://www.webcitation.org/

                                            72sp6iA0P
http://dx.doi.org/10.1016/j.erap.2014.02.003
http://dx.doi.org/10.1080/10810730.2011.649103
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22548594&dopt=Abstract
https://www.racfoundation.org/wp-content/uploads/2017/11/Using_behaviour_change_techniques_Guidance_for_the_road_safety_community.pdf
https://www.racfoundation.org/wp-content/uploads/2017/11/Using_behaviour_change_techniques_Guidance_for_the_road_safety_community.pdf
https://www.racfoundation.org/wp-content/uploads/2017/11/Using_behaviour_change_techniques_Guidance_for_the_road_safety_community.pdf
http://www.webcitation.org/

                                            72spieqLh
http://www.webcitation.org/

                                            72spieqLh
http://dx.doi.org/10.1007/s12160-013-9486-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23512568&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11392867&dopt=Abstract
http://dx.doi.org/10.1016/j.aap.2015.07.023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26277411&dopt=Abstract
http://dx.doi.org/10.1145/2583008.2583017
https://developer.android.com/design/material/index.html
http://www.webcitation.org/

                                            6vcW7D0Jc
http://www.webcitation.org/

                                            6vcW7D0Jc
http://dx.doi.org/10.1109/ISCC.2013.6755001
http://dx.doi.org/10.1109/ITSC.2011.6083078
http://dx.doi.org/10.1109/ICCVE.2014.7297609
https://doi.org/10.1109/IVS.2012.6232298
http://mhealth.jmir.org/2016/3/e98/
http://dx.doi.org/10.2196/mhealth.5961
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27502956&dopt=Abstract
http://dx.doi.org/10.1109/IVS.2014.6856461
http://www.its.umn.edu/Research/ProjectDetail.html?id=2008057
http://www.its.umn.edu/Research/ProjectDetail.html?id=2008057
http://www.webcitation.org/

                                            6vtP3si0o
http://dx.doi.org/10.2105/AJPH.2009.165829
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20395588&dopt=Abstract
http://dx.doi.org/10.1016/j.jsr.2009.12.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20226949&dopt=Abstract
http://journals.sagepub.com/doi/abs/10.3141/2182-02
http://journals.sagepub.com/doi/abs/10.3141/2182-02
http://journals.sagepub.com/doi/10.1177/1541931213601441
http://europepmc.org/abstract/MED/26112737
http://dx.doi.org/10.1016/j.jadohealth.2015.01.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26112737&dopt=Abstract
https://doi.org/10.1145/2181037.2181040
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Warren et al

43. Fitz-Walter Z, Johnson D, Wyeth P, Tjondronegoro D, Scott-Parker B. Driven to drive? Investigating the effect of gamification
on learner driver behavior, perceived motivation and user experience. Comput Human Behav 2017 Jun;71:586-595. [doi:
10.1016/j.chb.2016.08.050]

44. Creaser J, Edwards CJ, MorrisNL, Donath M. Are cellular phone blocking applications effective for novice teen drivers?
J Safety Res 2015 Sep;54:75-78. [doi: 10.1016/].jsr.2015.06.014] [Medline: 26403905]

45.  Shope JT, Bingham CR. Teen driving: motor-vehicle crashes and factors that contribute. Am J Prev Med 2008 Sep;35(3
Suppl):S261-S271. [doi: 10.1016/j.amepre.2008.06.022] [Medline: 18702980]

46. Carter PM, Bingham CR, Zakrajsek JS, Shope JT, Sayer TB. Social norms and risk perception: predictors of distracted
driving behavior among novice adol escent drivers. J Adolesc Health 2014 May;54(5 Suppl):S32-S41 [ EREE Full text] [doi:
10.1016/j.jadoheal th.2014.01.008] [Medline: 24759439]

Abbreviations

AA: Automobile Association

BCT: behavior change technique

BPD: BackPocketDriver

GDL: graduated driver licensing

IVDR: in-vehicle data recorder

NFC: near field communication

NZTA: New Zealand transport agency
SDSS: smartphone driver support system
SMS: short message service

Ul: user interface

Edited by G Eysenbach; submitted 22.12.17; peer-reviewed by J Jonnagaddala, M Bardus; comments to author 18.03.18; revised
version received 11.08.18; accepted 03.10.18; published 26.11.18

Please cite as:

Warren |, Meads A, Whittaker R, Dobson R, Ameratunga S

Behavior Change for Youth Drivers: Design and Devel opment of a Smartphone-Based App (BackPocketDriver)
JMIR Formativ Res 2018;2(2):e25

URL.: http://formative.jmir.org/2018/2/e25/

doi: 10.2196/for mative.9660

PMID: 30684435

©lan Warren, Andrew Meads, Robyn Whittaker, Rosie Dobson, Shanthi Ameratunga. Originally published in IMIR Formative
Research (http://formative.jmir.org), 26.11.2018. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in IMIR Formative Research, is properly cited. The
complete bibliographic information, a link to the original publication on http://formative.jmir.org, as well as this copyright and
license information must be included.

http://formative.,jmir.org/2018/2/e25/ JMIR Formativ Res 2018 | val. 2 | iss. 2| €25 | p. 19
(page number not for citation purposes)

RenderX


http://dx.doi.org/10.1016/j.chb.2016.08.050
http://dx.doi.org/10.1016/j.jsr.2015.06.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26403905&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2008.06.022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18702980&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1054-139X(14)00020-2
http://dx.doi.org/10.1016/j.jadohealth.2014.01.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24759439&dopt=Abstract
http://formative.jmir.org/2018/2/e25/
http://dx.doi.org/10.2196/formative.9660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30684435&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

