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Abstract

Background Teen drivers with a traffic violation are at increased risk for crashes and crash-related injuries; however,
most parent-focused interventions target teen drivers with supervised learner’s permits. Very few interventions are
implemented at the probationary driver’s license stage or target high-risk teen drivers, such as those with traffic viola-
tions. This paper describes the protocol of ProjectDRIVE, A Randomized Controlled Trial to Improve Driving Practices
of High-Risk Teen Drivers with a Traffic Violation, which targets improving parent-teen communication about safe
driving practices to reduce unsafe driving behaviors and traffic violation recidivism of teen drivers cited for traffic
violation.

Methods Teen drivers (ages 16 or 17) cited for a moving violation and the parent/legal guardian most involved

with the teen’s driving are recruited from juvenile traffic courts following their required court hearing. After complet-
ing informed consent/assent, enrolled dyads are randomized into one of three groups using stratified block randomi-
zation: control, device feedback only, or device feedback plus parent communication training. Participating dyads

are followed for 6 months with 3 months of active intervention. Using in-vehicle device and smartphone application
technology, the study provides real-time and cumulative driving feedback to intervention teens and collects continu-
ally recorded, objectively measured driving outcome data throughout the teen’s study participation. Primary out-
comes include rates of risky driving events and unsafe driving behaviors per 1000 miles driven. Secondary outcomes
include traffic violation recidivism up to 12 months following study completion and frequency and quality of parent-
teen communication about safe driving practices.

Discussion Through partnership with the local juvenile traffic courts, this study integrates recruitment and randomi-
zation into existing court practices. Successfully completing this study will significantly impact juvenile traffic court’s
practices and policies by informing judges’ decisions regarding the driving safety programs they refer to teens to pre-
vent motor vehicle crashes and crash-related injuries and deaths.

Trial registration The study was registered on ClinicalTrials.gov Registry (NCT04317664) on March 19, 2020, https://
clinicaltrials.gov/study/NCT04317664 and updated on April 27, 2021. This protocol was developed per the SPIRIT
(Standard Protocol Items: Recommendations for Interventional Trials) Checklist.
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Background
Despite decades of interventions to reduce novice teen
driving crashes, motor vehicle collisions remain one
of the leading causes of death and disability for teens,
particularly for male teens, as well as a high burden for
others involved in crashes for which they are responsi-
ble (National Center for Injury Prevention and Control
2022; Peek-Asa et al. 2023; Mayhew et al. 2003; McCa-
rtt et al. 2003; Insurance Institute for Highway Safety
(ITHS) 2021). Teen drivers with traffic violations are at
even greater risk for motor vehicle collisions and related
hospitalizations and deaths (Factor 2014; Summala et al.
2014). Up to 73% of young adults commit at least one
traffic offense within 7 years of receiving their driver’s
license (Williams 2003), with a 6-month re-offense rate as
high as 56% (Manno et al. 2012; Ekeh et al. 2011). Male
teen drivers have the highest rate of recidivism, with an
eight to 21 times greater rate of recidivism than females
or drivers in other age subgroups (Carnegie et al. 2009).
Teen drivers with traffic violations are an understudied
and high-risk group that provides an opportunity for tai-
lored interventions (Baird et al. 2013). Parental engage-
ment is vital to educating, supervising, and reinforcing
their teens’ safe driving behaviors and practices (Curry
et al. 2015; Simons-Morton 2007; Peek-Asa et al. 2019
Oct; Mirman et al. 2014; Ramirez et al. 2013). However,
as teens start driving without supervision, which is as
early as age 16 according to the Ohio licensing and grad-
uated driving laws, their parents are less involved, though
teens are continuing to gain driving experience and
improve their driving skills (Curry et al. 2015; Simons-
Morton 2007). Most existing parent-focused interven-
tions target teen drivers during the supervised learner
phase and are implemented as universal interventions
for teens of all risk profiles (Curry et al. 2015; Zakrajsek
et al. 2013; Winston et al. 2015; Peek-Asa et al. 2014). Few
interventions have used selected prevention strategies
directed at high-risk drivers under 18, such as those with
a traffic violation (Manno et al. 2012; Baird et al. 2013;
Mattox 2000; Nirenberg et al. 2013; Watson et al. 2020
Sep), with mixed results in reducing recidivism (subse-
quent traffic violations) (Mattox 2000). An intervention
enrolling high-risk teens and implementing “tiered risk
strategies” (Winston et al. 2016) beyond universal paren-
tal engagement programs is critical in developing com-
prehensive teen driving safety programs.

Advances in technology, ranging from in-vehicle
devices to smartphone applications, can enhance teens’

safe driving practices by providing real-time, direct
feedback to teens and summary reports on teens’ driv-
ing behaviors to teens and parents (McCartt et al. 2010;
Farmer et al. 2010; Carney et al. 2010; Simons-Morton
et al. 2013). However, this technology is rarely used in
research to actively engage parents to influence teens’
safe driving practices. The period following a traffic vio-
lation presents a unique window for parent engagement
(Franklin County Court of Common Pleas 2023). Thus,
developing and testing an intervention that simultane-
ously utilizes in-vehicle driving feedback technology and
parent training to influence safe driving practices of high-
risk teen drivers with traffic violations could help fill cur-
rent research and prevention gaps (Peek-Asa et al. 2019
Oct; Alver et al. 2014).

Social Cognitive Theory (SCT) defines human behav-
ior as a triadic, dynamic, and reciprocal interaction of
personal factors, behavior, and environmental influences
(Bandura 1986). SCT suggests individual determinants
(e.g., safe driving skills, attitudes) and the physical and
social environment (e.g., in-vehicle driving feedback, par-
ents) influence teens’ safe driving behaviors. Motivational
Interviewing (MI) is a “client-centered,” non-confronta-
tional supportive communication strategy. An interven-
tion informed by SCT, evidence-based interventions on
parental communication (Yang et al. 2013), and MI prin-
ciples can train parents to use MI techniques to improve
communication. This approach can help enhance parent-
teen communications following a teen’s traffic citation
and subsequently improve the teen’s safe driving prac-
tices (Baird et al. 2013; Nirenberg et al. 2013; Resnicow
et al. 2001; Berg-Smith et al. 1999; Miller and Rollnick
2002; Hamann et al. 2019). MI may be particularly effec-
tive for teens because it does not directly instruct them
what to do but enables them to identify their motivations
for adopting safe driving practices (Peek-Asa et al. 2019;
Ramirez et al. 2013).

Objectives

The objectives of ProjectDRIVE, A Randomized Con-
trolled Trial to Improve Driving Practices of High-Risk
Teen Drivers with a Traffic Violation (ClinicalTrials.
gov: NCT04317664), are to assess how providing driv-
ing feedback, with and without training the parent (1)
reduces risky driving events and unsafe driving behav-
iors; (2) increases the frequency and quality of parent-
teen communication about safe driving practices; and (3)
decreases traffic violation recidivism of teen drivers with
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a traffic violation. The central hypothesis is that receiv-
ing driving feedback via an in-vehicle technology device
and smartphone app will reduce risky driving events and
behaviors and that augmenting feedback by training par-
ents will further improve intervention outcomes.

Methods

Study design and setting

ProjectDRIVE is a three-group parallel, randomized con-
trolled trial (RCT) with one control and two intervention
groups (Fig. 1). The target population is teen drivers (ages
16 or 17) cited for a moving violation (e.g., speeding, fail-
ure to obey a traffic signal) and the parent/legal guardian
(henceforth ‘parent’) who is most involved with the teen’s
driving. According to Ohio law, when a driver under 18
receives a traffic citation, the teen must appear in juve-
nile traffic court accompanied by a parent to confess or
deny committing the violation (Franklin County Court
of Common Pleas 2023). This incident provides an ideal
opportunity to recruit potential parent-teen dyads. Fol-
lowing their required court hearing, eligible dyads are
recruited from county juvenile traffic courts in Ohio (e.g.,
Franklin, Delaware, Cuyahoga, Summit). After complet-
ing informed consent/assent, enrolled dyads are ran-
domly assigned into one of three groups using stratified
block randomization:

Group 1: control (device and app installation only with no
feedback)

The Aziiga™ in-vehicle driving feedback technology, con-
sisting of a pager-sized device plugged into the vehicle’s
on-board diagnostic (OBD) port in the teen’s car and a
smartphone app on the teen’s smartphone, are installed
and downloaded, with feedback features disabled (Azaga
2016). Control dyads receive no driving feedback, and
parents receive no communication training.

Group 2: driving feedback only

The Aziga"" in-vehicle driving feedback device and app
are installed as described in Group 1, with the feedback
features enabled. Four types of feedback are provided
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to teens: (1) direct audio feedback; (2) push notifica-
tion (message on the phone screen when the trip ends);
(3) detailed cumulative driving data; and (4) custom-
ized bi-weekly driving summary report. Parents do not
receive access to the teen’s cumulative driving data, bi-
weekly summary report, or communication training.

Group 3: driving feedback plus parent training

The Azaga " in-vehicle driving feedback device and app
are installed and used as described in Group 2. In addi-
tion, parents receive (1) access to the teen’s cumulative
driving data and bi-weekly summary reports, and (2)
individualized virtual training in communication strat-
egies about driving safety and a booster session deliv-
ered by a traffic safety communication specialist, along
with an online parent-teen safe driving communication
guide (Peek-Asa et al. 2019; Ramirez et al. 2013; Peek-
Asa et al. 2014; Hamann et al. 2019).

This report follows SPIRIT (Standard Protocol Items:
Recommendations for Interventional Trials) guidelines
for reporting a clinical trial protocol (Chan et al. 2013).
The schedule of enrollment, interventions, and assess-
ments for ProjectDRIVE is presented in Fig. 2 using
SPIRIT-recommended content (Additional file 1).

Study population and eligibility criteria

ProjectDRIVE aims to enroll 240 parent-teen dyads (80
per group), each including a teen (16 or 17 years) with
a moving violation and their parent. Participants are
selected without regard to sex, race/ethnicity, or socio-
economic status. Inclusion criteria are (1) age 16—17 at
the time of the violation; (2) cited for a moving-related
traffic violation; and (3) possess a valid intermediate
driver’s license and a Smartphone. Exclusion criteria
include (1) inability to drive due to injury, license sus-
pension, or car damage; (2) prior installation of an in-
vehicle feedback system; and (3) inactive driving (e.g.,
driving <1 h per week).

Consent/Assent and Group 3-Month 6-Month 12-Month
Baseline Assessment Randomization Follow-Up Follow-Up Records
@ ©) @ G

Control (no feedback)

@ Driving Feedback Only
3) Driving Feedback plus
Parent Training

Aim 1: Risky driving events, unsafe driving behaviors
Aim 2: Parent-teen communication on driving safety

Main Outcomes Main Outcome

Aim 3: Recidivism

Fig. 1 Overview of study design
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STUDY PERIOD
Enrollment | Allocation Post-allocation Close-out
TIMEPOINT** -t 0 T t
ENROLLMENT:
Eligibility screen X
Informed consent X
In-vehicle device and X
app installation
Allocation X
INTERVENTIONS:
In-vehicle device
feedback technology
Parent training X X
ASSESSMENTS:
Risky driving events X X X X
Unsafe behaviors X X X X
Recidivism X X
Parerjt-t(-:\en X X X X
communication

**t,=enrollment; t,=3 months post-enrollment, t,=6 months post-enrollment: t,=12 months after

study completion.

Fig. 2 Schedule of enrollment, interventions, and assessments

Study procedures

Recruitment and consent

Research staff recruit at juvenile traffic courts by posting
the study flyer at courthouses and distributing the study
information sheet to parent-teen dyads at their scheduled
court appearance. On recruitment days, research staff
briefly introduce the study to potential teens and par-
ents during the judge’s or magistrate’s opening remarks,
emphasizing that participation is voluntary and does not
impact the court ruling. The judges are also blinded from
the identity of the dyads choosing to participate in the
study.

After their hearing, interested dyads meet our on-site
research staff to learn study details, ask questions, be
screened for eligibility, and schedule a follow-up virtual
meeting. During the meeting, the research staff obtain

consent/assent documents and a photograph of the teen’s
driver’s license. The dyad is randomly assigned into one
of three study groups. Dyad assignment occurs after a
baseline assessment via REDCap (Research Electronic
Data Capture), an online secured data collection sys-
tem. Only dyads with parent and teen consent/assent are
enrolled, which may not represent those who decline to
participate.

Randomization

We stratified our random-block assignment by sex (male
vs. female as indicated on the driver’s license) to account
for sex differences in traffic violation risk. Before starting
the study, 80 blocks of three numbers {1, 2, 3} were ran-
domly generated using SAS software. Three study teens,
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matched by sex, form a block. Group assignment, within
each block defined by block ID, strictly follows the ran-
domly generated number order.

Data collection

Enrolled dyads are scheduled for study device installa-
tion within 2 weeks of enrollment, either in-person at a
place and time convenient for participants (e.g., school,
library, home) or virtually after the participants receive
the device via mail. The researcher installs or guides the
teen to install the Aztga " in-vehicle device in the teen’s
car and the Aziiga™ app on the teen’s smartphone. The
researcher then shows participants how to use the device
and app, answers any questions, and provides contact
information for questions. Additionally, the research staff
schedules parents in Group 3 (Driving Feedback plus
Parent Training) for an individualized communication
training session with the traffic safety communication
specialist and a booster session approximately 2 weeks
and 2 months after enrollment, respectively. Research
staff regularly monitors the driving data collected via the
researchers’ web interface and contacts teens and parents
with any problems.

For each dyad, study participation, including the
Aziiga"™ in-vehicle driving data recording, lasts 6 months,
with 3 months of active intervention and 3 months of fol-
low-up data collection without intervention. All partici-
pating parents and teens complete baseline, three-, and
6-month follow-up surveys online via REDCap asking
about the frequency and quality of parent-teen driving
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safety communications. For each assessment, parents in
all three groups are asked to upload a 3-min recorded
parent-teen conversation about teen driving. Addition-
ally, teens complete bi-weekly surveys about their risky
driving behaviors, including distracted driving behav-
iors. Parents in Group 3 and traffic safety communica-
tion specialists complete an online survey following each
virtual communication training session. Court records
are obtained via a special data request to measure recidi-
vism retrospectively up to 12 months after the study’s
completion.

Two intervention components

In-vehicle device feedback technology

Teens (Groups 2 and 3) receive real-time and cumu-
lative feedback on the teen’s driving via the Aziga'"
in-vehicle device and smartphone app (Fig. 3) (Azaga
2016). Parents (Group 3) receive cumulative feedback
only. The Aziga  in-vehicle device is not visible while
driving and does not interfere with vehicle features;
it measures trip routes (via GPS trace), risky driving
events (speeding, hard braking, sudden acceleration),
and unsafe behaviors (speeding duration, no seatbelt
use). The pager-size device, installed in seconds (Aziga
2016), plugs into the vehicle’s OBD port (available in all
cars manufactured after 1996). As part of the Aziga'"
package, the Aziiga Smartphone App pairs with the
participating teen’s smartphone via Bluetooth using a
unique username and password to detect seatbelt use in
most vehicle models and speeding duration. When the

[Sudden Acceleration] [ Location / Time ] [ Hard Braking ]

Distracted

Driving

Fig. 3 In-vehicle driving feedback technology
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device is not in cellular connectivity, the OBD device
plugged into the vehicle captures and stores the driving
data and uploads the data to the account once the net-
work returns (Azuga 2016).

The Aziiga' in-vehicle device and app provide four
types of driving feedback by source and recipient(s)
(Table 1). Real-time feedback occurs through audio
beeps when a g-force event is triggered. Cumulative
driving data are available through the participant’s
web interface and the smartphone app. All recorded
data collected via the in-vehicle driving feedback app
are transmitted automatically via cellular modems to
a secure cloud server designated for our study (Azuga
2016). The research team processes and programs the
customized, real-time driving data before automati-
cally uploading it to a secured Nationwide Children’s
Hospital’s “Researcher” web interface available only to
approved research personnel. The research team links
the data to study participants via their unique username
(e.g., email address) and delivers cumulative driving
data and feedback via the participant’s web interface,
the Aziga" smartphone app, email, and text message.
The role of the tech company in the study includes pro-
viding in-vehicle device technology, driving data, and
technical support as needed.
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Parent training
Parents in Group 3 receive guidance and communica-
tion strategies to augment the in-vehicle driving feedback
and to enable parents to effectively communicate with
their teens about specific safe driving topics (e.g., speed-
ing, using a seatbelt, maintaining safe distance) based on
objectively recorded driving data. Training is based on
the program Steering Teens Safe, developed by our team
(Peek-Asa et al. 2019; Peek-Asa et al. 2014; Hamann et al.
2019). This evidence-based intervention aims to improve
safe teen driving by enhancing parental communica-
tion skills to significantly reduce risky driving behaviors
among teen drivers (Peek-Asa et al. 2019; Peek-Asa et al.
2014; Hamann et al. 2019).

Our parent training includes two activities:

Individualized virtual communication training and
booster with a traffic safety specialist

Training is provided virtually to parents via Zoom
or Microsoft Teams within 2 weeks of enrollment. A
50-min initial training provided by an experienced
traffic safety communication specialist focuses on
specific skills derived from MI for effective parent-
teen communication. MI techniques include “OARS”
(i.e., Open-ended questions, Affirmations, Reflective
listening, and Summarizing) (Resnicow et al. 2001;

Table 1 Type of feedback from Aziiga™ in-vehicle technology and app, by time, source, and recipient

Type of feedback Time of feedback

Source of feedback

Description Recipient

1. Repeated beeps Real time

2. Push notification (message
on the phone screen)

Real time when a trip ends

3. Cumulative driving data Anytime

4. Bi-weekly driving summary
report

Bi-weekly

In-vehicle device

In-vehicle device and app

In-vehicle device and app

Research team

Feedback is triggered by risky Teens in Groups 2&3
driving events when the vehicle

movement exceeds a set thresh-

old of gravitational force (g-force)

(hard braking <—0.45 g-force; sud-

den acceleration>0.35 g-force).

Feedback is provided via a push
notification when (1) driv-

ing speed > 10 miles per hour
over the posted speed limit,
based on Google Maps"™ Roads
APl'and OpenStreetMap; and (2)
the driver does not buckle their
seatbelt for certain models

and years. Teens can review

at the end of each drive.

Teens in Groups 2&3

Data can be viewed retrospec-
tively, including trip routes,
location, and time of risky driving
event(s) and unsafe behavior(s).

Teens in Groups 2&3,
Parents in Group 3

Teens in Groups 2&3,
Parents in Group 3

Customized reports are generated
and include 1) a summary of trips,
risky driving events, and unsafe
behaviors, including the teen’s
score compared with all study par-
ticipants; and 2) feedback on safe
driving behavior(s) with sug-
gestions to mitigate the unsafe
behavior(s).




Yang et al. Injury Epidemiology (2024) 11:12

Berg-Smith et al. 1999; Miller and Rollnick 2002). Par-
ents are trained to begin communication by soliciting
input from their teens, focusing on objective behaviors
and expressing emotional responses, and using active
listening to explore and support self-motivation for
safe driving. Parents learn the “rolling with resistance”
technique, which explores and helps overcome barriers
to safe driving practices. Parents practice these strate-
gies and skills using role-play during the virtual train-
ing session with the specialist.

Following the individualized virtual training, par-
ents receive bi-weekly email reminders to review
their teen’s driving data from the in-vehicle technolo-
gies, practice learned communication strategies with
their teen, and complete post-intervention surveys
(including submitting a voice-recorded [approximately
3 min] parent-teen conversation to be used for the tai-
lored booster session). The communication specialist
reviews and discusses the data with parents during the
individualized virtual booster session 2 months after
enrollment, reinforcing communication strategies and
techniques and measuring the parent’s success in using
them.

An online parent-teen safe driving communication
guide

This online guide, designed for parents of this study,
is provided to parents after the individualized virtual
communication training and supports the learned
skills and specific talking points about safe driving.
The online guide includes three MI demonstration
videos and 26 safe driving lessons. The three videos
(each under 3 min) have examples of MI-style parent-
teen conversations involving seat belt use, distracted
driving, and safe car maneuvering. The 26 safe driv-
ing lessons include general topics such as basic safety
principles (e.g., seat belt use and distracted driving),
important driving skills (e.g., maintaining a safe dis-
tance), special driving situations (e.g., bad weather),
and setting restrictions for driving (e.g., no texting
while driving) as well as specific topics based on the
feedback received from the Aztaga™ app. The content
of each lesson is customized to our study participants
and includes the rationale and importance of the topic,
talking points, and conversation starters for effective
parent-teen conversations. The conversation starters
are designed with written text and audio illustrations
of typical vs. MI conversation starters utilizing OARS
techniques. Parents are instructed to complete all 26
safe driving lessons during the 3-month active inter-
vention period, with two to three lessons assigned per
week. Prior to the parent-teen conversations, parents
are advised to review and complete lessons based on
their teen’s bi-weekly driving summary report.
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Strategies to improve intervention fidelity

To ensure the fidelity of the driving feedback interven-
tion, research staff monitor the “Researcher” web inter-
face daily to confirm the in-vehicle device is collecting
driving data and/or providing feedback properly and fol-
lowing an established protocol to solve any device-related
technical or other issues.

To ensure the fidelity of the parent training, this study
uses an established intervention script and materials. An
experienced communication specialist delivers the train-
ing. Research staff record and review the training and
booster sessions, conduct participant and trainer surveys
immediately after each intervention using the Behavior
Change Counseling Index (Lane et al. 2005), and keep
participation logs.

Research staff track the participants’ engagement with
intervention components using Google Analytics and
remind participants via bi-weekly emails and text mes-
sages to review the driving data and summary report.

Study measures (summarized in Table 2)

Primary outcome

Risky driving events (Table 2) are collected continu-
ously via the Aziaga" in-vehicle device and the smart-
phone app for 6 months for teens in all three groups.
The number and type of driving events, including speed-
ing (>10 miles per hour over the posted speed limit),
hard braking (<—0.45 g-force), and sudden acceleration
(>0.35 g-force), are automatically coded and counted
in the system. The rates are computed as the number of
risky driving events divided by miles driven and multi-
plied by 1,000.

Unsafe behaviors (Table 2) are collected continuously
via the Aziga" in-vehicle device and the smartphone
app for 6 months for teens in all three groups. The type of
driving behaviors (e.g., speeding and no seatbelt use) and
the duration (e.g., miles driven) are automatically coded
and counted in the Aziiga " system. The unsafe behavior
proportions are calculated as miles driven with an unsafe
behavior divided by total miles driven, then multiplied by
1000 (e.g., proportion of 1000 miles without wearing a
seatbelt). Additionally, bi-weekly surveys will collect self-
reported distracted driving (e.g., calls made and received,
texts sent and viewed while driving, searches for a web-
page/app) and seatbelt use (since not all vehicle models
are available via Aziiga " in-vehicle device).

Secondary outcomes

Recidivism (Table 2) is measured in all three groups by
linking traffic citation(s) and court disposition data
obtained by special request using the participating teen’s
driver’s license number. Recidivism data are collected
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Table 2 Main outcome measures organized by domain, data source, and assessment time
Domain Measure Data source Time point
BL 1-2 3 6 12
Outcome variables
Risky driving events Hard braking® Technology X X X
Sudden acceleration? Technology X X X
Unsafe driving behaviors Speeding® Technology X X X
Distracted driving® Survey" X X X
No seatbelt use*? Technology X X X
Recidivism No. of citations (in 12 months)® Court Data
Days from initial to next citation® Court Data
Parent-teen communication Frequency Survey™ X X X
Quality Survey™ X X X
Voice-recorded conversation Recorder” X X X
Intervention implementation Engagement with feedback Web Tracking®<d X X X
Engagement with training Web Tracking®d/Survey? X X X
Evaluation of training delivery Surveyd X
Other variables Demographic characteristics Survey™” X
Driving habits questionnaire Survey'
Parental communication patterns Survey"” X

BL baseline, T teens, P parents
2 Continuous data collection
b Bi-weekly survey

“Teens in Groups 2 and 3

d Parents in Group 3 only

and analyzed up to 12 months after study completion,
including the date, type of violation, and days from index
violation to subsequent violation.

Parent-teen communication (Table 2) is measured
among teens and parents in all three groups at baseline
and at 3- and 6-months (via REDCap), using the survey
instrument adopted from our prior studies (Hamann
et al. 2019; Harland et al. 2021). Dyads are asked to rate
the level of success (1=poor to 10=excellent) and fre-
quency of parent-teen conversations on each of the 26
common driving skills/safety principles (Harland et al.
2021) discussed in the past month (0 =never to 3 =often).
The frequency of parent-teen communication (Table 2)
ranges from O to 78, with higher scores indicating more
frequent communication. Quality of parent-teen com-
munication (Table 2) scores are calculated by averaging
ratings for all addressed skills/principles, weighting them
based on the maximum score possible, and then record-
ing scores as a percentage (possible range=1-100%).
Additionally, the quality of parent-teen communication
is assessed using voice-recorded dyad conversations (one
conversation submitted per survey). Two trained cod-
ers with established inter-rater reliability code conversa-
tions to identify if parents (1) use active listening, (2) use
OARS, (3) solicit input about the teen’s perspective, (4)

focus on objective behaviors, and/or 5) express emotional
responses, with each item scored individually (0=never
to 3=often) (Berg-Smith et al. 1999; Miller and Roll-
nick 2002). A summary score for each conversation is
calculated.

Intervention implementation process variables (Table 2)
Engagement with device feedback is measured among
teens in Groups 2 and 3 and parents in Group 3 via online
tracking of the participant’s web interface using Google
Analytics. The number of times each driving summary is
accessed (links clicked) and the time spent at each link is
recorded.

Engagement with communication training is measured
among parents in Group 3 using a self-report question-
naire and online tracking. Following each individualized
training, parents report (1) how frequently they have
used communication strategies in their parent-teen dis-
cussions on safe driving during the past month (0 =never
to 3=often); (2) how helpful these strategies and tech-
niques have been (1 =not helpful at all to 10=extremely
helpful); and (3) their perceived level of mastery of the
strategies and techniques (1=poor to 10=excellent).
Summary scores are calculated. Using Google Analytics,
parents’ interactions with the parent-teen safe driving
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communication guide are tracked, including logins, num-
ber of visited sub-links, and time spent at each link.

Communication training delivery is evaluated among
parents in Group 3 and communication specialist via
participant and trainer surveys completed immediately
after each training session using the Behavior Change
Counseling Index (Lane et al. 2005).

Other variables

Other variables collected via self-report from all three
groups as potential confounders include dyad demo-
graphic information: teen’s sex, age, race/ethnicity, driv-
er’s license information (via license photo), and date and
type of traffic violation, and parent’s sex, age, race/eth-
nicity, relationship to the teen, marital status, and edu-
cation level. Both parent and teen driving habits/crash
and violation histories include a history of distracted
driving, seatbelt use, and crash-related events, includ-
ing violations and crashes (either as a driver or passen-
ger). Additional data collected from teens include vehicle
make, model, and VIN #; age at first driving experience;
age at licensure; any participation in a teen driving safety
program(s); hours driven per week; and items from the
Driving Habits Questionnaire concerning difficulties/
avoidance in specific driving situations (e.g., driving at
night, inclement weather) (Owsley et al. 1999).

Parental communication patterns are assessed using
the Family Communication Pattern Instrument, a
26-item Likert scale (Chaffee et al. 1973; Fitzpatrick
and Ritchie 1994; McLeod et al. 1972). The instrument
contains two subscales: conformity orientation and
conversation orientation (reliability of 0.76 and 0.84,
respectively) (Chaffee et al. 1973; Fitzpatrick and Ritchie
1994; McLeod et al. 1972). Based on the two subscale
scores, parental communication patterns are coded into
four types: (1) pluralistic, (2) protective, (3) consensual,
and (4) laissez-faire (Yang et al. 2013; Hamann et al. 2019;
Chaffee et al. 1973).

Analytic plan

Data management

Aziiga™ data

All Aziiga™ data (collected in 2-min intervals) are trans-
ferred automatically daily to a protected research server
only accessible to a designated subgroup of study staff.
We first use custom-developed software to conduct
monthly quality checks of the downloaded Aziiga™ data
to validate trips, events, and driving activity duration. We
then merge Aziga" data with other participant data col-
lected via REDCap. Finally, we conduct preliminary data
analysis at participant and event levels to identify issues
before primary and secondary analyses.
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Missing data

To handle missing data, we will first examine patterns of
missing data and identify missing data mechanisms. If
the missing data are rare and appear to be independent of
study outcomes, we will treat them as missing completely
at random and conduct the data analyses ignoring the
missing observations. Otherwise, we will use a multiple
imputation method with a simulation-based approach
from a model that describes the missing mechanism in
our primary analyses (Little 1988; Rubin and Schenker
1991).

Data analysis

Descriptive analysis

Data will be analyzed to address our central hypothesis
that direct feedback via technological devices will reduce
risky driving behaviors, and augmenting direct feedback
with parent training will further reduce these behaviors.
Additionally, we will conduct a process evaluation by
assessing engagement with intervention components and
fidelity and include these variables as covariates when
assessing intervention effects. All analyses will adjust
for relevant baseline characteristics and other poten-
tial covariates (e.g., teen’s age, race/ethnicity, history of
crashes or near-crashes, driving frequency and time,
parental communication patterns, etc.), and we will con-
sider adjusting the p-value when multiple outcomes are
assessed. We will also examine program effects by sex to
determine if the program is differentially effective.

Primary analysis

For the primary outcomes of risky driving events (speed-
ing, hard braking, and sudden acceleration), we will cal-
culate the overall rate and rate for each type of event
per 1,000 miles driven for each teen at 3- and 6-month
follow-ups. One-way ANOVAs along with the post-hoc
analysis of pairwise 95% confidence intervals will com-
pare the differences in rates per 1,000 miles among the
three groups, adjusting for multiple comparisons. In
addition, to model the rates of risky driving events, we
will conduct a Quasi-Poisson analysis for over-dispersed
count data (Ver Hoef and Voverng 2007), where two
dummy variables indicating Groups 2 and 3 will be cre-
ated as covariates to determine risk ratios of risky driving
events among the three groups at 3- and 6-month follow-
ups, adjusting for the other potential covariates described
above. The p-values will adjust for multiple tests, consid-
ering multiple outcome measures are included.

For the primary outcomes of unsafe driving behav-
iors (speeding duration, distracted driving, and no
seatbelt use), we will calculate the total proportion and
proportion for each type of behavior per 1000 miles
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driven during the 3- and 6-months from enrollment for
each teen. To model the proportion of unsafe behav-
iors per 1000 miles driven, we will implement a Quasi-
Poisson analysis for over-dispersed count data, where
two dummy variables indicating Groups 2 and 3 will
be created as covariates to determine the risk ratios
of unsafe driving behavior among the three groups at
3- and 6-month follow-ups, adjusting for the poten-
tial covariates described above. In addition, we will
conduct a secondary analysis of Pearson correlation
coefficients to ascertain how risky driving events and
unsafe driving behaviors are correlated and whether
the correlations are different among groups. Potential
covariates will be adjusted as described above.

For the secondary outcome of teen traffic violation
recidivism, we will estimate Kaplan—Meier curves
of the survival probability of recidivism for the three
groups and use a Log-Rank test to compare the dif-
ferences in risk of recidivism among the three groups
(Klein and Moeschberger 2003). We will also use
the Cox Proportional Hazards Model to ascertain
whether and how much the Device Feedback Only
and/or Device Feedback plus Parent Training interven-
tion reduces the hazard of teen recidivism, adjusting
for the potential covariates described above. We will
define the event of interest as recidivism and the sur-
vival time as the number of days from enrollment to
recidivism or 12 months after completing the study
(censored). In addition, we will specifically include the
measures of risky driving and unsafe driving behaviors
in the Cox Proportional Hazards Models to examine
how risky driving events and unsafe driving behaviors
increase the hazards of recidivism, adjusting for poten-
tial covariates (Klein and Moeschberger 2003). We will
conduct a model diagnosis for the proportional haz-
ards assumption; if it is violated, other survival mod-
els, such as an accelerated failure time model, will be
explored. The time of the first traffic violation will be
included as a covariate to test the effect of the season-
ality of the violation.

For the secondary outcome of frequency and quality
of parent-teen communication about driving safety, we
will calculate mean scores and adjusted mean scores
for parents and teens at baseline and 3- and 6-month
follow-ups, and the summary scores coded from par-
ent-teen conversations. All three outcome measures
will be scaled numerically. To ascertain the differences
in frequency and quality of parent-teen communica-
tion among the three groups, ANCOVAs will be used
for each outcome, adjusting for the potential covari-
ates described above (Gamst et al. 2008).
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Secondary/exploratory analysis

We will perform the following secondary analyses: (1)
correlation analysis to examine if and how frequency
and quality of parent-teen communication are corre-
lated; (2) longitudinal data analyses using mixed-effect
models to further ascertain if parent training enhances
parent-teen communication over time with a focus on
how these measures change in Group 3; and (3) fur-
ther analysis on risky driving events and unsafe driving
behaviors using a Quasi-Poisson analysis by including
the measures of frequency and quality of parent-teen
communication as three additional covariates to evalu-
ate the effects of parent-teen communication, adjusting
for group differences.

Sample size

The sample size was determined for power based on the
primary outcome, the rate of risky driving events col-
lected via our pilot studies, and results from our previ-
ous RCTs (Peek-Asa et al. 2019; Peek-Asa et al. 2014). We
set a study reduction rate of 50% for Group 2 vs. Group
1 and Group 3 vs. Group 2, respectively. The risky driv-
ing events are count data, which are modeled by Quasi-
Poisson distribution with an over-dispersion factor of 25
(based on our pilot study, A/‘I/:; = = % = 24.9) for the
ordinary Poisson variability (Muthén and Muthén 2002).
We assume the three groups have the same over-disper-
sion factor for the Quasi-Poisson distributed data. With
these design parameters and three groups of an equal
sample size of 74, this study has 80% or higher power at
a significance level of 0.05 to detect that Group 2 would
have fewer risky driving events than Group 1. Group
3 would have fewer risky driving events than Group 2,
using a one-way ANOVA and adjusting for two-sided
multiple comparisons (Gamst et al. 2008). Based on these
sample sizes and less than 10% loss to follow-up, 80 dyads
per group (n=240) will be recruited.

Patient and public involvement

The results from the pilot study conducted with teen
drivers cited for a moving violation and their parents
have informed the study protocol and instruments used.
Before the study, the research team also met several
times with juvenile court judges or magistrates to solicit
their input before developing the recruitment and data
collection strategies. Additionally, the research team
observed court practices and developed study proce-
dures sanctioned by each of the juvenile court judges and
magistrates. Each participating juvenile traffic court has
also provided a private room/space for recruitment and
randomization. The protocol includes a plan to solicit
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feedback from participating families at the end of their
participation to enhance implementation as needed.

Ethics

This study has received ethical approval from the
Institutional Review Board (IRB) at the participating
institutions as a single IRB (Nationwide Children’s Hos-
pital IRB17-00318). The IRB must approve a modification
request before implementation if any protocol changes
are needed. To ensure individuals are not coerced to par-
ticipate in the study by the court, all meetings between
participants and research staff only occur after the teens’
court hearing, and all judges are blinded from the iden-
tity of any teens and parents who choose to participate. A
Data and Safety Monitoring Plan has been developed for
this trial, including creating a Data and Safety Monitoring
Committee comprised of experts in clinical and transla-
tional research who are collaborating with the research
team throughout the study to ensure safeguards are in
place to prevent any adverse events (e.g., crashes or inju-
ries) and to determine whether the observed frequency
and type of events exceed those expected in the popu-
lation. Adverse events will be reported to the required
entities per IRB policy, depending on the involvement of
risks to subjects or others.

A Certificate of Confidentiality is automatically issued
for the participants in this study as part of the NIH
funded randomized trial. Before data collection, we took
extra steps to develop and implement the data collec-
tion, transmission, and storage procedures to ensure that
study data are securely maintained and compliant with
applicable laws and regulations. We also use the secure
Aziiga™ Amazon web server and the secure Nationwide
Children’s Hospital server to protect all study data, and
in particular, data collected from the in-vehicle device
(e.g., GPS data). Several precautions have been taken to
protect participant confidentiality and privacy, including
anonymizing participants (only using Aztaga partici-
pant aliases, rather than real names), isolating data (stor-
ing the study data on a physically isolated drive separate
from all other Aziiga™ clients’ data), controlling access
(only trained researchers can access the data), and repre-
senting participants by computer-assigned case numbers,
instead of names, images, and/or specific identifiers.
Further, teens and parents are assured that only trained
researchers have access to the data.

Dissemination

We will use common strategies to disseminate our study
findings, including (1) traditional academic outreach
(e.g., publications in peer-reviewed journals and presen-
tations at professional conferences); (2) media outreach
(e.g., radio, TV, and social media) and creating related
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materials (e.g., reports, special interest newsletters); (3)
key stakeholders and organizations (e.g., juvenile traf-
fic courts, Teen Safe Driving Coalition, National Foun-
dation for Teen Safe Driving). We will disseminate the
findings of this study (edited in lay language) to study
participants as well as judges and staff in juvenile traffic
courts through social media posting and infographics.
In addition, we will collaborate with our research cent-
er’s Translational Research Team, consisting of experts
trained in both injury prevention and communications,
who will disseminate our research findings to various
audiences through a number of platforms, ensuring that
our research will be widely disseminated, and will there-
fore have the greatest potential to influence policy and
practice.

Discussion

In partnership with the local juvenile traffic courts, Pro-
jectDRIVE integrates recruitment and randomization
into existing court practices, a novel project component.
Completing this RCT will help determine whether an
in-vehicle driving feedback technology plus parent train-
ing can improve parent-teen communication and reduce
unsafe driving events, behaviors, and recidivism of teen
drivers. We will further demonstrate the feasibility of
embedding prevention programs effectively into juvenile
courts.

The COVID-19 pandemic has added challenges to this
trial, including case backlog, delayed traffic citation pro-
cessing time due to COVID-19 lockdown orders, and
changes in traffic court practices to reduce contact. The
research team requested and received a mid-year project
extension approved by the funder for 12 months (from
May 1, 2021, to April 30, 2022). The research team has
developed tools to obtain consent, enroll study partici-
pants, and conduct all activities virtually. The research
team also adjusted eligibility criteria to extend days
between the citation and enrollment to accommodate
delayed court case processing and implemented social
media recruitment to broaden the study reach to increase
enrollment.

Numerous novel technological approaches have
emerged to improve safe teen driving. However, a pau-
city of studies has examined how these approaches can
be incorporated into targeted interventions designed
for teen drivers based on their risk for motor vehi-
cle collisions. As commercially available technological
strategies to monitor teen driving practices continue
to develop, understanding not only if these strategies
work but also how they work is critical. ProjectDRIVE
explicitly tests the impact of technological approaches
with and without parent training in communication
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strategies on teen driving practices, which fills a criti-
cal gap in the literature. More importantly, the study
findings will significantly impact juvenile traffic court
practices and policies by informing judges’ decisions
regarding the type of driving safety program they refer
to teens to prevent motor vehicle collisions and related
injuries and deaths.
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