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Abstract

Background: Safedriving training for adolescentsaimsto prevent injury and promote their well-being. In that regard, information
and communi cation technol ogies have been used to understand adol escent driving behavior and develop interventions.

Objective: The purpose of thisreview isto explore and discuss existing approaches to technol ogy-based driving interventions,
driving assessments, and solutionsin the literature.

Methods: We searched the Web of Science and PubMed databases following areview protocol to collect rel evant peer-reviewed
journal articles. Inclusion criteriawere (1) being published in the English language, (2) being published in apeer-reviewed journal,
(3) testing the driving behavior of teens with technology-based intervention methods, and (4) being published between January
2000 and March 2018. We appraised the articles by reading their abstracts to select studies matching the inclusion criteria and
reading the full text of articlesfor final refinement.

Results: Initial keyword searches on technology-based solutions resulted in 828 publications that we refined further by title
screening (n=131) and abstract evaluation against inclusion criteria (n=29). Finally, we selected 16 articles that met theinclusion
criteria and examined them regarding the use of technology-based interventions, assessments, and solutions. Use of built-in
tracking devices and installation of black box devices were widely used methods for capturing driving events. Smartphones were
increasingly adapted for data collection, and use of gamification for intervention design was an emerging concept. Visua and
audio feedback also were used for intervention.

Conclusions:  Our findings suggest that social influence is effective in technology-based interventions; parental involvement
for promoting safe driving behavior is highly effective. However, the use of smartphones and gamification needs more study
regarding their implementation and sustainability. Further developmentsin technology for predicting teen behavior and programs
for behavioral change are needed.

(IMIR Mhealth Uhealth 2019;7(1):€11942) doi: 10.2196/11942
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of the leading causes of deaths among teenagers, and most
incidents were attributed to risky behavior established during
Background childhood [2]. Teen drivers have crash rates amost 3 times

i o higher per mile driven than drivers 20 years and older [3].
TheU_SNa'FlonaI _anter for Health Stat|st|csrepqrtedthat 7_3% Immaturity leads to speeding and other risky habits, and
of unintentional injury deaths among teenagers in the United ;o nerjence means teen drivers often do not recognize or know

States were caused by motor vehicle traffic incidents over the .y 6 respond to hazards[4]. Thisissue highlightsthe question
years 1999-2006 [1]. Motor vehicle crashes continuetobeone 14 has been raised by the US National Research Council
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Ingtitute of Medicine, and Transportation Research Board [5]:
“What are the best ways to influence teens' behavior?’

Current Practices

To answer the question, several solutions have been proposed
by national organizations and associations in the United States.
One major approach that is widely implemented is to improve
driver education and training programs [6,7]; however, the
effectiveness of such programs needs further evidence [6].
Another recent approach is the use of technology to monitor
driving. The US Insurance Institute for Highway Safety reported
that teens who used in-vehicle monitoring devices showed less
risky behavior than unsupervised teens [8]. However, the
technology-based intervention is only effective if parents are
able to review the feedback and talk about it with their teen. In
another practice by the US Governors Highway Safety
Association, dashboard camerasfor monitoring driving activity
are used for postdriving training [4], but it was found not
feasible dueto the costs of equipment purchase and installation.
The Minnesota Department of Transportation implemented a
smartphone-based driving support system and tested it with the
participation of teen-parent pairs [9]. Teens found the system
helpful for complying with the rules and reducing risky driving
behavior. However, the ability of teens to adapt to the system
warnings and parents’ concerns about their teens' privacy were
major issues.
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I n-Vehicle Technologies

In-vehicle technologies include dedicated information system
tools to understand driving conditions, environment, and
behavior. These technol ogies can be stand-alone systems (black
box) or integrated with other technologies such as mobile
devices. The purpose of in-vehicle technologiesis to create a
real-time digital footprint of a driving event. The components
of an in-vehicle system can be smartphones, communication
tools (eg, short message service, email, or external information
channels), and vehicle diagnostics to collect relevant
information. For instance, the in-vehicletechnology Foot-LITE
uses real-time information on road conditions and vehicle
operation, and collects data using a camera, a 3-axis
accelerometer, and aglobal positioning system[10]. It connects
to the vehicle with an onboard diagnostics (OBD-II standard)
port and processes the data using an onboard processing unit
(TRW Limited engine control unit). The system provides
feedback on driving behavior, such asalane departurewarning,
via a smartphone app. The advanced driver-assistance system
(ADAYS) is another widely used in-vehicle technology. ADAS
has been used to adjust vehicle operation to improve safety and
driving. It is an integrated system designed to understand
real-time eventsand dert driversto avoid collisions. The extent
of the capabilities of ADAS may vary, but some examples are
lane departure warning, blind-spot warning, adaptive lighting,
and adaptive cruise control that autoaccel erates and autobrakes
intraffic. Table 1 presentsthe information that can be potentially
collected using in-vehicle technologies.

Table 1. Information collection and required hardware for in-vehicle technologies.

Datatype

Source

Hardware

Westher conditions

Road type (residential, city, rural)
Traffic light status

Traffic sign detection
Lane-marking detection

Traffic condition

Traveling distances

Changesin velocity

Changesin acceleration

Changes in geolocation

Heart rate, electrocardiogram

Seatbelt

Light exposure

Accident detection (rollover and impact)
Acceleration, braking, and cornering behavior
Following distance

Driver identification

Traveling pattern

National weather API? service
Map API service

Camera

Camera

Camera

Web source viatraffic APl service

GPS?

GPS, accelerometer

Accelerometer, gyrometer

GPS

Monitoring sensor

Built-in sensor

Camera, light sensor

Accelerometer, gyrometer, magnetometer
Accelerometer, GPS, gyrometer

Camera, infrared sensor

Camera

GPS, magnetometer

Wireless internet connection, modem
Wireless internet connection, modem
Smartphone, external hardware
Smartphone, external hardware
Smartphone, external hardware

Wireless internet connection, modem

Smartphone, black box
Smartphone, black box
Smartphone, black box
Smartphone, black box
Smartwatch

External hardware
Smartphone, external hardware
Smartphone, black box
Smartphone, black box
Smartphone, externa hardware
Smartphone, black box
Smartphone, black box

3API: application programming interface.
bGps: global positioning system.
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Objectives

Even though thereis no “gold standard” for solving the safety
issues of young drivers, the scientific quest for seeking solutions
with technology-based interventions has been advancing. In
that regard, some studies have reveal ed novel technologies and
methods for increasing driving safety and awareness among
teens. We believe that understanding these approaches would
be helpful for identifying effective implementations of
technology-based interventions. We sought to review the
literature on the effect of technology-based interventions,
assessments, and solutions on adolescent driving behavior.
Therefore, we aimed to (1) explore the technology-based
approaches reported in the literature, (2) discuss their methods
and findings, and (3) suggest alternative approachesin the light
of the findings.

Methods

We limited the scope of the literature search to peer-reviewed
journa articles indexed in the Web of Science and PubMed
databases, which provide accessto scientifically rigorous studies
in reputable and indexed journals. Inclusion criteria were (1)
being published in the English language, (2) being published
in a peer-reviewed journal, (3) testing the driving behavior of
teenswith technol ogy-based intervention methods, and (4) being
published between January 2000 and March 2018. Our search

Figure 1. Review flow diagram.
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strategy was to (1) identify search keywords, (2) refine the
selection of journal articles, (3) read abstracts to select studies
matching the inclusion criteria, and (4) read the full text of
articles for final refinement. We searched the databases using
the following combinations of keywords: “teen” OR
“adolescent” OR “young” AND “driving” OR “driver” AND
“technology” OR “smartphone” OR “phone” AND “vehicle’
AND “prevention” OR “intervention”.

We extracted data into a predesigned Excel spreadsheet form
(Microsoft Office 2016; Microsoft Corporation). The form
included study title, year, journal, scope of the study, method,
sample characteristics and size, and study findings. We
performed a qualitative synthesis to descriptively synthesize
the data.

Results

Search Results

We completed the search by March 2018. Weinitially identified
828 records (147 from Web of Science and 681 from PubMed),
which wefurther refined by title screening (n=131) and abstract
evaluation against the inclusion criteria (n=29). After full-text
review, we identified 16 studies [11-26] that focused on the
driving behavior of teens and promoting behavior change with
technology-based interventions (Figure 1).

Web of Science and
PubMed search

Y

Records identified through database searching (n=828)

A

-l
-

Initial title screening

Eligible studies
based on abstracts
(n=131)

102 papers were excludled ———»

h 4

Abstract evaluation
against inclusion criteria

-
-

13 papers were excluded (not

Full-text reviews for
eligibility
(n=29)

reporting data or discussion

on driving behavior and

h 4

Full-text paper
evaluation against

technology use)

Full-text review
included
(n=

inclusion criteria

16)
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Technologiesto I mprove Teen Driving Safety

Our research results fell into 3 categories of technology used
for teen driving safety: (1) in-vehicletechnologies (using built-in
tracking devices in the car and an installed black box), (2)
smartphones (using apps and the sensors of a smartphone), and
(3) gamification (an extension of smartphones used to increase
compliance and sustainability of safe driving).

I n-Vehicle Technologies

Technology-Based I nterventions and Assessments

The effectiveness of in-vehicle technologies for teen driving
safety has been evaluated through longitudinal tests and
randomized trials. In accordance with the reports mentioned in
the introduction, parental involvement in combination with
in-vehicle technology was identified as a highly effective
intervention with the in-vehicle technologies. Farah et a [11]
conducted a longitudinal study with the participation of 242
families of young male drivers. In-vehicle data recorders were
placed in the cars for 12 months during a teen’s first year of
driving. The first 3 months consisted of the teen driving with a
parent or family member, and the remaining 9 months consi sted
of the teen driving solo. There were 4 study groups based on
family feedback and guidance on parental involvement. Drivers
in the groups who received family feedback with or without
guidance on parental involvement had lower event occurrence
rates than did the control (no-feedback) group during the
solo-driving phase. Thisfinding indicated that early intervention
using the combination of in-vehicle technology and
family/parental involvement had alasting effect on teen driving
behavior. Similarly, Musicant and Lampel [12] recruited 32
young drivers to test the effectiveness of an intervention using
an in-vehicle recording mechanism for capturing driving
behavior from 113 to 237 days. The study had 2 phases, with
and without feedback to families and teens. During the feedback
phase, the occurrence of risky events was reduced. Farmer et
al [13] tested 4 parameters of teen driving behavior using a
driving detection system (acceleration, braking, speeding, and
seat belt use). The groups had different interventions, such as
receiving aert sounds for speeding and not using a seat belt,
and parental access to Web-based feedback. This study found
that the use of seat beltsincreased asthe violationswere reported
to parents, compared with in-vehicle alert sounds. Speeding
violations were decreased with in-vehicle alerts. Finaly,
technol ogy-based monitoring of teen driving was able to reduce
the incidence of risky behavior. However, the child-parent
relationship and dynamics influenced the effectiveness of the
intervention.

Impact of Social Influence and Parental | nvolvement

Simons-Morton et a reported in 2 studies [14,15] the
implications family or parental involvement on teen driving
behavior. Thefirst study [14] tested theimpact of anin-vehicle
safety monitoring system on 2 groups of teens. One group
received immediate feedback from the system about risky
driving, while the other group received weekly reports and
family access to driving scores in addition to the immediate
feedback. The intervention that included parental involvement
was more effective than the use of the technology alone. The
follow up study [15] identified risk factorsin teen driving. The

http://mhealth.jmir.org/2019/1/e11942/
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participants were observed during the first 18 months after
licensure, and data were collected on driving behaviors (eg,
acceleration, braking, and location) via video, images, and
periodic surveys. Saliva swabs were collected and tested for
stress-induced compounds, and distraction and driving skills
were scored. The findings suggested that crash and near-crash
risks were almost 4 times higher in teens during the first 18
months after licensure than among adults. The authors argued
that social norms strongly influence driving behavior: the risk
of crash was higher for teens driving alone than while driving
with passengers.

McGehee et al [16] used an event-triggered device to capture
driving data, and audio and video feeds from the driver to
measure risky behavior. Participants were observed using a
3-phase design to measure changesin driving behavior between
the no-intervention and intervention (immediate feedback and
feedback by parent and teen mentoring sessions) phases. Use
of the event-triggered video system with weekly feedback and
video review involving parents reduced the unsafe driving
behavior of teens. A previous study by Carney et a [17]
supported thisfinding. A similar 3-phase design with in-vehicle
monitoring technol ogy was implemented with the participation
of 18 young drivers. Intervention with visual feedback and
weekly event reports to teens and parents reduced risky driving
behavior by 61%. To understand parental guidance for newly
licensed young drivers, Prato et al [18] investigated the behavior
of teen-parent pairs. They recruited 62 families, vehicle
monitoring systems were installed in their cars, and driving
behaviors were monitored (the first 3 months was the
accompanied-driving setting, and the next 9 months was the
solo-driving setting). Findings suggested that risk-taking
behavior could be influenced by the driver's sex, observations
of parental driving, sensation-seeking tendencies, duration of
supervised driving, and the level of parental involvement in
monitoring the teens.

Uptake Challenges

Interviews also reveal ed latent facts about integrated technol ogy
use. Gesser-Edelsburg and Guttman [19] interviewed 2 groups
of teens: 1 group used an in-vehicle driver monitoring system
(n=26) and 1 did not use amonitoring system (n=111). Findings
suggested that the system may have had adverse effects on
perceiving technology as a solution becauseit replaced parental
accompaniment (as a tool for monitoring, punishment, and
violation of privacy). However, the teens had a positive attitude
toward the system for being an objective and credible source
of driver behavior and for helping to improve driving skills.
Theauthors argued that thereisaneed to create asupport system
of professionals for teens and parents, and that the technology
should havetherole of facilitator of theintervention. Weissand
colleagues’ [20] focus group interviews demonstrated that teens
were comfortable with the technology and familiar with its
limitations. Thus, they were not willing to have interference by
the system (ADAS) while driving to more naturalistically
develop their skills.

To understand the perspective of parents, Guttman et a [21]
interviewed parents of young drivers regarding the use of
in-vehicle monitoring technol ogies. The participants addressed
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dightly different issues, in that monetary cost and security
concerns were the main factors discouraging installation of the
technology. Young drivers receiving feedback and monitoring
of driving were the main motivating factors to install the
technology. Furthermore, the parents expected to take this step
inthe early stages of driving. Promotion of the technology would
require more incentives and lower cost. Moreover, developing
a clear policy on security and privacy about driving data and
legal implications, addressing young drivers’ privacy concerns,
and providing resources for parents to guide their kids for safe
driving were identified as critical aspects for implementing
integrated technology approaches. In terms of policy
implications to promote the uptake of these technologies,
McGehee et a [16], Simons-Morton et al [14], and Carney et
al [17] reported the significance of parental involvement in
supervision intechnology and use of graduated driver licensing.

Smartphone Use

Use of smartphones for teen driving safety is arelatively new
concept. Theincreasing capability of smartphones, low cost of
access, and higher accuracy in capturing events have promoted
the use of smartphones for quantifying driver behavior. To
understand the effect of safe driving apps, Creaser et a [22]
tested the effect of a phone blocking app in 3 groups. The first
group used the blocking app. The second group used the same
app and parents received reports of risky events. For the third
group, the control group, driving behaviorswere just observed.
Even though the study datareveal ed low use of the phone during
driving, self-reported data showed that teens were able to find
away around blocking, and use of a mandatory setting would
not have been helpful in the long run.

The use of safe driving apps, as well as the influence of the
socia environment, were investigated by Musicant et a [23].
They conducted a longitudinal study with young scouts and
cadetsto investigate the effect of a safe driving app, which was
promoted with the use of a group incentive scheme. The app
recorded events on each trip and provided feedback and a score
based on driving behavior (speed, acceleration, braking, and
cornering). The study demonstrated that young people may act
for the benefit of the group. Low-cost and group incentive

http://mhealth.jmir.org/2019/1/e11942/
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schemes could motivate young drivers to use the safety app.
However, the effect may only have been temporary; lack of
incentives, short trips, battery consumption, and forgetting to
enable the app were the reasons given for not using the app.
Similarly, Kervick et a [24] investigated the willingness of
young driversto use asmartphone-based driver support system.
The perception of what the teen would gain from using the
system and the influence of socia environment on using the
system were the factors determining the intention to use versus
actual use.

Adaptation with Gamification

With the integration of smartphones in driving safety,
gamification emerged as anintervention for behavioral change.
In that regard, Steinberger et al [25] investigated several game
concepts with young male drivers to encourage safe driving.
Drivers tested the smartphone games (mounted on the
dashboard) while driving viaadrive simulator. Results showed
that engagement was associated with economic concerns (fuel
consumption) and anticipatory driving (what was ahead). In
addition, participants expected a degree of challenge from the
game to make driving fun, interactive with others, and
personalizable (based on different characteristics and patterns).
The authors also studied the effect of gamification on reducing
driving boredom. Steinberger et al [26] tested a mobile game
concept to encourage anticipatory driving by detecting speed
limits and changes. They recruited 2 groups of teens as control
and intervention groups to use a drive simulator. Driver data
(eg, lane position, speed, video, and physiological measures)
and subjective experience data (eg, surveys about boredom
intensity, arousal, and perceived driving performance) were
collected. Results showed that gamified intervention may reduce
unsafe driving by reducing driving boredom. However, visual
cues can increase cognitive workload and thus cause slower
reaction timesto driving events. The authors also indicated that
physiological measures can help to identify driving boredom
events.

Table 2 [11-26] summarizestheliteraturefindingsand provides
a broader look at the study methods, significant findings, and
barriers to technology use.
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Table 2. Literature summary grouped by the type of technology used.

Sezgin & Lin

Study

Country Method

Sample and size

Significant findings for technology use

Identified barriers to technology use

In-vehicle technologies

McGehee,
2007 [16]

Musicant,
2010[12]

Carney,
2010 [17]

Prato, 2010
(18]

Farmer,
2010[13]

Guttman,
2011 [21]

Simons-Mor-
ton, 2013
[14]

Simons-Mor-
ton, 2015
[15]

Gesser-
Edelsburg,
2013[19]

Farah, 2013
(11

Weiss, 2018
[20]

Smartphone

Musicant,
2015 [23]

United
States

Israel

United

States

Israel

United
States

Israel

United
States

United
States

Israel

Israel

United
States

Israel

Driving data
analysis (technol-
ogy used: Drive-
Cam)

Driving data
anaysis

Driving data
analysis (technol-
ogy used: Drive-
Cam)

Driving data
analysis and sur-
vey

Driving data
anaysis

Interview

Driving data

analysis and sur-
vey (technology
used: DriveCam)

Driving data
analysis and sur-
vey

Interview

Event frequency
analysis(technol-
ogy used: Green-
Road Tech)

Interview (tech-
nology used: ad-
vanced driver-as-
sistance system)

Interview and
survey

26 teens (16-17
years old)

32 young drivers
(17-24 years old)

18 teens (16
years old)

62 teen-parent
pairs

85 teens (16-17
years old)

906 parents of
young drivers
(17-24 years old)

90 parent-teen
couples (~16
years old)

42 teens (~16
years old)

137 teens (15-18
years old)

212 teen-parent
pairs

24 teens (16-19
yearsold) and 12
parents

24 scouts and 22
cadets (17-19
years old)

Technology with periodic feedback and
parental involvement were effectivein
reducing unsafe driving.

Availability of feedback reduced event
frequency by 50%,

Intervention with visual feedback and
weekly reports and videos to teens and
parents increased safe driving.

Different sexes exhibited different risky
behaviors; Tendency to seek sensation
affects risky driving; Driving behavior
of parents, duration of supervised driv-
ing, and level of parental monitoring in-
fluenced risky behavior.

Reinforcement from parents was neces-
sary for sustainable safe driving; Push
notifications (emailing report cards and
personalized feedback) were more effec-
tive than pull notifications (website ac-
Cess).

Early stages of driving were considered
abetter time for installing the technolo-
gy; Financial benefitsand environmental
considerations were perceived as incen-
tives; Security of data and privacy of
teenswere common concerns; Technolo-
gy may promote parent-teen driver
communication; Parents should have
access to monitoring data.

Parental involvement increases effective-
ness.

Socia norms were important in risky
behavior; Driving alone wasriskier than
with passengers.

In-vehicle technology was an objective
and credible sourcefor driving; Replaced
the role model of parents with objective
feedback from the device.

Periodic driving feedback, parental in-
volvement, and guidance were effective
in reducing risky driving.

Teens were knowledgeable about and
comfortable with the technology; Teen
and parents preferred using a non—ad-
vanced driver-assistance system car to
improve driving skills.

Group incentives and low cost improved
uptake of in-vehicle technology.

N/AZ

N/A

N/A

N/A

Alerts can be annoying; Too much
information provided could be discour-
aging for parents

Cost; Security and privacy concerns,
Confronting the young driver

N/A

N/A

Trust issues within parent-teen rela-
tionship; Invasion of privacy; Stress
from parental punishment based on
feedback; Doubts about the technolo-
gy improving driving skills

N/A

Teens are skeptical about abilities of
the technology, knowing its limita-

tions; The idea of giving control to a
“machine” isnot positively perceived

Forgetfulness; Battery consumption;
Lack of incentives
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Significant findings for technology use

Identified barriers to technology use

The blocking app could be effective for
new drivers; Parental involvement with
the app increased the effectiveness.

Perceived gains from use of the app and
social influence affected acceptance of
the driving support app.

Economic and anticipatory driving were
engaging; Drivers expected a challenge
from the game; Interaction with others
was important; Personalization was de-

Ambient feedback with colors was use-

Bypassing the app or using afriend’'s
phone

N/A

N/A

Instant visual feedback can be distract-

Study Country Method Sample and size
Creaser, United  Survey 274 teensand
2015[22]  States 272 parents
Kervick, Ireland  Survey 333 teens (18-24
2015 [24] years old)

Gamification with smartphone
Steinberger, Aus- Design analysis 24 young men
2017 [25] tralia and interview (~20 years old)

sired
Steinberger, Aus Driving data 32 young men
2017 [26] traia andyssandinter- (18-25yearsold) ful.
view

ing; Screen positioning can be distract-
ing

3N/A: not available.

Discussion

In the light of the findings about the effects of in-vehicle
technologies on teen driving behavior, we propose severa
implications and suggestionsthat could provide abasisfor future
development of interventions.

Parental I nvolvement in Technology Effectiveness

Thefindingsindicate that in-vehicle technologies are useful for
assisting teenswith safe driving behaviors; parental involvement
along with technology-based feedback has an even stronger
influence on development of safe driving skills. Technology is
viewed as a double-edged sword because it creates both an
opportunity for and abarrier to the parent-teen relationship. On
the one hand, it can be used to develop trust between parents
and teens by providing an objective source for driving and
feedback; however, teens can aso perceive in-vehicle
technologies as a sign of parental distrust. Therefore, when
promoting the technology, the purpose of its use should
emphasize the benefit to teens.

As reported in most of the studies, implementation of the
technology should consider parents’ attitudes toward the use of
technology aswell. Interms of parenting style, teenswith highly
involved parents (providing a level of support, but highly
involved with rules and monitoring; ie, they are authoritative)
are less likely to demonstrate risky (deliberate risk-taking)
behavior and be more compliant with rules [27]. Similarly,
involving adult passengers as well as receiving postdriving
feedback with parental involvement could be effectivein teens’
development of safe driving skills[28]. While studies reported
that parents have a major influentia role in driving, the
unwillingness of a teen’s parent to implement in-vehicle
technology or to be involved with the teen may be a barrier to
the teen’sdevel opment of safedriving skills[29]. Inthat regard,
parents’ personal traits and parent-teen dynamics, as well as
environmental and living conditions, should be regarded as
determining factors for the effectiveness of technology-based
interventions. In addition, timely interventions, providing
continuous feedback for parents and teens, and providing
education resources and incentive mechanisms for parents and

http://mhealth.jmir.org/2019/1/e11942/

teens should be considered as key success factors for
implementing technol ogy-based interventions.

Extending Research and Gaining Evidencevia
Smartphone Use

Smartphone useisapromising means of delivering technology-
based intervention for teens, as 2016 statistics from the Pew
Research Center reported that 92% of young adults had
smartphones [30]. Target audiences can be reached via
smartphones at low cost, without interference with daily life,
and without the need for high user involvement in data
collection. Some studies reported that the use of smartphones
has the potential to be attractive to teens because of the
availability of timely feedback, interaction viaapps, integration
with other apps, and timely connection with users, as well as
by offering incentives and the potential for social connection.

However, in terms of smartphone-based interventions and
assessmentsto prevent risky teen driving, more evidence-based
findings are needed, especialy under real-world conditions.
Because only a few studies about smartphone-based
interventionsfor teen drivers have been conducted, the relevant
literature about the general population can be used to design
the methodology for developing interventions for teens. For
example, the most desirable smartphone features were text
blocking, collision warning, voice control, and driving data
recorders for the general population [31]. Thus, the apps being
used by adult drivers might be adapted and tested with teen
users. In another case, a collision warning app effectively
reduced event occurrence for adults [32], and feedback helped
to improve driving efficiency and driving behavior for safe
following distance [10]. The extension of these studies to teen
driving safety and behavior change would help fill the
knowledge gap. However, there could be challengesin adapting
these existing methods for teens in terms of deciding on an
intervention method, such as use of unobtrusive technology
(which is more acceptable) versus intrusive technology (which
islessacceptable) [28]. Battery consumption and incentivization
are other challengesto overcome for ensuring teens' continuous
use of smartphone-based solutions.
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Gamification in Play

Gaming stimulates self-efficacy and reward mechanisms to
promote particular behaviors. In the health care literature,
gamification was reported to have positive effects on behavioral
and cognitive outcomes [33]. Therefore, gamification could
promote healthy driving behavior in adolescents via intrinsic
motivation. The method also is highly accessible on mobile
devices, is cost effective, and fitsinto the current lifestyle.

Based on the findings, use of a gaming approach could be
effective in promoting behavioral change for safe driving.
However, there is a lack of evidence of the effectiveness of
design and in real-world driving implementations. Users expect
achallenge, interaction, socia connection, and personalization
fromagame, and it is challenging to fulfill these needs without
causing adistraction. To further implement gamification without
distracting thedriver, postdriving feedback is suggested instead
of feedback during driving. In that regard, drive scoring,
leaderboards, and achievement badges could be used as feedback
mechanisms. To assess the effectiveness of gamification in
real-world implementation, wearables and biometric measures
may provide feedback and observations on driving behavior
change[34]. However, gamification hasitsown risks. Designers
should note that increasing competition, design, and task
evaluation issues may have adverse effects on behavior [35].

Regarding the extent of the research on in-vehicle technologies,
smartphones, and gamification, the literature has presented more
evidence of in-vehicle technology use with parental
involvement. Studies of smartphones and gamification as safe
driving interventions have been limited because they are
relatively new concepts, and their effectiveness has been tested
mostly under controlled environments.

Further Suggestionson Technology-Based I ntervention
Developments

Theliterature discussed in this study suggeststhat the capability
of current technologies and their adaptation for effective use
areincreasing. However, the element that has not been discussed
but is significant for long-term impact is the use of big data.
In-vehicle technologies and smartphones have been extended
to collect aggregated driving datafor better quantifying driving
behavior, such as understanding driver behavior with pattern
recognition for identifying aggressive driving [36], and
identifying driver behavior features for better feedback via
machine learning [37,38]. Specifically, the ability of
smartphones to collect data is as good as that of advanced
in-vehicletechnologies[39], and smartphones have the potential
to provide further evidence of effectiveness of interventions
and assessment in the long term.

The literature also lacks evidence of the long-term impact of
technology-based interventions. Thus, in addition to the
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technical capabilities, a deeper ook into multilevel influences
(eg, the sociotechnical perspective, socia determinants of health)
on teen driving behavior would a so contribute to the design of
interventions. Furthermore, security of driving data, privacy,
stress (teens being punished for bad driving and parentswanting
to avoid confrontation), trust issues, cost of implementation,
and lack of incentives were observed as the major barriers to
use of the technology. Therefore, the design of digital driving
behavior change intervention programs may benefit from
considering the engaging factors, risk factors, and protective
factors for teens, developing communication methods;
evaluating teen driver behavior; monitoring progress, and
ensuring compliance with ethics, regulations, and information
governance [40,41].

Limitations

This review was limited to providing insight on in-vehicle
technologies and intervention for teens based on the literature
available in Web of Science and PubMed within our selection
criteria. In addition, the study did not include research on driving
distraction but focused on technology-based detection and
intervention for injury prevention purposes. We listed the
findings based on the technology being used, but we did not
break down the findings to present method categorizations or
the level of teens learning progress (eg, graduated driver
licensing level, early-period or late-period novice learners).
Similarly, the review did not address regional or national
policies and regulations for transportation and driving. Thus,
readers should consider regional differences while interpreting
the findings.

Conclusions

We reviewed the effects of technology-based interventions on
adol escent driving behavior. We discussed in-vehicletechnology
and smartphone-based approaches and reported significant
findings and observations. Finally, we provide suggestions for
implementations and implications for further research. To our
knowledge, there have been no literature reviews on teens and
smartphone use and gamification of on-road driving. However,
teen crash risks [42], distraction from mobile technology [43],
effect of distraction on driving [44,45], and prevention of cell
phone—based distractions [46] have been reviewed. Thisreview
extends the literature by filling in the gap in knowledge of
technology-based intervention methods.

The study can be expanded with inclusion of other languages
and databases. Inthat regard, we suggest including meta-analysis
of trial studies with in-vehicle technologies in future work.
Additional experimental studies on smartphones and
gamification approacheswould be useful to identify intervention
methods, design requirements, and effectiveness of these new
methods.

IMIR Mhealth Uhealth 2019 | vol. 7 | iss. 1| 11942 | p. 8
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH Sezgin & Lin

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Minifio A. Mortality among teenagers aged 12-19 years: United States, 1999-2006. NCHS Data Brief 2010 May(37):1-8
[FREE Full text] [Medline: 20450538]

KannL, McManus T, HarrisWA, Shanklin SL, Flint KH, Hawkins J, et al. Youth risk behavior surveillance - United States,
2015. MMWR Surveill Summ 2016 Dec 10;65(6):1-174. [doi: 10.15585/mmwr.ss6506al] [Medline: 27280474]
Teenagers 2016. Ruckersville, VA: Insurance Institute for Highway Safety, Highway L oss Data Institute; 2018. URL : http:/
/www.iihs.org/iihs/topics/t/teenagers/fatalityfacts/teenagers/2016 [accessed 2018-12-05] [WebCite Cache |D 74ROY GIIL ]
Fischer P. Promoting Parent Involvement in Teen Driving: An In-Depth Look at the Importance and the Initiatives.
Washington, DC: Governors Highway Safety Association; 2013. URL: https://www.ghsa.org/sites/defaul t/files/2016-11/
TeenDrivingParentReport%20low.pdf [accessed 2018-12-10] [WebCite Cache ID 74Z11YY nb]

Ingtitute of Medicine, Transportation Research Board, National Research Council. Preventing Teen Motor Crashes:
Contributions from the Behavioral and Social Sciences: Workshop Report. Washington, DC: National Academies Press;
2007.

Hassan HM, Abdel-Aty MA. Exploring the safety implications of young drivers behavior, attitudes and perceptions. Accid
Anal Prev 2013 Jan;50:361-370. [doi: 10.1016/].a8p.2012.05.003] [Medline: 22658949]

Ferguson SA. Speeding-Related Fatal Crashes Among Teen Drivers and Opportunitiesfor Reducing the Risks. Washington,
DC: Governors Highway Safety Association; 2013. URL: https.//www.ghsa.org/sites/defaul t/files/2016-11/
GHSA%20Teen%20SpeedingFinal .pdf [accessed 2018-12-05] [WebCite Cache ID 74RPSERGQ)]

Insurance Ingtitute for Highway Safety (I11HS). Monitoring devices let parents supervise new drivers more closely. 1IHS
Status Report 2009 May 7;44(5) [FREE Full text]

Creaser J, Gorjestani A, Manser M, Donath M. Usability evaluation of a smart phone-based teen driver support system
(TDSS). St Paul, MN: Minnesota Department of Transportation; 2011. URL : http://conservancy.umn.edu/bitstream/11299/
150085/1/MnDOT2011-13.pdf [accessed 2018-12-05] [WebCite Cache ID 74RPs33N]

Birrell SA, Fowkes M, Jennings PA. Effect of using an in-vehicle smart driving aid on real-world driver performance. IEEE
Trans Intell Transport Syst 2014 Aug;15(4):1801-1810. [doi: 10.1109/TITS.2014.2328357]

Farah H, Musicant O, Shimshoni Y, Toledo T, Grimberg E, Omer H, et a. Thefirst year of criving. Transport Res Rec
2018 May 22;2327(1):26-33. [doi: 10.3141/2327-04]

Musicant O, Lampel L. When technology tells novice drivers how to drive. Transport Res Rec 2018 May 22;2182(1):8-15.
[doi: 10.3141/2182-02]

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]

Simons-Morton BG, Bingham CR, Ouimet MC, Pradhan AK, Chen R, Barretto A, et al. The effect on teenagerisky driving
of feedback from a safety monitoring system: arandomized controlled trial. J Adolesc Health 2013 Jul;53(1):21-26 [FREE
Full text] [doi: 10.1016/j.jadohealth.2012.11.008] [Medline: 23375825]

Simons-Morton BG, Klauer SG, Ouimet MC, Guo F, Albert PS, Lee SE, et al. Naturalistic teenage driving study: findings
and lessonslearned. J Safety Res 2015 Sep;54:41-44 [FREE Full text] [doi: 10.1016/j.js.2015.06.010] [Medline: 26403899]
McGehee DV, Raby M, Carney C, Lee JD, Reyes ML. Extending parental mentoring using an event-triggered video
intervention in rural teen drivers. J Safety Res 2007;38(2):215-227. [doi: 10.1016/j.jsr.2007.02.009] [Medline: 17478192]
Carney C, McGehee DV, Lee D, Reyes ML, 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]

Prato CG, Toledo T, Lotan T, Taubman-Ben-Ari O. Modeling the behavior of novice young drivers during the first year
after licensure. Accid Anal Prev 2010 Mar;42(2):480-486. [doi: 10.1016/j.aap.2009.09.011] [Medline: 20159070]
Gesser-Edelsburg A, Guttman N. “Virtual” versus “actual” parental accompaniment of teen drivers: a qualitative study of
teens' views of in-vehicle driver monitoring technol ogies. Transport Res Part F Traffic Psychol Behav 2013 Feb;17:114-124.
[doi: 10.1016/j.trf.2012.09.002]

Weiss E, Fisher Thiel M, Sultana N, Hannan C, Seacrist T. Advanced driver assistance systems for teen drivers: teen and
parent impressions, perceived need, and intervention preferences. Traffic Inj Prev 2018 Feb 28;19(supl):S120-S124. [doi:
10.1080/15389588.2017.1401220] [Medline: 29584476]

Guttman N, Lotan T. Spying or steering? Views of parents of young novice drivers on the use and ethics of driver-monitoring
technologies. Accid Anal Prev 2011 Jan;43(1):412-420. [doi: 10.1016/j.aap.2010.09.011] [Medline: 21094339]

Creaser JI, Edwards CJ, Morris NL, 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]

Musicant O, Lotan T, Grimberg E. Potential of group incentive schemesto encourage use of driving safety apps. Transport
Res Rec 2015 Nov;2516:1-7. [doi: 10.3141/2516-01]

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]
Steinberger F, Schroeter R, Foth M, Johnson D. Designing gamified applications that make safe driving more engaging.
New York, NY: ACM; 2017 Presented at: 2017 CHI Conference on Human Factorsin Computing Systems; May 6-22,
2017; Denver, CO, USA p. 2826-2839. [doi: 10.1145/3025453.3025511]

http://mhealth.jmir.org/2019/1/e11942/ JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 1| 11942 | p. 9

(page number not for citation purposes)


https://www.cdc.gov/nchs/data/databriefs/db37.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20450538&dopt=Abstract
http://dx.doi.org/10.15585/mmwr.ss6506a1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27280474&dopt=Abstract
http://www.iihs.org/iihs/topics/t/teenagers/fatalityfacts/teenagers/2016
http://www.iihs.org/iihs/topics/t/teenagers/fatalityfacts/teenagers/2016
http://www.webcitation.org/

                                            74ROYG9IL
https://www.ghsa.org/sites/default/files/2016-11/TeenDrivingParentReport%20low.pdf
https://www.ghsa.org/sites/default/files/2016-11/TeenDrivingParentReport%20low.pdf
http://www.webcitation.org/

                                            74Z1IYYnb
http://dx.doi.org/10.1016/j.aap.2012.05.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22658949&dopt=Abstract
https://www.ghsa.org/sites/default/files/2016-11/GHSA%20Teen%20SpeedingFinal.pdf
https://www.ghsa.org/sites/default/files/2016-11/GHSA%20Teen%20SpeedingFinal.pdf
http://www.webcitation.org/

                                            74RP5ERGQ
http://www.iihs.org/iihs/sr/statusreport/article/44/5/1
http://conservancy.umn.edu/bitstream/11299/150085/1/MnDOT2011-13.pdf
http://conservancy.umn.edu/bitstream/11299/150085/1/MnDOT2011-13.pdf
http://www.webcitation.org/

                                            74RPsj33N
http://dx.doi.org/10.1109/TITS.2014.2328357
http://dx.doi.org/10.3141/2327-04
http://dx.doi.org/10.3141/2182-02
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://europepmc.org/abstract/MED/23375825
http://europepmc.org/abstract/MED/23375825
http://dx.doi.org/10.1016/j.jadohealth.2012.11.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23375825&dopt=Abstract
http://europepmc.org/abstract/MED/26403899
http://dx.doi.org/10.1016/j.jsr.2015.06.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26403899&dopt=Abstract
http://dx.doi.org/10.1016/j.jsr.2007.02.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17478192&dopt=Abstract
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.aap.2009.09.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20159070&dopt=Abstract
http://dx.doi.org/10.1016/j.trf.2012.09.002
http://dx.doi.org/10.1080/15389588.2017.1401220
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29584476&dopt=Abstract
http://dx.doi.org/10.1016/j.aap.2010.09.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21094339&dopt=Abstract
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/10.3141/2516-01
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/10.1145/3025453.3025511
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Sezgin & Lin

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

Steinberger F, Schroeter R, Watling CN. From road distraction to safe driving: evaluating the effects of boredom and
gamification on driving behaviour, physiological arousal, and subjective experience. Comput Hum Behav 2017
Oct;75:714-726. [doi: 10.1016/j.chb.2017.06.019]

Ginsburg KR, Durbin DR, Garcia-Espafia JF, Kalicka EA, Winston FK. Associations between parenting styles and teen
driving, safety-related behaviors and attitudes. Pediatrics 2009 Oct;124(4):1040-1051. [Medline: 19810185]

Lee JD. Technology and teen drivers. J Safety Res 2007;38(2):203-213. [doi: 10.1016/].js.2007.02.008] [Medline: 17478191]
Mirman JH, Curry AE, SchultheisMT, Brant CL, Wang W, Winston FK, et a. Devel opment of an on-road driving assessment
for novice teen drivers. Transport Res Rec 2014;2465(1):64-72. [doi: 10.3141/2465-09]

Smith A. Record shares of Americans now own smartphones, have home broadband. Washington, DC: Pew Research
Center; 2017 Jan 12. URL : http://www.pewresearch.org/fact-tank/2017/01/12/evol ution-of -technol ogy/ [ accessed 2018-12-05]
[WebCite Cache ID 74RQh65H9)]

Albert G, Musicant O, Oppenheim I, Lotan T. Which smartphone's apps may contribute to road safety? An AHP model to
evaluate experts opinions. Transport Policy 2016 Aug 19;50(5064):54-62. [doi: 10.1016/j.tranpol.2016.06.004]

Botzer A, Musicant O, Perry A. Driver behavior with a smartphone collision warning application — afield study. Saf Sci
2017 Jan;91:361-372. [doi: 10.1016/j.ssci.2016.09.003]

Johnson D, Deterding S, Kuhn K, Staneva A, Stoyanov S, Hides L. Gamification for health and wellbeing: a systematic
review of the literature. Internet Interv 2016 Nov;6:89-106 [FREE Full text] [doi: 10.1016/j.invent.2016.10.002] [Medline:
30135818]

Steinberger F, Schroeter R, Babiac D. Engaged drivers—safe drivers: gathering real-time data from mobile and wearable
devicesfor safe-driving apps. In: Meixner G, Milller C, editors. Automotive User Interfaces: Creating I nteractive Experiences
in the Car. Cham, Switzerland: Springer Nature Switzerland; 2017:55-77.

Hamari J, Koivisto J, Sarsa H. Does gamification work? - A literature review of empirical studies on gamification. 2014
Presented at: 47th Hawaii International Conference on System Sciences (HICSS); Jan 6-9, 2014; Waikoloa, HI, USA p.
3025-3034. [doi: 10.1109/HICSS.2014.377]

Smith JG, Ponnuru SK, Patil M. Detection of aggressive driving behavior and fault behavior using pattern matching. 2016
Presented at: 2016 International Conference on Advances in Computing, Communications and Informatics (ICACCI); Sep
21-24, 2016; Jaipur, Indiap. 207-211. [doi: 10.1109/ICACCI.2016.7732048]

FerreiraJ, Carvalho E, Ferreira BV, de Souza C, SuharaY, Pentland A, et al. Driver behavior profiling: an investigation
with different smartphone sensors and machine learning. PLoS One 2017;12(4):e0174959 [EREE Full text] [doi:
10.1371/journal .pone.0174959] [Medline: 28394925]

Vlahogianni EI, Barmpounakis EN. Driving analytics using smartphones: a gorithms, comparisons and challenges. Transport
Res Part C Emerg Technol 2017;79:196-206. [doi: 10.1016/j.trc.2017.03.014]

Meng R, Mao C, Choudhury RR. Driving analytics: will it be OBDs or smartphones?. 2014. URL : https://s3.amazonaws.com/
downl oad.zendrive.com/ResearchPapers/Zendrive+Whitepaper+-+Smartphone+Sensors+vs+OBD. pdf [accessed 2018-12-05]
[WebCite Cache |ID 74RResdHf]

Michie S, Yardley L, West R, Patrick K, Greaves F. Developing and evaluating digital interventions to promote behavior
changein health and health care: recommendations resulting from an international workshop. JMed Internet Res 2017 Jun
29;19(6):€232 [FREE Full text] [doi: 10.2196/jmir.7126] [Medline: 28663162]

Buckley L, Chapman RL, Sheehan M. Young driver distraction: state of the evidence and directions for behavior change
programs. J Adolesc Health 2014 May;54(5 Suppl):S16-S21 [FREE Full text] [doi: 10.1016/j.jadohealth.2013.12.021]
[Medline: 24759436]

Ouimet MC, Pradhan AK, Brooks-Russell A, Ehsani JP, Berbiche D, Simons-Morton BG. Young driversand their passengers:
asystematic review of epidemiological studieson crash risk. JAdolesc Health 2015 Jul;57(1 Suppl): S24-35.e6 [ FREE Full
text] [doi: 10.1016/j.jadohealth.2015.03.010] [Medline; 26112735]

Stavrinos D, Pope CN, Shen J, Schwebel DC. Distracted walking, bicycling, and driving: systematic review and meta-analysis
of mobile technology and youth crash risk. Child Dev 2018 Jan;89(1):118-128. [doi: 10.1111/cdev.12827] [Medline:
28504303]

Oviedo-Trespalacios O, Hagque MM, King M, Washington S. Understanding the impacts of mobile phone distraction on
driving performance: a systematic review. Transport Res Part C Emerg Technol 2016 Nov 01;72:360-380. [doi:
10.1016/j.trc.2016.10.006]

Caird JK, Johnston KA, Willness CR, Asbridge M, Steel P. A meta-analysis of the effects of texting on driving. Accid Anal
Prev 2014 Oct;71:311-318 [FREE Full text] [doi: 10.1016/j.a8p.2014.06.005] [Medline: 24983189

Cazzulino F, Burke RV, Muller V, Arbogast H, Upperman JS. Cell phones and young drivers; asystematic review regarding
the association between psychological factors and prevention. Traffic Inj Prev 2014;15(3):234-242. [doi:
10.1080/15389588.2013.822075] [Medline: 24372495]

Abbreviations

ADAS: advanced driver-assistance system

http://mhealth.jmir.org/2019/1/e11942/ JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 1 |€11942 | p. 10

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.chb.2017.06.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19810185&dopt=Abstract
http://dx.doi.org/10.1016/j.jsr.2007.02.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17478191&dopt=Abstract
http://dx.doi.org/10.3141/2465-09
http://www.pewresearch.org/fact-tank/2017/01/12/evolution-of-technology/
http://www.webcitation.org/

                                            74RQh65H9
http://dx.doi.org/10.1016/j.tranpol.2016.06.004
http://dx.doi.org/10.1016/j.ssci.2016.09.003
https://linkinghub.elsevier.com/retrieve/pii/S2214-7829(16)30038-0
http://dx.doi.org/10.1016/j.invent.2016.10.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30135818&dopt=Abstract
http://dx.doi.org/10.1109/HICSS.2014.377
http://dx.doi.org/10.1109/ICACCI.2016.7732048
http://dx.plos.org/10.1371/journal.pone.0174959
http://dx.doi.org/10.1371/journal.pone.0174959
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28394925&dopt=Abstract
http://dx.doi.org/10.1016/j.trc.2017.03.014
https://s3.amazonaws.com/download.zendrive.com/ResearchPapers/Zendrive+Whitepaper+-+Smartphone+Sensors+vs+OBD.pdf
https://s3.amazonaws.com/download.zendrive.com/ResearchPapers/Zendrive+Whitepaper+-+Smartphone+Sensors+vs+OBD.pdf
http://www.webcitation.org/

                                            74RResdHf
http://www.jmir.org/2017/6/e232/
http://dx.doi.org/10.2196/jmir.7126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28663162&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1054-139X(13)00844-6
http://dx.doi.org/10.1016/j.jadohealth.2013.12.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24759436&dopt=Abstract
http://europepmc.org/abstract/MED/26112735
http://europepmc.org/abstract/MED/26112735
http://dx.doi.org/10.1016/j.jadohealth.2015.03.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26112735&dopt=Abstract
http://dx.doi.org/10.1111/cdev.12827
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28504303&dopt=Abstract
http://dx.doi.org/10.1016/j.trc.2016.10.006
https://linkinghub.elsevier.com/retrieve/pii/S0001-4575(14)00178-X
http://dx.doi.org/10.1016/j.aap.2014.06.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24983189&dopt=Abstract
http://dx.doi.org/10.1080/15389588.2013.822075
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24372495&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Sezgin & Lin

API: application programming interface
GPS:. global positioning system

Edited by G Eysenbach; submitted 14.08.18; peer-reviewed by C Friedrich, STao, J Mirman; comments to author 13.10.18; revised
version received 26.10.18; accepted 17.11.18; published 24.01.19

Please cite as.

SezginE, Lin S

Technology-Based I nterventions, Assessments, and Solutions for Safe Driving Training for Adolescents: Rapid Review
JMIR Mhealth Uhealth 2019;7(1):e11942

URL: http://mhealth.jmir.org/2019/1/e11942/

doi: 10.2196/11942

PMID: 30679149

©Emre Sezgin, Simon Lin. Originaly published in IMIR Mhealth and Uhealth (http://mhealth.jmir.org), 24.01.2019. Thisisan
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 origina work, first published in IMIR mhealth and uhedlth, is properly cited. The complete bibliographic information,
alink to the original publication on http://mhealth.jmir.org/, as well as this copyright and license information must be included.

http://mhealth.jmir.org/2019/1/€11942/ JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 1 | €11942 | p. 11
(page number not for citation purposes)

RenderX


http://mhealth.jmir.org/2019/1/e11942/
http://dx.doi.org/10.2196/11942
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30679149&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

