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ABSTRACT

The research presented in this report aims at significantly improving the safety of young
drivers during their first year of driving.

The research utilizes a new advanced technology, the "green box", which documents
extreme G-force based events performed by drivers during driving. The green box is used to
help monitor and moderate the driving patterns and performance of young drivers.

200 families of young male drivers participated in the research. Participants were randomly
allocated into 4 groups: (1) FFNG - a group in which all members of the family were exposed
to the feedback on their driving behavior; (2) FFPG - a group similar to the previous group
with the addition of personal guidance given to parents on how to use the green box to
enhance their parental authority regarding driving; (3) IFNG — a group in which each driver
received feedback only on his own driving behavior; (4) CTRL — a control group that received
no feedback.

The green box was installed in the family car for a period of 12 months, starting from the
first or second month of the accompanied driving phase and lasting for at least 9 months
into the independent driving phase.

Driving records of young drivers and their parents together with questionnaires filled out by
participants were analyzed to investigate the effects of the green box on the driving
performance of young male drivers.

The results indicate major benefits to all drivers who received some kind of feedback from
the green box compared to the control group which did not receive any feedback.
Furthermore, the group in which parents received personal guidance turned out to have the
best safety scores. Other results include: evidence of high driving exposure during young
drivers’ independent driving phase compared to their driving exposure during the
accompanied driving phase, high correlations between safety scores of young drivers and
their parents, and significant correlations between personality attributes and rate of risky
events.
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EXECUTIVE SUMMARY

It is well known that young drivers are over represented in road crashes, especially during
their first year of driving.

This problem has gained a lot of attention all over the world and resulted in numerous
counter-measures to address the high fatality and injury rates of young drivers. These
measures include, for example: driver education programs, graduated driving licensing
processes, dedicated enforcement, parents' involvement and more. Recently, with the fast
advancement of new technologies, the potential of using such technologies to improve the
safety of young drivers seems appealing and is starting to get considerable attention both
from industry and academia.

This research investigates the potential of using an IVDR (In Vehicle Data Recorder) system,
the “green box”, to help young drivers and their parents to improve and maintain a good
safety level throughout the first year of driving.

THE GREEN BOX

The IVDR system used is this study was the GreenRoad technology® (GR). It is a G-force
based system which tracks all trips made by the vehicle it is installed in and records the
following information:

e Trip startand end time

e Driver identification

e Excessive G-force based maneuvers performed by the vehicle
e Evaluation of the severity of each event

e Vehicle location

The GR system can provide feedback in numerous ways: through a dedicated web access,
through text messages to pre-defined phone numbers, through a display in the car, through
e-mail reports and more. The information is transmitted in real time and can be
instantaneously conveyed. In the current study - web feedback was available to participants
as well as in-car display feedback. This availability was subject to constraints depending on
the experimental design.

RESEARCH QUESTIONS

The main research questions of the study are:

(1) Does giving young male drivers and their parents feedback about their driving affect
their driving safety during their first year of driving?
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(2) Does providing parents with feedback on their teen's driving affect his driving more
than a self-regulated feedback?

(3) Does providing parents with guidance on how to manage the supervision through
the use of IVDR to increase the safety benefits of its use?

Numerous other research questions were also addressed in the research. These include:
exposure characteristics of young drivers during their first year of driving; relations between
driving behavior of young drivers and their parents; effects of crash involvement on driving
behavior, contribution of self-reported personality characteristics to explain actual driving,
and more.

STUDY DESIGN

Based on the state of the art, previous studies and the research questions of the current
study — the following study design was implemented.

Participants had to meet the following screening criteria: (1) boys only; (2) driving
experience of up to 1.5 months from the day they were licensed (meaning that they were
still at the accompanied driving phase); (3) their parents have access to the internet; (4) live
in the geographical area between Haifa in the north and Ashdod in the south; (5) drive the
family car (and do not own their own car); (6) do not have ADHD which is not medically
treated.

The study was designed to include 4 different groups. The 4 groups are differentiated based
on the type of feedback that they get from the IVDR system. The four groups are defined as
follows:

IFNG - individual Feedback No Guidance. In this group feedback is given only to the driver,

thus parents have no access to the driving records of their teen and vice versa.

FFNG - Family Feedback No Guidance. In this group the driving records of each driver using

the equipped vehicle are exposed to all members of the family using the same vehicle
(typically — the young driver and his parents). Thus, in this group, both the parents and the
young driver can view the driving records of the young driver.

FFPG - Family Feedback Parental Guidance. This group offers also a "family feedback"

(same as for the FFNG group), but in addition, a personal dedicated parental guidance is
provided. For the purpose of this study a new guidance program for parents has been
developed in light of the "New Authority" approach.

CTRL - control group. In this group — none of the drivers (neither parents nor teens) get any

feedback nor guidance throughout the duration of the data collections phase (the full 12
months).

The feedback is provided to the 3 treatment groups (IFNG, FFNG and FFPG) starting from the
end of the accompanied driving phase in order to see if the peak in crashes and events that
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is expected at the transition to the solo phase is decreased. Also, in order to assess if driving
behavior that was acquired while using the feedback system were internalized and become
self-regulated - the feedback system is turned off for the last month of data collection.

The study was planned to include 200 families of young drivers, and installation of 200
vehicles. The families were randomly allocated into the 4 design groups. In order to collect
data from 200 families for 12 months — a drop-out rate of up to 20% was estimated, and the
initial sample included 242 families and 242 equipped vehicles. The final sample was of 217
families.

Parental guidance

In order to provide parents with guidance on when and how to respond and act regarding
their teens’ driving — a dedicated program based on the principles of the “New Authority”
approach was developed and implemented. The program uses the categorization of driving
risk situations into 3 levels (green, yellow and red). According to the new authority
approach, parental Vigilant Care is also formulated into 3 levels. These three levels can be
seen as tangent with the three general driving safety levels. In the application of the new
authority approach to the sphere of driving these levels were combined. Driving safety levels
derived by the green box are used in addition to car use agreements which may vary among
families according to parents' decisions (i.e. "car must be returned clean", "young driver
must always ask for permission to take the car" etc.). In this respect, IVDR technology
constitutes a major tool for parents, helping them to gain a deep understanding of their
child's driving habits, but it is implemented using new authority tools and guidelines.

For each of the Vigilant Care levels we have formulated varying parental tools. Still, a general
guideline for parents - whatever the Vigilant Care level - is to routinely check the driving
record on the website of the 'green box'. We stress the importance of thoroughly examining
the feedback for deeper understanding of teen's problematic driving patterns, as opposed to
settling on the general categorization of red, yellow or green driving safety levels.

As mentioned, checking the driving record is not enough. According to principles of the "new
authority" approach it is very important that parents react to the feedback — for better or
worse. The following are the general guidelines offered to parents regarding the Vigilant
Care levels.

Level 1 of parental Vigilant Care responds to safe driving by giving young drivers maximum
freedom and responsibility while maintaining constant presence and interest in their driving.
Parents know they should be engaged in level 1 Vigilant Care when feedback shows “green”
driving and teenager meets car-use agreement.

Level 2 of parental Vigilant Care: As driving becomes more dangerous parents should
tighten their involvement, putting more limitations on driving and taking away freedom and
privileges. This is not punishment — but rather a responsible parental reaction in light of
augmented risk. This level of parental Vigilant Care is needed when driving feedback shows a
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prolonged "yellow" record or sporadic incidences of "red" driving" or when teenager doesn't
meet car-use agreements.

Level 3 of parental Vigilant Care: This level of Vigilant Care reacts to very dangerous driving
and is characterized by intensified involvement and presence, while taking away more
driving rights. When teen driver shows a "red" driving record this means that it is dangerous
for him to be driving. Following this logic, it doesn’t make sense to allow dangerous driving
at dangerous times or situations. Accordingly, as a general guideline at this level we
encourage parents to limit driving on weekends, on highways and sometimes with friends —
until record shows a significant improvement. Parental actions of this level are usually not
popular ones, requiring parental guidance and preparation.

RESEARCH FINDINGS
Exposure

Other than following driving behavior and the safety levels of the participating drivers, the
Green Box provides the opportunity to monitor exposure, which is a very important and
pressing issue in the area of road safety in general, and safety of young drivers in particular.
The data collected provided us with the rare opportunity to observe and analyze how much
do young drivers drive, when and where, independent of their safety performance.

In order to analyze exposure and later safety performance — trips have to be identified and
associated with the driver that performed them. In practice, about one third of the trips
performed were not identified (trip identification was voluntarily done by drivers at the
beginning of each trip). Hence, in order not to lose this data — we developed models in order
to assign probabilities for each family member every time there was an unidentified trip.
These probabilities represent the likelihood that each family member was the driver of this
unidentified trip. The variables that were most often useful in the classification of the
unidentified trips were: the driver in the previous or subsequent trip, destination of the trip,
time of day, duration of the trip, events rate (number of events in a trip divided by its
duration), and whether it was a solo or accompanied trip.

Analysis of the exposure data indicates significant differences between the behavior of
young drivers in the accompanied driving period and the solo period that is manifested in
terms of the amount and temporal characteristics of the trips they make. Young drivers
more than double the amount of driving they undertake in the solo period compared to the
accompanied period. The timing of their driving time also changes as they drive more during
late evening and night hours. These results indicate that the exposure to risk is lower in the
accompanied driving period, in which young drivers drive fewer hours and in particular drive
less in riskier conditions during nights and weekends. An average of 26.3 accompanied
driving hours significantly raises the experience level of young drivers, which may obtain
their driving license with as little as 28 hours of driving instruction. While these results are
promising, two problem areas have also been identified: First, the driving experience young
drivers have accumulated by the end of the accompanied driving period is short of desired
values. Moreover, there are young drivers who drive very little during the three months
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accompanied period, and so gain very little experience before the solo driving period. Hence,
it is necessary to set up minimum driving requirements and guidelines for the accompanied
period in order to increase the amount of driving experience young drivers accumulate
before the solo driving period. This minimal requirement, set at 50 hours, was recently
approved at the Knesset by the Economic Committee and is currently awaiting final
implementation. The results of this research strongly support the necessity for such
legislation. Extension of the accompanied driving period may also contribute to increased
drivers' experience. Second, young drivers get relatively little experience in night driving
during the accompanied period, but drive extensively at night in the solo period. Minimum
accompanied nighttime driving requirements and further nighttime driving restrictions
beyond the accompanied period may thus be useful in mitigating the higher risk created by
nighttime driving. Night-time driving restriction for 3 months is also part of the approved
improvement to the process of licensing young drivers. The results of this research can serve
as a strong evidence to support the new legislation.

Group Differences

In order to address the main research questions of this study — a comparison among the four
groups is needed. We defined an index that expresses driving behavior measured by events
rate. This index is defined as the count of undesirable driving events per driving minute.

Events' rate can naturally change over time. The Following graph presents in a nutshell the
main results of the study — namely — the differences of events rate among the four groups
during the 11 months corresponding to the “first year” of driving of the young drivers
participating in the study. Month “-2” corresponds to the second month of accompanied
driving, month “-1” corresponds to the third month of accompanied driving, and the months
with positive numbers correspond to months since the start of solo driving. Note that we did
not include the first month of accompanied driving as the data for this month was very
limited.
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Visual view of this Figure reveals the essence of the differences among the 4 groups. From
the Figure it is apparent that the CTRL group is indeed the worse group in terms of their
event-rate index consistently from the start of the solo phase. The FFPG seems to be the
best in terms of their event rates, and indeed from feedback point of view — this is the group
that received the most elaborate forms of feedback — both family feedback and guidance to
parents on how to effectively use this feedback. In the report the differences among the
groups are modeled and analyzed.

A model explaining young drivers’ behavior

The collected data in this study were used to develop a model to explain the number of
monthly risky events of the novice young drivers during the first year after licensure.
Following a standard procedure to model rates with count data models, a negative binomial
model of the number of monthly events was estimated. The numbers of events were
converted to rates using the driving time as an offset variable and constraining the
parameter of its logarithm to a unit. In order to keep the model as simple as possible, only a
random effect for the intercept was included, and all other explanatory variables were
considered fixed.

Risk indices were calculated for an unbalanced panel of 2283 observations for the 217 young
drivers over the 12 months, as some young drivers did not drive the equipped vehicle during
all the months.

The variables that were found to be significant in the model are: an indication of being in the
solo phase (positively correlated with risk index), the amount of accompanied driving time
(negatively correlated with risk index), the risk indices of the father and the mother
(positively correlated with risk index), the group in the study (all groups have lower risk
indices compared to the control group), crash history (positively correlated with risk index),
reported risky driving among friends (positively correlated with risk index), reported trait
aggression (positively correlated with risk index), reported trait anxiety (negatively
correlated with risk index), reported reckless driving style score of the fathers (positively
correlated with risk index), and fathers’ Vigilant Care levels of fear (positively correlated with
risk index).
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PART A:
INTRODUCTION




1 LITERATURE REVIEW

Young drivers in Israel — as in many other countries all over the world - are over-represented
in road-crashes more than any other age group, mainly with regard to serious (severe and
fatal) crashes, as demonstrated in Figure 1.
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Figure 1: drivers' involvement in road crashes in 2010 per 10,000 drivers (Source: CBS 2011)

This problem has gotten considerable public and media attention which led both policy-
makers and private organizations to put a lot of effort in this direction. The most profound
and sustainable effort is apparently the modifications made to the driver licensing process.
In the current licensing process, which is in affect from November 2004, new young drivers
are required to drive only when accompanied by an experienced driver for the first three
month after licensure. The accompanying driver must be over the age of 24 and have a
driving license for at least 5 years, or be over the age of 30 with at least 3 years of driving
experience. During the first two years of driving, the new driver is limited to drive with no
more than two passengers, unless when accompanied by an experienced driver. Another
change that was recently introduced is zero tolerance to alcohol until the driver turns 24
years old. The law does not mandate a minimal amount of driving throughout the
accompanied period nor does it include any limitations on night driving. Figure 2 describes
the involvement of novice drivers in road crash in 2002 & 2009-2010 depending on their
driving experience (in months). The graph shows that throughout the accompanied driving
period (APD) the involvement of novice drivers in crashes is extremely low. However,
immediately after it ends, and they begin the "solo" un-supervised driving, their crash
involvement rises drastically. Afterwards, the crash rate declines gradually as the drivers gain
experience. A similar phenomenon was observed in other countries around the world
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(Williams, 2003). These data show that the problem of novice drivers' crash involvement is
most acute during the transition from supervised driving during the ADP to independent
driving after it ends. Although there is an improvement in this trend in recent years, the
phenomenon is still very apparent, as demonstrated in Figure 2.
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Figure 2: involvement of young drivers in crashes by driving experience (in months) 2002, 2009-10 (Source: CBS
2011)

It is also well known that young males and females differ in their involvement in road
crashes (OECD/EMCT, 2006). This is also true for Israel as demonstrated in Figure 3 & Figure
4. Males are more involved in crashes in all age groups.

Male drivers are more involved in fatal road crashes per miles driven, and particularly among
young drivers 16-18 years old (Williams, 2003, OECD/ECMT, 2006). Prato et al. (2010) found
that male novice drivers exhibit more aggressive driving behaviors compared to females.
Males are also more inclined towards risk taking, sensation seeking and anti-social behaviors
than their female counterparts. They are also more likely to over-estimate their driving
abilities and more susceptible to the influence of their friends (OECD/ECMT, 2006).
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Figure 3: involvement of young drivers in road crashes by age and gender for 10,000 Drivers (Source: CBS, 2011)
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1.1 Advanced Technologies to Improve Road
Safety

In recent years a significant development has been made in sensing and communication
technologies. This development allows, among others, to create various applications
intended for assisting drivers to improve their driving safety. Such systems are mainly aimed
at supporting the driver in the driving task, so that fewer errors will be made and certain
unsafe behavioral choices will be avoided. These systems are collectively known as
Advanced Driver Assistance Systems (ADAS) (SWOV, 2010). ADAS can be divided into sub-
categories depending on which part of the driving task the ADAS is supporting. It includes
various warning and alerting systems, driver monitoring systems, as well as systems that
interfere with the actual driving.

Monitoring systems are installed in the vehicle and continuously measure various
parameters of movement, control and performance of the vehicle (NHTSA 2001, Chidester
et al. 2001, Correia et al. 2001). This type of systems was first introduced in the seventies by
the development of Event Data Recorder (EDR). EDRs function in a similar pattern to the
black boxes in airplanes — they store data for a short period of time (about 30 seconds)
before, during and after the crash occurs. This data include the state of the engine and other
vehicle systems (for instance: velocity, RPM, gas and brake pedal, seatbelt situation, air bags
deployment etc.).

Today these systems are broadly installed and are used to examine the efficiency of safety
devices, to improve them, to investigate the cause of crashes and to determine fault (see
NHTSA 2005 for broad review). However, the logging and use of data from the vehicle can be
used not only for crash events.

There is a considerable growth in recent years in developing and using in-vehicle data
recording devices in order to monitor, study, and influence continuously driver behavior, not
only for the case of a crash, but rather as a mechanism to prevent crashes. Technology made
it feasible to observe and learn the naturalistic driving and the contexts in which it occurs
but also it made it possible to reduce risky behavior by providing different types of
feedbacks to drivers or to those that are responsible for their driving.

The first significant research effort in that direction was conducted by The National Traffic
Safety Administration, NHTSA (Neale et al. 2002, Dingus et al. 2006). In that research, known
as the “100 cars naturalistic study”, 100 vehicles were equipped with IVDR systems that
included a continuous measurement of the location, velocity, acceleration of the vehicle by
using a GPS and accelerometers tools. Several other instruments are installed in these
vehicles, such as: video cameras which viewed both the interior and exterior of the vehicle,
radar detectors to measure distances of the vehicle and other objects as well as devices to
measure deviation from the lane. Furthermore, the system was linked to the vehicle's
computer in order to receive engine data and data of other car’s systems. In this experiment,
data was collected for approximately 13 months. The huge data set collected included more
than 43,000 driving hours and 3 million kilometers of driving. This data has a large potential
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to research road safety issues. However, installation at this level on a large scale as in the
SHRP 2 study is extremely demanding in terms of resources needed and costs. The budget of
SHRP 2 study, for example, originally stood on $150 million dollars for 7 years (out of which
more than $40 million are allocated to safety) and its seems that it will go much higher as
some delays are encountered. The updated budget for safety research only stands at $67
million dollars (TRB, 2012).

In another experiment, DriveAtlanta (Ogle 2005) developed an IVDR system was developed
and installed it in 172 vehicles. The system includes a GPS device that is connected to the
vehicle's computer. Therefore, the system collects data on the time and duration of the
trips, distances, vehicle location, velocity and continuous acceleration, and parameters of
the engine and vehicle systems, for instance the use of seatbelts, emissions, gas and brake
pedal condition etc. The data is collected in the vehicle's unit and transferred once a week to
the designated server by wireless communication. The ability to collect the vehicle location
data, allowed researchers to merge the data with geographical systems data and receive
information such as types of roads the vehicle drives on and compliance with speed limits.
The author points out the broad variety of research questions that can be addressed with
the data that was collected.

These technologies provide rich and extensive data of the actual driving, but it was shown
that even much "thinner", simpler and cheaper technologies can significantly contribute to
the road safety knowledge by giving rich and meaningful data. The fast growth in
commercial IVDRs market enabled equipping vehicle for research purposes with
considerably high accuracy, low price technology in large numbers. Lotan and her colleagues
(2007, 2010) used in various experiments IVDR systems that are based on G-forces which
track and record "only" date and time of trips, driver identification, location and excessive
maneuvers made by the vehicle. Toledo and Lotan (2006) showed that these systems can be
used as indicators of risk involved in road crashes. The results show a significant positive
correlation between the risk index generated by the IVDR system and past crashes, however
they were based on a relatively small sample and do not necessarily represent the Israeli
driving population. These results were later extended by Lerner et al. (2010) who equipped
cars with IVDR devices and video cameras and found that aggressive maneuvers such as
speeding, hard braking and steering are related not only to crashes but also to near-crashes
involvement. These finding were later confirmed also by Lotan et al. (2010). Not only that
data from IVDR is significantly related to crashes and near crashes, it can also serve for
studying various aspects of naturalistic driving behavior. Lotan and several studies (Toledo
and Lotan, 2007; Prato et al., 2010) used simple IVDR systems also to collect data and study
driving behavior of novice drivers along different phases of the GDL system. Lotan and her
colleagues (2010) showed that IVDR systems can draw rich exposure picture that can be
analyzed according to a wide range of parameters

Although the availability of advanced technologies for monitoring driving behavior provides
extensive opportunities for research, it must be kept in mind that their main purpose is to
improve driving safety. This can be achieved through analyzing the recorded data and giving
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the driver on-line feedback about his/her driving. Moreover, these systems are capable of
giving an access to fully-detailed as well as historical data and send summary reports via e-
mails, websites, text messages or any other form of digital feedback.

The feedback function provides real time warnings about illegal or unsafe speeds (such as
advisory curve speeds and/or dynamic speed thresholds based on weather conditions). This
function primarily works by augmenting driver performance through feedback used as part
of the learning process (Brovold et al., 2007). These two features - of feedback and reporting
- serve to initiate and maintain a behavioral modification process. The feedback function
notifies the drivers of developing risk condition so that corrective action could be taken
before the hazard escalates. The reporting function enables the driver's supervisor (parents,
employers or any other authority that is responsible for his/her driving) to access the data
and review the driver's performance. If the supervisor takes an action in response to this
data (either positive reinforcement or sanctioning) the driver may respond accordingly
(either keep/increase the "good" safe behavior or stop/decrease the "bad" unsafe behavior)
and a learning process may occurs. The various devices that are marketed today differ with
respect to the extent and mechanism of the feedback or reports they provide (for a detailed
description of the various systems, see Brovold et al., 2007).

In Icland, for example, a system called SAGA was installed in commercial vehicles (ECMT
2006). The system measures the activity periods of the vehicle, velocity and location via GPS
and uses this data to compare driving speed with allowed speed limit. Weekly summary
reports are sent to the users by e-mail. In another study conducted in an Israeli company
fleet (Toledo, 2008) drivers received feedback through various summary reports, real-time
text messages or real-time feedback through in-vehicle display unit. Reductions in crash
rates and in risk indices were observed in the short-term. These findings confirm previous
results as reported by others (see for example Lehmann [1996] and Lehmann and Cheale
[1998]).

Based on its initial proven potential to improve road safety, there are insurance companies
that adopt the use of IVDR to encourage drivers to drive at a safer way by giving them an
economic incentive to improve. In the United States, for example, there are several
insurance companies which use IVDR devices in order to determine insurance rates and give
lower prices to those who install the devices (e.g., TripSense, 2007, Progressive, 2011). The
size of the discount is determined by parameters of car use (driving hours and segmentation
across the hours of the day and days of the week) and the driving speed criteria (time
percentage of speed over 75 miles per hour) which is measured by the system. In the
TripsSense program (2007) the system samples the speed of the vehicle every 10 seconds,
however does not collect data on the vehicle location. The system measures, but at this
point does not use, also data of breaks and accelerations irregularities. At another program,
called "Snapshot", which was initiated by the American insurance company Progressive,
customers are offered to turn their "good driving onto savings - up to 30% " on their car
insurance (Progressive, 2011). They use camera as the device monitor which reports to the
company on mileage, braking and acceleration and time of driving (Rogers, 2011).
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In recent years the blast in mobile phone development made it possible to make these
technologies even simpler. Currently there are some smart-phones applications that provide
similar services (monitoring and feedback). These applications are much more easy-to-use,
cheap, easy to install and widely available. —=However, they still have not been tested and
verified. Several important issues such as acceptance, commitment to use, and the
verification of continuous operation, have to be seriously addressed. Still, with the fast
increase of mobile use — the potential of these applications to become widely used should
be addressed in future research.

1.2 Young Drivers and new Technologies

Road safety professionals argue that reducing the number of young novice driver crashes
requires a focused and coordinated approach involving not only training, licensing and
enforcement but also a use of supportive technologies (OECD/ECMT, 2006; Brovold, 2007).
Young drivers might benefit from ADAS that is developed for the general public but greater
benefits are possible by tuning these technologies to the specific needs of young drivers
(Lee, 2007), either by offering an opportunity to comply with the restrictions (OECD/ECMT,
2006, Williams and Shults, 2010) or by reducing both voluntary and involuntary dangerous
driving (OECD/ECMT, 2006). The OECD and ECMT addressed the issue of how technologies
might be employed to reduce young driver risk and concluded that economic incentives such
as lower insurance premiums could be utilized to encourage their use.

Studies conducted among novice drivers using IVDR systems not only support but also
provide important insights into the crash statistics of teen drivers presented earlier. Prato et
al. (2010), for example, found that there is a steep increase in risky driving behavior (defined
as the number of aggressive and undesirable events for a given time period) with the
transition to solo driving. An elevated engagement in risky behaviors during the first months
of solo driving was also found in other studies.

Lee (2007) who reviewed several studies which examine the effects of various technologies
on novice drivers' driving concludes that young drivers can benefit tremendously from driver
support systems. In another study conducted by Simons-Morton and others (2011), in which
teens' vehicles were equipped with an advanced data acquisition system, it was observed
that there is a general decrease in adolescents crashes and near-crashes involvement along
the first 18 months of driving with a significant increase in the last 3 months of the study
period. The study also showed a change in specific behaviors over time (a decline in rapid
starts and an increase in hard turns).
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1.2.1 Feedback and Monitoring Effect

As mentioned earlier, IVDR technologies may serve also for influencing behavior. Previous
studies were able to provide an empirical evidence of the positive effect of monitoring
through IVDR systems of drivers behavior and safety. Studies demonstrated and proved that
driver monitoring can improve a range of safety related behaviors among adult drivers
(Musicant, Lotan & Toledo, 2006) as well as among young drivers (McGehee et al., 2007;
Carney et al., 2010; Prato et al., 2010). Results of these studies show that risk indices were
substantially lower after feedback was provided. McGehee et al (2007) found that a video
feedback and parental mentoring intervention resulted in a significant decrease in
participants' number of safety relevant events which was evident at the beginning of the
intervention. Farmer et al. (2010) found preliminary indications for an effect of the feedback
although it was not significant. Carney and her colleagues (2010) provided parents with
weekly reports of major and significant decrease in measured safety ("coachable") events
during the intervention phase compared to base-line no-feedback phase.

Lee (2007) claims that the most promising way for implementation of new technologies is as
an extension of GDL and supervised driving. When implemented correctly, technology can
have the effect of placing an adult passenger in teen's vehicle. Conversely, a failure to
manage technology may have result in non-effect to a negative effect or as Lee (2007)
defines it "effect of inviting several young male passengers into the teen's car". Based on the
potential benefit of these technologies as well as some others on young drivers' safety, the
ETSC (2011) recommends that these technologies should be supported.

It is interesting to note that some of these studies indicate of a slight increase in some of the
measured events towards the end of the intervention period (Prato et al., 2010, Carney et
al., 2010). Carney et al. (2010) relate these results to an increase in inclement weather. Yet,
there is another possible explanation. It may reflect a sort of "fatigue" effect in parental
monitoring, which means that less parental supervision is executed.

However, previous studies suffer from some methodological limitations, such as: not
including a control group in the study design or using heterogeneous samples with respect
to gender, age and/or experience (for example, in the study of Farmer and his colleagues
[2010] the drivers experience ranged from 0 to 10 month licensed).

1.3 Parental involvement

There is a compelling amount of research linking different aspects of parental monitoring to
the prevention of various risk behaviors among children and adolescents, including: violence,
school performance, delinquency, road safety, alcohol use, substance abuse etc. (Beck,
Shatuck, Haynie, Crump, & Simons-Morton, 1999; Simons-Morton, Hartos, & Leaf, 2002;
Omer, 2000; Omer, 2002; Vinblat, 2006). Specifically it was shown that parenting style may
play a role in risky driving behavior and in crash risk — teens with authoritative or
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authoritarian parents are less involved in unsafe behaviors and less involved in road crashes
compared to teen with permissive or uninvolved parents (Ginsburg et al. 2009).

Based on a vast body of knowledge, the OECD/ECMT Transport Research Centre published a
report (2006) in which it was recommended among others that parent should be proactively
informed "about the degree of risk associated with their children's first driving experience
and provide them with information and guidance that can help them participate in reducing
the risk".

However results from several studies suggest that it is difficult to encourage parents to be
engaged in such activities. Surveys conducted in a few states in the U.S. and in Israel
(McCartt et al., 2007; Guttman and Lotan, 2010) show that most parents want to receive
information about how their children drive. Even when asked if they would consider using
monitoring devices, parents tend to show at least a moderate interest. Also, Parents could
acknowledge the advantages and benefits of such systems in improving their children safety
(Guttman and Gesser-Edelsburg, 2011). However when parental supervision was actually
offered it was found that parents did not make a full use of — or even rejected - the
opportunity to monitor their children driving (Farmer et al., 2010; Guttman and Gesser-
Edelsburg, 2011). According to Guttman and Gesser-Edelsburg (2011), parents found more
negative aspects than positive ones when considering the monitoring device. In practice,
Prato and others (2010) report that web pages holding drivers records were accessed 162 of
236 households-months which implies that more than 30% of households-months were not
been used. Farmer et al (2010) reported that the parents' websites were used very little, and
mainly at the beginning. A possible explanation for this is offered by Guttman and Gesser-
Edelsburg (2011) who report that some parents said that they did not know how to cope
with it. But it seems that other reasons reported by the researchers may explain better the
findings of Prato and his colleagues. According to Guttman and Gesser-Edelsburg avoidance
was explained by parents as trusting the young driver and being afraid of threatening the
good relationship they have with their teens. Also important, they report that parents said
they wanted guidance on how to motivate the young driver to use the feedback effectively
and how to avoid conflicts. These findings fit the conclusion made by Farmer et al (2010)
that it is yet to be determined how best to encourage parents' participation in the
monitoring process.

As mentioned, many parents were afraid to endanger their relationships with their children,
as many of the young drivers expressed hostility toward the monitoring system. The major
concern expressed by the young drivers was the issue of privacy (Guttman and Gesser-
Edelsburg, 2011). The authors conclude that a challenge the practitioners have to address is
"which type of options could and should be offered regarding who can receive the data,
when and in what format".
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1.4 The New Authority & Parents' Vigilant Care

A new emerging psychological approach may deal with the difficulties of parents in
becoming more involved in their children driving as discussed earlier. "The New Authority
Approach" (hereunder - NAA) (Omer, 2008) offers a parental guidance based on family
therapy principles that focus on communication processes within the family by directing
attention to inter-family relationships alongside the formation of a systemic support
network. This emphasis appropriates common family and systemic theories (Henggeler,
1999). In addition, this approach refers to changes in the apprehension of parental authority
in the past few decades and places this aspect at the center of their ability to reduce risk
behaviors of young people (Omer, 2008).

One of the main concepts in the NAA is parental "Vigilant Care" (Omer, 2008). "Vigilant
Care" refers to the parents' efforts to establish an attentive and involved presence in his
child's life while acting towards mitigating the risk he is exposed to and resisting negative
and dangerous behaviors.

The concept of "Vigilant Care" represents an alternative term to the commonly used terms
"supervision" or "monitoring". While either of the terms assume parental knowledge and
presence, according to the NAA the concepts "supervision" or "monitoring" carry the
connotation of either a detached or an intrusive inspectional attitude. Instead, the kind of
parental attitude that the NAA promotes involves a caring presence. Focused supervision
enters the game when the parent detects warning signals that necessitate a tighter vigilance.

The “Vigilant Care” has several basic principles:

Vigilant Care does not mean control. Parental presence draws its legitimacy and strength by
understanding that the child’s actions are his own — the parent can resist them in nonviolent
ways but control is not an option. There is an emphasis on the distinction between control
and self-control as parents can only control their own actions and not those of their children.

Vigilant Care does not mean spying. It is a parental misunderstanding that being watchful
and caring for their children means to spy on them. According to the NAA, parental actions
that are done without the actual knowledge of the child introduce an element of secrecy in
the relationship and reduce authority. Parents may feel that acting according to the
information that was obtained through spying on their child, may disclose their secret
actions and are therefore kept from responding. The child and parent will greatly benefit
from a parental action of supervision that is transparent and brings a clear statement.
Moreover, the active and open parental effort to obtain information is more important than
the information itself. This way the supervising parent will be involved and strong. One can
hope that this kind of attitude will be noticed and later on internalized by the child, a
process that cannot take place when the parent’s actions are unknown.

Vigilant Care is a parental stance that is continuous and permanent; it is not an action a
parent does when the child acts out. Parents usually hold that a single action or a short
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period of intervention will help prevent any problematic occurrences in the future. It is
better to define Vigilant Care as parental creed one draws his specific actions from.

Sense of legitimacy — Vigilant Care begins with a sense of legitimacy, which is defined as
parents' belief that is in their right, and even their duty, to be involved in their children's
risky behavior. Teen driving is undoubtedly a main domain for risk behavior, and in this
context legitimacy is the parent's belief that it is in his right and duty to be involved in his
child's driving patterns during his first year on the road.

Vigilant Care by means of active presence — the new authority approach highlights
continuous parental presence as a central mean for parental empowerment and child's
lapsing. Parental presence is expressed by the parent's ability to determine the rules and
values in his house and act upon them in order to implement them. This, while receiving
support from the close surroundings (Omer, 2000). Parental involvement and presence hold
great importance in the realm of teen driving, and can be realized by constant interest in
teen driving (through talks and internet updates) or by conducting talks with the young
driver.

Levels of Vigilant Care — parental supervision and presence are subjected to constant
change, in accordance with the young driver's risk level. The three levels of Vigilant Care are
easily understood when looking at a relationship between a mother and her new born baby;

Attentiveness: The mother is highly attentive to her baby. Even when occupied with other
tasks, her radar picks up any minor signal from the infant. We have all heard stories of
mothers who can sleep soundly even when a bulldozer passes underneath their windows,
yet with the slightest peep from the baby, even the most sleep-deprived mother is wide
awake. It is as if she possesses an open channel constantly tuned to the baby.

Presence: The mother’s attentiveness guarantees her level of nearness and presence to her
baby. Signs of distress will make the mother focus completely on the baby in such a way that
she is able to quickly protect her child.

Protection: Any perceived threat to the child will lead to immediate action on the mother’s
part. Maternal supervision fluctuates continuously, from being more relaxed to being very
alert the mother will adapt to the needs of her baby.

As the child grows up these three levels become more complicated to implement and
parents are often baffled by the child's changing needs for autonomy and privacy in face of
their own need to supervise effectively.

The three levels of Vigilant Care, as the child is of age are referred to as follows:

A. Free dialog — open and attentive
Open dialogue is characterized by warm interest and a degree of mutuality, in such a way

that the parents remain parents. Parental knowledge that is based on spontaneous
communication contributes not only to risk prevention, but also to the feeling of closeness
between parent and child.

This is the most basic and allegedly "simple" level of Vigilant Care. However, it seems to be
the most difficult to guide parents through. We encounter some of the following misbelieves
when it comes to define a free and open dialogue:
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If it's not spontaneous or natural it can't be done: we don’t believe that this is the case.
Some parents, for some children, in some issues, need to plan and focus on creating the
correct atmosphere for such a dialog. Planning it in advance does not diminish the intimacy
that might be created in the conversation and its importance to the child.

If the child doesn't want to talk there's nothing | can do : We make it a point to free parents
from the notion that only a positive response from the child will define this attempt as
successful. Initiating a dialog presented the child with an option he might later use, perhaps
when he is in trouble.

As long as he opens his heart to me... - What is the right distance when conducting a free
dialog? If the child admits behaving in dangerous ways parents may feel they are faced with
two options: becoming punitive or staying friendly. We advice to parents: "You are the
parent and as such should react to dangerous activities by extending a clear and unequivocal
position". This position, should be conveyed in a calm and non escalatory environment, but
clearly stated.

In conclusion, the free dialog is an invitation to an open and honest conversation
between the parent and the child. The child may choose not to use it, and the parent should
respect him. However, in our experience the initiative in itself has an impact on the child's
feelings of being looked at and cared for.

B. Focused questioning:

Focused questioning, our second level of Vigilant Care is defined by the parents' attempts to
find out where the child is going, with whom, what he is doing, and when he will return.
When parents wish to begin exercising focused supervision, they must do so explicitly.
Parents who change their approach must inform their children.

Focused questioning is not a popular step. Children will try, repeatedly, to undermine their
parent's attempts, by protest, yelling, or using offensive language. But even while protesting
loudly, they will often start to talk about their activities. Vocal protest and slamming doors
are a reasonable price to pay for Vigilant Care. We recommend parents to ask themselves
what are the questions that are most important to them and how they will respond to the
various reactions of the child. The strength of focused questioning lies in the parents well
prepared scripts for different situations (What if the child won't answer? Answer
inappropriately? Storm out?).

C. One sided steps:

The first two levels we have mentioned included an element of dialog and negotiation.
When the situation deteriorates the time for discussion stops and the time for action begins.
This level is composed of the Non Violent Resistance theory used in family based
intervention programs in the Parents' Counseling Unit at SCMC (Schneider Children’s
Medical Center).

In general, while coping with teen driving, the extent of inquiry, of checking driving feedback
on the web and the number and nature of feedback talks should be determined in
accordance with the driver's risk level. In our model we offer three supervision levels that
relate to the driver's risk levels.
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2 MAIN RESEARCH QUESTIONS &
STUDY DESIGN

Given the extensive knowledge on young drivers’ risk factors and the potential of new
technologies to reduce this risk, the following research questions and study design were
constructed for the current study.

2.1 Main Research Questions

Since all existing literature suggests that young male drivers are at greater risk to be
involved in a road crashes during the first months of driving compared to their female
counterparts — it was decided to focus the study on young male drivers only.

Since the first year after licensure is the most risky for young drivers in terms of their crash
involvement — it was decided to focus the study on this year. Hence drivers were recruited
for the study immediately after licensure and the IVDR system (also termed from now on as
the "green box") was installed in their vehicles for duration of 12 months.

Following the conclusions Guttman and Gesser-EdlIsburg (2010), two important needs were
to be addressed within this study: First, young drivers need to be offered a tool to self
monitoring their driving. This tool should be able to protect their privacy by limiting their
parents access to their driving records. Second, tools and methods that will enhance the
parents' ability to make use of the monitoring device are needed.

Therefore the main research questions of the current study are:

(1) How (and to what extent) does giving young male drivers and their parents feedback
about their driving affect their driving safety during their first year of driving?

(2) Does providing parents with feedback on their teen's driving affect his driving more
than a self-regulated feedback?

(3) Does providing parents with guidance on how to manage the supervision through the
use of IVDR to increase the benefits of its use?

2.2 Study design

Based on the state of the art, previous studies and the research questions of the current
study — the study was designed to include 4 different groups. The 4 groups are differentiated
based on the type of feedback that they get from the IVDR system. The four groups are
defined as follows:
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IFNG - Individual Feedback No Guidance. In this group a feedback is given only to

the driver, (i.e. each driver — whether he is a young driver or parent - has an access to
feedback limited to his own driving records, thus parents have no access to the driving
records of the young drivers.

FFNG - Family Feedback No Guidance: In this group the driving records of each

driver using the equipped vehicle are exposed to all members of the family using the same

vehicle (typically — the young driver and his parents). Thus, in this group, both the parents
and the young driver can view the driving records of the young driver.

FFPG - Family Feedback Parental Guidance: This group offers also a "family

feedback" (same as for the FFNG group), but in addition, a personal dedicated parental
guidance is provided. For the purpose of this study a new guidance program for parents has

been developed in light of the New Authority approach (Omer, 2008). This intervention is
described in details in previous section as well as in section 3.4 and the accompanying
materials are attached in Appendix 4.

CTRL - Control Group: in this group none of the drivers (neither parents nor teens)

receive feedback or guidance throughout the duration of the data collection phase (the full
12 months).

The feedback is provided to the 3 treatment groups (IFNG, FFNG and FFPG) starting from the
end of the ADP in order to see if the peak in crashes and events that is expected at the
transition to the solo phase is decreased. Assuming an effect of the feedback would be
found; we wished to see also whether the driving behavior is conditional and depends on
the presence of IVDR or is it internalized thus may be presented even when feedback is
absent. In order to examine this question the feedback system was turned off at the last
month of data collection.

It is important to clarify that although novice drivers are in the center of interest of the
study, their parents are included as part of the studied population and their behavior is also
measured and analyzed.

Parental Authority Intervention

Indications from previous studies on the use of technologies to improve the safety of young
drivers suggest that providing feedback to young drivers and their parents can significantly
reduce risky driving behavior if managed properly. However, parents often face difficulties
in managing, supervising and being involved with their teen driving. Hence it is evident that
installing the technology is not enough and there is a need to provide parents with operative
tools to facilitate better supervision of their teens driving. Furthermore, it is important that
parents and especially young drivers will not be threatened by the existence of the IVDR and
will view it as a supporting tool and not as a big brother spying on them. In order to address
these important issues — it was decided to focus the current study on various feedback
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forms that would enable wide acceptance of the IVDR and at the same time facilitate the
opportunity for effective usage of the technology. It was also decided to highlight the
importance of parents’ involvement in the process by providing them with a dedicated
guidance.

To help parents understand how they should react and when, we categorized driving risk
situations into 3 levels. According to the new authority approach, parental Vigilant Care is
formulated into 3 levels. These three levels can be seen as tangent with the three general
driving safety levels. In the application of the new authority approach to the sphere of
driving we combined these levels, which are based on the driving safety levels derived by the
green box, but additionally include car use agreements as well, which may vary between
families according to parents' decisions (i.e. "car must be returned clean", "young driver
must always ask for permission to take the car" etc.). In this respect, IVDR technology
constitutes a major tool for parents, helping them to gain a deep understanding of their
child's driving habits, but it is implemented using new authority tools and guidelines.

For each of the Vigilant Care levels we have formulated varying parental tools. These are
described in detail in APPENDIX 4 . Still, a general guideline for parents - whatever the
Vigilant Care level - is to routinely check the driving record on the website of the 'green box'.
We stress the importance of thoroughly checking the feedback for deeper understanding of
teen's problematic driving patterns, as opposed to settling on the general categorization of
red, yellow or green driving safety levels.

As mentioned, checking the driving record is not enough. We know that many parents feel
helpless in reacting to the feedback they see and even those who take the time to check
driving feedback tend to avoid reacting to it. According to principles of the 'new authority'
approach it is very important that parents react to the feedback — for better or worse. The
following are some of the tools we offer parents during our intervention according to the
supervision levels.

Supervision levels

Level 1 of parental Vigilant Care responds to safe driving by giving young drivers maximum
freedom and responsibility while maintaining constant presence and interest in his driving.
Parents know they should be engaged in level 1 Vigilant Care when feedback shows “green”
driving and teenager meets car-use agreement.

Level 2 of parental Vigilant Care: As driving becomes more dangerous parents should
tighten their involvement, putting more and more limitations on driving and taking away
freedom and privileges. This is not punishment — but rather a responsible parental reaction
in light of augmented danger. This level of parental Vigilant Care is needed when driving
feedback shows a prolonged "yellow" record or sporadic incidences of "red" driving" or
when teenager doesn't meet car-use agreements.
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Level 3 of Vigilant Care: This level of Vigilant Care reacts to very dangerous driving and is
characterized by intensified involvement and presence, while taking away more driving
rights. When teen driver shows a "red" driving record this means that it is dangerous for him
to be driving. Following this logic, it doesn’t make sense to allow dangerous driving at
dangerous times or situations. Accordingly, as a general guideline at this level we encourage
parents to limit driving on weekends, on highways and sometimes with friends — until record
shows a significant improvement. Parental actions of this level are usually not popular ones,
requiring parental guidance and preparation
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3 METHODOLOGY

3.1 Sample

3.1.1 Participants

242 novice drivers aged 17-24 were recruited. The size of the sample took into account an
anticipated dropout which is a very common scenario in naturalistic-studies that not only
last for several months but also involve installation of technologies. We aimed at finishing
the research with data collected from a sample of approximately 200 young drivers for a
duration of 12 months.

In order to maximize homogeneity of the sample, participants had to meet several screening
criteria: (1) boys only; (2) driving experience of up to 1.5 months from the day they were
licensed (meaning that they were still at the accompanied driving phase); (3) their parents
have access to the internet; (4) live in the geographical area between Haifa in the north and
Ashdod in the south; (5) drive the family car (and do not own their own car); (6) do not have
ADHD which is not medically treated.

3.1.2 Recruitment & administration

The very specific characterization of the sample required a great effort to reach the target
population within the desired time schedule. In order to maximize the recruitment efforts, it
was divided into several channels both in-house and outsourcing, using push and pull
"marketing" strategies. The main channel was "Or-Yarok for Life" program - participants
were contacted by phone and were offered to take part in the study. Other channels
included: distributing flyers during Or Yarok activities among relevant populations,
publication at the Or-Yarok homepage, publicizing information in relevant broadcasted
items, operating driving instructors as "agents" among their driving learners. Also a special
effort was made to spread the information via social media. Eventually, the most effective
method was using "Or-Yarok for Life" lists.

Candidates who expressed an interest to take part were asked to fill a web-format screening
guestionnaire. Parental approval was confirmed in case the first contact was with the young
driver. Those who were found eligible received a voucher to install the system in one of
services centers of Motorola —the company which provided installation services.

We used a “rolling recruitment” procedure where recruitment continued for several months
after starting data collection. The entire process took place between July 2009 and
November 2010. In total 6290 phone calls were made to potential candidates, after the
preliminary screening 2380 of them were asked to fill the web questionnaire, and 872
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actually did. The recruiting phase was completed with 242 families that installed IVDR
systems (detailed description of the system appears in section0 3.3).

Participant received an incentive for their participation at the sum of 1000 ILS. This sum was
divided into two: 300 ILS were given upon completing the first phase of installation and
filling first phase questionnaire and 700 ILS were given upon dismantling the system at the
end of the study and completing all research requirements.

Legal and Ethics: In order to assure the participants' rights and privacy, and according to
common practice, all participant were asked to sign an informed consent form (see

Appendix 2). It was verified that both parents and the young driver are aware of the terms of
the study. Moreover, an ethical code was developed describing the needs and work flow
needed to be applied by the Or Yarok and the entire research team (Appendix 2). According
to the latter, the researchers are not exposed to the identified driving data. This was made in
order to achieve two purposes: to assure the participants' privacy and to release the
researchers from any responsibility that might be imposed on them as a result of being
aware of the nature of participants' driving.

3.2 Study Management

Participants were randomly assigned to one of the 4 groups: IFNG, FFNG, FFPG and CTRL, as
described in section 22.2. The assighment was done sequentially based on enrollment. The
participants were not aware of the 4 different study groups and feedback options. Installers
of the technology were instructed not to provide any information on the technology and
strict protocols were derived for all the personnel dealing with the study.

Timeline: the data collection lasted for a period of 12 months for each family, beginning at
the installation. The year was divided into three distinct phases characterized by the access
to driving records, as described in the following table:

Table 1: Phases of feedback (treatment group only)

ACCESS to
PHASE feedback WHEN
" " From installation until 2 weeks prior to
before treatment NO the end of ADP
Treatment VES 2 weeks prior to the end of ADP until

finishing 11 months of data collection

The beginning of the 12" month of the
"cool off" NO data collection until the end of the year
and dismantling the system

The control group did not get any feedback during the data collection period.
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In all the treatment-groups access to the feedback system was provided by e-mails sent to
participants with their personal user details (i.e. user name and password) as well as an
electronic version of user manual explaining in details about the system and how to use the
it (for the user manual, see APPENDIX 3).

In addition, throughout the year, participants were contacted several times and were asked
to fill out a number of tasks as specified:

e When joining the study and installing the IVDR systems — filling up a first set of
questionnaires ("beginning" questionnaires).

e For the FFPG group only - receiving parental guidance session (at home) close to the
starting the solo phase (and turning on of the feedback).

e Three months after entering the solo driving phase (6 months of driving experience)
filling a second set of questionnaires ("mid" questionnaires).

e During the 12th month, the period in which the feedback was turned off, they were
requested to fill up a third set of questionnaires ("end" questionnaires).

¢ In addition, throughout the entire period drivers were requested to identify all of
their trips using a personal magnetic ("Dallas") key. In case unidentified trips were
reported, the family was asked to associate these trips to a driver.

e Upon completing all the requirements, the families received a voucher to dismantle
the box.

Figures 6.1 & 6.2 describe the timeline for each interaction with a family in the study. Some
interactions are study design manipulations (such as: opening and closing feedback), some
interactions are of a control manner (such as: e-mail confirming that the feedback system
works properly) and payments. Participant at the control group were required to fill out the
same tasks as in the other groups, with the only exception of having NO access whatsoever
to the driving records. The entire data collection took place between September 2009 and
November 2011.
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The study could be described as a system comprised of several parts/organs: the researchers,
operational staff, advisors, the in-vehicle system supplier and the participants (Figure 7). At the
core of the system was the operational coordinator (in the figure described as "Or Yarok") who
was responsible for the proper management of the entire process. The operator managed the
recruitment, the coordination among the different parts, and was the contact person for the
participating families, system supplier etc. The following is an illustration describing the study-

system and the relations among its parts:

Legal
consultation

Ethical
consultation

Researchers

GreenRoad

Participants

Figure 7: the study "system"

Tasks of the research coordinators were:

e continuously verify that the data is collected properly
e address any question or compliant from the study participants
e be responsible for forwarding the data to the researcher's analysis. This is being done

with extra care of keeping the study participants privacy.

The process is described in the next figure:

researchers

Unidentified
data, unless a

consent was
ﬂ given in writing
Identified data,
with access as
authorization <: coord
andaccording
todata

guarding law Supporting
systems
Unidentified
data, unless
given
Identification: identification
1. Details about the participants oraccess code
2. Comrelation between family and driving data

Figure 8: sturcture of the research team
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3.3 TheIVDR Technology

The IVDR systems that were installed in the vehicles were used both for the feedback and
monitoring and for driving data collection. The technology used in this study was developed by
GreenRoad technology®.

The GreenRoad IVDR system (GR) is a G-force based system which tracks all trips made by the
vehicle it is installed in and records the following information:

e Trip start and end time

e Driver identification

e All excessive maneuvers that have been identified ("events")
e Evaluation of the severity of each event

e Vehicle location (at fixed time intervals)

The overall framework of the system is shown in Figure 9. The system incorporates four layers
of data collection and analysis: measurement, identification, analysis and reporting.

The first layer in the system is the measurement module, which collects the two-dimensional
acceleration and speed of the vehicle at a sampling rate of 40 measurements per second. This
raw information is analyzed in two information processing layers. The first is a detection and
evaluation layer, which incorporates pattern recognition algorithms to identify and classify
over 20 different maneuvers types in the raw measurements. Examples of these maneuvers
include: lane changes with and without acceleration, sudden brakes, strong accelerations,
excessive speed (over 120 km/h) and more. The man oeuvres detected are classified into five
major categories — braking, accelerating, turn handling, lane handling and speeding. The
quality of performance of the detected man oeuvres is also evaluated. This evaluation is based
on parameters of the detailed trajectory of the vehicle during the maneuver, such as its
duration and smoothness and extent of sudden changes in the vehicle movement, and on the
speed it is performed at. The various information elements are transmitted in real-time,
continuously throughout the trip, using GPRS wireless networks to an application server, which
maintains a database with vehicle-specific and driver-specific trip history. The next layer, which
resides in the application server synthesizes the specific maneuvers that were identified to
evaluate an overall driving risk index at the level of the individual trip and of the vehicle overall
performance, to characterize and to classify the driver’s profile. In the current implementation
drivers are classified into three categories (cautious, moderate and aggressive) based on the
rate and severity of maneuvers they generate and on their speed profile.

The final layer is a reporting layer that provides feedback based on the information collected in
the database. This may be done both off-line and in real-time. In an off-line application,
various reports that summarize and compare information at the level of the driver, vehicle or
an entire fleet are produced and viewed as printed reports or through a dedicated website.
Real-time feedback, which typically includes warnings on aggressive behavior or on significant
deviations from the normal driving patterns compared to a pre-defined baseline of the fleet,
can currently be provided in two ways: through a text message sent to the driver or to others
(e.g. fleet managers, parents of a young driver) or through an in-vehicle display unit (as
demonstrated in Figure 10).
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Figure 9: Overall framework of the GR IVDR system

All trips performed by the equipped vehicle are monitored and the driver in each trip is
identified at the beginning of each trip by using a personal magnetic identification ("dallas")
key. In cases where the driver did not identify himself/herself, the trip is recorded with no
driver identification.

Figure 10: IVDR real-time feedback unit

In the feedback mode, a web-based application provides drivers with reports that summarize
and compare information at the level of the driver. An example of a monthly driver report is
presented in Figure 11 (a). The chart shows the various trips that the driver performed during
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the month, where each square represents a trip. The X-axis indicates the day of the month and
the Y-axis indicates the number of trips performed during each day. Trips are color-coded
according to their classification: green (cautious), yellow (moderate) and red (aggressive).
Black triangles correspond to night trips. Detailed information on each trip can be displayed by
clicking on the specific trip's square, as presented in Figure 11 (b). In addition, the report
includes statistics of the total hours driven during the month and comparison of the driver’s
performance to previous months. Drivers are categorized as green, yellow and red drivers
according to the amount and rate of their events where green drivers perform less than 20
maneuvers per 10 driving hours, yellow drivers perform between 20 and 50 maneuvers per 10
driving hours, and red drivers perform more than 50 maneuvers per 10 driving hours.

Manthly trips
The horizontal axis shows the day of the month
The vertical axis shows the trip number each day

Feb \Mar v 2007 ~|| Show | Apr
Braking Patterns Speed Handling Lane Handling Check all Filter
[¥] Acceleration Patterns Corner Handling Mo manoeuvres Create printable report

B8 night Drive

Details of selected trip

Date 034312007
Journey time J43FM

Du 12 minutes, 4 seconds

Duration over speed limit 0 minutes

Highest speed Mo high speed manoeuvres

Manoeuvres Safety level
34335 PM  Trip start

349:23PM  Braking

TRAIQPM  Trin and

Figure 11: An example of a wed based driver report: (a) A monthly report; (b) Details of selected trip

(b)




The GR version used in the current trial is V5.

The cost of the GR system varies according to specific parameters of the implementation and
service plan, roughly speaking it ranges approximately between 100-300 USS.

Further information on the technology and examples for its use can be found in the
manufacturer's site http://www.greenroad.com/. For previous studies with the system see
Toledo et al (2008) and Prato et al (2010).

The installation and dismantling were done by professional mechanics. Other than that, the

entire control of the system (mainly turning on/off the feedback) was done remotely by the
manufacturer representatives.

3.4 Parental Authority Intervention

Drivers in study group FFPG were exposed to their driving records as well as to other family
members' records. In addition, they received parental training in Vigilant Care in accordance
with a strict protocol. The intervention protocol was especially developed for this study by the
Psychologists Prof. Haim Omer and Ms. Yaara Shimshoni from Tel-Aviv University according to
the New Authority paradigm. It comprises of the following components:

Parental training session: This training began approximately one week prior to the beginning
of the independent driving period (at the end of the 3 month accompanied driving period) and
ended 3 months into the independent driving period. The one-session one hour meeting was
conducted at the family's house in the presence of both parents and the young driver. The
purpose of the parental training session was to familiarize parents with the concepts that
constitute parental supervision on teen driving and to supply them with practical means to
execute this supervision.

Vigilant Care booklet: At the end of the session parents were given a booklet that explains and
expands the contents of the session, providing parents with elaborate tools for coping with the
challenges of the first year of their son's driving.

Initiated phone calls: The parental training session was followed by 3 to 5 phone calls to the
parents, conducted by the study team and occurred in approximately 3 week intervals. The
purpose of the phone calls was to continue to encourage parents to stay involved in their teen
driving while supporting their supervision actions. Following the phone call, a summary of each
call was sent by e-mail to both parents.

"Hot line": A "hot line" was established for the sake of this research and parents were invited
to call if further guidance was needed.

The various tools that were developed for this group and were offered to the parents are
described in detail in the booklet that is attached in Appendix 4.

In order to assess the impact of the intervention, a Vigilant Care questionnaire was developed.
This questionnaire was designed to measure general parental supervision levels before the
intervention and afterwards (3 months into the independent driving period).
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3.5 Data

3.5.1 Data sets
The data generated and collected in this research include several data sets:

Observational driving data that was extracted from the systems installed in the vehicles. This
includes all the trips that were made in the vehicles, the identity of the driver for each trip,
start and end time of the trip and the trip safety score. Also, for each trip all the safety events
that occurred during it, including the event time and speed are documented. The total data
that was generated after data cleaning is 133,376 driving hours in 394,190 trips that were
made.

A data file which documents (at the vehicle level) the various treatments that each family went
through throughout the data collection phase, starting at the installment of the system until
the dismantling of it. Data includes dates of installations and dismantle, dates of the turn on or
turn off of the feedback system, dates of instructional session, drivers' and vehicles id's, as well
as special information about the participants, such as: exchange of car, operational problems
with the systems etc.

A compilation of questionnaires that participants were requested to fill up in different phases
throughout the research. The questionnaires were completed both by the novice drivers and
their parents and were designed to examine different aspects related to driving (e.g.
attitudinal, behavioral and contextual aspects) that may increase the explanatory power of the
data received from the green boxes. Some of the questionnaires are validated questionnaires,
and others were developed specifically for this study. The following are the main subjects the
guestionnaires address:

e Social-demographic background.

e Driving history (involvement in crashes and traffic violations).
e Parental supervision and authority.

e Attitudes towards the green box.

All the questionnaires were administrated to participants via e-mails and were completed on-
line. The following table summarizes the various data bases that were collected and used for
the analysis:

Table 2: Data sets summary

Data base Data source

Observational driving data (4 different

IVDR - Syst fact
types of data files) ystem manutacture

Online questionnaire system -

Self-report questionnaires administrated by Or Yarok

Administrative data file Internal management system in Or Yarok
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It should be noted that managing and using this data was under the permission of the Israeli
Justice Department to run a data base.

3.5.2 Data Cleaning

242 young drivers and their families joined this study after it was verified that they meet the
screening criteria. As in other Naturalistic studies, it was expected to have a rate of 10-20%
drop out. The reasons for this considerably high rate of dropout are: (1) failing to complete
the required tasks (i.e. filling questionnaires on time by all family members, systemic
avoidance of identifying trips and so forth); (2) reasons related to the technology such as:
system's problems resulting in loss of driving information, malfunctioning systems etc.; (3)
length of the collection phase (full 12 months) and the various natural changes in driving
parameters that can occur in such long period such as: change of vehicle, change of insurance
eligibility for the young driver, change in status of the young driver (e.g. joining active army
service) and more.

These problems were identified as a result of strict quality assurance procedures that were
administered during the data collection phase. For the reasons outlined above 25 families
were dropped from the study due to very partial and unsatisfying records of their driving data.
This resulted in a final sample consisting of 217 novice drivers, for whom at least 10 months of
valid driving data exist. For those drivers we also collected driving data of their parents and
other drivers who drove their vehicle. However it should be clear that not in all the vehicles
participating in the study, the parents were actually driving the equipped vehicle (one of the
parents may have driven another car), hence the number of parents included in the study
(either mothers or fathers) is less than 217.

Occasional trips that were not identified were not deleted. The overall trip identification rate
was quite high and stands on 79%.

As in all studies involving the use of technological systems, this study was not free from system
failures. A technical problem in this study was the reporting of false trips. During the data
preparation phase we cleaned trips that were suspected to be false (trips that were both in a
certain fixed length and the speed were too short relative to trip duration) and cleaned them
before the analysis.

These procedures resulted in a "clean" data set with approximately 400,000 trip and 133,000
driving hours, of which more than 25% are of young drivers

3.6 Random Allocation Tests

This section presents an analysis to verify that the young drivers and their families were indeed
randomly allocated to the four different research groups: CNTL (control group), IFNG
(individual feedback no guidance), FFNG (family feedback no guidance), and FFPG (family
feedback parental guidance), as described in section 22.2. The examination was based on the
demographic characteristics, personality characteristics and some initial driving data
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3.6.1 Examination of random allocation of young drivers and their

families based on their demographic characteristics

In order to verify that the allocation of the drivers to the four groups specified above was
indeed random; the distribution of the drivers based on different demographic characteristics

was compared among the four groups as presented in Table 3 to Table 12.

Table 3: Distribution of the drivers to the four groups by religion

Religion | Secular l’lradltlon Sellglou others Total

CNTL 43 13 6 1 63

IFNG 35 10 7 1 53

FFPG 40 11 5 56

FFNG 43 12 4 3 62

Total 161 46 22 5 234

Table 4: Distribution of the drivers to the four groups by place of birth

Cpu ntry of lsrael East West North. South. Australia | Total
birth Europe | Europe America America

CNTL 56 2 1 3 1 63
IFNG 50 1 1 1 53
FFPG 54 1 1 56
FFNG 61 1 62
Total 221 4 1 5 2 1 234
Table 5: Distribution of the drivers to the four groups by education

Education 12 with : 13-14 with

(Number of | 9-12 partial 12 W!th fuI.I professional | Total
years) matriculation ERALIE RS certificate

CNTL 16 6 39 2 63

IFNG 11 3 38 1 53

FFPG 13 3 39 1 56

FFNG 10 9 42 1 62

Total 50 21 158 5 234
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Table 6: Distribution of the drivers to the four groups by the young driver's grade

Grade 11" 12" 13™ 14™ Finished Total

CNTL 13 41 2 7 63

IFNG 9 40 4 53

FFPG 6 41 1 8 56

FFNG 10 45 1 6 62

Total 38 167 4 25 234

Table 7: Distribution of the drivers to the four groups by type of driving license

Driving License | Private Truck Tractor Motorcycle

Yes No Yes No Yes No Yes No

CNTL 63 1 62 1 62 4 59
IFNG 52 1 53 1 52 2 51
FFPG 55 1 1 55 1 55 1 55
FFNG 62 62 62 4 58

Total 232 2 2 232 3 231 11 223
Table 8: Distribution of the drivers to the four groups by the accompanying driver

Ac.c ompanying Father Mother iy Others Total
Driver parents

CNTL 13 17 31 2 63
IFNG 19 10 22 2 53
FFPG 18 11 26 1 56
FFNG 18 12 32 62
Total 68 50 111 5 234
Table 9: Distribution of the drivers to the four groups by historic crash involvement

Crash Involvement Damage only Injury Crash Fatal Crash
Number of Crashes 0 1 2 0 2 0

CNTL 43 5 1 48 1 49

IFNG 36 4 39 39

FFPG 44 1 2 47 47

FFNG 41 4 1 46 45

Total 164 | 14 4 180 1 180
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Table 10: Distribution of the drivers to the four groups by injury severity

Crash Injury No :ﬁ;;\ tly fggjerately Z:\Zrely Total

CNTL 57 3 1 1 62
IFNG 47 4 51
FFPG 51 5 56
FENG 58 4 62
Total 213 16 1 1 231
Table 11: Distribution of the drivers to the four groups by involvemnet of relatives in injury crashes

e e Wy e v s 726|100
CNTL 35 18 4 2 3 62

IFNG 25 17 6 1 52

FFPG 29 17 3 3 56

FFNG 33 19 8 2 62

Total 122 71 21 8 10 232

Table 12: Distribution of the drivers to the four groups by loss of a family relative

Loss of Family Relative No | Yes Total
CNTL 54 |6 60
IFNG 48 | 4 52
FFPG 49 |7 56
FFNG 55 |6 61
Total 206 | 23 229

In order to test if drivers are equally distributed to the four groups by socio-demographic
variables, Kruskal-Wallis nonparametric tests were conducted. The results of the chi-square
test statistics indicate that it is not possible to reject the null hypothesis at the 95% confidence
level that the distribution of the four groups according to each socio-demographic
characteristic is similar. In other words, it can be confirmed that the distribution of drivers into
the four groups, according to the different questions that were included in the demographic
questionnaires are similar and that indeed there was a random allocation of the drivers to the
four groups.

3.6.2 Examination of random allocation of young drivers and their
families based on their personality characteristics

The novice young drivers completed several questionnaires that reflect their personality and
driving behavior. Table 13 through Table 17 summarize and compare the mean and standard
deviation of the drivers’ answers in the four groups with respect to the driving costs and
benefits:
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Table 13: Means (Std.) of the driving costs and benefits for drivers in each group

FFNG|  FFPG|  IFNG|  CNTL
Benefits
_ 3.62 3.74 3.55 3.66
Impression management (1.25) (1.25) (1.37) (1.28)
, 1.85 1.99 1.93 2.1
Thrill (0.77) (0.79) (1.10) (1.10)
5.23 5.40 5.24 5.47
Pleasure (1.11) (1.12) (1.32) (0.99)
4.88 5.20 5.02 5.18
Sense of control (0.99) (1.16) (1.11) (0.98)
Costs
_ 1.60 1.53 1.47 1.59
Distress (0.73) (0.55) (0.47) (0.65)
_ 1.49 1.47 1.51 1.60
Damage to self-image (0.60) (0.62) (0.66) (0.68)
1.47 1.37 1.37 1.44
Annoyance (0.86) (0.79) (0.63) (0.70)
. 2.14 2.20 1.79 2.10
Life endangerment (1.32) (1.26) (1.01) (1.22)
Table 14: Means (Std.) of the family relations as reported by drivers in each group
FFNG FFPG IFNG CNTL
. 4.00 3.97 3.90 0.91
Cohesion (0.58) (0.50) (0.52) (0.51)
3.54 3.51 3.47 3.55
Adaptability (0.58) (0.41) (0.46) (0.43)
Table 15: Means (Std.) of drivers’ sensation seeking in each group
FFNG FFPG IFNG CNTL
Sensation seeking 1.33 1.29 1.29 1.36
(0.24) (0.27) (0.22) (0.24)
Table 16: Means (Std.) of trait anxiety and aggression of drivers in each group
FFNG FFPG IFNG CNTL
Trait Anxiety 1.55 1.55 1.55 1.51
(0.36) (0.30) (0.38) (0.34)
Trait Aggression 1.72 1.66 1.71 1.72
(0.35) (0.37) (0.44) (0.50)
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Table 17: Means (Std.) of risky driving among peers in each of the four groups

FFNG FFPG IFNG CNTL

1.49 1.59 1.54 1.59

Dangerous driving among friends (0.38) (0.41) (0.44) (0.44)

The results in Table 13 to Table 17 show that the means and standard deviations of the
different measures of personality and driving behavior in the four groups are similar. In order
to examine if the differences among the four groups are statistically significant at the 95%
confidence level One-Way ANOVA'’s and MANOVA'’s analysis were conducted. Tests results
indicated that the null hypothesis of no differences between groups according to the different
measures cannot be rejected. Thus there is no major difference and it can be said that the
drivers were randomly allocated to the four groups according to their personality
characteristics.

3.6.3 Examination of random allocation based on driving data

Random allocation would be further confirmed if no difference among groups with respect to
driving behavior will be found during the "before" phase, when groups are still
undifferentiated by feedback.

The date of the system installation and the date that the drivers started to receive feedback is
different for each family. The date of installation represents the beginning of the period with
no feedback, and the date of opening the internet web feedback and the display indicator (red,
yellow, and green) in the vehicle is referred to as the date when drivers started to receive
feedback. In most cases the internet web feedback started to work couple of days before the
display indicator inside the vehicle. Therefore, for the next analysis, we chose the date when
the internet web feedback started to work as representing the end of the period with no
feedback. The average time period with no feedback is about a month. Actually, some drivers
had only few days with no feedback and others drove for two months with no feedback. The
average time period was about a month. Note that the control group did not have any
feedback for the whole duration of the data collection period (neither web access nor in-
vehicle display), so their data during the accompanied period were considered.

Thus, for each driver, his trips between the date of installation of the green box and the date
of providing access to the internet web feedback ("before treatment" or naturalistic driving
period) were taken into consideration for the comparison. Table 18 presents summary
statistics (min, max, average, standard deviation) for the trip duration (min) and trip safety
score for the four groups of drivers during this "before feedback" period. The trip safety score
can get values of 1, 2, or 3. Scores refer to the safety level as described in section 3.3 above,
where Score 1 indicates a “green” safe trip, 2 indicates a “yellow” moderate trip and 3
indicates a “red” aggressive trip.
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Table 18: Summary statistics for driving measures during "before feedback" phase (young drivers only).

FENG | FFPG | IFNG | CNTL

Total number of trips during "before feedback period | 2718 | 1825 | 2165 | 4686

Number of drivers 47 48 50 51
Trip Duration (minutes)

Average 21.05 | 21.07 | 22.31 | 21.02

Std. 18.51 | 19.80 | 20.76 | 17.88
Trip Safety Score

Average 1.40 |1.37 |1.37 |1.42

Std. 0.73 |0.71 |0.70 |0.72

Figure 12 to Figure 14 describe the distribution of the trip duration and the trips safety scores
and type of events registered for the four groups of the research taking into account only the
novice young drivers.
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Figure 12: Distribution of the trips duration for each group — Before Feedback Phase
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Most trips had duration less than 60 minutes as can be seen in Figure 12. In the control group
some trips lasted for more than 10 hours, but the frequency of those trips were low.

Figure 13 presents the distribution of the trip safety score for each of the four research groups
again taking into account only the young drivers.
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Figure 13: Distribution of the trip safety score for group — Before Feedback Phase

It can be seen that the most common trip safety score for the four research groups is 1 which
indicates a “green” or "safe" drivers. The percentages shown in Figure 13 for all groups are
similar (no significant difference exist among these groups).

The system aggregate and classifies aggressive maneuvers ("events") into 20 different types
presented in Table 19. Figure 14 presents the distribution of the types of events for the four
groups of research during the “before feedback” phase.

Figure 14 shows that for the CNTL group (Figure 14(a)), the three most common events are:
braking, braking at curve, and speed warning. With respect to the IFNG group (Figure 14(b)),
and in the time period before the drivers received any feedback, there were two common
events, braking and braking at curve, followed by speed warning, lane-changing and
acceleration when exiting a curve. In the guidance, FFNG group (Figure 14(c)), three common
events were identified: braking, braking at curve, and speed warning, and after these three
events followed by lane-changing and acceleration when exiting a curve. Finally, the FFPG
group (Figure 14(d)), had three common events: braking, braking at curve, and lane changing.
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Table 19: List of events indicated by the IVDR

Event description Event description Event description
No. P No. P No. P
1 Braking 8 Accelerate while in 15 Trip start
turn
2 Accelerating 9 Braking while in turn 16 Trip end
Accelerate whil
3 Braking into turn 10 C.C(.e erate while 17 Estimated trip start
exiting turn
. Braking while exiting . .
4 Accelerate into turn | 11 turn 18 Estimated trip end
5 Accelerate while in 12 Lane change 19 Speed alert
turn
6 sudden brake in 13 Bypass 20 Collision Suspect
turn
7 Turning 14 Lane Handling

It can be summarized that from a list of 20 pre-defined events, there were four common

events that were identified in the four research groups, which are: braking, braking at curve,

speed warning, and lane-changing. Differences among the groups were not found to be

significant.

In summary, we can claim that based on the socio-demographic data, the personality

characteristics and the driving data prior to receiving feedback — no significant differences

among the four groups were found, and thus, any further differences in later stages of the

research can be attributed to the intervention and the feedback type provided to the drivers.
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PART B:
FINDINGS




4 CHARACTERISTICS OF THE SAMPLE

This chapter describes the socio-demographic and some other characteristics of the sample in
three layers: the young drivers, the parents and the household. Other than typical socio-
demographic data (such as age, education, place of birth etc.), the results present background
information, such as driving history and driving-related parameters of the participants. The
data was derived from several questionnaires filled by both parents and young drivers before
the beginning of the study. It should be noted that results presented in this chapter describe
the preliminary sample, before data cleaning, and hence relate to 242 families.

4.1 Characteristics of the Young Drivers

4.1.1 Socio-demographic characteristics

Figure 15 describes the age distribution of the young drivers who participated in the study.
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Figure 15: Age distribution of the young drivers

It can be seen from Figure 15 that the age of most young drivers is between 17 and 18 years

old. Table 20 describes their military service status:

Table 20: Military service status of the young drivers

Military Status Frequency
Soldier/Year of military service 4/1

In recruitement process 13
Student, still didn’t start the recruitement process | 225
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It is shown in Table 20 that the vast majority of the sample were students when entering the
study. Figure 16 presents the distribution of religion, birth country, grade, and education of the
young drivers.
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Figure 16: Young driver’s background characteristics: (a) religion; (b) birth country; (c) grade; (d) education.

Figure 16 (a) shows that most young drivers (69%), are secular, 20% are traditional, 9.4%
religious and 2% from other religion. Figure 16 (b) shows that most young drivers (91%), were
born in Israel, very few in East Europe and West Europe (1.7% and 0.4%, respectively), 2% in
North America, 0.8% in South America and 0.4% in Australia. Figure 16 (c) shows that 71% of
the young drivers are in the 12th grade at school, 16% in the 11th grade, and the rest, about
12%, either in the 13th, 14th grades or completed their education. Finally, Figure 16 (d) shows
that most young drivers completed 12 years at school with full degree (68%), about 21%
completed between 9-12 years at school with no full degree, about 9% completed 12 years at
school but with no full degree, and 2% completed 13-14 learning years with a certificate.

As most of the drivers who joined the study were recruited from Or Yarok for Life program
database, it was expected that most of the participants had gone throught a guidance meeting
(Figure 17).
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Figure 17: Participation in "Or Yarok for Life" guidance meeting

Figure 18 describes the frequency of young drivers in the study that were diagnosed with
ADHD (Attention Deficit Hyperactivity Disorder).

200—

%

100

Frequency

No Not diagnosed Diagnosed to Else
but think that I have ADHD
have ADHD but don't take
problem medicine

ADHD Diagnosis

Figure 18: ADHD diagnosis of young drivers

it can be seen that most young drivers (199 out of 243) do not suffer from ADHD, 6% of the
young drivers were not diagnosed as ADHD but think that they may suffer from it, and 10% of
the young drivers were positively diagnosed as having ADHD but do not take medicine (these
10% are ditributed more or less equally among the 4 study-groups).

In order to make sure that participants can handle the web-based feedback, they were
screened for having at least basic computer skills, mainly using internet, e-mails and word

proccessor. Figure 8.5 presents the results.
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Figure 19: (a) Young drivers' skills in using the internet; (b) young drivers' skills in using word processor

It is shown that most young drivers (over 85%) have excellent skills in using the internet and
word processor. Figure 20 presents the young drivers’ frequency in using the internet and their

skills in sending e-mails.
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Figure 20: (a) Young drivers' skills in sending e-mails; (b) frequency of using the internet

It is shown in the figures above that most young drivers use the internet quite
frequently and have excellent skills in sending e-mails.

4.1.2 Driving history and driving-related characteristics

Figure 21 presents the distribution of the parents who are expected to accompany their child
during the ADP.

The "First Year" study 66



120—

100—

x©
T

Frequency
D
T

40—
20—
07
Father Mother Both Else
parents

Accompanying Person

Figure 21: Frequency of parents in accompanying their child

When young drivers were asked who will mostly accompany them when driving during the first
three months after licensure, most of them (48%) answered that both parents will take part,
about 29% answered that only their father will accompany them, 22% answered that only their
mother will accompany them, and less than 2% answered that someone else will accompany
them.

Table 21 describes the type of driving license that young drivers have. As can be seen, most
young drivers have a private/commercial driving license and have no license for motorcycle,
truck or tractor.

Table 21: Young drivers' type of driving license

Driving license type Yes No
Private/Commercial 230 2

Motorcycle 11 221
Truck 2 230
Tractor 3 229

The crash history of young drivers was also examined. Young drivers were asked four questions
related to their crash history as summarized in Table 22:

Table 22: Young drivers’ history of crashes

Question 0 1 [2]>2
The number of times that he was involved in damage-only crash 216 |14 (4|0
The number of times of damage-only crashes the young driver was

. 229 14 |10
found guilty
The number of times that he was involved in a crash with injuries 233|0 |10
The number of times that he was involved in a crash with fatalities 23410 (0|0

As can be seen from the results in Table 22, most young drivers were not involved in crashes.
14 drivers were involved in one damage-only crash while 4 out of these were found guilty, 4
drivers were involved in two damage-only crashes and one of these four was found guilty in
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both crashes. One driver was involved in crashes with injuries. About 21% of the drivers did

not answer the question.

Figure 22 presents the distribution of young drivers who were injured as a result of traffic
crashes. As can be seen most drivers were not injured in a traffic crash, 16 were slightly
injured, 1 moderately injured, and one severely injured. 5 young drivers did not answer the

question.

S5} (3]
(= (%3
T T

é?

Frequency
S
?
=

i

[ l
No Yes, Yes, Yes,
slightly moderatly severly
Were you injured as a result of a traffic
crash?

T

Figure 22: Injuries as a result of traffic crash during a driver life time

Figure 23 presents the results whether any family relatives of the young drivers were injured in

a traffic crash during their lifetime.
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Figure 23: (a) Young drivers’ loss of a family relative during the last year (b) Involvemnt of young drivers’ family

relatives in traffic crashes in their lifetime

Figure 23 (a) shows that most young drivers, 90%, had no family relatives that were killed
during the last year, and about 10% of the drivers lost a family relative during the last year. In
Figure 23 (b) 53% of the young drivers did not have any family relatives who were injured in
traffic crash, 31% had a family relative who was slightly injured, 9% was moderately injured,
3% was severely injured and 4% was deadly injured.
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4.2 Characteristics of the parents

4.2.1 Socio-demographic characteristics

Parents were asked to give background information such as: age, religion, family status,
profession, education, involvement in road crashes, etc. This information is summarized

below.
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Figure 24: Parents’ demographic characteristics

Figure 24: (a) shows the age distribution of both parents, which ranges between 33 and 62
year old. Figure 24: (b) shows that most parents, 78.4%, were born in Israel, few, 11%, were
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born in Europe, 4.7% in America, 6.9% in Africa, 0.2% in Australia and 1/6% in Asia. Figure 24:
(c) shows that most parents, 71%, are secular, 18% traditional, 10% religious, and 1% follow
other religion. Most parents are married as shown in Figure 24 (d), but there are some that are
divorced and very few that are single, widower, or else. Figure 24: (e) and Figure 24(f) show
that most parents of young drivers are employees with Bachelor and Master Education.

Parents' computer skills: Figure 25 describes the mothers’ skills in using the internet and word

processor.
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Figure 25: (a) Mothers' skills in using the internet; (b) mothers' skills in Word processing.

As shown in Figure 25, most mothers have excellent skills in using the internet and using word
processor. Figure 26 describes the mothers’ frequency in using the internet and their skills in

sending e-mails.
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Figure 26: (a) Mothers' skills in sending e-mails; (b) frequency of young drivers' mothers in using the internet

Most mothers use the internet quite frequently (45%) or often (32%) and have excellent skills

in sending e-mails (70%).

Figure 27 presents the results on the fathers’ skills in using the internet and Word processor.
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Figure 27: (a) Fathers’ skills in using the internet; (b) fathers’ skills in Word processing.

As shown in Figure 27 most fathers have excellent skills in using the internet and word
processor. Figure 28 presents the fathers’ frequency of using the internet and their skills in

sending e-mails.
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Figure 28: (a) fathers’ skills in sending e-mails; (b) Fathers’ frequency in using the internet.

From those who answered the questions on the frequency of using the internet and about
their skills in sending e-mail, 63% use the internet frequently and 21% use it often. 71%

reported that they have excellent skills in sending e-mails, and 14% have good skills.

4.2.2 Driving history and driving-related characteristics

In the sample, 226 mothers out of 243 had a valid driving license. 223 out of the 226 were also
active drivers and 3 were not active drivers although they had a valid driving license. 13
mothers did not have a driving license. As for the fathers, 227 fathers out of 243 had a valid
driving license. 226 out of the 227 were also active drivers. 16 fathers did not answer this

question.
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Table 23 describes the type of driving license that each parent have taking into account 4
possible categories: Private/commercial vehicle, private two-wheeler, tractor, and truck.

Table 23: Driving license by type of vehicle

Father Mother Unknown
Driving License Type

Yes No Yes No Yes No
Private 195 14 205 14 2 25
PTW 71 138 13 206 2 25
Truck 33 176 7 212 0 27
Tractor 40 169 3 216 2 25

As shown in Table 23, most parents have a driving license for private/commercial vehicles;
some have a driving license also for PTW and few have a driving license for the other types of
vehicles (truck and tractor).

Figure 29 presents the involvement of the parents in road traffic crashes and the number of
times the parent was found to be guilty in their lifetime.

Figure 29(a) and Figure 29(b) describe the involvement of the parents in damage only crashes
and the number of times they were found to be guilty, respectively. As can be seen some of
the parents were not involved in any damage only crash but most of them were involved, and
a large part also was involved in two or more damage only crashes. It can be noticed that
mothers were more involved than fathers in 1 or 2 damage only crashes, and fathers were
more involved in more than 2 damage only crashes than mothers. Figure 29(b) shows that
respectful fractions of these damage only crashes the parent was not found to be guilty, or
was found to be guilty in one or two damage only crashes. Few were found to be guilty in
more than two crashes. Concerning road crashes with injuries, presented in Figure 29(c) and
Figure 29(d), it can be seen that most parents were not involved in a crash with injuries, and
among those who were involved about half of them were not found guilty. Finally, Figure 29(e)
and Figure 29(f) present the involvement in fatal road crashes. Only one father out of those
who answered the questions was involved in a fatal road crash but he was not found to be
guilty. It should be indicated that the rate of answer on these questions was quite low.
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Figure 29: Parents’ involvement in road crashes by level of injury

Figure 30 presents the results whether the parents got injured in road crashes. Most parents
(70.9%) were not; about 23.5% of the parents were slightly injured, 5% was moderately injured

and 0.5% was severely injured.
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Figure 30: Hurt in road crash

Figure 31 describes the involvement of parents’ relatives in road crashes.
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Figure 31: The involvement of parents’ relatives in road crashes.
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Figure 31(a) shows that most parents, ~ 50%, did not have any relatives that were injured in a
traffic crash, 31% of the fathers and 25% of the mothers experienced the involvement of their
relatives in a traffic crash with slight injury, about 8% with moderate injury, 6-7% with severe
injury, and 8% of the parents lost one of their relatives in a fatal traffic crash.
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Figure 31(b) shows that about 85% of the parents did not experience a loss of a relative in the
last year (not necessarily in a traffic crash), and 16% lost a relative in the last year.

4.3 Characteristic of the household

Figure 32 presents the number of vehicles in the household and the ownership of the vehicle
in which the IVDR box was installed.

Figure 32 (a) shows that in 79% of the families the IVDR system was installed in the private
vehicle that the household owns, and only 12% in the vehicle of the work ownership and 8% in
a leased vehicle. The results in Figure 32 (b) show that most families (55%) have two vehicles

and 36% have one vehicle. Only 9% have 3 or more vehicles.
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Figure 32: (a) Ownership of the vehicle where the IVDR system is installed; (b) number of vehicles in a household.

Figure 33 (a) presents the persons who drive the vehicle with the IVDR, and Figure 33 (b)
presents the distribution of the number of children in the family (not including the young

drivers).
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Figure 33: (a) persons who drive the vehicle with the IVDR; (b) Number of other children (not including the young

drivers).

Figure 33 (a) shows that the vehicle used by the young driver (which includes the IVDR system)
belongs to one of his parents. The results in Figure 33 (b) shows that about 40% of the
households have no other children (16-24) beside the young driver, 42% with one child beside
the young driver, about 17% with 2 children, and only 2% with more than two children.
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5 EXPOSURE

In this chapter we analyze the exposure data of young drivers during the ADP and thereafter.
In particular we monitor and compare the amount of driving in the two periods, and the
properties of the trips made in terms of the distributions of trip duration, time of day and day
of the week.

5.1 Assignment of unidentified trips

This section analyses the exposure of young drivers and thus is based on all trips performed by
all drivers participating in this research. In total there were 115,038 identified trips by the
young drivers, and 65,797 trips that were not identified, in other words, the driver was not
known for these trips. In order to use all the trips, including the unidentified trips, a
classification tree model for each family was developed based on the identified trips of the
family. A classification tree creates rules and uses them to predict future events. In our case,
the developed models were used in order to assign probabilities for each family member every
time there was an unidentified trip. These probabilities represent the likelihood that each
family member was the driver of this unidentified trip. The variables that were most often
useful in the classification of the unidentified trips were: the driver in the previous or
subsequent trip, destination of the trip, time of day, duration of the trip, events rate (number
of events in a trip divided by its duration), and whether it was a solo or accompanied trip.
Figure 34 illustrates a classification tree for one of those families. It can be seen that in this
family there are three drivers, as shown in the first node, “Role”, where value 1, represent the
young driver, value 2 for the father and value 3 for the mother. It can also be noted that most
trips were performed by the mother (95.3%). The first variable that best classifies the trips is,
the “previous role” which is the driver in the previous trip, in other words if the driver in the
previous trip was the father, it is most likely that the driver in the current trip is also the father.
The second best variable is the duration of the trip, and the third is the destination of the trip
based on the GPS data’. Based on the classification a set of rules are created. These rules are
expressed as a set of logical “if...then” statements that describe the model’s classifications or
predictions for each node. This set of rules is applied to the unidentified trips to predict the
probabilities of the driver of these trips by assigning probabilities for each family member.
These probabilities are then used in further calculations of the total number of trips, total
duration time etc.

The SPSS classification tree procedure was used for this purpose (SPSS Inc., 2007).

! for more information about defining destination, please see Appendix 5
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Figure 34: Classification tree for one of the families

The resulting dataset covers 45,276 driving hours within 144,300 trips.




5.2 Amount of Driving

5.2.1 Exposure - overview

Table 24 summarizes the total number of trips that were performed by drivers in each group of

the research taking into account the whole period that data was collected.

Table 24: Total number of trips for each group (all drivers)

FFNG

FFPG

IFNG

CNTL

Total number of trips

101,277

101,426

92,605

98,882

From Table 24 It can be seen that the total number of trips in all the four groups are very

similar. Table 25 presents summary statistics for the trip durations for each group.

Table 25: Summary statistics for the trip duration (minutes) in group (all drivers)

FFNG FFPG IFNG CNTL
Minimum 1.52 1.52 1.52 1.23
Maximum 332 353.75 329.07 342.32
Average 20.19 20.89 20.73 19.41
Std. 18.23 19.47 19.48 18.35

It can be seen from the results in Table 25 that the average trip duration and standard
deviation are similar in the four groups; the average of the trip duration is about 20 minutes
and a standard deviation of about 19 minutes.

5.2.2 Exposure Differences between ADP and Solo Phase

Earlier research indicated the importance of the amount of supervised driving experience on
the crash risk for novice drivers within the GDL program. For example, in Queensland in July
2007 the GDL program was extensively modified to include 100 hours of certified supervised
driving practice recorded in a logbook which must be submitted at least two weeks prior to
completing a Practical Driving Assessment. Ten hours of driving at night must form part of this
practice (Scott-Parker et al., 2012). Table 26 presents summary statistics for the amount of
driving in the ADP and solo periods. The table shows a sharp increase in the mean weekly
driving (74% in driving time and 103% in number of trips) in the solo driving period compared
to the ADP. This increase is statistically significant (p<0.001 in both statistics). It is observed not
only for the means but also in the other relevant summary statistics. The increase is even
larger in terms of the numbers of trips drivers undertake. The reason is that drivers not only
drive more hours, but they make shorter trips.
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Table 26: Number of trips per week in the accompanied period and thereafter

Young Drivers

Driving time Number of Trips Average trip length

(hours/week) (trips/week) (minutes)
Statistic ADP solo ADP solo ADP solo
Mean 2.47 431 6.91 14.02 22.11 19.36
Median 2.04 3.61 5.47 11.89 21.23 18.78
Minimum 0.05 0.00 0.13 0.61 7.64 9.77
Maximum 18.73 19.42 43.11 73.39 52.41 42.30
Standard deviation | 2.27 3.05 6.36 9.70 6.76 4.79

Figure 35 illustrates the distribution of the weekly driving time in the accompanied and solo
period. It can be seen that the fraction of young drivers that drive up till three hours per week
in the accompanied period is higher when compared to the solo period, while the fraction of
drivers that drive 4 hours and more per week is higher in the solo period compared to the
accompanied period. In other words, young drivers drive more hours per week in the solo
period compared to the accompanied period. A paired sample t-test between the
accompanied and solo driving time per week for each young driver revealed that the
differences are statistically significant at the 95% confidence level (t-statistic = -9.89, P-
value<0.0001).
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Figure 35: Distribution of weekly driving time among young drivers
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Table 27 presents the mean and standard deviation (in parenthesis) statistics of the driving
time and numbers of trips in the ADP and the solo period according to weekdays and weekend
as well as to day and night-time driving. The p-values refer to paired t-tests for the equality of
means of the two periods, accompanied and solo. The results show that young drivers’ total
driving time (hr/week/driver) and total number of trips (trips/week/driver) are significantly
higher in the solo period compared to the accompanied period (p-value<0.0001 in both cases).
Also, the percentage of night-time driving and number of trips increases drastically when
young drivers start their solo driving. The increase was found to be about 185% at night-time
driving and 196% in the number of night trips. Both cases are statistically significant (p-
value<0.0001). The percentage of driving time and number of trips during the weekend was
almost similar in the two periods and no significant differences were found (p-value=0.842,
0.106 respectively).

Table 27: Amount of driving in the ADP and solo period for young drivers

Summary Statistics Accompanied Solo p-value

Total (hr/week/driver) 2.5(2.27) 4.3 (3.05) <0.0001

. . % night driving
Driving Time (10PM — 6 AM)
% weekend driving
(Fridays - Saturdays)

Total (trips/week/driver) 6.9 (6.36) 14.0 (9.70) <0.0001

9.2(8.7) |26.3(13.0)| <0.0001

33.1(18.3) | 33.1(12.1) 0.842

% night trips
Number of Trips (l(o)Pl\ﬁ—GApM) 9.4(85) |27.8(13.2)| <0.0001

% weekend trips
(Fridays - Saturdays)

30.9(16.7) | 32.9(11.8) 0.106

5.3 Distribution during the day

Figure 36 shows the distribution of the driving time during the day in the accompanied and
solo periods.

It is clear that once young drivers start their solo driving their driving hours shift to later hours
of the evening till after midnight (21:00 — 03:00), about 15% in the accompanied period
compared to 30% in the solo period. While in the accompanied period the peak hour is
between 6-9PM (24% of the driving time), in the solo period, there is no clear peak hour, but
the driving time fraction is almost constant between 3PM till midnight. These hours are
typically when the family car becomes more available to the young drivers. In order to assess if
the differences between the fraction of young drivers’ driving time between the accompanied
and solo period and during the different periods of the day are significant a repeated measures
MANOVA was conducted. The results indicate that the differences were statistically significant
at the 95% confidence level. Coupled together with the sharp increase in the total driving time
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from the accompanied driving to the solo period, the results indicate that young drivers who
have gained little experience in night driving during the accompanied driving undertake
significant night driving once they are in the solo period (an average of 1.3 hours per week). As
with the overall amount of driving, setting minimum nighttime driving requirements during the
ADP may be useful in tackling this difference.
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Figure 36: Distribution of driving time over the day in the accompanied and solo driving periods.

5.4 Distribution during the week

Figure 37 shows the distribution of the driving time during the days of the week in the
accompanied and solo period. For the purpose of this analysis we define days from 6AM to
6AM on the next day. We also note that in Israel the weekend includes Friday and Saturday.
The figure shows almost similar results for the accompanied and solo period. Driving times
split pretty much evenly among all days. In order to assess if the differences between the
fraction of young drivers’ driving time between the accompanied and solo period for the
different days of the week are significant a repeated measures MANOVA was conducted. The
results indicated that the differences were statistically not significant at the 95% confidence
level. Somewhat higher driving times are observed on Thursdays, Fridays and Saturdays for
both periods. In the accompanied periods this probably stems from the fact that parents
mostly have more time in the weekend compared to working days. In the solo period, this
stems from the fact that the family vehicle is more available during the weekends.
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5.5 Distribution over the weeks from solo driving

Figure 38 and Figure 39 show the distribution of number of trips and driving time over a period
of 10 months (44 weeks), 2 month accompanied driving (before solo) and 8 month solo driving.
Time zero refers to the day that the young driver can start his solo driving.
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Figure 38: Distribution of the number of trips over 10 month (2 before solo and 8 after solo).

0.18 —

B Accompanied
H Solo

Sunday

Monday

Tuesday Wednesday Thursday
Day of the week

Accompanied

Solo

|II1IIIJ

nnmnn

i

7 -5 -3 -1 1

35 7 9 11 13 1517 19 21 23 25 27 29 31 33 35

Weeks from solo driving

The "First Year" study

I

Figure 37: Distribution of driving time over the week in the accompanied and solo driving periods.
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Figure 39: Distribution of the driving time over 10 month (2 before solo and 8 after solo).

Both figures clearly show the sharp increase in the amount of driving, both in terms of number
of trips and time duration, after the transition to the solo period. Within the accompanied
period, there is a gradual increase in the number of trips and the driving times observed. In the
solo period, driving times are highest in the initial weeks and drop down somewhat after that.
However, there is no clear pattern on driving times in this period.

5.6 Distribution of total number of trips by trip
type

Figure 40 shows the distribution of the number of trips by trip type in the accompanied and
solo periods separately. Four types of trips were defined: HH (home to home), which are trips
that start and end in the area around home; HO (home to other), which are trips that start at
home area toward a more distant location; OH (other to home), which are trips that start from
a distant location toward the home area, and OO (other to other), are trips that start and end
from locations distant from the home area.
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Figure 40: Distribution of the number of trips by trip type

It can be seen from Figure 40 that young drivers make more OO (Other to Other) trips in the
solo period compared to the accompanied driving period. While in the accompanied driving
period, young drivers make more HH (Home to Home) trips than in the solo period. These
results were expected since in the accompanied driving period, the purpose of the young
drivers’ trips is mainly to gain experience in driving, and thus the trip typically starts from
home and ends at home area. On the other hand, in the solo driving period, the young driver
has more flexibility in his chosen destination, for example, picking his friends on his way to his
final destination, etc., and thus generating more OO trips.

5.7 Distribution of weekly driving time among
drivers in each group

Figure 41 shows the distribution of the weekly driving time among drivers in each group in the
accompanied period, Figure 41(a), and for the solo period, Figure 41(b), separately. It can be
clearly seen that there are differences in the weekly driving time between the groups in both
the accompanied and solo periods.
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Figure 41: Distribution of weekly driving time in the (a) accompanied period (b) solo period.
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5.8 Summary statistics for the amount of driving
in the accompanied period

This section summarizes the characteristics of the accompanied period in terms of duration,
number of trips, total number of hours etc. Table 28 summarizes some statistics of these

characteristics of the accompanied period.

Table 28: Summary statistics of the characteristics of driving during the accompanied period

Total number Number of W.EEkS Total number of
. of accompanied .
of trips .. hours driven
driving
Total for all young drivers | 10879 1737 3919
Average per driver 52.81 8.05 19.02
Median 40.39 8.56 14.99
Min 1.00 0.35 0.39
Max 373.00 12.91 166.97
Std. 50.28 3.17 18.37

The results in the table above show that on average a young driver has about 50 accompanied
trips distributed over a period of 8 weeks, and drives a total of 19 hours during the
accompanied driving phase. It is worth mentioning that this amount of driving is far below the
minimum requirement for 50 hours of accompanied driving.

5.9 Trips and Roundtrips Temporal properties?

In this section we present results of analyzing home-to-home roundtrips made by the young
drivers during the accompanied and solo periods. The analysis is based on the GPS location of
start and end of trips. The full paper describing the analysis appears in Appendix 6. In this
section we include a short summary of this paper.

This study evaluates how driving patterns change among novice drivers after the accompanied
driving stage that is required by the Israeli GDL system is completed and the solo driving stage
begins. Location data (GPS blips) of the roundtrips of 193 novice drivers was recorded during a
12-month period. Roundtrips are defined as consisting of all trips recorded between the time
the vehicle leaves the home location to the time it returns, resulting in a database of 51,918
roundtrips. Using the general additive model technique, we explored the time-series of various
measures characterizing the roundtrips of novice drivers: driving duration; distance from
home; number of trips; the distribution of drivers in roundtrips; and the number of unfamiliar
destinations visited.

Several interesting findings were discovered. First, the number of roundtrips more than
doubled immediately after the accompanied driving ends. Interestingly, the roundtrip duration

? This section was written by Dr. Oren Musicant & Prof. Yoav Benjamini
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and the distance from home did not increase when novice drivers moved to the solo driving
stage. On the contrary, novice drivers in our sample preferred not to distance themselves from
their home location in comparison to the accompanied stage. Yet, the distance from home
gradually increased a few months after the beginning of the solo period. We also found that
during the accompanied driving stage, trips in the roundtrip framework were more likely to be
shared between the novice driver and the parent (or other accompanying driver). One possible
explanation may be that this phenomenon occurs when the complexity of the driving task
increases (for example, when the novice driver is tired) to a level requiring a more experienced
driver. In such cases, since the parent assumes the responsibility of driving, his function
exceeds that of being a passive advisor. This luxury is not always possible in the solo phase
since the presence of an experienced accompanying driver is not mandatory.

One of the most interesting findings refers to the rate of visiting new destinations (see Figure
42). Immediately after the accompanied period was ended, the rate of visiting new
destinations was almost doubled. Novice drivers did not only drive more (additional
roundtrips) they also drove to a larger number of unfamiliar places.

o
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New destinations
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Figure 42 : Rate of visiting new destinations

We propose that novice drivers not only experience an increase in exposure (more roundtrips)
but also an increase in driving complexity measured by the ratio of trips per roundtrip and new
and unfamiliar locations visited per driving day. To ease this complexity, accompanying drivers
can use the time in the accompanied period to plan trips to specific destinations that novice
drivers might be driving to in the near future when they are on their own (for example, leisure
sites, friends, neighborhood sites, school etc.) Dedicating the time to visit relevant locations
may be more useful even at the expense of gaining long distance experience.

Using a large amount of data coupled with statistical analysis techniques and behavior
measures adopted from various disciplines, such as spatial and temporal studies of animals,
can yield interesting findings and deeper understanding about driver behavior. The use of the
roundtrip framework holds several advantages over the more conventional trips (origin to
destination segments) structure. This framework enabled the evaluation of the total time away
from the home location and the complexity of driving with respect to the number of trips in
roundtrips. In addition, the analysis of new destinations visited per day and per roundtrip,
borrowed from animal behavior studies, showed different trends over time compared to the
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trip duration and distance measures. Thus, we propose that such measures can add useful
information about novice drivers’ behavior.

Several limitations should be considered when analyzing the results presented in this study.
The main limitation relates to the existence of unidentified trips. Overall 78% of the trips are
identified to their corresponding driver. Thus, our models probably underestimated of novice
drivers’ trips and roundtrips count. In addition, trips in our database are depended, as each
driver performed several trips. The statistical models presented here does not account for this
dependency. Mixed models are usually implemented to control for such panel datasets. Yet,
the authors are not aware for similar models that account for the non-parametric terms within
the GAMs framework used in this study.

5.10 Exposure - Summary

Analysis of the IVDR data indicates significant differences between the behavior of young
drivers in the accompanied driving period and the solo period that is manifested in terms of
the amount and temporal characteristics of the trips they make. Young drivers more than
double the amount of driving they undertake in the solo period compared to the accompanied
period. The timing of their driving time also changes as they drive more during late evening
and night hours. These results indicate that the exposure to risk is lower in the accompanied
driving period, in which young drivers drive fewer hours and in particular less in riskier
conditions during nights and weekends. An average of 26.3 accompanied driving hours
significantly raises the experience level of young drivers, which may obtain their driving license
with as little as 28 hours of driving instruction. While these results are promising, two problem
areas have also been identified: First, the driving experience young drivers have accumulated
by the end of the accompanied driving period is short of desired values. Moreover, there are
young drivers who drive very little during the three months accompanied period, and so gain
very little experience before the solo driving period. It is necessary to set up minimum driving
requirements or guidelines for the accompanied period in order to increase the amount of
driving experience young drivers accumulate before the solo driving period. This minimal
requirement, set at 50 hours, was recently approved at the Knesset by the Economic
Committee and is currently awaiting final approval by the parliament members. The results of
this research strongly support the necessity for such legislation. Extension of the accompanied
driving period may also contribute to drivers' experience since our results indicate that driving
times are roughly evenly distributed over the entire accompanied period. Second, young
drivers get relatively little experience in night driving during the accompanied period, but drive
extensively at night in the solo period. Minimum accompanied nighttime driving requirements
and further nighttime driving restrictions beyond the accompanied period may thus be useful
in mitigating the higher risk created by nighttime driving. Night-time driving restriction for 3
months is also part of the approved improvement to the process of Licensing young drivers.
The results of this research can serve as a strong evidence to support the new legislation
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6 GROUP DIFFERENCES

6.1 Event Rate Index

In order to compare the driving behavior among the groups, we defined an index that
expresses driving behavior measured by events rate. This index is defined as the count of
undesirable driving events per driving minute. As described earlier (see section 03.3), "events"
are determined by the IVDR system and are related to G-force events performed by the
vehicle, such as: strong brakes, excessive accelerations, sharp turns, excessive speed etc.

Events' rate can naturally change over time. In Figure 43 we present the events rate of the four
groups during the 11 months corresponding to the “first year” of driving of the young drivers
participating in the study. Month “-2” corresponds to the second month of accompanied
driving, month “-1” corresponds to the 3™ month of accompanied driving, and the months
with positive numbers correspond to months since the start of the solo driving. Note that we
did not include the first month of accompanied driving as the data for this month was very
limited.
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Figure 43: Average events rate per group and month

Points are averages across drivers’ events rate. Smooth lines are estimated by LOESS
(span=0.4)

Visual view of Figure 43 reveals interesting glimpse into the differences among the groups.
From the Figure it is apparent that the CTRL group is indeed the worst group in terms of their
event-rate index consistently from the start of the solo phase. The FFPG seems to be the best
in terms of their event rates, and indeed from feedback point of view — this is the group that
received the most elaborate forms of feedback — both family feedback and guidance to
parents on how to effectively use this feedback.

In this chapter we analyze the differences among the groups in order to see whether the visual
view can be supported by rigorous modeling.
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For comparing trends over time - several methods for time series analysis were implemented
to estimate the events rate per driver and time. Once the events rate per driver and time were
estimated, the differences among groups were analyzed.

6.2 Events rate per driver and time

Our variable of interest is a count of the events. For modeling count data, the Poisson
distribution is a natural alternative. The GAM (Generalized Additive Model) framework with
Poisson as the underline distribution for events count was used to estimate the events rate
over time. GAMs are extensions of generalized linear models (GLM), in which the linear
predictor is given by one or more smooth functions of the covariates in addition to a
conventional parametric component. In this case, the time-series model was defined as
follows:

In(E(Eventst)) =B,+B,Solo; +S(Time,)+ In(Duration,)

Where Events; is a random variable representing the count of events in a trip; we assume that
Events; follows a Poisson distribution. tis the trip index. Solo; is a binary variable indicating
whether the trip is in the solo period or not. Duration; is the trip duration in minutes. Time, is
the time in days from the beginning of the solo period. Time; takes negative values at the
accompanied period. S(Time,) is the non-parametric part of the GAM, that uses the cubic-
spline method for smoothing purposes. B is a free parameter repressing the In(events rate)
when S(Time,)equal to zero.

Figure 44 shows the events rate per driver and time for four arbitrary selected drivers. The
gray points are the events rate in each trip. The GAM’s estimation for the “actual” events rate
with the corresponding confidence intervals (1 — a = 0.95) are presented by the red lines.
The level of smoothness is determined by the count of knots used by the cubic-spline. For a
variety of reasons (e.g. family sold the car, system malfunction) not all drivers have data for all
the study period. Some families have six months of data while other families have more than
12 months of data. Thus, setting the same smoothing parameter (example knots=6) will cause
higher degree of smoothing for drivers with more months of data. Hence the number of knots
is set by the drivers’ number of months in the study period.
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Figure 44: Four drivers’ events rate time series (observed and GAM’s estimates)

Figure 44 also presents the monthly estimation for events rate (horizontal black lines) along
with the corresponding confidence intervals (vertical lines). The monthly (rather than per trip)
estimations and their standard deviations (sometimes referred to as standard errors) are used

herein for the purpose of our study.

We initially attempt to estimate the monthly events rate based on the trips’ raw data. Yet, as
demonstrated in Figure 44, the dispersion in the raw data is very large and in some cases there
are only a few trips to estimate the monthly events rate. We therefore considered the GAM
smoothed estimations for events rate for each trip as inputs for the monthly estimations.

The following models were used for the monthly estimations:

n=BMonth, + &,

o=yMonth; + v;

Where n and o are the estimations for the In (events rate)s’ mean and standard deviations
respectively. Month, is the months since the solo date. Month, was introduced in the model
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as a categorical variable and so each month can have a different estimation. 3 and y are vector
parameters for the monthly estimations. €; and v; are the error terms. n is assumed to follow
a normal distribution and o is assumed to follow a Gamma distribution.

As demonstrated in Figure 44, the monthly estimates for the In (events rate) s’ mean and
standard deviations (used to build to confidence intervals) were very similar to the original
GAM'’s estimates.

6.3 Shrinkage

To ‘fine tune’ the monthly estimations we used a shrinkage procedure (adopted from Gelman
et al, 2004 section 5.4). The motivation for this step is demonstrated at Figure 45. The black
points present the In (events rate) estimations at the fifth month of the solo period for each
driver in the CNTL group. The Y-axis is the empirical cumulative distribution function of the In
(events rate). The gray line illustrates the corresponding normal distribution CDF (Cumulative
Distribution Function). The Kolmogorov-Smirnov test did not reject the assumption that the
distribution is normal (D = 0.082, p-value = 0.8702), thus we considered that the In (Events
rate) was following a normal distribution. The mean events rate across all drivers is presented
by the vertical black line. In some cases extremely low estimations had wide confidence
intervals. This means that these extreme estimations were less reliable. This phenomenon was
observed for drivers in other groups and for other time points. The idea in the shrinkage
method is to use a reference group with similar properties (the same experiment group in this
case) in order to estimate the expectation for the unit of interest. Consequently, less reliable
estimations are pulled toward the mean. The result of the shrinkage procedure is described by
the triangles. The triangles were in all cases within the confidence intervals of the non-
shrinkage estimations and so represent the driver behavior.

The shrinkage procedure has an important benefit demonstrated by Figure 46. In the figure,
the standard deviation across drivers’ estimated In (events rate) is plotted against time. With
the non-shrinkage estimations (graph on the left) the variability among drivers is usually
around 1. Yet, at some points of time the observed variability is very large. This was caused by
one or two extreme estimations for the monthly events rate. Moreover, larger variability is
observed in the accompanied period where estimations are based on a relatively small sample
of trips. For this reason the shrinkage procedure had greater effect in the accompanied
period. It is important to understand whether groups in the accompanied period defer. Such
differences can suggest problems in the random allocation of drivers to groups. A large
variability which is based on a small sample size can artificially cause us not to reject the null
hypothesize that groups’ events rate are the same. The shrinkage step allows for less naive
evaluation of differences between groups.
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Figure 46: Monthly standard deviation of In(events rate) with (right side) and without (left side) the shrinkage effect
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6.4 Differences between groups - developing a
statistical model

The average In (events rate) across drivers per each group is shown against time.

i ]]]
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Figure 47 : Monthly average of In(events rate)

We start our analysis using a month by month comparison. The following model is proposed:
Nie=Bo+ X B1j Month(j)i+ ¥ ¥g B2jg Group(g);*Month(j)ii+boi+by;ti+byiti +bs;td +&;

Where n;; is the In (events rate) for driver i at month t. j is an index for the months and
Month(.);; is a function creating a set of dummy variable for the months. Month(j);; equals to
1 if j=t and O otherwise. Similarly g is an index for the group and Group(.);is a function
creating a set of dummy variable for the groups. The CNTL group was defined as the reference
(or intercept). B, to B, are the fixed effect parameters. At the random part of the model, the
month index t was introduced to account for driver unique time trends. by; to bs; are random
effect parameters, assumed to follow normal distribution with mean 0 and standard deviations
of oo to Op3. €j; is the error term associate with the measurement of driver i at time t. We
assume an autoregressive structure of the variance or the same driver; e~N(0,06%A) Ais a
matrix with every entree at row r and column c is equal to p|r—c|.
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Table 29 : Month & Group estimates of In(events rate)

Intercept (CNTL Group) | IFNG FFNG FFPG
2 months before solo -4.24(0.12)*** 0.05(0.16) | -0.06(0.17) | 0.24(0.16)
1 months before solo 0.07(0.08) 0.04(0.15) | -0.09(0.15) | 0.16(0.15)
1 month after solo 0.72(0.11)*** -0.12(0.16) | -0.29(0.16)+ | 0.28(0.16)+
2 months after solo 0.87(0.13)*** -0.15(0.18) | -0.21(0.18) | 0.38(0.18)*
3 months after solo 0.92(0.14)*** -0.22(0.19) | -0.19(0.18) | 0.41(0.18)*
4 months after solo 1.03(0.15)*** -0.25(0.19) | -0.38(0.19)* | 0.48(0.19)*
5 months after solo 0.98(0.15)*** -0.18(0.19) | -0.43(0.19)* | -0.4(0.19)*
6 months after solo 0.91(0.14)*** -0.11(0.19) | -0.33(0.19)+ | -0.29(0.19)
7 months after solo 0.94(0.14)*** -0.13(0.19) | -0.31(0.19)+ | 0.37(0.19)*
8 months after solo 0.95(0.15)*** -0.16(0.19) | -0.4(0.19)* | 0.41(0.19)*
9 months after solo 0.92(0.15)*** -0.18(0.2) | -0.39(0.20)* | 0.41(0.20)*
p 0.79
Obo 0.6342
Op1 0.1789
O 0.0507
O3 0.0037
Marginal R’ 0.08

+p. value<0.1, *p. value<0.05, **p. value<0.01, ***p. value<0.001

At the first three months of the accompanied period, no significant differences were found
between the groups. Starting from the first month into the solo period, the FFPG group had
significantly (p values in most cases in smaller than 0.05) lower values of In(events rate)
compared to the CNTL group. Starting from the fourth month in the solo period the FFNG
joined the FFPG and also demonstrated significantly (p<0.1) lower events rate compared to the
reference group. Another important result is the non-significant differences between the CNTL
group and the other groups during the accompanied period, which supports the random
allocation into the research groups

As may have been expected (but needed validation), sequential months show similar results.
One can suggest analyzing months with similar outcomes together; we start with an analysis by
quarters of the first year. The following model was calibrated for each quarter separately:

e =Bo + ) BrgGroup(e) + ) Bag Group(g)Time(t); + bo; + ey
g g

Where Time(j);; is equal to time in months from the beginning of each quarter. All other
parameters are defined as in Eq. 4.
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The estimated parameters for model are shown at

Table 30:

Table 30: A per quarter analysis of Group & Time effect on In (events rate)

/c:::orr::cr)aln:ied Quarter 2: Solo | Quarter 3 : Solo | Quarter 4: Solo
Months:1 to 3 Months:4 to 6 Months:7 to 10

Months:-2 to -1
(Intercept) | -4.25(0.11)*** 3.51(0.13)*** | 3.19(0.13)*** | 3.27(0.14)***
FFNG 0(0.16) -0.26(0.18) -0.4(0.18)* -0.42(0.19)*
FFPG 0.27(0.16)+ -0.27(0.18) -0.5(0.18)** -0.44(0.19)*
IFNG 0.04(0.16) -0.10(0.18) -0.28(0.18) -0.16(0.19)
CNTL: Time | 0.05(0.06) 0.11(0.03)*** | -0.07(0.03)** | -0.02(0.03)
FFNG: Time | 0.02(0.07) 0.15(0.03)*** | -0.04(0.03) -0.05(0.03)+
FFPG: Time | -0.01(0.06) 0.02(0.03) 0.04(0.03) -0.02(0.03)
IFNG: Time | 0.06(0.06) 0.04(0.03) 0.02(0.03) -0.03(0.03)
Oko 0.7011 0.9029 0.9145 0.9369
a/larg'”a' 0.02 0.02 0.03 0.04

+p. value<0.1, *p. value<0.05, **p. value<0.01, ***p. value<0.001

The accompanied period: At the accompanied period (most left hand column) there are no
significant differences between the groups. Since the time effect is not significant for any of
the groups, differences in events rate are not significant throughout the accompanied period.

The last quarter: At the beginning of the fourth period (most right hand column), both FFPG
and FFNG groups had significantly lower events rate compared to the CNTL group. Since the
time effect is not significant for any of the groups, differences in In (events rate) are the same
throughout the fourth period.

The first quarter of the solo period: At the beginning of the solo period there are no significant
differences between the groups. The events rate is increasing for all groups. Yet, the time
effect is statistically significant for the CNTL and FFNG groups.

The second quarter of the solo period: At the beginning of this period both FFPG and FFNG
groups had significantly lower events rate compared to the CNTL group. The events rate is
decreasing for the CNTL group during this period. Yet this decrease is minor as in the following
three month period the events rate of the FFPG and FFNG group is still lower compared to the
CNTL groups.
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6.4.1 Performance of Treatment Groups vs. Control group

The previous analysis demonstrates that when comparing each of the treatment groups to the
control group, they all show a lower events rate, although the effect differs among groups and
along the entire study period. In this section we examine whether treatment by itself (i.e.
feedback of any kind) has an effect compared to the control group.

To model differences between the control group to all other groups during the solo period we
propose the following mixed effect model.

Mie = Bo + By * CNTL; + bo; + byjti+byit? +bsit? +
Where IsControl; is a binary variable equal to 1 for the CNTL group and 0 otherwise.

The calibrated parameters for this model are presented at the following table.

Table 31: between groups comparison using the solo data only

Estimates
Intercept -3.66(0.07)***
CNTL 0.28(0.13)*
p 0.93
Obo 0.5168
Oy 0.3272
O 0.0920
O3 0.0070
Marginal R 0.02

+p. value<0.1, *p. value<0.05, **p. value<0.01, ***p. value<0.001

The above analysis suggests that in the solo period, novice drivers in the control group had

92%.1=0.32) compared to the group of drivers

higher levels of events rate by 32 percent (e
receiving mixed interventions items (some get personal feedback some family feedback and

some family with guidance).

6.4.2 The benefit of family feedback and parental guidance during the
solo period

The differences between the groups during the solo period were statistically significant at least
at the last two quarters. These differences (although not yet significant) developed even in the
first quarter of the solo period. Thus we consider using a single variable to explain novice
drivers’ behavior throughout the solo period. The following mixed effect model was fitted
using data from the solo period only:

e = Bo + ) B1g Group(g); + by + biti+byt-+bytf +2
g
The estimated parameters are shown in Table 32.
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Table 32: between groups comparison using the solo data only

Estimates
Intercept -3.38(0.12)***
FFNG -0.34(0.17)*
FFPG -0.35(0.17)*
IFNG -0.15(0.17)
p 0.94
Obo 0.4890
Op1 0.3246
O 0.0914
O3 0.0070
Marginal R 0.02

+p. value<0.1, *p. value<0.05, **p. value<0.01, ***p. value<0.001

The above analysis suggests that in the solo period, providing family feedback (with and
without training for parents and novice drivers) is significantly better than not providing
feedback at all. The question whether there is a benefit in providing family feedback compared
to a personal feedback or whether the training for parents contributes to reduction in events
rate beyond just providing a family feedback is still not answered. One way repeated measures
ANOVA using the above model as input, indicated that there was no statistical evidence for
partitioning groups for homogenous subgroups (F3213=2.05, p= 0.11). The Tukey post-hoc test
that also did not reveal significant differences between the various groups (a= 0.05).

Rather than looking at the means of In (Events rate), we looked at the differences between
quantiles of In (events rate). Figure 48 shows the events rate by quantiles for each of the first
six month of the solo period. The information presented is the estimates achieved by a
quantile regression procedure. In most cases, the In (events rate) is similar. However, in
months 2, 3 and 4 there are increased differences at higher quantiles (0.7 and above). For
example, the 0.8 quantile differences between the groups are 0.440 (S.E. = 0.249,
t.value=3.033, p.value= 0.080) in month 2, 0.704 (S.E. = 0.232, t.value=3.032, p.value = 0.003)
in month 3 and 0.394 (S.E. = 0.235, t.value=1.673, p.value= 0.097) in month 4. From the
practical point of view a difference on 0.7 in In (events rate) suggests that the 0.8 percentile in
the FFNG reaches a higher level of event rate by a factor of 2 (e%’=2.013). These results
suggest that while looking on the mean (or lower quantiles), differences between groups are
minor; however the drivers in FFNG group are capable of higher levels of events rate expressed
by the higher percentiles.
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Figure 48: Novice drivers’ In (events rate) by quantiles

Error bars equal to one standard error bellow and above the estimate.

This analysis suggests that the benefit of the parental personal guidance is most noticeable for
the high percentiles and during months 2, 3 and 4 into the solo phase. This result can be
further interpreted by concluding that the parental guidance is more effective for parents
whose young drivers exhibit more riskier driving behavior (in terms of their event rates).

6.5 Relation between Parents and Young Drivers’
Events Rate

In this section we investigate the correlation between parents and novice drivers’ behavior, as
portrayed through their events rate. We start with an analysis of parent’s time-series data of In
(events rate). This information is presented at Figure 49.
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Figure 49: Monthly average of In (events rate) of novice drivers’ parents

The observed In (Events rate) suggests that in parents’ behavior can change over time, mainly
with regard to mothers’ behavior before and after feedback (and solo period) begins. Lower
events' rate between the FFPG and FFNG groups and the other two groups of the mothers are
also apparent from Figure 49. To test this, three separate mixed effect models were fitted for
the mothers, fathers and also novice drivers for the reference.
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Table 33: Solo & Group effects over In (Events rate) of parents and novice drivers

Father Mother Novice Drivers
Intercept (CNTL group) ;‘.02(0.13)*** -4,12(0.12)*** | -4,11(0.1)***
Solo -0.03(0.06) 0.03(0.06) 0.63(0.06)***
IFNG 0.08(0.18) 0.14(0.17) 0.02(0.14)
FFNG -0.1(0.18) -0.05(0.17) -0.10(0.14)
FFPG 0.25(0.17) -0.09(0.17) 0.13(0.14)
Solo X IFNG -0.12(0.09) -0.03(0.08) -0.15(0.08)+
Solo X FFNG -0.14(0.09) -0.20(0.08)* -0.21(0.08)*
Solo X FFPG 0.37(0.09)** -0.37(0.08)*** | -0.41(0.08)***
p 0.55 0.72 0.80
Opo 0.7776 0.7426 0.6403
Op1 0.1700 0.1687 0.1814
Op2 0.0475 0.0483 0.0484
Oi3 0.0037 0.0037 0.0035
Marginal R? 0.01 0.03 0.07

+p. value<0.1, *p. value<0.05, **p.

value<0.01, ***p. value<0.001

For novice drivers the transition to the solo period had significantly "bad" consequences in
terms of the count of events per driving minute. This index almost multiplied (multiplication
factor of e0.63=1.88). As for the parents, the transition to the solo did not cause a change in
behavior. However for the mothers and the fathers in the FFPG group and for mothers in the
FFNG a significant interaction was discovered. In both cases parents’ (mothers and fathers)

events rate reduced in ~ 32% (1-e

reduced in 18% (1-e-0.2).

0.37

) and events rate for mothers in the FFPG group was

The correlations between parents and novice drivers’ In (events rate) are presented at the
following figure by group and month.
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Figure 50: Correlations between parents and novice drivers by group.

The main conclusion is that correlation is positive. It is difficult to observe clear trends in the
correlations between parents and novice drivers.

In Figure 51, the same information is presented using a scatter plot with a smoothing (with
LOWSS) to demonstrate an interesting phenomenon occurring in the control group. The
correlations between novice drivers and their fathers in the CTRL group are very high, more
than in the other 3 groups. Adding this information to the higher events rate of young drivers
in the CTRL group, suggests that lack of feedback increases the influence of the father on the
novice driver behavior.
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Figure 51: Correlations between parents and novice drivers by group — Another perspective.
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6.6 Parents behavior as explanatory variable for
group difference

6.6.1 Event rate of young driver by their parents events rate

Based on the positive correlation between parents and novice driver behavior, we investigate
whether the Group effect is different depending on parents’ behavior (and some say example)
during the accompanied period.

First we estimated parents’ In (events rate) at the accompanied period (months -2 and -1) and
divided them to three groups by their events rate: low, medium and high (evenly divided
according to the 33 and 67 quintiles).
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Figure 52: Novice drivers’ In (events rate) by parents’ behavior during the accompanied period and study group.

To check on the main effect and / or interaction between the parent’s events rate
(low/medium/high) and group (FFNG/FFPG) the following mixed effect model was fitted:

(1) i = Bo + By * Group; + B, * Parent; + B3 * Parent; * Group; + by; + ;

Where n;; is the In (events rate) for driver i at time t. Group; is a categorical variable for the
study group. Parent;is a categorical variable for the parent’s events rate classified as high,
medium or low. (3, - B3 are fixed effect parameters. by; is a random effect, assumed to follow
normal distribution with mean 0 and standard deviations of oyq. € is the error term.
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The model is fitted twice; considering the father and the mother as the reference parent. The
information of the second and third month of the solo period was used for this analysis. The
first month was not included as differences there even if significant are less meaningful from
practical stand point.

Table 34: Group and Parents Behavior effect on novice drivers’ In (events rate)

Father Mother
(Intercept) -3.77(0.28)*** -4.2(0.21)***
FFPG -0.41(0.37) 0.08(0.30)
Medium 0.32(0.36) 0.7(0.30)*
High 0.42(0.41) 1.25(0.30)***
FFPG X Medium 0(0.49) -0.46(0.42)
FFPG X High 0.22(0.52) -0.73(0.43)+
Oro 0.8234 0.7563
Marginal R 0.10 0.22

+p. value<0.1, *p. value<0.05, **p. value<0.01, ***p. value<0.001

The model considering the father behavior explains 10% of the variability in novice drivers’
events rate and the model considering mothers behavior explain 22% of the variability and
therefore more interesting for further discussion. In case the mothers’ Events rate during the
accompanied period was high the novice driver was expected to have higher events rate in the
first few months of the solo period by a factor of 3.5 (el.25). However, the interaction (p.
value=0.1) suggests that drivers in the FFPG group are less influenced by extreme behavior of
the mother. This result suggests that the FFPG intervention is effective in cases where during
the accompanied period mothers had relatively high score.

6.6.2 The effect of increasing number of intervention components

The different treatment that each group received can be translated into an ordinal scale as
follows: FFPG=1, FFNG=2, IFNG=3 and CNTL=4. This ordinal scale represents the availability of
feedback for novice drivers and parents and the tools they received in order to make use of
this feedback (the parental guidance group had received most tools to supervise driving while
the control group had not received any). Figure 53 presents the spearman correlation between
the monthly In (events rate) and the proposed ordinal scale. Statistically significant
correlations are marked with black color.

0.20-
015
010" II II
2005 s s
T0.00 e
0.05

21123 4567 89
Months in the solo period

Figure 53: Spearman correlation between group (ordinal) and In (events rate) per month
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7 A MODEL EXPLAINING YOUNG
DRIVERS BEHAVIOR

7.1 Description of the Model

The collected data in this study were used to develop a model that aims to explain the number
of monthly risky events of the novice young drivers during the first year after licensure. An
exposure measure, corresponding to the driving time D;; during the same period, was used as
an offset. The index i represents the driver number, and the index t represents the month
during the year. Therefore the rate of events by definition is a non-negative variable, and so
not normally distributed.

Following a standard procedure to model count data, a negative binomial model of the
number N;; of monthly events is estimated. The numbers of events are converted to rates
using the driving time as an offset variable and constraining the parameter of its logarithm to a
unit. In the current case, each driver had several measurements and the errors for those
measurements will almost surely be correlated. The solution to this problem is to let each

IH

driver have his own “personal” intercept randomly deviating from the mean intercept of the
group. Therefore, random effect for the intercept of the model is introduced to account for
individual heterogeneity within the model. The approach is to estimate a single variance
parameter which represents how spread out the random intercepts is around the common

intercept (following a Normal distribution).

Risk indices were calculated for an unbalanced panel of 2283 observations for the 217 young
drivers over the 12 months, as some young drivers did not drive the equipped vehicle during
all the months. The complete unbalanced panel was used for model estimation as it yields
consistent and unbiased estimators. It is assumed that risk indices follow a negative binomial
distribution. The following model is proposed:

In [E (Nie)

Dit ] B0+B] ]+ 0i

Where, D;; and N;; as defined before. 3 is the free fixed parameter, Bj are the corresponding
fixed effect parameters for the explanatory variables X;, and by; is a random effect parameter
for the intercept, assumed to follow a normal distribution with mean 0 and standard deviation
of oy

7.2 Data

The number of events N, and the driving times D;, were extracted from the driving history
recorded by the IVDR for each driver during each month. Crashes that occurred during the year
were also recorded. Several questionnaires related to the personal and psychological
characteristics of the novice young drivers and their parents were completed at the beginning

of the study — close to the day of the system installation in the cars. Among these are the
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Driving Costs and Benefits Questionnaire (Taubman — Ben-Ari, 2008) tapping subjective
perceptions of the costs and benefits of driving; the Family Relations Questionnaire (Olson et
al., 1985; Seligman and Darling, 1997) which includes family cohesion and adaptability. Family
cohesion is defined as “the emotional bonding that family members have toward one another.
Adaptability measures the family’s ability to change in response to a variety of situations;
Sensation Seeking (Horvath and Zuckerman, 1993); Trait Anxiety Inventory (TAI; Spielberger et
al., 1970), in its Hebrew version (Teichman and Melnick, 1980), assessing the participants’ level
of trait anxiety and aggression; The multidimensional driving style inventory (MDSI), developed
by Taubman Ben-Ari et al. (2004), which assesses four broad driving styles, and was filled only
by the parents: reckless and careless driving, anxious driving, angry and hostile driving, and
patient and careful driving; Perceived Popularity of Risky Driving among Frineds (Taubman -
Ben-Ari and Lotan, 2011) which asked the novice young drivers to rate their perception of the
popularity of 8 risky driving behaviors; and the Frequency of Risky Driving Scale (based on
Taubman Ben-Ari et al. 2004) which was only filled by the parents and presents typical driving
behavior that is a legal offense and can endanger the life or well-being of the driver,

passengers, or pedestrians.

7.3 Model Results

Table 35 provides a description of the explanatory variables X;; that were found to be
significant in the model estimation results presented in Table 36.

The data for month (-3), the first month of the accompanied period, was dropped from the
data used for the model estimation because for some families the IVDR system at the
beginning had technical problems.

Parameter estimates of the random effects negative binomial model are presented in Table
36. The ‘glmmADMB’ package in R statistical program for fitting generalized linear mixed
models (GLMMs) was used to estimate the model parameters.

At the beginning the model was estimated were each month had its own specific coefficient.
Then, looking at the estimation results, months with similar coefficients were combined,
ending with four categories as specified in Table 36 with their coefficients estimated. As
expected, once novice drivers complete their obligations of being accompanied after three
months their risky behavior increases 4 times compared to their behavior during the last
accompanied month. The base level is taken in this case as two month before starting the solo
period and thus the increasing positive coefficients when the solo period starts indicates an
increase of the risky behavior of the novice drivers. It is also noticed that there is an increase in
the risky events in month (-1) compared to month (-2), although this increase is much smaller
than the increase in the solo period. It might be that as time passes drivers gain self-
confidence and experience in driving and at the same time their parents’ confidence in their
driving also increases and thus the parents become less strict regarding their child driving.
However, further investigation is recommended. An interesting result is that acquiring more
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hours of supervised driving during the accompanied period reduces the risky behavior of
novice young drivers during the solo period. Those who drive more during the accompanied
period record less number of risky events. Thus, an obligation for a minimum amount of
driving hours during the accompanied period can contribute for reducing the risky behavior of

novice young drivers once they have the freedom to drive with no accompanying person.

Table 35: Explanatory variables of the negative binomial model

Variable Values

Solo.y 1if it is two month before the solo period, 0 otherwise

Solo..y 1if it is one month before the solo period, 0 otherwise

Solo, 1if it is one month from the solo period, 0 otherwise

Solo 1ifitis 2 to 10 month from the solo period, O otherwise

ADAcc Amount of accompanied driving time (continuous)

riskindexfather;  log of the average risk index of the father of young driver i (continuous)

riskindexmother; log of the average risk index of the mother of young driver i (continuous)

Fleet ey Control group

Fleetrrng) Family Feedback No Guidance

Fleetepg) Family Feedback Parental Guidance

Fleet eng) Individual Feedback No Guidance

Crash history 1 if the novice young driver reported being involved in a crash during the
year, 0 otherwise

RDAF Risky Driving Among Friends (continuous)

TAG Trait Aggression (continuous)

TAN Trait Anxiety (continuous)

RDSSF Reckless Driving Style Score of the Fathers (continous)

PvCQ-fFear Fathers’ Vigilant Care Levels of Fear

The coefficients of the variables expressing the risk indices of fathers and mothers implies that
risk-prone behavior of the parents is reflected through higher risk indices for the young
drivers. It can also be noticed that the coefficient of the risk index of the father is higher than
the coefficient of the risk index of the mothers. In other words, the risk-prone behavior of the

fathers has a stronger impact on the young driver risky behavior.

As reported earlier families were randomly assigned to four groups. The reference level group
is the CNTL group (control group). All other levels are compared to the CNTL group. It can be
seen that the IFNG group has lower number of risky events. The FFPG and FFNG groups also

experience lower numbers of risky events. The groups with the family feedback recorded
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lower number of risky events compared to the group with individual feedback and the control

group. All coefficients are statistically significant at the 95% confidence level.

Young drivers who reported being involved in a crash while driving recorded higher number of

risky events.

Table 36: Random effects negative binomial model

estimate z-value p-value

constant 0.159 0.38  0.7049
Solo ;) 0.263 2.57 0.0102
Solo, 0.809 8.86 <0.0001
Soloy) 0968  11.81 <0.0001
ADAcc (h) -0.014 -3.21  0.0013
riskindexfather; 0.271 7.13  <0.0001
riskindexmother; 0.198 4.62 <0.0001
Fleetrrnc) -0.532 -3.10 0.002
Fleetrrpc) -0.649 -4.67 <0.0001
Fleetrne) -0.330 -1.93  <0.0001
Crash history 0.394 3.29 0.001
RDAF 0.577 3.92  0.0001
TAG 0.296 1.81 0.069
TAN -0.134 -2.16 0.031
RDSSF 0.345 3.22 0.001
PVCQ-fFear 0.057 2.55 0.011
offset (driving time in month) 1.000 fixed

Random Effect Variance 0.567

Observations 1688

Number of Drivers 159

Log-Likelihood -5984.18

Negative Binomial Dispersion Parameter 4.667 (std. err.: 0.245)

Several questionnaires related to personal characteristics, motivations, family relations, and
peers were filled by the novice young drivers and their parents. Among these some were

found to affect significantly the risk indices of the young drivers.

Perceived popularity of risky driving among friends - This questionnaire asked participants to
rate their perception of the popularity of the 8 risky driving behaviors, identified in the Risky

Driving Habits Scale, amongst their friends on a 5-point scale ranging from 1 (very unpopular)
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to 5 (very popular). As the Cronbach’s Alpha coefficient for the scale was acceptable (.77), each
participant’s responses on all 8 items were averaged to produce a total score, with higher
scores reflecting a higher evaluation of risky driving among friends as popular. Young drivers
who reported being engaged in risky driving among friends recorded also higher number of

risky events.

Trait anxiety and aggression reported by the novice young drivers were also found to be
significant at the 95% confidence level. The questionnaire consists of 20 statements relating to
the cognitive, emotional, and behavioral aspects of this personality dimension (e.g., | tend to
take things hard; | am sad). Participants were asked to rate the degree to which they agree
with each statement on a 4-point scale from 1 (not at all) to4(absolutely). Cronbach’s alpha in
the current study was .71 for trait anxety and .76 for trait aggression, so that each participant
was assigned an anxiety score and an aggression score equal to the mean of their responses to
all relevant items, with higher scores indicating a higher level of anxiety and aggression. In the
model estimation it was found that young drivers with higher value of trait anxiety, recorded
lower number of risky events, while young drivers with higher value of trait aggression

recorded higher number of risky events.

The multidimensional driving style inventory (MDSI), developed by Taubman Ben-Ari et al.
(2004), is a validated and reliable 44-item scale which assesses four broad driving styles. The
MDSI is a 6-point scale, which consists of 44 items that are used to characterize four factors
that represent various driving styles: (1) Reckless and careless driving, which refers to
deliberate violations of safe driving norms, and the seeking of sensations and thrill while
driving. It characterizes persons who drive at high speeds, race in cars, pass other cars in no-
passing zones, and drive while intoxicated, probably endangering themselves and others; (2)
Anxious driving, which reflects feelings of alertness and tension as well as ineffective
engagement in relaxing activities during driving; (3) Angry and hostile driving, which refers to
expressions of irritation, rage, and hostile attitudes and acts while driving, and reflects a
tendency to act aggressively on the road, curse, blow horn, or “flash” to other drivers, and (4)
patient and careful driving, which refers to planning ahead, attention, patience, politeness,
and calmness while driving as well as obedience to traffic rules. Factor scores were calculated
for each respondent on each of these four driving styles. Driving style questionnaire were filled
at the beginning of the study by the parents only. Parents’ scores for the four driving styles
were tested and only the father reckless driving score was found to be significant. Young
drivers whose fathers have higher scores in the reckless driving style recorded more risky

events.

Parental Vigilant Care levels were measured using the parental Vigilant Care questionnaire
(PVCQ), which was developed especially for the purpose of this study. This self-administered
questionnaire is composed of 25 statements, for which a response is required ranging from O (I
totally disagree) to 7 (I completely agree). The final questionnaire is comprised of 3 factors:

sense of legitimacy and commitment to perform parental Vigilant Care (a=0.89); parental
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sense of helplessness in performing actions of Vigilant Care (0=0.76); parental fear from

possible results of Vigilant Care actions (a=0.69).

For every parent 3 indexes were calculated based on their average responses to questions, so
that scores ranged from 1 to 7. High scores mean a high sense of legitimacy and low sense of
fear and helplessness. According to the "new authority" theory, good parental Vigilant Care is

obtained when legitimacy is high and helplessness and fear are low.

From examining the significance of the parents’ scores on legitimacy, helplessness and fear in
explaining the involvement of their novice young drivers in risky events, it was found that
novice young drivers of parents that scored high on the fear factor were more involved in risky

events.

To summarize, it can be seen that beside the driving related variables, some psychological
variables also contribute significantly to explaining the risky driving behavior of novice young

drivers.

The "First Year" study 111



8 CRASHES

8.1 Crash involvement during the study

The crash data is based on participants' self reports made at the 12th month of the study.
Participants were asked whether they have been involved in a car crash while driving the
equipped car during the past year. If so, they were additionally asked about the severity of the
crash and their responsibility for the crash. According to the answers there were 64 crashes in
the study. In addition, we were informed of 3 more crashes that occurred in vehicles of
families that were dropped from the study before filling out the questionnaires. Overall there
were 69 crashes of study participants: 43 of novice drivers in the study, 14 of mothers and 12
of fathers. The following statistics relates to the entire family.

8.1.1 Crashes by study groups

According to the participants' self reports, the CNTL group has 13 crashes which are 19% of the
total crashes counted. Following, IFNG group with 16 crashes which are 23%, and the FFNG
group with 19 crashes which are 28% of the total. The FFPG group has 21 crashes which are
30% of the total crashes counted. Differences in crash rates among groups were not
significant.

Table 37 : crashes by study group

FFNG FFPG IFNG CNTL
number of crashes 19 21 16 13
% 27.54% 30.43% 23.19% 18.84%

8.1.2 Crashes by crash severity

62 answers out of the 69 total crashes reported, also reported the crash severity. "Damage
only" crashes are 90% of the total crashes, with 56 out of the 62. 7% of the crashes are with
injuries and only 3% are combined (both damage and injuries).
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Figure 54 :Involvment in crashes by crash severity

8.1.3 Crashes by driver fault

61 answers out of the 69 total crashes reported, also answered whether they were the driver
at fault for the crash. 33 of the drivers, which are 54% of the total that reported, said that they
were not the driver who caused the crash. 28 drivers, which are 46%, said the crash was their
fault.

M not the driver M the driver

Figure 55: Involvment in crashes by driver fault

8.2 Correlation between Crashes and Overall Risk
Index

8.2.1 Crashes of the young drivers during the study

Kendall's tau-b correlation analysis was conducted between the self-reported crashes of young
drivers during the study period and their average overall risk index. The crash variable is a
dichotomous variable with 1 if the young driver was involved in a crash and 0 otherwise. As
can be seen in Table 38, no significant correlation was found (R=0.06, p-value=0.285) between
the involvement in a crash and drivers’ risk index.
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Table 38: Young drivers’ involvement in crashes and their risk index by group

Average Trip Risk Index for Each Fleet
. group
Period IFNG [ enTL FFPG FFNG
Was involved in a crash
All year -3.73 -3.35 -3.49 -3.62
Accompanied period -4.27 -4.21 -3.67 -4.18
Solo period -3.62 -3.17 -3.43 -3.47
Was not involved in a crash
All year -3.58 -3.52 -3.88 -3.83
Accompanied period -4.17 -4.25 -4.22 -4.40
Solo period -3.46 -3.38 -3.79 -3.70

The risk index was calculated as: log((count of driving Events)/(driving minute)), so higher
scores means that the risk level is higher.

8.2.2 Historic Crashes of Parents Only

Pearson correlation analysis was conducted between the reported number of historic crashes
of the parents (before the study) and their average overall risk index. A low but rather
significant correlation was found between the number of damage only crashes that the fathers
were involved in and their overall risk index (R=0.132, p-value=0.025). No other significant

correlations were found.

8.3 Correlation between Crashes and Socio-
demographic Characteristic (young drivers)

A Kendall's tau-b correlation analysis was conducted between the observed crashes of young
drivers during the whole year and their socio demographic characteristics and reported crash
history. No significant correlations were found between young drivers’ observed crashes and
their socio-demographic characteristics. Significant correlation was found between their
observed crashes and their involvement in damage only crashes as reported by them. The
correlation results are presented in Table 39:

Table 39:correlation between crash involvment and socodemographic measures

Observed Involvement in crashes
(1=was involved; 0=was not involved)

Correlation P-value
Involved in damage only crashes 0.164 0.012
Was found guilty in damage only crashes | 0.167 0.011
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9 SUMMARY

The research described in this report investigates the potential of an IVDR (In Vehicle Data
Recorder) system, the “green box”, to help young male drivers and their parents to improve
and maintain a good safety level throughout the first year of driving.

The IVDR system used is this study was the GreenRoad technology®, which is a G-force based
system which tracks all trips made by the vehicle it is installed in, and records, in particular,
excessive G-force based maneuvers performed by the vehicle. The GR system provides real-
time feedback through dedicated web access as well as through in-car display unit.

The main purpose of the research was to answer the following research questions:

(1) Does giving young male drivers and their parents feedback about their driving affect
their driving safety during their first year of driving?

(2) Does providing parents with feedback on their teen's driving affect his driving more
than a self-regulated feedback?

(3) Does providing parents with guidance on how to manage the supervision of their teens
through the use of IVDR increase the safety benefits of its use?

Numerous other research questions were also addressed in the research. These include:
exposure characteristics of young drivers during their first year of driving; relations between
driving behavior of young drivers and their parents; effects of crash involvement on driving
behavior, contribution of self-reported personality characteristics to explain actual driving, and

more.

Participants in the study were very carefully screened. In particular, they had to meet the
following screening criteria: (1) boys only; (2) driving experience of up to 1.5 months from the
day they were licensed (meaning that they were still at the accompanied driving phase); (3)
their parents have access to the internet; (4) live in the geographical area between Haifa in the
north and Ashdod in the south; (5) drive the family car (and do not own their own car); (6) do
not have ADHD which is not medically treated.

The study included 4 different groups based on the type of feedback that they get from the
IVDR system. The four groups were defined as follows:

IFNG - Individual Feedback No Guidance. In this group feedback is given only to the driver,

thus parents had no access to the driving records of their teen.

FFNG - Family Feedback No Guidance. In this group the driving records of each driver using

the equipped vehicle were exposed to all members of the family using the same vehicle
(typically — the young driver and his parents). Thus, in this group, both the parents and the
young driver could view the driving records of the young driver.
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FFPG - Family Feedback Parental Guidance. This group offered also a "family feedback" (same

as for the FFNG group), but in addition, a personal dedicated parental guidance was provided.
For the purpose of this study a new guidance program for parents has been developed in light
of the "New Authority" approach.

CTRL - control group. In this group — none of the drivers (neither parents nor teens) got any

feedback nor guidance throughout the duration of the data collections phase (the full 12
months).

Feedback was provided to the 3 treatment groups (IFNG, FFNG and FFPG) starting from the
end of the accompanied driving phase in order to see if the peak in crashes and events that is
expected at the transition to the solo phase is decreased. Also, in order to assess if driving
behavior that was acquired while using the feedback system were internalized and become
self-regulated - the feedback system was turned off for the last month of data collection.

The study was planned to include 200 families of young drivers, and installation of 200
vehicles. The families were randomly allocated into the 4 design groups. In order to collect
data from 200 families for 12 months — a drop-out rate of up to 20% was estimated, and the
initial sample included 242 families and 242 equipped vehicles. The final sample was of 217
families.

In order to provide parents with guidance on when and how to respond and act regarding their
teens’ driving — a dedicated program based on the principles of the “New Authority” approach
was developed and implemented. The program uses the categorization of driving risk
situations into 3 levels (green, yellow and red). According to the new authority approach,
parental Vigilant Care is also formulated into 3 levels. These three levels can be seen as
tangent with the three general driving safety levels. In the application of the new authority
approach to the sphere of driving these levels were combined. In this respect, IVDR technology
constitutes a major tool for parents, helping them to gain a deep understanding of their child's
driving habits, and it is implemented using new authority tools and guidelines.

A lot of data was collected throughout the research. This included driving behavior data on all
trips performed by the equipped vehicles and data collected through questionnaires. This data
provided us with the ability to conduct numerous types of analyses.

Analysis of the exposure of young drivers during their first year of driving indicated significant
differences between the behavior of young drivers in the accompanied driving period and the
solo period that is manifested in terms of the amount and temporal characteristics of the trips
they make. Young drivers more than double the amount of driving they undertake in the solo
period compared to the accompanied period. The timing of their driving time also changes as
they drive more during late evening and night hours.

In order to address the main research questions of this study — a comparison of the four
groups was performed. The measure for comparing driving behavior was defined to be the
events rate, defined by the count of undesirable driving events per driving minute.

Events' rate can naturally change over time. The Following graph presents in a nutshell the
main results of the study — namely — the differences of events rate among the four groups
during the 11 months corresponding to the “first year” of driving of the young drivers
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participating in the study. Month “-2” corresponds to the second month of accompanied
driving, month “-1” corresponds to the third month of accompanied driving, and the months
with positive numbers correspond to months since the start of solo driving. Note that we did
not include the first month of accompanied driving as the data for this month was very limited.
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Visual view of this Figure reveals the essence of the differences among the 4 groups. From the
Figure it is apparent that the CTRL group is indeed the worse group in terms of their event-rate
index consistently from the start of the solo phase. The FFPG seems to be the best in terms of
their event rates, and indeed from feedback point of view — this is the group that received the
most elaborate forms of feedback — both family feedback and guidance to parents on how to
effectively use this feedback. In the report the differences among the groups are modeled and
analyzed.

The overall collected data in this study were used to develop a model to explain the number of
monthly risky events of the novice young drivers during the first year after licensure.

Following a standard procedure to model rates with count data models, a negative binomial
model of the number of monthly events was estimated. The numbers of events were
converted to rates using the driving time as an offset variable and constraining the parameter
of its logarithm to a unit. In order to keep the model as simple as possible, only a random
effect for the intercept was included, and all other explanatory variables were considered
fixed.

Risk indices were calculated for an unbalanced panel of 2283 observations for the 217 young
drivers over the 12 months, as some young drivers did not drive the equipped vehicle during
all the months.

The variables that were found to be significant in the model are: an indication of being in the
solo phase (positively correlated with risk index), the amount of accompanied driving time
(negatively correlated with risk index), the risk indices of the father and the mother (positively
correlated with risk index), the group in the study (all groups have lower risk indices compared
to the control group), crash history (positively correlated with risk index), reported risky driving
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among friends (positively correlated with risk index), reported trait aggression (positively
correlated with risk index), reported trait anxiety (negatively correlated with risk index),
reported reckless driving style score of the fathers (positively correlated with risk index), and
fathers’ Vigilant Care levels of fear (positively correlated with risk index).

The research described in this report contributed to the state of the art in various aspects;

From methodology point of view —a new approach for probabilistic assignment of unidentified
trips to drivers was derived and implemented. This has tremendous importance for future use
of IVDR systems that do not have continuous visual monitoring and verification. The method,
based on classification tree procedure, should be further explored and calibrated.

From counter-measures and intervention point of view — a new program based on the
principles of the “New Authority” was developed for parents. The program uses explicitly the
feedback from the IVDR as a tool to help parents identify the level of Vigilant Care needed. The
program was personally presented and administered to 25% of the sample, and the results
obtained show very good potential.

From safety insights point of view — the findings provide meaningful answers to important and
innovative research questions. These include:

e The existence of an IVDR system in vehicles of male young drivers — improves the
safety scores of their driving during the first year, independent of the type of feedback
they get, provided that they get some kind of (reliable) feedback.

e Among the various types of feedback that were tested in the current research — the
“family feedback” outperformed the “individual feedback”. The implication of this
finding strengthens the important role of parents’ involvement in monitoring the
driving of their teens.

e Provision of personal guidance to parents enhances safer driving behavior of their
teens, but, naturally, mostly to those that are unsafe drivers to start with.
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Novice Drivers — Trips and Roundtrips Temporal Properties

Oren Musicant” and Yoav Benjamini
School of Mathematical Sciences, Department of Statistics and Operations

Research, Tel-Aviv University, P.O.B. 69978 Tel Aviv Israel

ABSTRACT

Graduated driver licensing (GDL) systems have had limited success in reducing crash
risks among novice drivers; once the GDL ends, the crash risk increases. This study
evaluates how driving patterns change among novice drivers after the accompanied
driving stage that is required by the Israeli GDL system is completed and the solo
driving stage begins. Location data (GPS blips) of the roundtrips of 193 novice
drivers was recorded during a 12-month period. Roundtrips are defined as consisting
of all trips recorded between the time the vehicle leaves the home location to the time
it returns, resulting in a database of 51,918 roundtrips. Using the general additive
model technique, we explored the time-series of various measures characterizing the
roundtrips of novice drivers: driving duration; distance from home; number of trips;
the distribution of drivers in roundtrips; and the number of unfamiliar destinations
visited. When moving from the accompanied to the solo stage, novice drivers almost
doubled the amount of roundtrips per driving day. They had more trips per roundtrip
and shared less of these trips with more experienced drivers. In addition, the rate of
new and unfamiliar locations visited per driving day prominently increased. We
propose that novice drivers not only experience an increase in exposure (more
roundtrips) but also an increase in driving complexity, as measured by the ratio of
trips per roundtrip and unfamiliar locations visited per driving day. The results point

to ways of improving novice driver training during the accompanied stage.

KEYWORDS: driver behavior; temporal and spatial analysis
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INTRODUCTION

Traffic safety is a major concern internationally since traffic crashes claim the
lives of over a million people each year around the world (World Health
Organization, 2004). Vastly over-represented in road crash fatalities and injury
statistics (Compton & Ellison-Potter, 2008; OECD, 2006), novice drivers are known
to be a high-risk group. The first few months of driving are particularly dangerous
(McCartt, Shabanova, & Leaf, 2003; Vlakveld, 2004; Lee, Simons-Morton, Klauer,
Ouimet, & Dingus, 2011), mainly due to a lack of driving experience (McKnight &
McKnight, 2003).

Countermeasures have been proposed to tackle crash risks among novice
drivers especially in the first few months of licensure. These include training
programs that focus not only on providing maneuvering skills but also on such issues
as coping with peer pressure and identifying hazards. One proven countermeasure is
the graduated driving licensing (GDL) program. The idea is to control the
inexperienced driver's exposure to increasing levels of driving complexity, allowing
the novice driver time to gain experience before advancing to the next level. Initial
GDL stages usually involve accompanied driving (entailing the presence of an
accompanying driver next to the novice driver); limitations on travel times (no late
hours) and the number of passengers; and zero tolerance for driving under the
influence of alcohol.

The implementation of the GDL varies from country to country. A more
detailed description of various European GDL programs can be found at (Twisk &
Stacey, 2007). For example; In Denmark, Netherlands and Germany, driving is
restricted to school hours. An accompanied driving phase is required in Great Britain,
Greece, and Poland but in Denmark, the Czech Republic and Netherlands there is no
accompanied driving phase at all. In Germany and France it is optional, depending on
the learner’s age and the regulations that local authorities have enacted.

It has been shown that novice driver crash rates are very low during the
accompanied driving stage in GDL programs. However, once the accompanied stage
is completed and the solo driving phase begins, crash rates increase and are still much
higher compared to those of more experienced drivers’ (Baker, Chen, & Li, 2006;
Mayhew, Simpson, & Pak, 2003; Wiggins, 2005). Thus, the risk is postponed, but not

completely reduced.
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One explanation for the inflated risk among novice drivers when advancing to
the solo driving period is that the experience they undergo in the accompanied stage
may not address all the driving challenges they face in the solo period. For example,
they may not drive on the same roads; at the same hours (Lotan & Toledo, 2007);
under the same conditions (fatigue, alcohol...); or with the same people. Therefore, to
cope with the changed circumstances, novice drivers, when advancing to the solo
stage, may require additional learning. With the lack of a mentor (or "backseat
driver"), the novice driver between these behavior patterns and the driver’s
involvement in crashes (or other safety surrogates) can contribute to the development
of useful countermeasures.

This understanding, coupled with the availability of modern driving
monitoring technologies, offers the possibility of investigating the behavior of novice
drivers, not only when a crash occurs but also in normal driving circumstances.
Various studies in this field have used such sensor-based time-series data as speed,
acceleration, distance and video to investigate novice driver behavior. For example,
(Lotan & Toledo, 2007) used a GPS and an acceleration-based, in-vehicle data
recorder to study driving patterns in the accompanied and solo periods respectively.
They found that the average driving time per week more than doubled when the driver
moved to the solo period. In addition, during the solo period, most of the trips took
place in the evening, when an accompanying driver (in most cases a parent) and
family vehicle were available to the novice driver. Only a small proportion of the trips
(2.8%) took place after midnight. When moving to the solo period, 19% of the trips
occurred after midnight. The researchers concluded that exposure as well as driving
complexity increased since the novice drivers in their sample had no experience with
night driving.

In another study (Prato, Lotan, & Toledo, 2009 ), a specialized in-vehicle data
recorder detected the involvement of novice drivers and their parents in undesirable
driving events, such as hard braking and accelerating, sharp turning and over-
speeding. During the accompanied phase, the rate of these risky behaviors among the
novice drivers and their parents was similar. Yet, in the solo phase, the rate of risky
behavior among novice drivers more than doubled. Their parents’ rate of risky
behavior, however, was low in respect to the accompanied or solo period of their

children.
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These studies demonstrate how patterns in novice driver behavior with respect
to time of day and vehicle operation strategy (involvement in risky behavior) can
change over time. The present study seeks to add a descriptive analysis to the spatial
temporal behavior that we observe in novice driving behavior.

There is a growing body of research within transportation studies suggesting
that spatial analysis using GPS data offers several advantages over conventional travel
survey data: travel routes between destinations are known; patterns can be observed in
a single driver over time (Grengs, Xiaoguang, & Kostyniuk., 2008); and events are
captured as a driver is in motion (Jun, Ogle, & Guensler, 2007). Since, to the best of
our knowledge, spatial exploration measures beyond driving time and distance
traveled are lacking in novice drivers studies; we drew upon research into animal
spatial-temporal behavior. Such investigations usually utilize observation tools such
as video cameras (Fonioa, Benjamini, & Golani, 2009) or global positioning system
(GPS) devices to track animal kinematic data (distance, speed, heading and
acceleration) and proposed behavioral measures based on that kinematic data in order
to learn about animal movements.

Just as the tracking methods for animals provide valuable information about
behavior, similar methods can provide solid info about driving behavior of humans.
For example, (Tambling, Cameron, Du toit, & Getz, 2010;) used the time spent by
lions in location clusters and the distance they traveled to predict lion kill sites.
Another series of studies (Fonioa, Benjamini, & Golani, 2009; Benjamini, Fonio,
Galili, Havkin, & Golani, 2011; Benjamini, et al., 2010) looked at forays made by
mice from their home location to explore an unfamiliar area. The unit of analysis was
the time between leaving and returning to the “home location” (a shelter with food
and water familiar to the mice). For convenience, we refer to this unit of analysis as a
roundtrip. During the first roundtrips, the mice increasingly ventured further from
home but stayed near the walls of the circular arena that had been established for the
experiment. Then, after completing a full circle along the walls of the arena, the mice
started exploring the center of the arena. Therefore, the distance across the circled
wall and distance from the wall were used as measures of the exploration behavior
described quantitatively each roundtrip. The researchers were then able to assess the
"exploration rate" (distance derivative) for these measures as the mice made more
roundtrips. They found that a period of “growth" in the exploration rate appeared at

different times for various strains.
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In another study investigating fox behavior (McKenzie, Lewisa, & Merrill,
2009), the researchers calculated the mean first passage time (time taken to reach a
destination point the first time). The purpose of the study was to assess the effect of
animal search strategies on search times for prey. The mean first passage time
analysis indicated that foxes with a centralizing tendency (e.g., searching in the den
area) found prey near their den site more quickly than randomly moving foxes. This
was true up to a certain distance of the prey from the den site; after this point the
randomly moving foxes found the prey more quickly.

These studies suggest that using kinematic-based indices related to home
location (analysis by roundtrip and distance from home) or to destination location
(first time passage, time in destination cluster) are useful for describing animal
behavior. We propose that borrowing such behavior indices from animal behavior

studies may provide a deeper understanding of novice driver behavior.

PURPOSE
Our aim was to analyze the spatial time-series information of novice drivers.
In particular, we applied this analysis to the GDL context, at that point when novice

drivers advance from the accompanied to the solo driving stage.

METHOD
Sample

This experiment included 193 novice drivers and their families living in Israel.
Novice drivers in Israel are no different from others in terms of their increased crash
risk (Lotan & Toledo, 2007). As part of the effort to tackle this problem, the
government implemented a GDL system in which novice drivers are required to drive
with an experienced driver (with at least five years of driving experience) for the first
three months after obtaining a driving permit. This is the accompanied driving stage.
In addition, for a period of two years after licensure, the number of passengers is
limited to two, excluding the driver, unless an experienced driver is present in the
vehicle. There are no restrictions on nighttime driving. The involvement of novice
drivers in crashes during the accompanied driving stage is very low. However, once
they enter the solo driving period, crash rates increase dramatically. These rates

gradually decrease as drivers gain more driving experience (Lotan & Toledo, 2007).
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This information indicates that the GDL system in Israel is insufficient for tackling

the inflated crash risk during the first few months of non-supervised driving.

Procedure

216 families volunteered to participate in a 12-month experiment. The
experiment started when the novice driver was in the accompanied stage. During this
stage, an in-vehicle data recorder was activated in their vehicles (as described below).
In some cases, families dropped out of the experiment, mainly due to technical
constraints such as selling the vehicle or changing apartment (22 families) or a
malfunction in the recording device (1 case) that didn’t report on GPS data during the

measurement period.

In-vehicle data recorder

Since there may be more than one vehicle per household in Israel, as part of
the recruitment process family members declared which vehicle the novice driver
would use during the first year. This vehicle was equipped with a specialized in-
vehicle data recorder (IVDR) made by GreenRoad. The IVDR reported the start and
end times of each trip and transmitted the GPS data (including longitude, latitude and
speed) of the vehicle at the beginning and end of the trip and every two minutes
during the trip, depending on the availability of the GPS satellite signal. This
information was transmitted in real-time via cellular networks to a specialized server
that logged the data. The drivers were required to identify themselves at the beginning
of each trip by using a personal magnetic key. Since this was a voluntary act, it was
possible that the novice driver may not have identified himself at all times. The

overall identification percentage was 78%.

Drivers’ destinations and roundtrips

Borrowing from the animal spatial-temporal studies described above, a trip
was regarded as the basic unit. A trip extended from detection of vehicle movement
start to vehicle movement end using a dwell time of 10 minutes. Trips were grouped
into roundtrips, beginning when the driver left home and ended when he or she
returned home. The use of the roundtrip measure enabled us to examine the following

variables:

1. The count of trips in roundtrips: It is interesting to determine to what extent

roundtrips are complex and consist of multiple trips (or destinations). In addition,
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since each trip in a roundtrip is possibly assigned to a different driver, we
explored how the trips were distributed among family members.

2. The overall time of the roundtrip: The time in minutes between leaving and
returning home is an indication of the length of the novice driver’s activities.

3. The driving time of the roundtrip: The time, spent on actual driving.

4. The number of new destinations: Roundtrips can include several destinations,
some of which are visited for the first time. To explore the accumulation of

experience, it was interesting to study how many new destinations were visited.

To establish the roundtrip database, we used the first and last GPS blip of each
trip (origin destination blips, or OD blips in short) to learn about the locations that
drivers went to (or left from). The mean-shift clustering algorithm (Chen, 1995) was
implemented for each family's OD data. Since it is suitable for cases where the
number of clusters is unknown, the mean-shift procedure is suitable to discover
human destination clusters using GPS blips (see examples at (Cao, et al., 2010; Cao,
Yu, Luo, & Huang, 2009)). In our research, each cluster represented a destination
visited by at least one family member at least once and included such destinations as
the home address, the parents’ workplace, the novice’s driving school, and leisure
time locations (such as movie theater, shopping mall or sports center). Some of the
destinations were not visited by the novice driver at all. Some destinations were
visited at the beginning of the driver’s driving career, during the accompanied phase.
Other destinations were visited later, during the solo driving phase. Each destination
had two properties that were used at a later stage in our analysis: the first time the
destination was visited by the novice driver and the number of visits to the
destination. The home location of the driver was considered the most visited cluster.
This could be the actual home address, the address of another family member (if
living at another address) or even a friend's house.

In the second stage of our research, trips were classified according to their
distance from home: a “Home — Home” trip started and ended at the area around
home. A “Home — Out” trip occurred when the driver went from the home area to a
more distant location. We defined “Out — Out” and “Out — Home” trips according to
the same logic. Thus, a roundtrip could include several trips, where the first trip was a
“Home — Out”, the last was the “Out — Home” and all the trips in between were “Out

— Out” trips. Alternatively, a roundtrip could consist of only a single “Home — Home”
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trip. The following figure depicts four options for roundtrips. The arrows represent
trips (from origin to destination), and the home area is represented by a gray circle.
The leftmost example depicts a roundtrip consisting of only one trip (“Home —
Home”). In other cases, the driver goes a distance from the home area, stops upon
reaching a destination (visiting a friend, for example), and then drives back home. In
this case, the roundtrip consists of two trips (“Home — Out” and “Out — Home”), as

shown in the second example from the left.

1 Trip 2 trip
CaN) (A )
.‘l\'\-.. .--'/.. I“\‘-.. - /
1Home-Home 1 Home Ot 1 Home- Cut 1 Home- Cut
1 Out- Home 1 Cut- Horme 1 Qut Home

10t - Cut 2 0t - Ot

Figure 1 Examples of roundtrips

In order to group trips into roundtrips, it was important to define the home
area i.e., the length of the radius of a circular area around the home location (see
Figure 1). The length of the radius had an impact on the classification of a trip as one
of the four types (“Home — Home”, “Home — Out”, “Out — Home” and “Out — Out”).
If the radius was larger, fewer trips were classified as “Out — Out” and more trips
were classified as “Home — Home”. In arriving at this classification system, we
considered the following points. First, the home area should be larger than a common
GPS reporting error since such an error could cause misidentification of the driver
returning to the home area. This in turn could lead to the trip being incorrectly
assigned to its roundtrip. In addition, since a driver could park his vehicle at different
locations around home, it was felt that and therefore our classification system should
account for such variability. Finally, it was reasonable to consider that nearby
locations such as school, the neighborhood bank or the local grocery as home area
locations, since these places were very familiar to the driver. Moreover, since each
driver had a different home location and was exposed to different conditions (distance
to parking spots and nearby locations), the algorithm for defining the radius should

allow driver-specific values.
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To decide on the radius we analyzed how the proportion of “Out — Out” trip
changed as we increased the radius. A change point analysis was done to detect the
radius where this proportion changed more prominently compared to any other radius.
To prevent a misidentification of the roundtrip end (mainly resulting from GPS
errors), we decided to add 100 meters to the radius located by the change point
procedure. The range of radius examined for each family was 20 to 2000 meters,

which, based on our familiarity with the road network in Israel, is sufficiently robust.

Statistical analysis of time-series

To understand how novice drivers’ behavior changes, the measures described
in the previous section are explored in terms of time from the transition to the solo
date. We conducted our analysis using the R environment for statistical computing (R
Development Core Team, 2010).

The number of trips, roundtrips and new destinations are all non-negative
integers representing count data. For analyzing the link between a response count (and
frequency) variable Y and a vector X of explanatory variables, the Poisson regression
is often used. The Poisson distribution is the bench mark model for count data and
was also used to model trips counts (Lundevaller, 2009; Englin, Holmes, & Niell,
2006; Kim & Susilo, 2011; Hazelton, 2008), as it accounts for the integer value
characteristic of the right skewed trip frequency variable. Poisson regression models

are generalized linear models with the logarithm as the link function:

gEX) =n=X"p

where g(.) is the natural log link function and Y is the random variable for the

count of trips, assumingly following Poisson distribution (Y~Poisson(eXTB)).X is the

matrix of independent variables and {3 is the vector of coefficients.

The trip duration and distance are positive continuance variables. Thus we
choose the gamma distribution as the underline distribution (Zheng, Hong, Liu, &
Cordes, 2010).

GLM models, as the Poisson regression, require the modeler to specify the
mathematical relation between the response and the independent variable (for

example quadratic, harmonic or linear). However, in the case where the purpose is to
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exploratory analyzing the nature of this relation, the form of the model is usually
unknown. In the context of this study the relations between the behavioral variables
and time from the transition to the solo date was exploratory analyzed. For this
purpose we used the general additive models (GAM) as a tool to model trends over
time. GAMs were developed in order to enrich the generalized linear models (GLM)
with more complex additive components. GAMs consist of a random component and

a link function (as in GLMs) and an additive component:

gE®)) =1 =5(Xy) +S2(Xp) +S3(X3) + - + S Xpn)

where the response variable Y, the random component, is assumed to have a
density in the exponential family. The link function g (.) relates the expected value of
the distribution to the m predictor variables. The additive component includes a set of
functions S (.), where S (.) can be fitted using parametric (as in GLMs) or non-
parametric means (usually splines). The use of the GAMs, non-parametric component
allows exploratory analysis of the linkage between the response and S (.).

All models presented hereafter are of the form:

g(EY)) =n =By + S(T)

where Y is a random number from the Poisson or gamma distribution. The
log link is applied to the expectancy of Y (n = log(E(Y)). T is the time from the
beginning of the solo driving stage and S (T) is a non-parametric smoothing function

over T.
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RESULTS
Home Area

Figure 2 describes the fraction of trips classified as “Out — Out” trips per
radius (distance from home — x-axis) for 16 arbitrary selected families. For some of
the families, a prominent drop in the fraction of “Out — Out” trips is observed.
Defining the home area with a smaller radius would cause an inflation of “Out — Out”
trips while the selection of a radius larger than this distance would greatly reduce the
"Out — Out" trips. The average radius across families in our sample was 1034 meters

(SD= 346).
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Figure 2 Fraction of “Out — Out” trips versus distance from home

Roundtrips

During a roundtrip, the vehicle was driven by one or more drivers. Only
roundtrips consisting of at least one novice driver trip were analyzed. Thus, only
roundtrips consisting of two or more trips can include a trip driven by the parent,
sibling or unknown driver in addition to the novice driver. Figure 3 depicts a number
of roundtrip measures versus time in days since the solo period began (negative time
reflects the accompanied period). Figure 3a depicts the general additive model
estimations, assuming a Poisson distribution, for the number roundtrips (red line); the
number of total trips (blue line); and the number of novice driver trips (green line) per

driver and day.
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At the beginning of the solo stage, the number of roundtrips more than

doubled immediately. After the steep increase, there was a gradual decline in the

number of roundtrips and trips. This result was unexpected because, in contrast to the

accompanied phase, there were no limitations on novice driver access to the vehicle.

On the contrary, one would expect that as drivers gain more experience they would

use the vehicle more frequently. During the accompanied phase, the number of novice

driver trips (green line) was similar to the number of roundtrips, which indicating that

in most cases, a roundtrip simply consists of a single trip. However, the ratio of trips

to roundtrips increased after the solo phase began. Thus, the number of trips in

roundtrips can serve as one possible measure of the complexity of the driving task.
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To explore the properties of trips in the roundtrip framework, we studied the
number of estimated time-series trips in roundtrips by driver type (implementing a
GAM with a Poisson model - Figure 3b). The overall trip count per roundtrip is
largely constant across time (blue line). However, the driver type changes and there is
an increase in the number of trips assigned to the novice drivers (green line) at the
expense of trips assigned to the parents. Therefore, the increase in the ratio of novice
driver trips to roundtrips (Figure 3a) is, to some extent, due to the novice driver
assuming responsibility for more trips in a roundtrip compared to the accompanied
period. This result means that the parent (or other accompanying driver) functions not
only as a supervisor or advisor, but also shares the responsibility for driving. The
novice driver can pass the wheel to the accompanying driver (or the accompanying
driver can take it) when the driving complexity increases, for example, when the road
is not familiar, or when the novice driver is tired. Thus, having an accompanying
driver in the vehicle who, in some cases, assumes the driving responsibility eases the
complexity of the driving task.

Roundtrip duration and maximum distance from home were also considered as
possible measures for driving complexity and therefore their time dependency was
investigated. We distinguished between duration, which is the total time elapsed during
a roundtrip (from start to end); the driving duration, which is the actual driving time;
and the driving time assigned to the novice driver. These measures were smoothed
(GAM: gamma distribution), and plotted (Figure 3c) versus time. The novice driver’s
average driving time ranged between 20 to 30min during the measurement period. A
more prominent difference was observed in the roundtrip total driving time between the
accompanied and the solo phase. In the accompanied phase, the roundtrip time was
higher. For example, 25 days before the solo date, the log of roundtrip total time in
hours was 1.017(SE= 0.025) and 25 days after the solo date it was 0.862 (SE= 0.018),
which suggests a decrease of 14% (1 — e%86271-017) ip the roundtrip duration. The
roundtrip time gradually increased and by the end of the measurement period, it
resembled the level estimated during the accompanied period. The driving time and
novice driving time present similar trends and do not change noticeably during the
studied period.

When assessing how far from home drivers travel, we distinguished between
the distance measured for the whole roundtrip and the distance measured only for the

novice driver’s trips. This information is presented in Figure 3d. The driving trend
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described here are the opposite of that presented in Figure 3a for the trip count.
Drivers in the solo period drive less but gain experience in driving far from home.
This driving experience is not entirely relevant for the period immediately after the
accompanied stage is over since drivers do not stray far from home in their first solo
trips. As time passes, novice drivers gradually increased their distance from home.

After the accompanied driving stage has ended, the increase in the count of
roundtrips and trips, on the one hand, and the decrease in the average distance from
home, on the other, suggest the possibility that the drivers continued to explore new
destinations but chose to stay close to known locations (much like mice stay near the
walls of the circular arena). To investigate this, we examined the number of new
destinations visited per driver (Figure 3e) and per roundtrip (Figure 3f). The red lines
present general additive model estimations for the number of new destinations
assuming a Poisson distribution in regard to the number of new destinations. The
results suggest that the rate of discovering new locations per driver and day during the
accompanied stage is relatively higher than most days in the solo period. A special
case is the first month in the solo stage, where the rate of new destinations per day
doubled. Yet, when examining the count of new destinations per trip (Figure 3f), one
can conclude that many new destinations were acquired during the accompanied
period. The count of new destinations per roundtrip begins to level off only after 50
days in the solo stage. This result suggests that novice drivers in our sample did not
use the accompanied stage to visit destinations visited immediately after the

accompanied stage is completed.

CONCLUSIONS

The inflated risk among novice drivers during the first year of licensure is still
a major concern in many countries. Advanced GDL programs have had limited
success in reducing this risk. Deeper understanding of novice driving patterns is
important if one wants to recommend steps for reducing novice crash risks, especially
a few months after the GDL program is completed. We studied novice driver
roundtrip time-series measures during the first year after licensure. These measures
included roundtrip duration; distance from home; number of trips in roundtrips and
their distribution by family members; and the number of new unfamiliar destinations

visited in terms of time. Several interesting findings were discovered. First, the
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number of roundtrips more than doubled immediately after the accompanied driving
ends. Interestingly, the roundtrip duration and the distance from home did not increase
when novice drivers moved to the solo driving stage. On the contrary, novice drivers
in our sample preferred not to distance themselves from their home location in
comparison to the accompanied stage. Yet, the distance from home gradually
increased a few months after the beginning of the solo period. We also found that
during the accompanied driving stage, trips in the roundtrip framework were more
likely to be shared between the novice driver and the parent (or other accompanying
driver). One possible explanation may be that this phenomenon occurs when the
complexity of the driving task increases (for example, when the novice driver is tired)
to a level requiring a more experienced driver. In such cases, since the parent assumes
the responsibility of driving, his function exceeds that of being a passive advisor. This
luxury is not always possible in the solo phase since the presence of an experienced
accompanying driver is not mandatory.

The rate of visiting new destinations was also explored. Our analysis showed
that immediately after the accompanied period was ended, the rate of visiting new
destinations was almost doubled. Novice drivers did not only drive more (additional
roundtrips) they also drove to a larger number of unfamiliar places.

We propose that novice drivers not only experience an increase in exposure
(more roundtrips) but also an increase in driving complexity measured by the ratio of
trips per roundtrip and new and unfamiliar locations visited per driving day. To ease
this complexity, accompanying drivers can use the time in the accompanied period to
plan trips to specific destinations that novice drivers might be driving to in the near
future when they are on their own (for example, leisure sites, friends, neighborhood
sites, school etc.) Dedicating the time to visit relevant locations may be more useful
even at the expense of gaining long distance experience.

Using a large amount of data coupled with statistical analysis techniques and
behavior measures adopted from various disciplines, such as spatial and temporal
studies of animals, can yield interesting findings and deeper understanding about
driver behavior. The use of the roundtrip framework holds several advantages over
the more conventional trips (origin to destination segments) structure. This framework
enabled the evaluation of the total time away from the home location and the
complexity of driving with respect to the number of trips in roundtrips. In addition,

the analysis of new destinations visited per day and per roundtrip, borrowed from
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animal behavior studies, showed different trends over time compared to the trip
duration and distance measures. Thus, we propose that such measures can add useful
information about novice drivers’ behavior.

Several limitations should be considered when analyzing the results presented
in this study. The main limitation relates to the existence of unidentified trips. Overall
78% of the trips are identified to their corresponding driver. Thus, our models
probably underestimated of novice drivers’ trips and roundtrips count. In addition,
trips in our database are depended, as each driver performed several trips. The
statistical models presented here does not account for this dependency. Mixed models
are usually implemented to control for such panel datasets. Yet, the authors are not
aware for similar models that account for the non-parametric terms within the GAMs

framework used in this study.

Bibliography

Baker, S. P., Chen, L.-H., & Li, G. (2006). National Evaluation of Graduated Driver Licensing
Programs. NHTSA.

Benjamini, Y., Fonio, E., Galili, T., Havkin, G. Z., & Golani, |. (2011, March 7). Quantifying the
buildup in extent and complexity of free exploration in mice. PNAS, PNAS Early
Edition.

Benjamini, Y., Lipkind, D., Horev, G., Fonio, E., Kafkafi, N., & Golani, I. (2010, July ). Ten ways
to improve the quality of descriptions of whole-animal movement. Neuroscience and
Biobehavioral Reviews , 34 (8), 1351-1365.

Cao, L, Luo, J., C, G. A, Jin, X, Han, J., &S, H. T. (2010). Aworldwide tourism
recommendation system based on geotaggedweb photos. Acoustics Speech and
Signal Processing (ICASSP), 2010 IEEE International Conference on, (pp. 2274 - 2277).

Cao, L, Yu, J., Luo, J., & Huang, T. S. (2009). Enhancing Semantic and Geographic Annotation
of Web Images via Logistic Canonical Correlation Regression. 17th ACM international
conference on Multimedia .

Chen, Y. (1995). Mean Shift, Mode Seeking, and Clustering. IEEE Transactions on Pattern
Analysis and Machine Intelligence, 17, 790-799.

Compton, R. P., & Ellison-Potter, P. (2008). Teen Driver Crashes: A Report to Congress.
NHTSA.

Englin, J., Holmes, T., & Niell, R. (2006). Alternative Models of Recreational Off-Highway
Vehicle Site Demand. Environmental and Resource Economics, 35(4), 327-338.



Oren Musicant & Yoav Benjamini 17

Fonioa, E., Benjamini, Y., & Golani, I. (2009). Freedom of movement and the stability of its
unfolding in free exploration of mice. PNAS, 106(5), 21335-21340.

Grengs, J., Xiaoguang, W., & Kostyniuk., L. (2008). Using GPS Data to Understand Driving
Behavior. Journal of Urban Technology, 15(2), 33-53.

Hazelton, M. L. (2008). Statistical inference for time varying origin—destination matrices.
Transportation Research Part B: Methodological, 42(6), 542-552.

Jun, J., Ogle, J., & Guensler, R. (2007). Relationships between Crash Involvement and
Temporal-Spatial Driving Behavior Activity Patterns Using GPS Instrumented Vehicle
Data. TRB Annual Meeting.

Kim, N. S., & Susilo, Y. O. (2011). Comparison of pedestrian trip generation models. Journal
of Advanced Transportation. Retrieved from 10.1002/atr.166

Lee, S. E., Simons-Morton, B. G., Klauer, S. E., Ouimet, M., & Dingus, T. A. (2011). Naturalistic
assessment of novice teenage crash experience. Accident Analysis & Prevention,
43(4), 1472-1479.

Lotan, T., & Toledo, T. (2007). Driving patterns of young drivers within a graduated driver
licensing system. Preprints of the 86th Annual Transportation Research Board Annual
Meeting.

Lundevaller, E. H. (2009). The effect of travel cost on frequencies of shopping and
recreational trips in Sweden. Journal of Transport Geography, 17(3), 208-215.

Mayhew, D., Simpson, H., & Pak, A. (2003). Changes in collision rates among novice drivers
during the first months of driving. Accidents Anaysis and Prevention, 35(5), 683-91.

McCartt, A. T., Shabanova, V. I., & Leaf, W. A. (2003, May). Driving experience, crashes and
traffic citations of teenage beginning drivers. Accident Analysis & Prevention, 35(3),
Pages 311-320.

McKenzie, H. W., Lewisa, M. A., & Merrill, E. H. (2009). First Passage Time Analysis of Animal
Movement and Insights into the Functional Response. Bulletin of Mathematical
Biology, 71(1), 107-129.

McKnight, A. J., & McKnight, A. S. (2003). Young novice drivers: careless ot clueless?
Accidenta analysis and prevention, 35, 921-925.

OECD. (2006). Young drivers - The road to safety. ECMT.

Prato, C. G., Lotan, T., & Toledo, T. (2009 ). Intra-familial transmission of driving behavior:
evidence from in-vehicle data recorders. TRB Annual Meeting .

R Development Core Team. (2010). R: A Language and Environment for Statistical
Computing. Vienna, Austria. Retrieved from http://www.R-project.org.



Oren Musicant & Yoav Benjamini 18

Tambling, C. J., Cameron, E. Z., Du toit, J. T., & Getz, W. M. (2010;). Methods for Locating
African Lion Kills Using Global Positioning System Movement Data. Journal of
Wildlife Management, 74(3), 549-556.

Twisk, D. A., & Stacey, C. (2007). Trends in young driver risk and countermeasures in
European countries. Journal of Safety Research, 38(2), 245-257.

Vlakveld, W. (2004). New Policy Proposals for Novice Drivers in the Netherlands. Behavioural
Research in Road Safety 2004.

Wiggins, S. (2005). Graduated Licensing Program: Interim Evaluation Report - Year 3. The
Insurance Corporation of British Columbia.

World Health Organization. (2004). World report on road traffic injury prevention. Jeneva:
World Health Organization.

Zheng, Q., Hong, X., Liu, J., & Cordes, D. (2010). Agenda driven mobility modelling. nt. J. Ad
Hoc and Ubiquitous Computing, 5(1), 22-36.



