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Executive Summary

Background

Each year more than 1,000 16-year-old drivers are involved in fatal crashes.
Injuries are the primary cause of death of teenagers, and 41% of all injury deaths at
ages 15-19 involve motor vehicle crashes. Many diverse approaches, from minimum
drinking age laws to driver education, have attempted to reduce the toll of motor vehicle
crashes involving young drivers. During the past decade, 44 states and the District of
Columbia have passed legislation for Graduated Driver Licensing (GDL) programs.

GDL involves a three-stage approach to licensure of teenage drivers, usually
beginning around age 15% to 16. A typical three-stage GDL program comprises a
“‘learner” stage, during which all driving must be supervised, followed by an “intermedi-
ate” (or “provisional”) stage, during which unsupervised driving is allowed but is subject
to certain restrictions and conditions, and finally by unrestricted licensure. The objective
is to provide novice drivers with supervision during their initial months on the road, and
then to reduce their exposure to certain more-hazardous situations, for example by
restricting driving at night and setting limits on carrying passengers.

Evaluations in various states have consistently shown that GDL is beneficial, with
reported impacts as great as 34% reduction in the involvement rate of 16-year-old driv-
ers in injury crashes and 19% reduction in their fatal crash involvement rate. Nationally,
overall estimates of fatal crash reductions associated with GDL implementation have
ranged from 6% to 11% for ages 15 through 17 combined. To date, reported national
estimates of the benefit of GDL have been limited to fatal crashes and have neglected
to focus on the value of improving weaker programs.
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Objectives
The objectives of this research were to provide answers to the following questions:

m What was the overall reduction in involvement of 16-year-old drivers in fatal
crashes and injury crashes?

m Did crash involvement rates decline as the number of restrictive components
in GDL programs increased?

m How much could crashes of 16-year-old drivers be reduced if all states had GDL
programs as effective as the programs associated with the largest reductions?

m If an association is found between GDL and lower crash rates, does it appear
to be a causal relationship?

Method

This study is based upon analysis of data on fatal crashes, compiled and made
available to the public by the National Highway Traffic Safety Administration; midyear
population estimates, compiled and made available to the public by the U.S. Census
Bureau; data on injury crashes, compiled by individual states and obtained specifically
for this study with the permission of each respective state; and information on state
GDL legislation, provided by AAA Government Relations & Traffic Safety Advocacy, the
Insurance Institute for Highway Safety, and representatives of individual states.

Population-based rates of fatal crash involvement and injury crash involvement
were calculated for drivers aged 16, 20-24, 25-29, and 30-54, in each state included
in the analysis, for each quarter-year (“state-quarter”). Analyses of fatal crashes were
based upon data from 43 states, spanning years 1994 through 2004. Included were
36 states that had a three-stage GDL program in effect for at least part of the period of
the study, and 7 that did nott. Analyses of injury crashes were based upon data from
35 states, from 1994 through 2003, though not all years of data were available for all
states. Included were 28 states that had a three-stage GDL program in effect for at
least part of the period analyzed, and 7 that did not.

T Minnesota’s licensing process has included both a learner stage and an intermediate stage since 1999; how-
ever, Minnesota’s intermediate stage does not include any form of nighttime driving restriction or passenger
restriction. For this reason, Minnesota sometimes is not classified as having a three-stage GDL program
(e.g., IIHS (2006)); however, for the purpose of this study, Minnesota was classified as having a three-stage
GDL program.



The licensing system for young drivers in effect in each state-quarter was char-
acterized first on the basis of whether or not it included both a learner stage and an
intermediate stage prior to full licensure, and second according to the number of its
program components that were consistent with the following definitions:

m A minimum age of at least 16 years for gaining a learner’s permit.

m Arequirement to hold the learner’s permit for at least 6 months before gaining
a license that allows any unsupervised driving.

m Arequirement for certification of at least 30 hours of supervised driving practice
during the learner stage.

m An intermediate stage of licensing with a minimum entry age of at least 16
years and 6 months.

m A nighttime driving restriction for intermediate license holders, beginning no
later than 10 p.m.

m Apassenger restriction for intermediate license holders, allowing no more than

one passenger (except family members).
m A minimum age of 17 years for full licensure.

For each age group and each type of program, crash involvement rates were
calculated for the period of the 5th to 8th quarters before and the period of the 5th to 8th
quarters after implementation. The four quarters immediately before and four quarters
immediately after GDL implementation were excluded from the analysis to avoid cap-
turing the effects of possible short-term perturbations in the licensing of young drivers
immediately before and after changes in licensing policy. Negative binomial regression
models were used to examine the associations between GDL programs and crash inci-
dence, while accounting for state-, year-, and quarter-related correlations in the data.

Results

m Population-based fatal crash involvement rates of 16-year-old drivers were 11%
lower overall in state-quarters with three-stage GDL programs (i.e., programs
that included a learner stage and an intermediate stage prior to full licensure),



12

and injury crash involvement rates were 19% lower overall, compared with state-
quarters without three-stage GDL programs. Both differences were statistically
significant at the 95% confidence level. These figures include the results for

states with a wide range of programs, including the less successful programs.

Overall fatal crash and injury crash involvement rates of drivers aged 20-24,
25-29, and 30-54 did not change in association with the implementation of
three-stage GDL programs. Drivers in these older age groups were exposed
to driving environments similar to those of novice drivers but were unlikely to
be influenced by GDL enactment. The lack of changes in older drivers’ crash
rates suggests that GDL enactment was largely responsible for the lower rates

in 16-year-old drivers.

Programs with any five of the seven previously defined GDL components were
associated with fatal crash rates of 16-year-old drivers that were 38% lower, and
injury crash involvement rates that were 40% lower, relative to the corresponding
rates in state-quarters with none of the seven components (Note: The maximum

number of components in effect in any state-quarter in the study was five.)

Similar reductions were not seen for drivers aged 20-24, 25-29, or 30-54. Re-
ductions were absent, or much smaller, and/or did not achieve statistical sig-
nificance. The general absence of comparable changes in crash rates of these
somewhat older drivers suggests that the changes for 16-year-old drivers were
related to GDL.

For both fatal and injury crashes, crash involvement declined as the number
of GDL program components increased from one to five. Thus, risk of crash
involvement decreased in an apparent dose-response fashion as the restrictive-

ness of GDL programs increased.

The results of this research suggest that the association between Graduated
Driver Licensing and lower rates of crash involvement among 16-year-old driv-

ers is likely to be a causal relationship.



Conclusions

The most restrictive graduated driver licensing programs are associated with
reductions of 38% and 40% in fatal crashes and injury crashes, respectively, of 16-
year-old drivers. The overall reductions, for all three-stage programs combined (i.e.,
irrespective of the number of specific components that they included, thus including
the weakest of programs), were 11% and 19% for fatal crashes and injury crashes,

respectively.

The difference between crash involvement rates that were 38% - 40% lower in
state-quarters with any five of the seven defined GDL components, and the apparent
lack of effect of programs with very few components, point to the enormous safety benefit
that might be achieved by strengthening GDL regulations in states without three-stage

GDL programs or with less comprehensive programs.

13
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Introduction

Graduated Driver Licensing (GDL) is a fairly recent addition to highway safety
programs in the United States. Developed to address high crash risks among teenaged
drivers, GDL programs are increasingly popular, but whether they are reaching their
full potential is not known.

Background

Teens have a greater chance of death in motor vehicle crashes than from any
other cause (Centers for Disease Control and Prevention 1999; Cvijanovich et al. 2001,
Foss 2000). Injuries are the primary cause of death of teenagers, and 41% of injury
deaths at ages 15-19 involve motor vehicle crashes (Centers for Disease Control and
Prevention 2006). In 2004, 7,898 drivers aged 15 to 20 years were involved in fatal
crashes (National Highway Traffic Safety Administration (NHTSA) 2004). In addition
to the lives lost in motor vehicle crashes, the annual economic cost of police-reported
crashes among teen drivers is a staggering USD $40.8 billion (NHTSA 2002).

Purpose and description of Graduated Driver Licensing (GDL)

Two factors, age and inexperience with the driving task, have been proposed
as causes of the higher crash risk among young novice drivers (Mayhew and Simpson
1990). GDL, an intervention proposed in the 1970s (Waller 2003), targets both immaturity
and inexperience by delaying age of full (unrestricted) licensure and by restricting driving
under specified hazardous conditions prior to full licensure. A major purpose of GDL is
to provide practical driving experience prior to allowing unrestrained driving freedom.

15
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GDL programs comprise three major stages. During an initial “learner” stage, all
driving must be supervised—usually by a parent or guardian. After the learner stage,
a new driver under a three-stage GDL program receives an “intermediate” (or “provi-
sional”) license, which permits unsupervised driving, subject to some restrictions (e.g.,
prohibition on driving after a certain nighttime hour or a limit on the number of young
passengers that can be transported). Finally, after completion of the intermediate stage,
the driver receives a full-privilege license.

The specific GDL restrictions that have been implemented by states vary; typi-
cally they include age specifications for each of the three phases, a minimum number
of hours of supervised driving, a learner period with a minimum duration before apply-
ing for an intermediate license, limits on the number of passengers, and restrictions
on driving after certain nighttime hours. In some cases, new drivers are also restricted
from driving on certain roadways (e.g., Interstate highways), and face stricter penalties
than full-privilege license-holders for traffic violations, convictions, and/or crashes.

GDL programs were first introduced in New Zealand in 1987. In the U.S., the first
state to implement a three-stage GDL program was Florida, which did so in 1996. In
most states, individual components of GDL programs (e.g., minimum age for receiving
a learner’s permit or driver’s license) predate the implementation of three-stage pro-
grams. As of February 15, 2007, 44 states and the District of Columbia had introduced
three-stage programs. GDL programs in the U.S. apply only to individuals under 18
years of age, even though the required age and duration of the learner stage and the
age for full licensure vary among states. Other restrictions also vary across jurisdic-
tions, especially restrictions in the intermediate stage relating to nighttime driving and
carrying passengers. Appendix 1 describes the components of the GDL program in
effect in each state as of February 15, 2007, based upon information provided by AAA
Government Relations & Traffic Safety Advocacy.

Despite the existence of a large and growing body of research indicating that GDL
is effective in reducing the crash involvement of young drivers, several factors remain
unclear. First, because national evaluations (e.g., Dee et al. 2005; Morrisey et al. 2006)
have focused on fatal crashes, we know little about the nationwide impact of GDL on
non-fatal crashes. Second, although previous research by the authors of the present
report documented the relationship between changes in crash involvement rates and
the number of GDL program components (Chen, Baker, and Li 2006), the results of the
previous study likely underestimated the effect of some of the stronger GDL programs.



In that previous study, program components were dichotomized as present or absent
(e.g., whether a nighttime driving restriction prohibiting unsupervised driving between
the hours of 1 a.m. and 5 a.m. counted as “night restriction present” or “night restriction
absent”), according to criteria that were weaker than existing recommendations (e.g.,
recommendations from the Insurance Institute for Highway Safety (IIHS) and AAA); it
is likely that the inclusion of less restrictive variations of some components (e.g., night
restrictions that do not take effect until after midnight) resulted in estimates of program
effectiveness that were lower than what would have been obtained from a study based
upon stricter inclusion criteria. Third, the potential for improvement in crash rates of
novice drivers through improved GDL programs has not been adequately measured.

Objectives of this research

This report describes an analysis of the nationwide public health impact of GDL
programs, quantified in terms of the effect of GDL programs on the per-capita fatal crash
and injury crash involvement rates of 16-year-old drivers. Specifically, the following
questions were addressed:

m What was the overall reduction in involvement of 16-year-old drivers in fatal
crashes and injury crashes?

m Did crash involvement rates decline as the number of restrictive components
in GDL programs increased?

m How much could crashes of 16-year-old drivers be reduced if all states had GDL
programs as effective as the programs associated with the largest reductions?

m If an association is found between GDL and lower crash rates, does it appear
to be a causal relationship?

17
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Literature Review

Rationale for GDL programs

Injuries resulting from motor vehicle crashes are the number one cause of death
among teenagers in the United States. The highest rate of fatal crashes is found for
16-year-old drivers (Williams and Shabanova 2003). Graduated Driver Licensing was
proposed in the early 1970s because research showed that younger drivers had the
greatest probability of being involved in crashes, were more likely to experience crashes
when driving between the hours of midnight and 6 a.m., and were at greater risk when
carrying teenage passengers (Waller 2003).

U.S. statistics on motor vehicle crash injuries among teen drivers

Crash involvement rates in the United States for 16-, 17-, and 18-year-olds have
been estimated at 35, 20, and 14 per million miles driven, respectively (Williams 1999).
These rates are much higher than rates for drivers in their 20s (8 per million miles driven)
and drivers 30 to 69 years of age (4 per million miles driven) (Williams 2000). Similarly,
population-based rates of fatal motor vehicle crash involvement were much higher for
drivers 16 to 19 years old than for ages 20 and older (15 vs. 9 per 100,000). The dif-
ference in death rates of passengers aged 16 to 19 years compared with passengers
aged 20 and older (10 vs. 3 per 100,000 population) is also great (Williams 2001).

Evaluation of GDL programs
Other countries’ experience

GDL programs began taking shape during the late 1980s to mid-1990s, in vari-

19
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ous countries including New Zealand, Canada, and Sweden as well as in several states
in the United States.

In 1987 New Zealand established a GDL program applying to new drivers aged
15 to 24 years. In one of the earliest evaluations of New Zealand’s GDL program, a
reduction of 23% in the rate of motor vehicle-related injury hospitalization among 15-
to 19-year-olds was reported over the period 1978 to 1992. During this same period,
a smaller reduction of 16% in motor vehicle-related hospitalizations was observed
among the 25 and older age group, who were not directly affected by the GDL legisla-
tion (Langley, Wagenaar, and Begg 1996). Over a 12-year period from 1987 through
1998, the rate of motor vehicle occupant fatalities and hospitalizations declined by ap-
proximately half (Begg and Stephenson 2003). Early reports of the success of the New
Zealand program helped to fuel U.S. interest in developing similar legislation (Begg et
al. 1995; Frith and Perkins 1992).

In Canada, GDL implementation was followed by lower rates of crashes of young
drivers who were licensed or holding a learner permit. In Ontario, reductions of 16%
and 31% in novice driver crashes were reported per licensed driver and for all drivers
(including those holding a learner permit), respectively (Boase and Tasca 1998). Simi-
larly, in Quebec, the reductions in fatal and non-fatal novice crashes per licensed driver
were 4.9% and 14.4%, respectively (Bouchard, Dussault, and Simard 2000).

Experience of individual states in the U.S.

Evaluation of GDL programs enacted in various states of the U.S. between 1996
and 1999 reported reductions of 11% to 32% in crash rates of novice drivers (McKnight
and Peck 2002). Areview of early results of GDL programs showed reductions in crashes
of young drivers in six states (Shope and Molnar 2003). Shope et al. reported a 25%
decline in crashes of 16-year-old Michigan drivers (2001). Foss et al. (2001) reported a
19% decline in crash rates per licensed 16-year-old driver and a 23% decline in crashes
per 100,000 population following GDL implementation in North Carolina; the greatest
reductions were seen in nighttime crashes, single-vehicle crashes, and alcohol-related
crashes (Foss et al. 2001). More recently, Shope et al. (2004 ) evaluated Michigan’s GDL
program and found a 19% reduction in crashes involving 16-year-old drivers, adjusted
for other factors reflected in trends in crashes of older drivers. A recent evaluation of
California’s GDL program revealed that the greatest change in crashes of 16-year-old



drivers occurred in those crashes where the drivers had teenage passengers, which
decreased by 38%, compared with 12% for crashes without passengers (Zwicker et
al. 2006).

The comparison of crash experience before and after GDL program implemen-
tation in states with GDL has been used to assess the relationship between GDL and
crashes. This comparison is more complex than it may appear. Several challenges
have limited causal inference. First, the denominators used to compare crash injuries
before and after GDL programs in different states have differed. For example, some
state evaluations have computed crash rates per unit of population, whereas others
have computed crash rates per licensed driver, thus complicating attempts to compare
them. Second, counts of crashes can include those resulting in fatality, injury, or prop-
erty damage, and states differ in reporting requirements for non-fatal crashes. Third,
the GDL program components being compared vary among states in their restrictive-
ness (e.g., nighttime driving restrictions apply during different hours in different states).
Fourth, some estimates of GDL effects have not taken into account the influence of
other factors besides GDL, such as changes in other laws and long-term trends, on
crash rates. Lastly, a major determinant of the impact of GDL is compliance, which is
likely to reflect parental restrictions, peer pressure, and law enforcement. Such factors
likely vary among states and are difficult to measure.

Common GDL program components

GDL program components affect crash rates of novice drivers in three ways:
by reducing exposure, increasing supervised practice, and decreasing unsupervised
driving under hazardous conditions such as driving late at night or with passengers.

The following are some of the key components of GDL programs.

The learner stage

The age at which a teenager can apply for a learner permit directly affects
exposure and, accordingly, the possibility of crash involvement. The primary goal of
extending the learner phase is to promote safe driving by requiring that an adult be
present during all driving. Raising the age of entry into the learner phase, or extending
the duration of the learner phase, can also reduce or at least delay unsupervised driv-

ing. For example, lengthening the learner period increases the amount of time that the

21
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learner drives under adult supervision, so that experience is gained under circumstances

where crashes are rare because of the restraining influence of the adult.

Commonly, states require six months of driving in the learner phase, and be-
tween 30 and 50 hours of supervision before issuing an intermediate license. There
is wide variation among states in the specific combination of requirements included
in the learner phase and the requirements for transition to an intermediate license, as

illustrated in Appendix 1.

Analyses from several settings indicate that crash risk is low and serious crashes
are rare during supervised driving that occurs during the learner stage (Agent et al.
2001; Mayhew et al. 2003; Williams et al. 1997). For example, when Kentucky intro-
duced a 6-month learner period prior to full licensing: crashes plummeted even without
an intermediate license stage (Agent et al. 2001). It has been proposed that extending
the learner phase may result in the greatest reduction in crash rates relative to other

stages of GDL programs (Morrisey et al. 2006).

Although lower rates of crashes have been observed in states that have extended
the duration of the learner stage, the reported reductions usually are affected by other
changes in addition to the extended learner’ periods. In Sweden, however, the learner
phase was extended from 6 months to 1%z years by lowering the age at which the learner
permit can be issued from 1772 to 1672 years and keeping the age of full licensure at
18 years. Comparing teens receiving an additional year of supervised driving to those
receiving only 6 months of supervised driving, Gregersen et al. reported 24% fewer
crashes for those supervised for 1%z years (Gregersen et al. 2000). The length of the
learner stage in various jurisdictions in the U.S., however, is generally much shorter
than that found in Sweden. Evidence suggests that in the U.S., even GDL programs
with shorter learner stages before transitioning to full licensure are associated with

reductions in crash rates (Agent et al. 2001; Ulmer et al. 2000).

Age of supervisors. Little attention has been given to the age requirement for
supervising drivers during the learner stage. In some states, the requirement is simply
that the supervisor must be at least 21 years of age and have held a license for three
years; in others, the supervising driver must be at least 25 years old. NHTSA has rec-
ommended that the supervising driver be at least 21 years old (NHTSA 2006).



Williams and Shabanova, however, recommend that a supervisor at least 30
years of age should be present if passenger restrictions are waived during the interme-
diate stage (Williams and Shabanova 2003). Their recommendation was based in part
on the fact that seat belt use is greater in the presence of a driver 30 or older, and is
consistent with the finding by Chen et al. that the fatality rate in crashes of 16-year-old
drivers was higher in the presence of passengers aged 20-29; the crash fatality rate
was lowest with passengers aged 30 or older (Chen et al. 2000). This finding suggests
that when crashes occur, they are more serious if passengers are in their twenties, and
that more mature passengers have a beneficial effect on the safety of novice drivers.
Whether it is common for passengers who meet an age requirement of 21 years to
serve as ‘supervisors,’ and whether those who do actually play a role in assuring the
safety of a trip, are questions worthy of research. Since no states yet require supervis-
ing drivers in the learner or intermediate stage to be aged 30 or older, it is not possible

to evaluate the benefit of such a requirement.

Intermediate stage

The intermediate phase of GDL programs allows unsupervised driving that is
restricted to relatively low-risk situations. The restrictions on the intermediate stage
can be grouped into those that reduce exposure to high-risk situations and those that
promote safer driving (McKnight and Peck 2003). Reduction of high-risk driving expo-
sure during the intermediate phase of GDL includes nighttime driving restrictions and

teenage passenger restrictions.

Nighttime restrictions. Prior to GDL, although only 15% of total miles for 16-
and 17-year-old drivers were driven between 9 p.m. and 6 a.m., approximately 40% of
their fatal crashes occurred during those hours (Williams and Preusser 1997). Nighttime
driving is now restricted during the intermediate stage in a number of state GDL sys-
tems that allow nighttime driving only under adult supervision or, in some cases, when
driving for school- or work-related purposes. As of February 15, 2007, GDL programs
in 44 states and the District of Columbia states include some form of nighttime driving
restriction; however, the restricted hours vary by state, as Appendix 1 illustrates. In
many states, night driving restrictions are in effect only after midnight, a period during
which 16-year-old drivers do very little of their driving, thereby minimizing the potential

impact of the restriction. Because of the higher death rates per trip of teen drivers from
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10 p.m. to midnight compared with daytime driving, Foss (2000) recommends that GDL
systems not permit driving after 10 p.m. during the intermediate stage.

The effectiveness of nighttime driving restrictions in reducing crashes has been
examined in two ways. First, nighttime restrictions existing separately from a complete
GDL program have been evaluated. The estimated reductions in 16-year-old drivers’
crash involvement during restricted hours were 69%, 62%, 40%, and 25% in Pennsyl-
vania, New York, Maryland, and Louisiana, respectively (Preusser et al. 1984). These
findings were consistent with a larger study using data from 47 states over a 10-year
period. Examining the effect of nighttime driving restriction on 15-to 17-year-olds, Levy
et al. (1988) reported 28% and 25% reductions in driver fatalities in multi-vehicle and
single-vehicle collisions, respectively. In addition, in a study using FARS data, a similar
reduction (23%) in deaths of 13- to 17-year-olds was observed in 149 cities in 32 states
(Preusser, Zador, and Williams 1993).

Second, nighttime restrictions as components of GDL programs have also
demonstrated significant crash reductions. Ulmer et al. (2000) reported a 9% reduction
in nighttime crash involvement of 15- to 17-year-old drivers in Florida, where 16- and
17-year-old drivers are restricted from unsupervised driving from 11 p.m. to 6 a.m.
and 1 a.m. to 6 a.m., respectively. After implementation of the North Carolina GDL
program, crashes involving 16-year-olds during nighttime restriction hours (9 p.m. to
5 a.m.) decreased by 43% (Foss et al. 2001).

Separating the effect of nighttime restrictions from concurrent reductions in
licensure has been challenging for understanding the effect of including nighttime
restrictions in GDL programs. The lower rates observed in Florida, however, occurred
while there was an increase in the number of 15- and 16-year-olds receiving licenses,
indicating that the reduction in crash involvement was not due to fewer individuals
obtaining licenses (Ulmer et al. 2000).

Teen passengers. In about half of fatal crashes of 16- to 17-year-old drivers,
there are one or more passengers aged 20 or younger present in the teen-operated
vehicle, and no passenger of supervisory age (i.e., 21 years or older) present (AAA
Foundation for Traffic Safety unpublished). Carrying passengers, especially teenage
passengers, has been shown to be associated with higher crash risks (Aldridge et al.
1999; Chen et al. 2000; Williams and Ferguson 2002), and restricting the carrying of



teenage passengers has been associated with lower rates of crashes of novice drivers
(Cooper et al. 2005).

Although the specific mechanism by which teenage passengers may influence
driving safety is not completely understood, some of the likely relationships between
the number of teenage passengers and crash risk include passengers distracting
novice drivers and implicitly or explicitly encouraging risk-taking behaviors. Chen et
al. (2000) found that 16-year-old drivers’ trip-based death rates were 5 times as high if
there were 3 or more passengers, compared with no passengers. Other studies have

found a lower risk of crashes in the presence of older passengers.

Table 1 provides an overview of studies related to GDL.
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Methods

Unit of analysis

The basic unit of analysis for all analyses reported in this study was the state-
quarter, which comprised:

m The age-specific number of fatal crash and injury crash involvements of drivers,
m An age-specific exposure estimate, and

m Indicators for the presence or absence of each of the GDL components (below)
analyzed,

in a given state, during a given quarter-year. Quarters were defined by month of the
year. Quarters were used rather than calendar years because various components of
state GDL programs became effective at different points throughout the year. The four
quarters were defined as January 1 — March 31, April 1 — June 30, July 1 — September
30, and October 1 — December 31.

The involvement of 16-year-old drivers in fatal crashes and in injury crashes was
analyzed in relation to the GDL programs in effect in each respective state-quarter, us-
ing several methods described in the following sections, to draw inferences regarding
the effectiveness of GDL programs in general and of programs characterized by the
number of their program components meeting specific criteria. To assess the extent to
which differences observed in the crash rates of 16-year-old drivers may or may not
be attributable to GDL, the crash involvement of drivers aged 20-24, 25-29, and 30-54
was also analyzed in each respective state-quarter, under the assumption that these
relatively older drivers should not have been impacted by GDL.
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Driver involvements in fatal crash and injury crashes, rather than driver deaths
and driver injuries, were analyzed, both to acknowledge the fact that the public health
impact of crashes involving 16-year-old drivers is not limited to the deaths and inju-
ries of crash-involved 16-year-old drivers themselves, and to allow more cases to be
included in the study.

Population-based crash rates were selected over alternative rates, such as
crashes per licensed driver or crashes per mile driven, because the outcome of interest
was the public health impact of GDL; that is, the impact of GDL on the impact on the
number of fatal crashes and injury crashes that occur.

Categorization of GDL programs
GDL Legislation

Information on GDL programs and their effective dates was obtained from IIHS,
AAA, state government websites, and personal contacts with state personnel. IIHS has
been tracking GDL programs since 1996, the earliest year in which any state adopted
graduated licensing programs. Three lists were provided by IIHS: a list of components
of graduated licensing programs for each state in 1996; a list including enacted, ef-
fective dates and details of licensing amendments for states that have changed their
programs since 1996; and a list of components of graduated licensing programs for
each state in 2005 (IIHS 2006). State government web sites were used to confirm the
programs, resolve inconsistencies, and in some cases obtain the dates of changes
in the programs. Additionally, AAA Government Relations & Traffic Safety Advocacy
provided and/or verified information about state laws and their effective dates.

Although each GDL program has some distinct features, the main provisions
of GDL program components generally fall into seven categories: minimum age for a
learner permit, mandatory waiting period before applying for an intermediate license,
minimum hours of supervised driving during the learner stage, minimum age for an in-
termediate license, nighttime driving restriction, passenger restriction, and minimum age
for full licensing. Each of these GDL program components has been implemented with
numerous variations over time and across states. To facilitate the statistical modeling
that follows, the following criteria were used to dichotomize GDL components as pres-
ent or absent. Table 2 shows how each component was dichotomized, and shows the
number of states included in each analysis with each component present or absent.



Table 2: Definition of GDL components examined.

N (%) of states N (%) of states
GDL component used in fata_l used in injury
crash analysis. | crash analysis.
Total=43 Total = 35
Minimum age for learner permit
* Minimum age 16 years for obtaining a learner permit 7 (16) 4 (11)
» Reference: less than 16 years 36 (84) 31 (89)
Mandatory holding period
* Minimum 6 month holding period after obtaining a
learner permit before applying for an intermediate 31(72) 24 (69)
license
» Reference: no mandatory holding period or less than 12 (28) 11 (31)
6 months
Minimum hours of supervised driving
* Minimum 30 hours of supervised driving 19 (44) 18 (51)
» Reference: no required supervised driving or
required less than 30 hours 24 (56) 17.(49)
Minimum entry age for intermediate stage
Mlnlmgm age 164 years for obtaining intermediate 4(9) 2 (6)
stage license
« Reference: less than 162 years 39 (91) 33 (94)
Minimum age for full licensing
» Minimum age 17 years for full licensing 23 (53) 19 (54)
» Reference: less than 17 years 20 (47) 16 (46)
Nighttime restriction
» No unsupervised nighttime driving after 10 p.m. 7 (16) 4 (11)
. Refgre_nce: no nighttime restriction or restriction 36 (84) 31 (89)
beginning after 10 p.m.
Passenger restriction
» No unsupervised driving with >1 passenger age <20 14 (33) 9 (37)
» Reference: no passenger restriction or >1 permitted 29 (67) 26 (63)
<20 years

Description of components

The qualifying components were:

m A minimum age of at least 16 years for gaining a learner’s permit.

m Arequirement to hold the learner’s permit for at least 6 months before gaining
a license that allows any unsupervised driving.



36

m Arequirement for certification of at least 30 hours of supervised driving practice

during the learner stage.

m A nighttime driving restriction for intermediate license holders, beginning no

later than 10 p.m.

m Apassenger restriction for intermediate license holders, allowing no more than

one teenaged passenger (except family members).

m An intermediate stage of licensing with a minimum entry age of at least 16

years and 6 months.

m A minimum age of 17 years for full licensure.

The first five of the criteria above are consistent with the GDL program compo-
nent definitions for which IIHS awards the highest scores (IIHS 2006). The last two age
restrictions were related to the first two in some but not all cases, and were analyzed as
separate components. For example, if a state has a minimum age of 16 for a learner’s
permit, and requires the learner to hold the permit for at least 6 months prior to obtain-
ing an intermediate license, then the state has a de facto minimum age of 16 years
and 6 months for intermediate licensure. However, in some cases, an older minimum
age was specified for intermediate licensure (e.g., 16 years and 9 months), such that
a driver who received a learner’s permit at age 16 years and 3 months (or later) would
have been subject to the minimum permit holding period of 6 months, but a driver who
received a learner’s permit at an earlier age would be required to hold the learner’s
permit for longer than the specified minimum holding period, until reaching the entry

age for the intermediate stage.

For the purpose of the analyses that follow, the effective dates of state GDL
legislation, pertaining to three-stage GDL programs or to any of the seven components
specified previously, were assigned to the quarter-year in which they became effective.
Exploratory analysis revealed that 83% of the changes in GDL legislation that occurred
during the study period occurred at the beginning of a quarter. Therefore, to simplify
subsequent analyses, quarters during which GDL legislation became effective were

classified as if the relevant legislation had been effective for the entire quarter.



Crash Data
Fatal crashes

Data on fatal crashes occurring during years 1994 through 2004 were obtained
from NHTSA's Fatality Analysis Reporting System (FARS) database. FARS is a census
of all traffic crashes within the U.S. that involve a motor vehicle traveling on a public
road and result in a death within 30 days of the crash. For crashes involving a driver
aged 16, 20-24, 25-29, or 30-54, driver age, crash state, crash month, and crash year
were extracted for analysis. The unit of analysis was the driver; if a crash involved more

than one driver aged 16 or 20-54, each was counted separately.
Injury crashes

Data on injury crashes occurring between 1994 and 2003 were obtained from
NHTSA and from individual states. For the purpose of this study, crashes coded on
police accident reports as having resulted in any injury to a vehicle occupant or non-
motorist were classified as injury crashes and were included in the analysis. In the case
of states reporting injury on the “KABCO” scale, crashes resulting in any K-, A-, B-, or

C-level injury were included.

Fatal crashes were included in analyses of injury crashes. Therefore, analyses
of fatal crashes and injury crashes reported here are not strictly independent; however,
only about 1% of the injury crashes analyzed in this study were fatal, so the extent to
which the results of the analyses of injury crashes were influenced by the inclusion of

fatal crashes should have been minimal.

Property-damage-only crashes (i.e., crashes not resulting in any police-reported
injury; also known as “PDO crashes” or “O” on the KABCO scale) were not included in
the analysis, because the extent to which PDO crashes are represented in state crash
databases is not consistent across states. Some states do not require PDO crashes to
be reported to the police, and other states have a minimum dollar value threshold for
estimated property damage, below which crashes are not reported, and this threshold

varies across states.
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NHTSA has been obtaining computerized data files coded from data recorded
on police accident reports from states for several years. These data are referred to col-
lectively as the State Data System (SDS). States that were participating in the SDS at
the time of data collection were contacted for permission to use the data files that they
had provided to NHTSA for use in the SDS. Data files were requested separately from

representatives of non-SDS states. Ultimately, data were obtained from 40 states.

Computerized data files obtained from NHTSA and from individual states were
received in various formats. Driver age, crash month, and crash year were recoded
into a format common to all states and the recoded data from all states were merged
using SAS.

Data used for analysis

Four quarters after the effective date of each GDL program or component (i.e.,
the quarter during which the program or component became effective, plus the three
quarters that followed) were excluded from analyses, because licensing restrictions
would not have affected drivers who already had their licenses when the legislation
took effect, and it can be as long as four quarters (one full year) before all 16-year-old
drivers in a state are subject to the legislation. Four quarters before the effective date
were also excluded, because some teenagers might hasten to get their licenses in the
period prior to new GDL legislation taking effect, thus possibly leading to short-term
increases in crashes of novice drivers during those quarters. Thus a total of eight quar-
ters (two years, but not necessarily calendar years) were excluded from the analysis

for each occasion on which new GDL legislation became effective.

This study intended initially to analyze data from all of the contiguous 48 states
(i.e., exclusive of Alaska and Hawaii), over the entire study period. However, data from

several states were excluded from subsequent analyses for various reasons.

First, as a result of the state-quarter exclusion procedure described previously,
it was determined that states with more than two changes in GDL legislation during the
study period would be excluded from the study, because the exclusion procedure would
have fragmented the data from these states to a degree such that their crash rates

before and after the changes in legislation could not have been analyzed meaningfully.



For example, if a state changed its GDL laws 3 times during the study period, each
change would result in the exclusion of two full years of data. Thus, if three changes in
laws occurred without any overlap between periods excluded, a total of six full years of
data would have been excluded. The impact of changes in legislation occurring within
two years of one another could not be evaluated, because the exclusion of four quarters
after the first change and four quarters before the second change would eliminate all
data after the first change and before the second. As a result, Maine, New Hampshire,
Rhode Island, Utah, and Virginia were excluded from analyses due to the frequency

and/or timing of changes in their GDL legislation.

Additionally, Washington D.C. was excluded from subsequent analyses, because
early exploratory analyses showed that many fatal crash involvements of its residents
occur in other jurisdictions, and a large proportion of fatal crashes occurring in Wash-

ington D.C. involved drivers from neighboring jurisdictions.

Finally, data from some additional states, for part or all of the study period, were
excluded from analyses of injury crashes due to specific problems with the data files
that were provided to the researchers. First, data that could not be recoded in SAS
into the common format for analysis were necessarily excluded. Additionally, the data
were explored to assess the quality of each state’s data. Frequencies of all studied
variables for each state and year were analyzed using SAS, and then evaluated to
assess whether the values were plausible and generally consistent from year to year.
The crash data codebook from each state was reviewed to determine whether or not
there were any major changes in the state’s data system. States whose data appeared
to be deficient in quality (e.g., showed implausibly large increases or decreases in
crash frequencies from year to year) were excluded from subsequent analyses. As a
result of these considerations, data from two states were completely excluded; obvious
discrepancies in data resulted in excluding data for one or two years in five states, as
well as four years of data in one state. Appendix 3 shows the specific states and years

of data used in analyses of injury crashes.

Ultimately, a total of 43 states were included in analyses of fatal crashes, and 35 states

were included in analyses of injury crashes. These states are shown in Figure 1, below.
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Figure 1: States included in the study.

[l States included in analysis of
fatal crashes and injury crashes.

Washington, DC
Alaska
Hawaii

[] States included in analysis of
fatal crashes only.

States not included in the study.

Exposure Data

Midyear population estimates for each state from 1994 to 2004 were obtained

from the U.S. Census Bureau. The age-specific exposure estimate of each state-quarter,

expressed in person-years, was taken as the midyear population estimate for the corre-

sponding age, state, and year, divided by four. These data were merged with the crash

data in order to compute age-specific crash involvement rates in each state-quarter.



Analysis and Results

Unadjusted crash rates in relation to GDL program components

In order to examine the unadjusted effect of each GDL component, aggregate
crash involvement rates of 16-year-old drivers (fatal crash involvement rates per 100,000
population and injury crash involvement rates per 1,000 population) were calculated
for all states having each respective GDL component and for all states lacking each
respective component. The calculations were based on the data that excluded one full
year before any change in GDL legislation, as well as one full year after the change,
as described previously.

Fatal crashes. Of the 1,480 state-quarters for which fatal crashes were analyzed,
237 (16%) had a three-stage GDL program in effect. During these state-quarters, 3,230
16-year-old drivers were involved in fatal crashes, yielding a crude rate of 25 fatal
crashes per 100,000 person-years. The corresponding rate was 32/100,000 for state-
quarters without three-stage GDL programs. These results are illustrated in Table 3.

For each of the GDL components, Table 3 also presents the number of state-
quarters during which each respective component was in effect and the number of
drivers involved in fatal crashes during those state-quarters. In all cases, the rates
were lower in state-quarters having any given component in effect than in state-quar-
ters not having that component. However, it is important to note that, in most cases,
multiple components were in place in a given state-quarter, and that crash rates in a
given state-quarter are influenced by all GDL program components in effect as well as
by other factors unrelated to GDL, hence the differences in crash rates shown in Table
3 cannot be attributed solely the restriction in question.
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Table 3: State-quarters with specified GDL program components, and cor-

responding involvement of 16-year-old drivers in fatal crashes’

N (%) of
0,
o ({24 i 16-year-old
S drivers in fatal
Component Categories quarters Rates’
crashes
(Total 1,480) | (Total 8,953)

Yes 237 | (16) | 3230 | (36) | 25
GDL programs

No 1,243 | (84) | 5723 | (64) | 32
Minimum age for | 16 years 474 | (32) | 1131 | (13) | 16
learner permit < 16 years 1,006 | (68) | 7,822 | (87) 33
Mandatory waiting | 6+ months 285 | (19) | 2979 | (33) | 26
period None or <6 months 1,195 | (81) | 5974 | (67) | 31
Minimum hours of | 30+ hours 285 | (19) | 1,775 | (20) | 24
supervised driving | None or <30 1,195 | (81) | 7,178 | (80) | 31
Minimum age for | 16% years 53 | (4) 176 | () | 10
intermediate stage | None or <16% years 1,427 | (96) | 8,777 | (98) | 30
Minimum age for | 17 years 492 | (33) | 3273 | (37) | 21
full licensing <17 years 988 | (67) | 5680 | (63) | 37
Nighttime Starts 10 p.m. or earlier 131 9) 613 (7) 19
restriction None or starts after 10p.m. | 1,349 | (91) | 8,340 | (93) | 31
Passenger <1 under 20 years old 172 | (12) | o979 | (1) | 19
restriction 2+ allowed or no restriction | 1,308 | (88) | 7,974 | (89) | 31
Total 1,480 | (100) | 8,953 | (100) | 29

! United States, 1994-2004, for the 43 states studied
2 Driver fatal crash involvement rate per 100,000 person-years for relevant state-quarters

Injury crashes. Unadjusted rates of injury crashes are presented in Table 4. Note
that not all state-quarters in the fatal crash analyses were included in the injury crash
analyses, so a direct comparison with rates of fatal crash involvement is not appropri-
ate. Note that for fatal crashes, 32% of state-quarters analyzed (474 of 1,480) had a
minimum age of 16 years for obtaining a learner’s permit, whereas for injury crashes,
only 11% of state-quarters analyzed (90 of 850) had a minimum age of 16. One of the
states included in the analysis of fatal crashes but not in analysis of injury crashes was

New Jersey. New Jersey has a very low per-capita fatal crash rate for 16-year-old drivers,



most likely attributable to the fact that the minimum age for obtaining an intermediate
license in New Jersey is 17; consequently, all (legal) driving by 16-year-olds in New
Jersey must be supervised. Thus, without controlling for the presence or absence of
other components, a component-by-component comparison of Tables 3 and 4 is likely
to be misleading due to biases associated with the exclusion of some states from Table

4 that were included in Table 3.

Table 4: State-quarters with specified GDL program components, and cor-
responding involvement of 16-year-old drivers in injury crashes’

0,
N (%) of N (%) of
16-year-old
State- . .
Component Categories quarters drivers in injury | pates?
crashes
(Total 850) | (Total 489,836)
Yes 254 | (30) | 156,436 | (32)| 24
GDL programs

No 596 | (70) | 333,400 | (68)| 31
Minimum age for | 16 vears 9 | (11) | 65232 | (13)| 26
learner permit < 16 years 760 | (89) | 424,604 | (87)| 28
Mandatory waiting | 6* months 233 | (27) | 134,911 | (28)| 23
period None or <6 months 617 | (73) | 354,925 | (72)| 30
Minimum hours of | 30+ hours 147 | (17) | 90,099 | (18)| 21
supervised driving | None or <30 703 | (83) | 399,737 | (82)| 30
Minimum age for 1672 years 19 (2) 8,663 2)| 14
intermediate stage | None or <167 years 831 | (98) | 481,173 | (98)| 28
Minimum age for | 17 vears 249 | (29) | 183,388 | (37)| 24
full licensing <17 years 601 | (71) | 306,448 | (63)| 31
Nighttime Starts 10 p.m. or earlier 32 (4) 3,651 (M| 25
restriction None or starts after 10 p.m. | 818 | (96) | 486,185 | (99)| 28
Passenger <1 under 20 years old 54 ®) | 20564 | (6)| 16
restriction 2+ allowed or no restriction | 796 | (94) | 460,272 | (94)| 29
Total 850 | (100) | 489,836 | (100) | 28

! United States, 1994-2004, for the 28 states studied; most states did not provide data for all years, see Ap-
pendix 3 for list of states and years included
2 Driver crash involvement rate per 1,000 person-years for relevant state-quarters
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Statistical modeling of crash rates and GDL programs nationwide

The association between GDL programs and crash incidence was assessed
using negative binomial regression models based on generalized estimating equations
(GEE) (Diggle et al. 2002; Hardin and Hilbe 2003). The negative binomial distribution
approximates the counts of crashes within state-quarters and the GEE approach takes
into account the correlations among crash counts in states, quarters, and years due to
factors that influence crash counts across states (e.g., demographics or level of urban-
ization), seasonal variation (e.g., weather or travel patterns), and over time (e.g., time
trends across all states included in the study). Statistical software SAS® was used for
the analysis (SAS 2003).

The basic units for analysis were individual state-quarters. Within the 11-year
period from 1994 through 2004, 1,480 state-quarters were examined in the analyses of
fatal crashes, and over the 10-year period from 1994 through 2003, 850 state-quarters

were examined in the analyses of injury crashes.

Independent variables. The independent variable of primary interest was the
presence or absence of GDL or its provisions. Two different approaches were used to
characterize the GDL programs.

In the first approach, a dichotomous variable was used to indicate whether or
not a three-stage GDL program was in effect in a given state-quarter, as defined by the
inclusion of a learner stage and an intermediate stage in the licensing process. This
analysis yielded the combined overall effect of all three-stage GDL programs that were
in place over the study period. Note that the characterization of a GDL program as “a
three-stage GDL program” refers only to whether or not it includes both a learner stage
and an intermediate stage prior to unrestricted licensure, irrespective of how many of
the specific program components defined in Table 2 that it included?.

In the second approach, the licensing system for young drivers in each state-
quarter was characterized on the basis of how many of the seven components specified

T Minnesota’s licensing process has included both a learner stage and an intermediate stage since 1999; how-
ever, Minnesota’s intermediate stage does not include any form of nighttime driving restriction or passenger
restriction. For this reason, Minnesota sometimes is not classified as having a three-stage GDL program
(e.g., IIHS (2006)); however, for the purpose of this study, Minnesota was classified as having a three-stage
GDL program.



in Table 2 were included. Categorization of programs was based solely on the number of
components included, irrespective of the presence or absence of a formal intermediate
stage. This analysis yields the overall effect of all n-component programs in effect over
the study period, relative to the overall effect of programs with none of the components
meeting the criteria specified in Table 2.

Models based on the two approaches described above were fitted for the fatal
crash and injury crash involvement of drivers aged 16, 20-24, 25-29, and 30-54.

Dependent variable. The outcome variable was the natural logarithm of the
number of drivers of each respective age group that were involved in fatal crashes or
ininjury crashes in each respective state quarter. Separate models were fitted for each
age group, and separate models were fitted for fatal crashes and for injury crashes.

Covariates. The model included covariates for state, year, and quarter. The state
variables controlled for unmeasured state-specific variations that affect the number of
crashes (e.g., demographics, level of urbanization). The quarter variables controlled for
seasonal variations in crashes. The year variable controlled for nationwide variation in
counts of fatal crashes over the years studied. Also included was the natural logarithm
of the age-specific exposure estimate of the state-quarter, in person-years.

The basic model comparing state-quarters with GDL programs to state-quarters
without GDL programs is as follows:

3 n
Log(y)—Log(person-year) = a+[3; (GDL)+B,(Year)+3};(Quarter;)+ 3 3; (State;) + €
i=1 j=1

Where:

m Outcome y = count of fatal crash involvement of drivers of the age being ana-
lyzed, in a specific state-quarter

m Offset variable = age-specific person-years in that state-quarter.

m GDL=
+ 1if a three-stage GDL program is in effect in the state-quarter,
0 otherwise (first model)

» the number of the components defined in Table 2 in effect in the
state-quarter (second model)
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m Year = calendar year of the state-quarter being analyzed.
m Quarter, to Quarter; as dummy variables for quarters

m State, to State, as dummy variables for states (n = 42 in analysis of fatal crashes;
n = 35 in analysis of injury crashes).

The states were the clusters for GEE estimates. An exchangeable working cor-

relation structure was assumed.

Outcome Measure. The outcome measure was the Incidence Rate Ratio (IRR),
which is the exponential of the regression coefficient of the GDL variable. In the first
model, the IRR is the ratio of the rate of fatal or injury crash involvement of 16-year-
old drivers per person-year in state-quarters with three-stage GDL programs in effect,
relative to the rate in state-quarters without three-stage GDL programs, adjusted for
differences associated with state-, year-, and quarter-fixed effects. In the second
analysis, the IRR is the ratio of the rate of crash involvement of 16-year-old drivers per
person-year in state-quarters in which n of the seven GDL components from Table 2
were in effect, relative to the corresponding rates in state-quarters in which none of
those components were in effect, adjusted for differences associated with state-, year-,
and quarter-fixed effects. An IRR lower than 1.00 indicates that having the type of GDL
program being analyzed (i.e., a three-stage GDL program in the first model, or an n-
component GDL program in the second model) is associated with lower crash rates

relative to the reference program type.

Incidence rate ratios in relation to all three-stage GDL programs

Fatal crashes. The statistical modeling described previously found that having a
three-stage GDL program in effect was associated with an overall fatal crash involvement
rate of 16-year-old drivers that was 11% lower, adjusted for state-, year-, and quarter-
fixed effects, compared with state-quarters without a three-stage GDL program (IRR
0.89, C1 0.80-0.99). Fatal crash involvement was also analyzed for drivers aged 20-24,
25-29, and 30-54 in the same state-quarters. Drivers in these older age groups were
exposed to driving environments similar to those of novice drivers but were unlikely to

be influenced by GDL programs. The apparent reductions in fatal crash involvements



for these older comparison drivers were smaller (i.e., their incidence rate ratios were
closer to 1), and were not statistically significant at the 95% confidence level, suggesting
that the overall fatal crash involvement rates of drivers aged 20-24, 25-29, and 30-54
did not change in association with the implementation of three-stage GDL programs.

These results are shown in Figure 2 and in Table A2-1 in Appendix 2.

Figure 2: Percentage difference in fatal crash involvement rates in relation
to driver age and presence of a three-stage GDL program. Solid vertical lines
represent 95% confidence intervals.
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Injury crashes. The overall injury crash involvement rate of 16-year-old drivers
was 19% lower in state-quarters with three-stage GDL programs in effect, relative to
state-quarters without a three-stage GDL program (IRR 0.89, CI 0.80-0.99). As with
fatal crashes, the three groups of older comparison drivers did not experience any
statistically significant reduction in injury crash involvement rates. These results are

shown in Figure 3 and in Table A2-2 in Appendix 2.

Figure 3: Percentage difference in injury crash involvement rates in relation
to driver age and presence of a three-stage GDL program. Solid vertical lines
represent 95% confidence intervals.
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In summary, the fatal crash and injury crash involvement rates of 16-year-old
drivers were 11% lower and 19% lower, respectively, in state-quarters with three-stage
GDL programs in effect than in state-quarters without three-stage GDL programs,
adjusted for state-, year-, and quarter-fixed effects. Again, this finding represents the
overall impact of the full range of three-stage GDL programs, including the weakest and
least effective, analyzed without regard to the number or strength of their components,

and is not indicative of the full benefits of stronger GDL programs.



Incidence rate ratios in relation to number of program components

Fatal crashes. Relative to their rates in state-quarters with no GDL program
components meeting the definitions provided in Table 2, the fatal crash involvement
rates of 16-year-old drivers were 38% lower in state-quarters with five GDL program
components in effect (IRR 0.62, Cl 0.50-0.77), and 21% lower in state-quarters with
four GDL program components in effect (IRR 0.79, CI 0.70-0.90). Note that five was the
greatest number of components meeting the definitions provided in Table 2 in any state-
quarter included in the study. Apparent reductions associated with programs having three
or fewer components in effect were smaller and were not statistically significant at the
95% confidence level. These findings are shown in Figure 4 and summarized in Table 5.

Figure 4: Percentage difference in fatal crash involvement rates in relation
to driver age and number of GDL program components. Solid vertical lines
represent 95% confidence intervals.
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Injury crashes. Results of analyses of injury crash involvement rates in relation
to the number of program components showed that the injury crash involvement rate
of 16-year-old drivers was 40% lower in state-quarters with five GDL program com-
ponents in effect (IRR 0.60, Cl 0.44-0.83), and 36% lower in state-quarters with four

49



50

GDL program components in effect (IRR 0.64, Cl 0.45-0.91), relative to the injury crash
involvement rates of 16-year-old drivers in state-quarters with no program components
meeting the definitions provided in Table 2. Unlike the results for fatal crashes, programs
with only two or three program components experienced statistically significant—albeit
smaller—reductions in the injury crash involvement rate of 16-year-old drivers. These
findings are shown in Figure 5 and summarized in Table 5.

Figure 5: Percentage difference in injury crash involvement rates in relation
to driver age and number of GDL program components. Solid vertical lines
represent 95% confidence intervals.
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Table 5: Incidence Rate Ratios (IRRs) and 95% Confidence Intervals (Cls) for
16-year-old drivers in fatal crashes and injury crashes in relation to number
of GDL program components.

Number of GDL components'’ Fatal crashes? Injury crashes?®

One 0.96(0.85-1.08) 1.03(0.95-1.11) ' Compared to
State-quarters
Two 0.90(0.79-1.03) 0.87(0.75-0.99) with none of the
_ B 7 components
Three 0.90(0.76-1.06) 0.84(0.74-0.96) in Table 2
Four 0.79(0.70-0.90) 0.64(0.45-0.91) 2 1994-2004
Five 0.62(0.50-0.77) 0.60(0.44-0.83) 31994-2003



Comparisons with older drivers. Fatal crash involvement rates of drivers in
age groups 20-24, 25-29, and 30-54 did not change significantly in association with
the number of GDL components, with the exception of rates for state-quarters with
four components. In those state-quarters, the three groups of older comparison drivers
experienced apparent reductions of 11% to 15%, relative to their rates in state-quarters
with zero components in effect. Possible explanations for this unexpected finding are
suggested in the Discussion section of this report.
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Discussion

This report presents, for the first time, data on injury crashes from a large number
of states that have been subjected to a common analysis of their GDL programs, plus
an identical analysis of fatal crash data obtained from FARS. This nationwide research
on GDL programs has demonstrated a strong association between multi-component
GDL programs and lower crash rates of 16-year-old drivers. The analyses point to
significantly lower involvement rates in fatal crashes and injury crashes of 16-year-old
drivers exposed to programs with the most components: 16-year-old drivers’ rates of in-
volvement in fatal crashes and injury crashes were lower by 38% and 40%, respectively,
after implementation of GDL programs with five of the seven components analyzed.

In addition to including injury crashes, this research differs from research re-
ported by the same authors in an earlier, related project addressing the involvement of
16-year-old drivers in fatal crashes (Chen, Baker, and Li 2006), in that the criteria for
most of the qualifying components were stricter in this current study. This is discussed
further below.

Summary of findings
Fatal crashes

Fatal crash involvement rates of 16-year-old drivers were lower by 21% and
38%, respectively, when programs had four or five GDL components in effect, based
upon comparisons with state-quarters with no GDL components. State-quarters with
fewer than four components were not associated with statistically significant reductions
in fatal crash rates of 16-year-old drivers.
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Fatal crash involvement rates of the older comparison drivers aged 20-24, 25-
29, and 30-54 generally did not show an association with GDL programs—that is, their
rates in the same state-quarters did not decline significantly. An exception was the case
of the fatal crash involvement rates of the comparison drivers in state-quarters with
four GDL program components in effect. Surprisingly, all three groups of comparison
drivers appeared to experience statistically significant reductions in their fatal crash
involvement rates. It is statistically unlikely that all three of these unexpected, statisti-
cally significant reductions occurred due to chance. It is possible that the apparent
reduction was associated with factors not accounted for in the statistical model, e.g.,
that control for temporal trends was not adequate and/or that there were other safety-
relevant occurrences in some or all of the state-quarters in which four GDL program
components were in effect. Itis also possible that this unexpected result is attributable,
at least in part, to broader societal attitudes in general, which may have both allowed
these relatively strong GDL programs to be enacted, and also influenced safety in other
ways. The present study is not able to explain this unexpected finding.

For all GDL programs combined, regression analyses pointed to an overall
reduction of 11% in fatal crash involvement of 16-year-old drivers compared with non-
significant reductions of 3% or less in older drivers. The 11% reduction was based
upon all types of GDL programs, including the weakest, and therefore does not reflect
GDL'’s full potential. Compared with the lowering of rates that was seen in association
with the most effective programs, the results suggest that substantial improvement in
the national average could be achieved if states were to improve their programs to the
greatest extent possible.

Injury crashes

Results for injury crashes were similar to the results for fatal crashes, but with
somewhat greater reductions in crash involvement rates of 16-year-old drivers than
were found in fatal crashes. For all GDL programs combined, including weaker pro-
grams, an overall reduction of 19% was shown by regression analyses that adjusted
for state and time. For programs with five components, a reduction of 40% was seen
in involvement rates of 16-year-old drivers.

As in the case of fatal crashes, findings are strengthened by the fact that drivers
aged 20 and older, who generally would not have been affected by GDL implementation
or changes, did not experience reductions similar to those seen for 16-year-old drivers.



Figures 5 and 6 illustrate the progressively greater reductions in both fatal
crashes rates and injury crash rates of 16-year-old drivers associated with increasing
GDL program restrictiveness, as measured by the number of GDL components in ef-
fect. Thus, risk of crash involvement decreased in an apparent dose-response fashion
as the restrictiveness of GDL programs increased.

Comparisons with other research

Studies evaluating GDL programs find them to be associated with reductions
in fatal and nonfatal crash injuries (Agent et al. 2001; Shope and Molnar 2004; Wil-
liams 1999). Reductions in crashes ranging from 4% to 60% have been reported for
GDL programs in New Zealand, Canada, and the U.S (Simpson 2003). Although the
magnitude of crash reduction is variable given the wide range of reductions observed,
the direction of GDL effect has consistently been positive. The variability associated
with the magnitude of crash reductions may result from differences in compliance, in
specific components of GDL programs, and/or in the research designs and analytic
procedures used to evaluate GDL programs (Simpson 2003).

This research differs from earlier research by the same authors in that it includes
analyses of injury crashes, based on police-reported data for 35 states. Furthermore, it
provides comparison data for drivers aged 20-24, 25-29, and 30-54. Most importantly,
the seven components were defined to be more restrictive than in the previous study
(Chen, Baker, and Li 2006). For example, in this study, a qualifying passenger restriction
allowed no more than one passenger, whereas, in the previous study, any nominal pas-
senger restriction was counted, even if it allowed as many as three passengers. In the
previous study, components were dichotomized primarily on the basis of the numbers
of state-quarters that would be needed for analysis. In this study, a special effort was
made to estimate the effectiveness of what would appear to be relatively “stronger”
programs. In the previous study, programs with six or seven components (as defined
in that study) were associated with a 21% reduction in the fatal crash involvement of
16-year-old drivers, programs with five components were associated with an 18%
reduction, and programs with fewer than five components were not associated with
statistically significant reductions. In contrast, using the stricter program component
definitions in the current study, no state-quarter had more than five program compo-
nents in effect, and programs with five components (as defined in this study) were
associated with a 38% reduction in the fatal crash involvement of 16-year-old driver,
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and programs with four components were associated with a 21% reduction that was
still statistically significant.

Other national evaluations

All of the national evaluations to date have been restricted to fatal crashes. It is
possible that drivers involved in non-fatal crashes are more responsive to GDL restric-
tions, since the most serious crashes are generally more common among drivers who
are least susceptible to behavioral interventions. For example, drivers with the highest
blood alcohol concentrations are at the greatest risk of being in a fatal crash (Zador,
Krawchuk, and Voas 2000).

Research reported by Dee et al. (2005) examined fatal crash rates of drivers aged
15to 17 in 48 states and found a 6% reduction in that inclusive age group in state-years
with GDL. Unlike the research presented in this report, the specific effect on 16-year-
old drivers (as opposed to ages 15-17 as a group) was not examined. As a result, the
reported reduction was no doubt smaller than it would have been if limited to 16-year-
olds drivers. The analysis did not differentiate between weaker and stronger programs.

Morrisey et al. (2006) also studied drivers aged 15-17, but took a different
approach, comparing the relationship between their fatal crash rates and the IIHS’s
rating system for GDL programs (IIHS 2005). Programs categorized as “good” were
associated with a 19% reduction in fatalities, whereas “fair” and “marginal” programs
failed to produce a significant change. “Fair” programs were associated only with a 13%
reduction that was limited to nighttime crashes (Morrisey et al. 2006).

The findings of Morrisey et al. (2005) are consistent with the findings of the
current study, in that only programs meeting a number of criteria based on restrictive
regulations were associated with measurable reductions in crash rates of 16-year-old
drivers. However, because the current study focused on 16-year-old drivers, it was
able to identify substantially greater benefits than were seen for 15- to 17-year-olds as
a group exposed to “good” programs.

Evaluations of single jurisdictions

Inthe U.S. and Canada, the effect of GDL has been evaluated in many individual
states and provinces. Virtually all of the published evaluations have reported GDL-re-



lated reductions in crashes of novice drivers. The major limitation of the U.S. studies
is that they are generally missing for state programs where GDL-related reductions
have not occurred or are not significant, judging from previous unpublished analyses
of individual states conducted by the authors of this study. Many of the missing states
are too small for any changes to have achieved statistical significance. Their inclusion
in the current study is of benefit because it provides a realistic appraisal of the effect
of GDL programs in general, rather than emphasizing the more successful programs
or the larger states.

Results of studies evaluating programs in individual states are difficult to compare
because programs differ in their components, analytic methods vary, and some studies
report changes in crude rather than adjusted rates. In some cases rates are reported
per licensed drivers rather than per population, the more common denominator.

Itis not possible to distinguish the benefits of a regulation, per se, from the ben-
efits of implementation, enforcement, and compliance with that regulation. It is possible
that when there is no reduction in crash involvement in association with a particular
GDL program, it is because compliance is low. This could be due to a lack of publicity,
enforcement, and/or parental involvement. Parents are essential to the enforcement
of the supervised driving restriction as well as any night driving. Passenger restric-
tions are especially difficult for parents to monitor. Goodwin and Foss, however, found
through surveys of teen drivers and their parents that passenger-carrying and night-
driving restrictions generally were observed (Mayhew et al. 2006). Parental support for
nighttime restrictions is high, with 74%-94% approval (Ferguson and Williams 1996;
Mayhew et al. 1998; Williams et al. 1998; Williams, Nelson, and Leaf 2002). Passenger
restrictions have a somewhat lower level of favor among parents, with 43%-72% ap-
proval (Ferguson and Williams 1996; Ferguson et al. 2001; Goodwin and Foss 2004;
Mayhew et al. 2006).

Limitations of the research

GDL is not a simple point-in-time intervention but a complex change involving
licensing, enforcement, and parental involvement as well as other effects that may be
difficult to recognize or analyze. All of these factors vary among the dozens of states
analyzed. Although the statistical model used in this study controlled for true state-fixed
effects (e.g., topography), year-fixed effects (e.g., time trends across all states included
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in the study), and quarter-fixed effects (e.g., seasonal weather or travel patterns), it
could not control for factors other than GDL that may have changed at different times
in different states over the course of the study (e.g., changes in socioeconomic factors
that may have impacted some but not all states or impacted different states differently,
or changes in non-GDL legislation that occurred at different times in different states).

The study did not investigate the mechanisms by which GDL results in lower
crash rates. Existing research suggests that GDL achieves its effects through some
combination of the following (Foss et al. 2001):

m teens licensed under GDL drive less than teens not licensed under GDL,

m teens licensed under GDL programs generally drive more safely than teens not
licensed under GDL,

m teenslicensed under GDL do less driving under hazardous conditions than teens
not licensed under GDL, and/or

m after GDL is implemented, more teens postpone their applications for licenses.

Population was used as our exposure measure because we were interested
in the public health impact of GDL. Population-based crash rates are lower than rates
per licensed driver. Population-based rates are preferable when one wishes, as we
did, to measure the overall effect of GDL on fatal crashes and injury crashes of a group
such as 16-year-olds. Studies attempting to analyze the impact of GDL on the safety
of licensed drivers might wish to analyze crash rates per licensed driver rather than
per unit population, and similarly, studies attempting to analyze the impact of GDL on
the safety of the driving that is done by new drivers might wish to analyze crash rates
per mile driven. However, at present, there is no national data source that could supply
driving mileage data for drivers by state, calendar year, and single year of age. Addi-
tionally, existing driver licensing data would present some difficulties for such a study.
For example, license data for several states do not include drivers with provisional
licenses, whereas crash data do not typically differentiate between provisional licenses
and full-privilege licenses of the drivers, thus preventing computation of meaningful
crash rates (IIHS 2006b).

Without information on driver licensing, it was not possible to determine how
much of the effect of GDL was due to reduced exposure because of 16-year-olds delay-



ing licensure until an age when they would not be affected by GDL. By excluding the
four quarters before the effective date of new GDL legislation, this study minimized the
effect of changes in the numbers of licensed drivers that may occur when 16-year-olds
hasten their licensure in the interest of becoming licensed before new restrictions take
effect. Four quarters were also excluded after the effective date of new GDL legislation,
because it can be as long as one full year before all 16-year-olds in a given state are
covered by a new restriction.

Assessment of the relative effectiveness of individual components, while de-
sirable, would be extremely problematic because a GDL program in any given state
is implemented in its entirety and works as a whole. To break down GDL programs
into individual components for evaluation could lead to misleading results. Similarly,
although it would be ideal to be able to determine the optimal combination of GDL
components, the number of state-quarters in which various combinations have actually
been implemented limits examination of this issue for each of the myriad combinations
in the dataset.

When counting components, the analysis gave equal weight to all seven com-
ponents meeting the inclusion criteria in this study (Table 2), even though some are
probably more important than others. In many preliminary analyses we experimented
with omitting various components, but the results did not show the value of excluding any
component(s). Until their relative importance has been established by other research,
the number of components appears to be the only way to assess the effect of adding
various components to GDL programs. In states with large populations that add a single
component, it should be possible to evaluate the effect several years later.

This study was not able to differentiate among the many variations in each type
of restriction—for example, the hours during which nighttime driving restrictions are in
effect. To do so would have required increasing the number of components analyzed
and resulted in having too few state-quarters for meaningful analysis of each compo-
nent. The limited numbers of state-quarters having each type of restriction required
us to dichotomize variables such as “night restriction beginning no later than 10 p.m:
‘present’ or ‘absent’.”

Policy-makers and those who advise them about teen driving issues should not
interpret these findings to mean more than they do. For example, although the compo-
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nents analyzed included state requirements for at least 30 hours of supervised driving
practice, the results do not prove that this is ideal. Sixty or 100 hours of supervised
driving may well be preferable to 30 hours, but because of data limitations we could
not address this question. Moreover, there may be some very effective GDL programs
whose components do not match the definitions of the seven program components
that were analyzed here. For example, North Carolina does not require a specified
number of hours of supervised driving; rather, an intermediate license is not issued until
at least a year after the beginning of the learner period, during which all driving must
be supervised. Parent and teen surveys suggest that teens are receiving substantially
more than 50 hours of practice during that year and that parents strongly endorse the
lengthier learner period (Goodwin and Foss 2004). Foss et al. found that program to
be very effective (2001).

Missing data from some states have the potential to create two problems: First,
some states did not provide data. This would be a problem if there were any relationship
between the success of the GDL program and states’ ability to provide data. While this
may be unlikely, it could result in an overestimate of the effectiveness of GDL. Second,
a few states did not have data for certain years or had data quality problems in certain
years. This appeared to have occurred at random and should not have influenced the
results of this study. Where data problems were evident, the data were not used.

The use of midyear census estimates of populations was necessary because
the study examined changes in crash rates over the period 1994 through 2004, during
which the decennial census occurred only once (in 2000). Thus, the exposure estimates
used in all rate calculations is subject to some degree of random error. It is unlikely
that any errors would have seriously biased our findings; however, the result is that the
confidence intervals reported in figures and tables are therefore artificially narrow.

Finally, this research was not intended to identify risk factors for crashes of
novice drivers; this important topic has been addressed in a number of publications
(Begg and Stephenson 2003; Bingham and Shope 2005; Elliot et al. 2006; Hedlund,
Shults, and Compton 2006; Simons-Morton and Ouimet 2006).

Indications of a causal association

The results of this research suggest that the association between Graduated
Driver Licensing and lower rates of crash involvement among 16-year-old drivers is
probably a causal relationship, based on the following considerations:



1. Strength of the association: Three-stage GDL programs are associated with an
11% reduction in fatal crash risk and 19% reduction in injury crash risk, reductions
that are of practical as well as statistical significance. Even greater reductions
are associated with GDL programs having five of the identified components

2. Temporality: The analyses compared state-quarters after implementation to
state-quarters before implementation.

3. Specificity: The apparent effect was greatest in the case of 16-year-old drivers,
the focus of the intervention.

4. Dose-response relationship: The safety benefit of GDL increased with the
number of restrictive components.

5. Consistency: Results are consistent across studies, places, and populations.

6. Plausibility: GDL is based on developmental theory and aims to regulate expo-
sure to driving hazards during the early experience-building stage for novice driv-
ers. Empirical data from population-based surveys indicate that GDL programs
have the intended effects on driving behaviors and parental supervision. Thus, the
safety benefit of GDL reported in this and other studies is completely plausible.

Recommendations
Recommendations for states

Based upon our findings that the most restrictive GDL programs are associated
with the greatest reductions in crashes of 16-year-old drivers, states should move to
have a full complement of meaningful restrictions in their GDL programs. There ap-
peared to be substantial difference between the reductions (38% for fatal crashes, 40%
for injury crashes) that were seen in connection with GDL programs having five of the
components analyzed and the smaller reduction seen for all three-stage GDL programs
combined (11% for fatal crashes, 19% for injury crashes). This difference indicates the
potential for improvement in the safety of novice drivers, as well as the safety of their
passengers and those who share the roads with them. Upgrading weaker programs
therefore should be a high priority for states wishing to reduce traffic-related deaths and
injuries. An intermediate phase is generally needed that restricts driving in hazardous
circumstances, yet gives novice drivers a chance to drive without supervision under
less hazardous conditions.
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Also important is the need for states to upgrade the specific parameters of the
various components—for example, to change a nighttime restriction so that it begins at
9 or 10 p.m. rather than at midnight or later. At present, the IIHS categorization of GDL
programs (IIHS 2006) is widely considered to be a gold standard. In order to be catego-
rized as having a “good” GDL program, a state would need a program that achieved
6 points on the IIHS scale. As evidence accrues, the IIHS standard may change, or
states may wish to set their own goals.

States have a vital role to play in the process of providing parents and the law
enforcement community with the relevant information on GDL. Both police and par-
ents need to be informed about the specific requirements of the GDL programs in their
states and the rationale for them. In particular, requirements for adult supervision and
restrictions on passengers and nighttime driving require knowledge and commitment
on the part of parents as well as law enforcement.

Abroad approach to reducing crashes of novice drivers might also include skills
training, attitude training, and involvement of communities, parents, and the teenagers
themselves.

Recommendations for advocates

Advocates for safer driving by teenagers should first become familiar with the
rapidly expanding knowledge base about GDL. Opportunities to convey this knowledge
to parents, teens, and the wider community include interchanges with the media and
the schools.

Advocates can play a role in strengthening GDL programs by encouraging the
inclusion of parental involvement as a critical element of state programs. Parents are
responsible for making sure their children adhere to GDL requirements. In addition,
collaboration among parents may encourage parental enforcement to be consistent
within the neighborhood or within children’s peer groups -- thus reducing pleas such
as “Aw Mom, all the other guys are allowed to . . .”

Legislators depend upon information from informed sources about the content,
purpose, and scientific background for changes in traffic safety laws. Advocates have
a crucial role to play in shaping the opinions of legislators and members of the public
about graduated driver licensing.



The topic of graduated driver licensing is of interest to the media, and advocates
have an opportunity to enlist the media in their efforts to improve teenage drivers’ safety
on the road.

Recommendations for researchers

Evaluation of GDL programs should continue as data become available for
more states and for longer time periods. With larger databases, examination of specific
combinations of components may be possible. Future research may be able to provide
guidance as to the specific benefits of the various components of GDL systems.

Research is needed to determine whether GDL affects the crash involvement
of older teenage drivers, especially those aged 17 or 18. Unlike drivers 20 and older,
their involvement rates could be affected either negatively or positively by GDL. They
were omitted from these analyses for that reason.

Future research should also investigate the effectiveness of specific components
of GDL programs (e.g., nighttime driving restrictions), including evaluation of different
variations of similar components (e.g., the hours during which a nighttime driving restric-
tion is in effect). Research to determine the appropriate minimum age for supervising
drivers is also needed.

Finally, future research should investigate how other aspects of program imple-
mentation (e.g., publicity and enforcement) influence the effectiveness of GDL programs.
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Conclusions

Graduated driver licensing programs with the largest number of components
meeting the definitions used in this study are achieving reductions of 38% and 40% in
fatal crashes and injury crashes, respectively, of 16-year-old drivers. The association
between GDL and lower crash rates of these novice drivers appears to be a causal
relationship.

Our results underscore the potential value of strengthening state GDL programs.
States whose programs included five of the seven components defined in this study
experienced 38% and 40% reductions, respectively, in the fatal crash involvement and
injury crash involvement of 16-year-old drivers, as compared to the nationwide average
reductions of only 11% and 19% for all three-stage GDL programs taken together and
analyzed irrespective of the number of components that they included. The sizeable
reductions in crash rates associated with the more comprehensive programs demon-
strate that substantial nationwide crash reductions are attainable.
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APPENDIX 2: Supplemental tables

Table A2-1: Incidence Rate Ratios (IRRs) and 95% Confidence Intervals (Cls)
for driver involvement in fatal crashes in relation to driver age and number of
GDL program components.

c::q':::;:’ti Age 16 Age 20-24 Age 25-29 Age 30-54
One 0.96(0.85-1.08) | 1.01(0.95-1.07) | 0.96(0.89-1.03) | 1.00(0.95-1.05)
Two 0.90(0.79-1.03) | 0.97(0.91-1.04) | 0.97(0.90-1.04) | 0.97(0.92-1.02)
Three 0.90(0.76-1.06) | 0.94(0.87-1.00) | 0.97(0.88-1.07) | 0.97(0.90-1.04)
Four 0.79(0.70-0.90) | 0.89(0.81-0.98) | 0.87(0.77-0.98) | 0.85(0.79-0.93)
Five 0.62(0.50-0.77) | 0.98(0.89-1.07) | 0.99(0.87-1.13) | 0.98(0.90-1.07)

Table A2-2: Incidence Rate Ratios (IRRs) and 95% Confidence Intervals (Cls)
for driver involvement in injury crashes in relation to driver age and number
of GDL program components.

c:;:‘::;rni Age 16 Age 20-24 Age 25-29 Age 30-54
One 1.03(0.95-1.11) | 1.00(0.93-1.08) | 0.98(0.91-1.05) | 1.01(0.95-1.07)
Two 0.87(0.75-0.99) | 1.01(0.96-1.08) | 1.02(0.96-1.08) | 1.00(0.96-1.06)
Three 0.84(0.74-0.96) | 0.95(0.91-1.00) | 0.92(0.87-0.97) | 0.93(0.90-0.96)
Four 0.64(0.45-0.91) | 0.86(0.62-1.20) | 0.84(0.58-1.22) | 0.86(0.62-1.20)
Five 0.60(0.44-0.83) | 1.02(0.93-1.11) | 1.08(0.99-1.18) | 1.01(0.94-1.08)
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APPENDIX 3: State data used in analyses of injury crashes

Table A3: Summary of data received from states for analysis of injury
crashes.

Jurisdictions Ob[t):itse d Data years 3:;3 Dropped Years
Alabama Yes 1994-2003 YES
Alaska Yes 1992-2002 NO 1997-2002
Arizona Yes 1994-2002 YES
Arkansas Yes 1994-2003 PART 1997 (No data)
California Yes 1994-2002 YES
Colorado Yes 1998-2003 YES
Connecticut No NO
Delaware Yes 1994-2003 YES
District of Columbia No NO
Florida Yes 1994-2003 YES
Georgia Yes 1996-2004 YES
Hawaii No NO
Idaho Yes 1994-2002 YES
lllinois Yes 1994-2003 PART 1996
Indiana No NO
lowa Yes 1994-2002 PART 2001-2002
Kansas Yes 1994-2003 YES
Kentucky Yes 1997-2004 YES
Louisiana Yes 1999-2004 YES
Maine No NO
Maryland Yes 1994-2002 YES
Massachusetts Yes 1995-2003 PART 1995-1996, 2002-2003
Michigan Yes 1994-1999 YES
Minnesota Yes 1994-2002 YES
Mississippi No NO
Missouri Yes 1994-2003 YES
Montana Yes 1994-2003 YES
Nebraska Yes 1994-2002 YES
Nevada Yes 1998-2002 PART DROP FOR NIGHT
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Jurisdictions ObI::it: ed Data years 3:;3 Dropped Years
New Hampshire No NO
New Jersey Yes 1997-2002 NO 1997-2002
New Mexico Yes 1994-2002 YES
New York No NO
North Carolina No NO
North Dakota Yes 1999-2002 YES
Ohio Yes 1994-2002 YES
Oklahoma No NO
Oregon Yes 1994-2002 YES
Pennsylvania Yes 1994-2003 YES 2002 (No data)
Rhode Island No NO
South Carolina Yes 1997-2003 YES
South Dakota Yes 1994-2003 YES
Tennessee Yes 1996-2002 YES
Texas Yes 1994-2001 YES
Utah Yes 1994-2002 NO
Vermont Yes 1994-2002 PART 2002
Virginia Yes 1994-2002 NO
Washington Yes 1994-2002 NO 1997-2002
West Virginia Yes 1999-2004 YES
Wisconsin Yes 1994-2003 YES
Wyoming Yes 1994-2002 YES




	Table 1: Review of Key Published Studies Evaluating GDL Programs in the USA and Other Countries.
	Table 2: Definition of GDL components examined.
	Table 3: State-quarters with specified GDL program components, and corresponding involvement of 16-year-old drivers in fatal crashes1
	Table 4: State-quarters with specified GDL program components, and corresponding involvement of 16-year-old drivers in injury crashes1
	Table 5: Incidence Rate Ratios (IRRs) and 95% Confidence Intervals (CIs) for 16-year-old drivers in fatal crashes and injury crashes in relation to number of GDL program components.
	Table A1: State Graduated Driver Licensing laws in effect as of February 15, 2007.
	Table A2-1: Incidence Rate Ratios (IRRs) and 95% Confidence Intervals (CIs) for driver involvement in fatal crashes in relation to driver age and number of GDL program components.
	Table A2-2: Incidence Rate Ratios (IRRs) and 95% Confidence Intervals (CIs) for driver involvement in injury crashes in relation to driver age and number of GDL program components.
	Table A3: Summary of data received from states for analysis of injury crashes.
	Figure 1: States included in the GDL study.
	Figure 2: Percentage difference in fatal crash involvement rates in relation to driver age and presence of a three-stage GDL program. Solid vertical lines 
	represent 95% confidence intervals.
	Figure 3: Percentage difference in injury crash involvement rates in relation to driver age and presence of a three-stage GDL program. Solid vertical lines
	represent 95% confidence intervals.
	Figure 4: Percentage difference in fatal crash involvement rates in relation to driver age and number of GDL program components. Solid vertical lines represent 95% confidence intervals.
	Figure 5: Percentage difference in injury crash involvement rates in relation to driver age and number of GDL program components. Solid vertical lines represent 95% confidence intervals.
	Acknowledgements
	List of Tables and Figures
	Executive Summary
	Background 
	Objectives 
	Method 
	Results 
	Conclusions



	Introduction
	Background
	Purpose and description of Graduated Driver Licensing (GDL)
	Objectives of this research



	Literature Review
	Rationale for GDL programs
	U.S. statistics on motor vehicle crash injuries among teen drivers
	Evaluation of GDL programs 
	Common GDL program components



	Methods
	Unit of analysis
	Categorization of GDL programs
	Crash Data
	Exposure Data



	Analysis and Results
	Unadjusted crash rates in relation to GDL program components
	Statistical modeling of crash rates and GDL programs nationwide


	Discussion
	Summary of findings
	Comparisons with other research
	Limitations of the research
	Indications of a causal association
	Recommendations



	Conclusions
	References
	APPENDIX 1: State Graduated Driver Licensing laws
	APPENDIX 2: Supplemental tables
	APPENDIX 3: State data uased in analyses of injury crashes



