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Abstract
Objective—Graduated driver licensing (GDL) systems are designed to reduce the high crash risk
of young novice drivers. Almost all states in the United States have some form of a three-phased
GDL system with various restrictions in the intermediate phase. Studies of the effects of GDL in
various states show significant reductions in fatal crash involvements of 16- and 17-year-old
drivers; however, only a few national studies of GDL effects have been published. The objective
of this national panel study was to evaluate the effect of GDL laws on the fatal crash involvements
of novice drivers while controlling for possible confounding factors not accounted for in prior
studies.

Methods—The Fatality Analysis Reporting System (FARS) was used to examine 16- and 17-
year-old driver involvement in fatal crashes (where GDL laws are applied) relative to two young
driver age groups (19-20, 21-25) where GDL would not be expected to have an effect. Dates when
various GDL laws were adopted in the states between 1990 and 2007 were coded from a variety of
sources. Covariates in the longitudinal panel regression analyses conducted included four laws that
could have an effect on 16- and 17-year-old drivers: primary enforcement seat belt laws, zero-
tolerance (ZT) alcohol laws for drivers younger than age 21, lowering the blood alcohol
concentration limit for driving to .08, and so-called “use and lose” laws where drivers aged 20 and
younger lose their licenses for underage drinking violations.

Results—The adoption of a GDL law of average strength was associated with a significant
decrease in fatal crash involvements of 16- and 17-year-old drivers relative to fatal crash
involvements of one of the two comparison groups. GDL laws rated as “good” showed stronger
relationships to fatal crash reductions, and laws rated as “less than good” showed no reductions in
crash involvements relative to the older driver comparison groups.

Conclusions—States that adopt a basic GDL law can expect a decrease of 8 to 14% in the
proportion of 16- and 17-year-old drivers involved in fatal crashes (relative to 21- to 25-year-old
drivers), depending upon their other existing laws that affect novice drivers, such as those used in
these analyses. This finding is consistent with recent national studies that used different outcome
measures and covariates. The results of this study provide additional support for states to adopt,
maintain, and upgrade GDL systems to reduce youthful traffic crash fatalities.
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INTRODUCTION
The Problem

Motor-vehicle crashes are the leading cause of death for young people aged 15 to 20 in the
United States, accounting for approximately 35% of their deaths (National Center for
Statistics and Analysis [NCSA] 2008). Young drivers aged 15 to 20 make up 8 to 9% of the
U.S. population (U.S. Census Bureau 2009) but only about 6 to 7% of the licensed drivers
(Federal Highway Administration 2008); however, they are involved in 13 to 14% of the
fatal traffic crashes each year (NCSA 2009a). In recent years, between 6,000 and 7,000
young drivers and passengers aged 15 to 20 have been fatally injured in motor-vehicle
crashes (NCSA 2009a). In 2000, crashes involving young drivers aged 15 to 20 cost the U.S.
economy an estimated $42.3 billion (Blincoe et al. 2002). About 23 to 24% of young drivers
(aged 15 to 20) involved in fatal crashes are estimated to have been drinking before their
crash (NCSA 2009a). Sixteen-year-old drivers have crash rates that are three times greater
than 17-year-olds, five times greater than 18-year-olds, and twice those of drivers aged 85
(McCartt et al. 2003).

Research has indicated that at least four factors play a prominent role in crashes involving
young drivers (Masten 2004;Senserrick & Haworth 2004): (1) inexperience, (2) immaturity,
(3) risk taking, and (4) greater exposure to risk. Young drivers start out with very little
knowledge or understanding of the complexities of driving a motor vehicle. Many young
drivers act impulsively, use poor judgment, and participate in high-risk behaviors (Beirness
et al. 2004). Teens often drive at night with other teens in the vehicle that substantially
increases their risk of a crash (Chen et al. 2000). When these factors are combined with
inadequate driving skills, excessive speeds, drinking and driving, distractions from teenaged
passengers and electronic devices, and a low rate of safety belt use, crash injury rates
accelerate rapidly (Masten 2004; Masten & Chapman 2004; NCSA 2009b).

Efforts to Reduce the Problem
The high crash rate of youthful novice drivers has been recognized for some time. Initially,
the official response to that problem was to require a driver education program for high
school sophomores as a prerequisite for obtaining a driver’s license. Experience
demonstrated, however, that universal driver education in the public schools, though
providing some driving skills and knowledge, was not effective in reducing crashes
(Williams & Ferguson 2004) because it resulted in earlier licensing and increased exposure
to crashes for many novice drivers. Without the incentive that the high school driver
education program provided, many of these teens would not have obtained a license until it
was necessary for employment or college. Thus, many safety officials viewed driver
education as counterproductive, and support for it as a mandatory requirement for licensing
has declined (Mayhew et al. 1998, 2002; Williams 1996; Williams & Ferguson 2004).

To address the young driver problem, traffic safety officials from several organizations in
the United States developed a licensing system that prolongs the learning process for
beginning drivers and restricts their driving to less risky conditions. The National Highway
Traffic Safety Administration (NHTSA) and the American Association for Motor Vehicle
Administrators (AAMVA), with assistance from the Insurance Institute for Highway Safety
(IIHS), the National Safety Council (NSC), and the National Transportation Safety Board
(NTSB), developed an entry-level licensing program in the United States that gives young
beginning drivers more time to learn the complex skills required to drive a motor vehicle
(NHTSA 2008).
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Over the last two decades, the alternative of extending the period of supervised driving and
limiting the novice’s exposure to higher-risk conditions, such as nighttime driving, has
effectively reduced crash involvements (Williams & Ferguson 2002). Research around the
world has shown that the first few months of licensure for young novice drivers entail the
highest crash risk (McCartt et al. 2003; Mayhew et al. 2003; Sagberg 1998). This high crash
rate of novice drivers in the first few months suggests that restricting driving in situations
known to be risky during this initial licensure period is one option for dealing with this
vulnerability.

Typically, the graduated driver licensing (GDL) concept requires a supervised learning stage
of 6 months or more, followed by an intermediate or provisional license stage of at least
several months with restrictions on high-risk driving before a driver “graduates” to full
license privileges with no restrictions (third stage). This three-staged national model for
GDL has been established to introduce driving privileges gradually to beginning drivers.
Under these systems, novice drivers are required to demonstrate responsible driving
behavior (no traffic offenses) in each stage before advancing to the next stage. After novice
drivers have graduated from supervised driving to independent driving, most GDL systems
restrict nighttime driving and the number of teen passengers, among other provisions, until
the novice driver is fully licensed (NHTSA 2008).

According to the United States Government Accountability Office (U.S. GAO 2010) and
IIHS (2010a), 49 states and the District of Columbia currently have three-staged GDL
systems. The IIHS has rated the various GDL systems in the states (IIHS, 2010a). Only 16
states were rated as having “good” GDL systems in 2004, but currently, 35 states are rated
as having “good” GDL systems (IIHS, 2010a). Chen, Baker, and Li (2006) found the “good”
systems to be most effective, and they noted the gaps and weaknesses of the existing
legislation that needed to be addressed. Despite such a general concept and specific
guidelines, GDL systems in the United States vary widely, with different states enacting
different components aimed to strengthen the GDL program.

Evaluations of GDL Systems
Reviews of the research on GDL systems have been published in various journals (Hedlund
& Compton 2004; Hedlund et al. 2006) and in entire special issues of the Journal of Safety
Research (2003, 2007). Williams and Shults (2010) recently provided a review of and
commentary on the latest GDL research. All the reviews indicated that analyses of GDL
laws showed they effectively reduced crashes involving some defined group of novice
drivers (15-, 16-, 17-, or 18-year-olds, or combinations thereof).

The four national evaluations of GDL programs conducted to date have all reported
significant benefits from the implementation of GDL laws. However, the age groups
evaluated, the measures used, and the comparison groups of drivers employed have varied
substantially between the studies.

Dee, Grabowski, and Morrisey (2005) conducted an econometric panel study of the effect of
GDL laws on fatal crash involvements of 15- to 17-year-olds. The study covered the
contiguous 48 states over 11 years from 1992 to 2002. They evaluated three levels of GDL
laws (good, fair, and marginal). A special feature of their study was the inclusion in the
analysis as covariates some eight laws that might be expected to affect young driver
fatalities. These covariates included laws such as the .08 blood alcohol concentration (BAC)
illegal per se law, the primary enforcement safety belt law, and the zero-tolerance (ZT) law
for drivers younger than age 21.
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Chen, Baker, and Li (2006), in their national evaluation of GDL programs, found that the
presence of a GDL program in a state was associated with a significant decrease in the fatal
crash rate of 16-year-old drivers. In their study, they calculated an incidence rate ratio (IRR)
for fatal crashes involving 16-year-old drivers in relation to the presence of a GDL program.
They found that the presence of GDL was associated with an 11% lower fatal crash
involvement rate for 16-year-old drivers. The comparison groups were drivers aged 20 to 24
and 25 to 29. They found reductions of 16 to 21% in the 16-year-old IRR associated with the
GDL programs that had five or more of the seven key components to GDL laws. The seven
key components are (1) minimum age for a learner’s permit; (2) mandatory waiting period
before applying for an intermediate license; (3) minimum hours of supervised driving; (4)
minimum age for an intermediate license; (5) nighttime restrictions; (6) passenger
limitations; and (7) minimum age for full licensing.

In a recent meta-analysis of GDL programs in North America, Vanlaar et al. (2009) found
that GDL programs had a significant effect on 16-year-old drivers but not on 17-, 18-, or 19-
year-old drivers. Passenger restrictions in the intermediate phase of licensing were also
significantly associated with reductions in 16-year-old driver fatality rates.

McCartt and colleagues (2009) from IIHS conducted another national study of GDL laws in
the states using methods similar to Chen et al.’s (2006). They found that, compared to GDL
systems IIHS had rated as “poor,” the states with GDL laws rated as “good” had a 30%
lower fatal crash rate among 15- to 17-year-old drivers, and states with GDL systems rated
as “fair” had 15- to 17-year-old driver fatal crash rates that were 11% lower.

The four national studies described herein have indicated that GDL reduced fatalities among
at least one group of novice drivers and supported the movement in the United States and
other countries to enact GDL laws. It is clear, however, that not all versions of the GDL
laws were found to be equally effective. Measuring the effectiveness of a new safety
program such as GDL is complicated because it must be implemented within preexisting
legislation and in an enforcement environment that can moderate the effect on crash injuries
and deaths. This issue was particularly salient in the development of support in the 1990s for
lowering the per se illegal limit from .10 to .08 BAC. Opponents of that movement focused
on research indicating that lowering the BAC to .08 was only effective in the presence of
administrative license revocation (ALR) laws (see the General Accounting Office, June
1999, report for a discussion of the issue). This issue of the possible potentiating effect of
other laws on novice drivers has not received much attention in the research program
supporting the enactment of GDL laws. Three of the four national studies described herein
have depended on using a variable representing each of the states or state years as a method
of accounting for the legal and enforcement environment within which the GDL law was
implemented. These three studies were conducted without examining the effect of any
specific laws, such as the zero-tolerance legislation that essentially made it illegal for drivers
younger than age 21 to have any alcohol in their systems.

Only the study by Dee, Grabowski, and Morrisey (2005) attempted to measure how the
existing traffic safety laws affected the GDL laws. They evaluated the effects of five laws:
speed limits, seat belt laws, illegal per se laws, ALR laws, and ZT laws. Dee and colleagues
(2005) found a very modest 4.4% reduction in their estimate of the reduction in 15- to 17-
year-old driver deaths attributable to GDL when traffic laws, such as speed limits and safety
belt laws, were added to their analysis. A substantially larger 17.6% reduction in the deaths
attributable to GDL was found when the alcohol-related laws (illegal per se, ALR, and ZT)
were added to the analysis. The inclusion of these impaired-driving laws in their fixed
effects model reduced their estimate of the percentage of teen lives saved by GDL laws from
6.8 to 5.6%, which was still statistically significant.
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We used a more direct measurement of the effects of GDL laws in the form of a ratio of 16-
to 17-year-old drivers relative to older drivers in fatal crashes. Our objective was to
investigate the findings of Dee and his colleagues (2005) that other traffic laws affecting the
fatal crash rates of novice drivers were not responsible for the reductions in novice driver
deaths being attributed to GDL programs. Our study also allowed us to update the 11 years
(1992 to 2002) of data evaluated by Dee et al. (2005) that covered only the early years of the
application of GDL laws. Our study covered the adoption of GDL laws for 18 years from
1990 to 2007. Finally, we added as a covariate to our study the so-called “use and lose” laws
that provide for persons aged 20 and younger apprehended in possession or consumption of
alcohol a suspension of their driver’s licenses—a key and effective component of the
minimum legal drinking age (MLDA) laws (Fell et al. 2009) that Dee and associates did not
include in their study.

METHODS
Data Sources

Crash data—As was the case with the four previous national studies, we used data from
the Fatality Analysis Reporting System (FARS) with our study covering the years from 1990
to 2007 (NHTSA, 2007). Data on driver crash involvements for three age groups—16- and
17-, 19- and 20-, and 21- to 25-year-olds—were drawn from the FARS for each of the 18
years. The first group (16- and 17-year-olds) was chosen to represent the drivers affected by
the GDL law. The second group (19- and 20-year-olds) was selected as a comparison or
control for young drivers subject to all of the under age 21 laws related to drinking and
drinking-and-driving—but not to GDL. We omitted 18-year-olds to minimize the spillover
that any GDL effect might have on that adjacent age group. Finally, we selected the 21- to
25-age group as the youngest set of adults not subject to any of the underage laws but still at
an elevated risk of crash involvement.

State GDL laws—Baker, Chen, and Li (2006) graciously provided us with the data on
state GDL laws that they used in their study. These data files were modified to incorporate
changes in (or modifications to) any of the laws up to the time of our analyses in 2010. We
used the IIHS Web site (www.iihs.org), NHTSA’s Digest of State Alcohol-Highway Safety
Related Legislation (2004), Lexis-Nexis, and other appropriate sources to identify states that
passed or upgraded GDL laws and to record the dates when the laws were adopted. NHTSA
(2008) reported that 17 states adopted a three-stage GDL system with nighttime restrictions
between 1996 and 1999 (California, Delaware, Florida, Georgia, Illinois, Indiana, Iowa,
Louisiana, Maryland, Massachusetts, Michigan, New Hampshire, North Carolina, Ohio,
Rhode Island, South Carolina, and South Dakota). The periods for the restrictions and the
duration of the restrictions varied by state. The remaining 33 states and the District of
Columbia did not have a three-stage GDL during that timeframe. These sources provided at
least 9 years of post-GDL data (2000 to 2008) for analyses for the states implementing GDL
laws by 1999.

Beginning in 2000, 32 states plus the District of Columbia had adopted a three-stage GDL
with a nighttime restriction (Alabama, Alaska, Arizona, Arkansas, Colorado, Connecticut,
District of Columbia, Hawaii, Idaho, Kansas, Kentucky, Maine, Minnesota, Mississippi,
Missouri, Montana, Nebraska, Nevada, New Jersey, New Mexico, New York, Oklahoma,
Oregon, Pennsylvania, Tennessee, Texas, Utah, Virginia, Washington, West Virginia,
Wisconsin, and Wyoming). Currently, only one state has a three-stage GDL with no
nighttime restrictions (Vermont). Finally, the remaining state without a three-stage GDL (as
of January 2011) is North Dakota.
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Legal and Enforcement Environment Measures
The development and adoption of GDL laws occurred in a legislative environment in which
at least four traffic safety laws have been shown to have significant effects on fatal crashes
involving underage drivers: (1) upgrading the seat belt law to include primary enforcement
(National Highway Traffic Safety Administration 1995; Voas et al. 2000, 2007a) which also
served as a surrogate for increased enforcement of all traffic laws; (2) ZT laws that make it
illegal for drivers younger than 21 to have any alcohol in their blood system while driving
(Voas et al. 2003; McCartt et al. 2007; Fell et al. 2009); (3) lowering the illegal BAC limit
for adult drivers to .08 g/dL (Wagenaar et al. 2007); and (4) use and lose laws where persons
younger than 21 temporarily lose their driver’s licenses for any alcohol violation
(possession, purchase, etc.) (Fell et al. 2009). Dee and his colleagues (2005) analyzed the
effect of the first three laws, as well as the speed limits and ALR. We chose not to use speed
limits since Dee et al. (2005) found that speed limits had only minimally affected the
estimated effectiveness of GDL laws. We retained safety belt laws as a covariate, even
though Dee et al. (2005) found that they were not significantly related to GDL effectiveness.
Since their study (covering 1992 to 2002), a national movement of annual safety belt
enforcement and publicity campaigns has played a role in the increased number of states
with primary seat belt laws. We believe those laws now have more of a safety effect. We
added to Dee’s list of policies the use and lose laws to reflect the level of enforcement and
deterrent effect of the MDLA laws (Fell et al. 2009).

Data Analyses
A longitudinal panel approach (sometimes called a cross-sectional time-series approach)
was used in this study. We initially examined annual FARS data for all 50 states and the
District of Columbia from 1990 to 2008. For each state-by-year, the incidence of crashes in
each of the three age groups was recorded. The year 2008 was excluded due to unexpected
anomalies in the trend data, mainly associated with the U.S. economic recession that caused
an abnormal reduction in miles driven and traffic fatalities (Sivak & Schoettle 2010). We
combined the state-by-year crash incidences of 16- and 17-year-olds because many state-by-
year cells had an incidence rate of zero when these ages were observed separately. The
District of Columbia was excluded due to reporting zero crashes among 16- and 17-year-old
drivers in more than half of the years observed after the ages were combined. After
excluding the District of Columbia, there were no other states-by-year with zero incidences
of crashes. We applied a Box and Jenkins (1976) ARIMA (Autoregressive Integrated
Moving Average) intervention regression method to evaluate the enactment of a GDL law
(the intervention) on the fatal crash incidence among 16-and 17-year-old drivers relative to
the two older driver age groups.

Because FARS contains only the population numerator (persons involved in a fatal crash)
and no population denominator (number of persons at risk for a fatal crash), a direct
comparison of the crash risk before and after the adoption of GDL laws was not possible.
The typical approach to this problem is to use population figures to create crash rates for
each age group and then compare rates between groups within state years, counting on the
state or the year variable to account for factors other than the GDL effect. Dee et al. (2005)
used population in their models. In previous studies, we have argued that because of the
wide differences in alcohol use between urban and rural and upper and lower socioeconomic
groups, the use of population data is not the best approach to the problem. We have taken a
different approach using ratios of affected and unaffected cases as in our previous work (Fell
et al. 2009). To account for crash exposure, we computed and compared ratios of the 16- and
17-year-old drivers involved in fatal crashes with two older age groups: 19 and 20 and 21 to
25. By using the crash population of 19- and 20-year-olds and 21- to 25-year-olds as proxy
denominators for the 16- and 17-year-olds, we believe we controlled for most of the driving
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exposure elements common to both groups. The ratios were log-transformed to normalize
the distribution. All state-by-year cells with less than ten 16-and 17-year-old drivers in fatal
crashes were excluded from the analyses to reduce bias introduced by using ratios with
small Ns.

Measures of GDL Quality
Three categories of GDL laws were tested: (1) when all the GDL laws present during our
study period from 1990 to 2007 were included, we labeled the category as “average”; (2)
when only GDL laws rated “good” by the IIHS (2010a) were included, we labeled the
category “good”; (3) when only the GDL laws rated “less than good” (i.e., fair, marginal, or
poor) by the IIHS (2010) were included, we labeled that category “less than good.” Recall
that the IIHS rated a GDL law as good if it had five or more of the following seven
components: (1) minimum age for a learner’s permit; (2) mandatory waiting period before
applying for intermediate license; (3) minimum hours of supervised driving; (4) minimum
age for intermediate license; (5) nighttime restriction; (6) passenger limitation; and (7)
minimum age for full licensing. For this categorization, we used the rating given to each
state’s GDL law in 2007 by the IIHS. Thus, a GDL law adopted, for example, in 1996 by a
state with a rating of good in 2007 was evaluated as a good GDL law in 1996 and thereafter.

Regression models for each age-group ratio were separately performed for the three
categories of GDL laws (average, good, and less than good). The ratios of interest (drivers
aged 16- and 17-years-old involved in fatal crashes relative to the two other age groups)
were then regressed on the GDL laws alone and with each of the four potentially
confounding laws individually and finally with all four covariates included in the analysis.

Based on the regression analysis, we calculated the expected reduction in crash
involvements based on the GDL law alone and in the presence of one or of all four covariate
laws. Using the coefficients resulting from the regression models, we estimated the
percentage of reduction in 16- and 17-year-old drivers in fatal crashes following the
implementation of the GDL laws. Because the dependent variable was a ratio (16- and 17-
year-old drivers in fatal crashes over 19- and 20-year-old drivers and over 21- to 25-year-old
drivers in fatal crashes), estimation of the effect of GDL only on 16- and 17-year-old drivers
in fatal crashes (the ratio’s numerator) required the ratio’s denominator (19- and 20-year-old
drivers and 21- to 25-year-old drivers) to be fixed at some point in time. We used two
different approaches to fixing the denominator: (1) the mean annual 19- and 20-year-old
drivers and the 21- to 25-year-old drivers over the pre-GDL state/years and (2) the
corresponding mean for the post-GDL state/years. The pre-GDL criterion underestimates the
percentage of reduction in 16- and 17-year-old driver fatal crash involvements, for it fails to
account for the reduction in the 19- to 20-year-old and 21- to 25-year-old driver
involvements that have taken place over time. On the other hand, the post-GDL criterion
overestimates the percentage of reduction in 16- and 17-year-old drivers in fatal crashes, as
it implicitly assumes that the passing of the GDL law is also responsible for the observed
reduction in the 19- to 20-year-old driver involvements and the 21- to 25-year-old driver
involvements. We present both extremes here.

RESULTS
Table 1 shows the total number of fatal crash involvements for each driver age group used in
the analyses. Although these numbers are very large, they quickly diminish when state-by-
year analyses are performed. These diminishing numbers are why we combined 16- and 17-
year-old drivers into one group in our analyses. Table 2 presents the regression results for
the three classifications of GDL laws we studied (states with average laws, states with good
laws, and states with less-than-good laws). Table 2 shows the following results:
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1. The adoption of an average GDL law considered alone was associated with a
reduction in both the 16–17/19–20 age and the 16–17/21–25 age fatal crash ratios.

2. This was also true when an average GDL law was considered in the presence of
each of the four legal environment laws individually or in the presence of all four
laws together.

3. The strength of the relationship of good GDL laws to reductions in the ratios
(reflecting reductions in fatal crash incidence) is slightly greater than for average
GDL laws.

4. The evidence for the effectiveness of less-than-good GDL laws is mixed. Such laws
were not significant in the contrast between the two underage groups. For the 16–
17/21–25 age comparison GDL laws significantly reduced the ratio only when
considered alone. In the presence of the covariates, this effect disappeared.

5. When analyzed in the presence of one or in the presence of all four covariates, the
relationship of the reduction in the ratios was smaller than when GDL was
considered alone, but was still significant.

6. The one exception to item 5 was the presence of a ZT law that appeared to enhance
the extent to which the GDL law reduced the 16- and 17-year-old fatal crash
involvements.

Table 3 shows the estimated percentage of reduction in mean proportion of 16- and 17-year-
olds involved in fatal crashes for GDL laws alone, in the presence of each of the four legal
environment laws individually, and in the presence of all four laws combined. All reflect
reductions in 16- and 17-year-old driver crash involvements. For Table 3, as in Table 2, the
reductions attributable to GDL laws are slightly reduced in the presence of the legal
environment covariates that absorb some of the reductions that would otherwise be
attributed to GDL. Again, the presence of the ZT law appears to be associated with an
enhanced effect of the GDL law.

GDL laws produce modest but significant reductions in the fatal crash rates of 16- and 17-
year-old drivers. States that adopt a basic GDL law can expect a decrease of 8 to 14 percent
in the proportion of 16- and 17-year-old drivers involved in fatal crashes (relative to 21- to
25-year-old drivers), depending upon the other existing laws that affect novice drivers, such
as those used in these analyses. These reductions are not dependent on the presence of other
traffic safety or underage drinking laws. The more GDL components included, however, the
more effective these seven key components will be in reducing novice driver fatal crashes.
Incomplete applications of the 7 key components in the GDL laws may have limited or no
effect.

DISCUSSION
This national panel study indicates that the adoption of an average GDL law was associated
with a significant decrease in fatal crash involvements of 16- and 17-year-old drivers (under
GDL restrictions) relative to involvements of their closest peer group, 19- and 20-year-old
drivers (who were not subject to GDL restrictions), but were subject to the same underage
drinking and underage drinking-and-driving laws. GDL laws were even more effective in
reducing 16- and 17-year-old driver involvements in fatal crashes relative to adults aged 21
to 25 who were not subject to GDL, underage drinking, or underage drinking-and-driving
laws. Our results appear to confirm those of Dee, Grabowski, and Morrisey (2005): that the
benefits of GDL, though varying somewhat within the legal environment in which the laws
are implemented, are not dependent on the existence of other traffic or underage drinking
laws.
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Our analysis does suggest, however, that the strength of the effect of GDL laws varies with
their comprehensiveness or quality. The data from Table 2 indicate that good GDL laws
based on the IIHS rating system (IIHS 2010b) produced greater reductions in the fatal crash
ratios than did the average GDL laws. Conversely, our analysis of the effectiveness of the
less-than-good laws found that (with one small exception) they did not appear to be effective
in reducing 16- and 17-year-old driver fatal crashes. This finding of limited effectiveness of
less-than-good GDL laws agrees with the results of Chen et al. (2006) and McCartt et al.
(2010). It should be noted, however, that the effectiveness of GDL laws varies with the
extent to which its key components are implemented. Thus, the strength of the GDL laws
provides additional evidence for their effectiveness. Nevertheless, the limited effectiveness
of the less-than-complete GDL laws should not discourage enacting such limited provisions.
Limited GDL laws may act as a stepping stone to the development of stronger legislation. In
any case, the demonstrated benefit of GDL laws with most of the seven major components
should encourage legislation (e.g., the STANDUP Act 2011) and amendments to current
legislation to create more comprehensive GDL laws in the states.

Three of the legal environment laws (primary seat belt, .08 BAC illegal per se, and use and
lose) were somewhat collinear, and when analyzed concurrently with GDL laws, the
combination of these laws reduced GDL’s measured effect on 16- and 17-year-old fatal
crash involvements. However, the analysis of GDL in combination with the ZT law
strengthened GDL’s measured relationship with crash involvements. Although we could not
determine the reason for this relationship, this result likely occurred because states that
produced early and strong ZT laws (before the federal legislation essentially mandating
them) were also more likely to enact strong GDL laws. Another possible reason for the ZT
law effect is that it may represent a surrogate measure of enforcement of youthful drivers,
especially novice drivers. Whatever the reason, Dee et al. (2005) found an effect of ZT
similar to ours.

A significant problem in evaluating GDL laws that primarily affect crash involvements of
16- and 17-year-olds is accounting for the influence of general changes in the legal,
roadway, and vehicle environment in which the GDL laws have been implemented. Aside
from using population rates, most studies have attempted to compare the rates for the 16-
and 17-year-old cohorts to which GDL regulations apply to the rates of older drivers not
affected by GDL laws. A limitation in this approach is illustrated in Figure 1, which presents
the trends in fatal crash involvements for the three age groups included in this study. As
displayed in Figure 1, crash frequency declined for the 16–17 and 21–25 age groups but not
for the 19 to 20 age group. In this study, we compensated for changes in crash frequency of
the two comparison groups by using the crash ratio measure and by including a time (year)
variable in our regression analysis. To ensure a conservative estimate of the public health
benefits of GDL, we based our crash reduction benefits (Table 4) on the pre-GDL period to
avoid incorporating the lower denominator produced by the reduction in 20 to 25 age group
crash rates. The effect of the downward trend in the crash rates of the 21- to 25-year-old
drivers is illustrated in Table 4, which shows the estimated percentage of reductions in 16-
and 17-year-old fatal crashes assuming no change versus the actual observed change in the
16–17/21–25 ratio. The no-change estimate for the average GDL law (6.9%) is similar to the
value (6.8%) reported by Dee et al. (2005) for the analysis of GDL laws alone. However,
when Dee and colleagues introduced alcohol safety laws into their study, the reduction was
decreased to 5.8%.

Limitations
Some of the limitations in this study include:

Fell et al. Page 9

Traffic Inj Prev. Author manuscript; available in PMC 2013 March 14.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



• A number of the sample sizes for 16- and 17-year-old driver involvements in fatal
crashes in the state-by-year analyses were small, increasing the year-to-year
variance in the ratios of fatal crashes for age groups. This may have accounted for
some statistically insignificant findings. It would have been advantageous to have
state crash files for 1990 to 2007 for all states and the District of Columbia because
these files include crashes of all severities (fatal and nonfatal). Consequently, these
files would have a larger number of cases that would have increased the power of
this study. Although we used covariates accounting for the existence in the states of
primary seat belt laws, ZT laws, .08 BAC per se laws, and use and lose laws (Fell
et al. 2009) that could have had an effect on 16- and 17-year-old driver
involvements in fatal crashes, there certainly may have been other factors in
specific states that could also have had an effect on these young drivers. These
effects include (a) traffic enforcement intensity of GDL restrictions by police, (b)
publicity surrounding GDL laws, and (c) parental influence on driving restrictions,
to mention a few. Measures for these factors were not readily available at the state
level.

• Use of fatality ratios is a well-known technique to control for changes in crash
exposure over time (i.e., Voas et al. 2007b; Romano et al. 2008). This approach,
however, only adjusts for changes that similarly affect both the numerator and
denominator (i.e., the 16- and 17-year-olds as well as older age groups). Changes in
crash exposure that occur differently across age groups may not have been fully
accounted for by this approach. Our adult (aged 21 to 25) comparison group
exhibited a large reduction in crash involvements over the period of our study. The
use of a crash ratio and a time trend in the analysis may not have fully compensated
for the adult trend.

• Because we relied on fatal crash ratios to account for changes in crash exposure, we
could not use the driver as the unit of analysis. By aggregating data (i.e., by using
state/year as the unit of analysis), we were forced to leave some potentially relevant
explanatory variables out of our models. The role of variables, such as gender or
race/ethnicity, were not considered in this study.

• We used the IIHS GDL grades from September 2007, the last year included in our
time-series analysis, to categorize the GDL law for each year an individual state
had a GDL law on the books. Thus, our results specific to these grades are the most
conservative we could have provided. This is because states improve their GDL
laws over time, if they change at all. We did not see any weakening of the GDL
laws. For example, from 2007 to 2008, the IIHS GDL grade changed for one state
(Minnesota), improving from “M” (marginal) to “G” (good). Given this trend, the
effect of G laws compared to non-G laws may be underestimated in our results, but
this was the most conservative way to handle these particular data.

Despite the limitations inherent to the use of crash ratios computed over an aggregated unit
of analyses, we believe that the control in crash exposure provided by those ratios (and the
consequent reduction in bias) more than compensates for the limitations described herein.

CONCLUSIONS
GDL laws produce modest but significant reductions in the fatal crash rates of 16- and 17-
year-old drivers. States that adopt a basic GDL law can expect a decrease of 8 to 14% in the
proportion of 16- and 17-year-old drivers involved in fatal crashes (relative to 21- to 25-
year-old drivers), depending upon their other existing laws that affect novice drivers, such as
those used in these analyses. These reductions are not dependent on the presence of other
traffic safety or underage drinking laws. The more GDL components included, however, the
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more effective these seven key components will be in reducing novice driver fatal crashes.
Incomplete applications of the seven key components in the GDL laws may have limited or
no effect.

Although 49 states in the United States have adopted a three-phased GDL program, the
elements or components within each phase adopted by states vary considerably (IIHS
2010b). State GDL laws vary in the age drivers are allowed to enter a GDL program, the
provisions included in the GDL program, and the way GDL laws are enforced. For instance,
some states allow individuals aged 15 to enter the GDL program, and in other states,
individuals must wait until they are aged 16. Many states include restrictions on
unsupervised nighttime driving and on unsupervised driving with other teen passengers in
the second GDL phase when the novice begins to drive alone, but these restrictions vary
considerably. States have also enacted GDL laws under a primary or secondary enforcement
(i.e., secondary enforcement means that police must stop drivers for other violations before
enforcing GDL laws). Many states require a minimum of 50 hours of on-the-road practice
with an adult driver in the beginning stage before the driver graduates to the second stage,
whereas other states vary substantially in the hours required (e.g., 0, 20, 30, 40, 60). Such a
myriad of components has not been fully examined nor has their effect on motor-vehicle
crashes been fully evaluated. After a thorough review of GDL systems in the states, the
GAO in the United States concluded: “… officials identified several challenges to
improving state teen driver safety programs, such as difficulty in enacting and enforcing
teen driver safety laws, limited resources to implement a teen driver safety program, limited
access to standardized driver education, and difficulties involving parents as their teens learn
to drive, among others” (U.S. GAO 2010). Thus, while it appears that GDL systems work to
reduce fatal crash involvements of young novice drivers, more research is needed on the
effects of the various components of GDL systems in the United States and other countries
around the world not covered in this study.”
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Figure 1.
Fatality Analysis Reporting System data, 50-state total crash involvement by age group,
years 1990–2007
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Table 1

Fatality Analysis Reporting System sample sizes (N) for age groups used in analysis of GDL laws

Ages Years Na (Drivers involved in fatal crashes)

16–17 1990–2007 43,499

19–20 1990–2007 60,922

21–25 1990–2007 133,560

a
Total for 50 states; state-years with Ns <10 excluded.
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Table 2

Estimated percentage of reduction in mean proportion of 16- and 17-year-old driversa involved in fatal crashes
attributed to the adoption of GDL laws alone, and to GDL laws in the presence of selected covariates.

Effect measured
% change with “Any” GDL law % change with only “Good” GDL law

Calculation 1c Calculation 2d Calculation 1c Calculation 2d

GDL law alone 10.2 27.6 9.9 27.3

GDL law with all covariates 6.8 24.8 9.0 26.6

GDL law with primary seat belt law (SB)b 7.7 25.5 7.7 25.5

GDL law with zero tolerance law (ZT)b 11.1 28.3 12.7 29.6

GDL law with .08 BAC limit law (.08)b 7.6 25.4 8.4 26.1

GDL law with use & lose lawb 9.3 26.8 8.4 26.1

a
Age ratio used for estimate: 16–17/21–25.

b
SB=states with primary enforcement seat belt laws; ZT=states with laws for zero tolerance of any alcohol for drivers <21 years in which drivers’

license is forfeited; .08=states with a blood alcohol concentration legal limit of .08 g/dL for all drivers; Use & Lose=states with laws in which
persons <21 years caught with alcohol in any situation lose their driver’s license.

c
Calculation performed assuming no change in ratio denominator (16–17/21–25) pre- and post-passage of GDL laws.

d
Calculation performed using actual change in ratio denominator (16–17/21–25) pre- and post-passage of GDL laws.
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