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ABSTRACT

CONTEXT. Implementation of graduated driver licensing programs is associated with
reductions in crash rates of young drivers, but graduated driver licensing programs
vary in their components. The impact of programs with different components is
unknown.

OBJECTIVE.The purpose of this work was to determine which graduated driver
licensing programs are associated with the greatest reductions in fatal motor
vehicle crashes involving 16-year-old drivers.

METHODS. We conducted a retrospective study of all 16-year-old drivers involved in
fatal crashes in the United States from 1994 through 2004 using data from the
Fatality Analysis Reporting System and the US Census Bureau. We measured
incidence rate ratios of fatal motor vehicle crashes involving 16-year-old drivers
according to graduated driver licensing programs, adjusted for state and year.

RESULTS. Compared with state quarters with no graduated driver licensing program
components, reductions of 16% to 21% in fatal crash involvement rates of
16-year-old drivers occurred with programs that included =3-month mandatory
waiting period, nighttime driving restriction, and either =30 hours of supervised
driving or passenger restriction. Reductions of 18% to 21% occurred in state
quarters with programs that included =5 of the 7 components examined. Drivers
aged 20 to 24 or 25 to 29 years did not experience significant reductions.

CONCLUSION. Comprehensive graduated driver licensing programs are associated with
reductions of ~20% in 16-year-old drivers’ fatal crash involvement rates. The
greatest benefit seems to be associated with programs that include age require-
ments and =3 months of waiting before the intermediate stage, nighttime driving
restriction, and either =30 hours of supervised driving or passenger restriction.
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IN THE UNITED States, 16-year-old drivers were in-
volved in 957 fatal crashes in 2004 that killed 1111
people. Sixteen-year-old drivers have an especially high
risk of crash involvement. Per mile driven, their crash
rate is ~10 times the rate for drivers aged 30 to 59 years
and more than twice the rate of 18- to 19-year-old
drivers.! Graduated driver licensing (GDL) is an increas-
ingly popular approach to the serious problem of high rates
of fatal and nonfatal crashes among beginning drivers.

GDL allows beginning drivers to build experience in-
crementally before they are exposed to more hazardous
driving situations. It achieves this by increasing licensing
age, requiring more supervision in the initial phases of
driving, and reducing exposure to high-risk situations,
such as carrying teen passengers and nighttime driving.
The first phase of GDL is a learner’s period with supervised
training, followed by an intermediate period where unsu-
pervised driving is limited to less hazardous situations, and
a final stage without restrictions. By the end of 2004, 41
states and the District of Columbia had instituted some
form of GDL that included an intermediate stage.

Evaluations of GDL programs comparing rates before
and after GDL implementation in individual states have
reported reductions in crash rates of novice drivers that
ranged from 11% to 32%.>'° However, previous evalu-
ations have not taken advantage of the unique environ-
ment of the United States that makes it possible to com-
pare programs among states, with attention to their
specific components. Recently, Dee et al'! reported a 6%
reduction nationally in crash fatalities of 15- to 17-year-
olds associated with GDL programs. The greatest reduc-
tions (19%) were in states with programs ranked “good”
by the Insurance Institute for Highway Safety using a
system based on the presence and strength of compo-
nents considered as desirable.!'2 The type of analysis
used by Dee et al'! does not make it possible to compare
programs with different combinations of program compo-
nents.

State GDL programs differ with respect to which com-
ponents are included and in the specific requirements of
each component, such as the required number of hours
of supervised driving. Evaluation of the separate com-
ponents of GDL is not possible, because in most states,
several components have been introduced or changed
simultaneously, making it impossible to separate their
effects. Therefore, a nationwide study was undertaken to
assess the overall impact of GDL on fatal crashes of
16-year-old drivers and to determine empirically which
types of GDL programs are associated with the greatest
reduction in crashes of 16-year-old drivers.

METHODS

Data
Data on fatal crashes and population were obtained from
2 federal sources: the Fatality Analysis Reporting System

(FARS) of the National Highway Traffic Safety Admin-
istration' and the US Census Bureau.'* FARS is a census
of all fatal traffic crashes within the United States that
involve a motor vehicle traveling on a public road and
result in a death within 30 days of the crash. The num-
bers of drivers aged 16 and aged 20 to 29 years involved
in fatal crashes in each state for each month from 1994
through 2004 were obtained from FARS. Cases where
two 16-year-old drivers were involved in the same crash
were counted as 2 events. Midyear population estimates
for each state from 1994 to 2004 were obtained from the
US Census Bureau. Information on GDL programs and
their effective dates was obtained from the Insurance
Institute for Highway Safety,'® state government Web
sites, and personal contacts with state personnel.

Although each GDL program has some distinct fea-
tures, the main provisions in the various GDL programs
generally fall into 7 categories: minimum age for a
learner permit, mandatory waiting period before apply-
ing for intermediate license, minimum hours of super-
vised driving, minimum age for intermediate license,
nighttime restriction, passenger restriction, and mini-
mum age for full licensing (Table 1). To avoid small
numbers, related provisions were collapsed into dichot-
omous variables, for example, “nighttime driving restric-
tions, yes/no.”

The 7 components of GDL programs were coded into
quarters of the year based on their effective month. For
example, in Alabama, unsupervised driving was prohib-
ited from midnight to 6 am beginning October 1, 2002;
the first 3 quarters of 2002 were coded as not exposed to
the nighttime driving restriction and the fourth quarter
coded as exposed. If a restriction became effective at any
time during a quarter, that entire quarter was coded as

TABLE 1

Minimum age for learner permit
Minimum age 15.5 years for obtaining a learner permit
Reference: <15.5 years
Mandatory waiting period
Minimum 3 month waiting period after obtaining a learner permit
before applying for an intermediate license
Reference: no mandatory waiting period or <3 months
Minimum hours of supervised driving
Minimum 30 hours of supervised driving
Reference: no required supervised driving or required <30 hours
Minimum entry age for intermediate stage
Minimum age 16 years for obtaining intermediate stage license
Reference: <16 years
Minimum age for full licensing
Minimum age 17 years for full licensing
Reference: <17 years
Nighttime restriction
Any nighttime restriction
Reference: no nighttime restriction
Passenger restriction
Any passenger restriction
Reference: no passenger restriction

Definition of GDL Components Examined
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exposed. Quarters were used rather than calendar years,
because GDL programs became effective at different
times of the year. The unit of analysis, therefore, became
the state quarter, which represents 1 state having a
specified GDL component for a given quarter.

Excluded from analysis were 4 quarters after the ef-
fective date of each GDL program or component, be-
cause licensing restrictions would not affect teenagers
who already had their licenses when legislation took
effect. After a restriction goes into effect, it can be as long
as a full year before all 16-year-old drivers in a state are
driving under that restriction. Four quarters before the
effective date were also excluded, because some teenag-
ers might hasten to get their licenses before the law
changed, leading to an increased number of crashes in
those quarters.

The analyses included 43 states in the continental
United States; 36 had GDL programs for at least part of
the studied period. Washington DC was excluded from
analysis, because its crash data were heavily influenced
by neighboring states. Maine, New Hampshire, Rhode
Island, Utah, and Virginia were excluded, because they
changed their laws more than twice between 1994 and
2004, thus complicating any analysis.

The number of person-years for each quarter in each
state was estimated using the midyear population of
16-year-olds divided by 4. The same method was used to
calculate exposure data, that is, person-years in each
state quarter for 20- to 24-year-old and 25- to 29-year-
old drivers. Within the 11-year period 1994 through
2004, 1480 state quarters were examined.

Analysis

The association between GDL programs and fatal crash
incidence was assessed using the negative binomial re-
gression models based on generalized estimating equa-
tions.'¢!7 The negative binomial distribution approxi-
mates the counts of fatal crashes within state quarters,
and the generalized estimating equation approach takes
into account the correlation among quarterly counts of
fatal crashes in a given state. Statistical software SAS
(SAS Institute, Cary, NC) was used for the analysis.'®

Dependent Variable

The outcome variable was the natural logarithm (the
unit used for all of the negative binomial models) of the
number of fatal crashes involving any drivers in our
target age groups in a given state quarter. States and
quarters as dummy variables and year as a continuous
variable were included in each model. The state variables
controlled for state-specific unmeasured variations that
might affect fatal crash counts, such as weather, traffic
environment, regulations other than GDL, and socioeco-
nomic conditions. The quarter variables controlled sea-
sonal variations, and the year variable controlled for
variation in fatal crash counts over the time period stud-
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ied. The sum of person-years in each state quarter was
considered as exposure and was included in each model.

Fatal crash involvement of drivers was used rather
than driver fatalities, because it allowed more cases to be
included for study. Person-years based on the popula-
tion of 16-year-olds were used, because the licensing
rate might have changed because of implementation of
GDL programs. Also, the overall benefit to the popula-
tion, regardless of the licensing rate, was of primary
interest.

Independent Variables

The independent variable of primary interest was the
presence or absence of GDL and its provisions. Three
different approaches were used to characterize the GDL
programs. In the first approach, whether a state included
an intermediate phase in its licensing system was used to
determine the presence or absence of GDL programs as a
dichotomous variable. The reference group for this com-
parison was state quarters without 3-stage GDL pro-
grams.

The second and third approaches focused on the 7
GDL components studied. The programs were catego-
rized solely based on their components, without consid-
ering whether the programs included an intermediate
phase. This made it possible to examine the impact of
programs that only partially met the GDL definition,
thereby helping to identify the components of a good
GDL program.

In the second approach, the licensing system for
young drivers in each state quarter was characterized on
the basis of how many of the 7 GDL components studied
were contained in the licensing restrictions. The refer-
ence group was state quarters that did not meet the
requirements of any of the 7 components that we ex-
amined.

In the third approach, the licensing systems for young
drivers were grouped based on combinations of the 4
GDL program components not related to age of licens-
ing: minimum waiting period of 3 months before apply-
ing for an intermediate license, minimum supervised
driving of 30 hours, any nighttime restrictions, and any
passenger restrictions; programs with only age restric-
tions were treated as an independent category. If a pro-
gram grouping existed in <50 state quarters, then it was
not treated as a separate category but was combined
with other groupings that occurred too infrequently for
separate analysis. Again, the reference group was state
quarters that did not meet the requirements of any of
the 7 components.

Three models based on the 3 approaches described
above were fitted for each of the 3 age groups studied:
drivers aged 16, 20 to 24, and 25 to 29 years. The focus
of our study was 16-year-old drivers. Fatal crash-in-
volved drivers aged 20 to 24 and 25 to 29 years were
analyzed for comparison. Theoretically, GDL programs
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will not affect the older age groups, and, therefore, their
incidence rate ratios (IRRs) should be equal to 1.

RESULTS

From 1994 to 2004, 8953 sixteen-year-old drivers were
involved in fatal crashes in the 43 states examined; 64%
of the drivers were males, and 36% were females. Dur-
ing this 11-year period, one third (34%) of all fatal
crashes involving 16-year-old drivers occurred in state
quarters in which GDL programs had been implemented
(Table 2). The restrictions in effect for the smallest pro-
portion of state quarters were a requirement of =30
hours of supervised driving (19% of state quarters) and
restrictions related to carrying passengers (15%).

With adjustment for changes over time and differ-
ences among states that were unrelated to GDL, imple-
mentation of GDL programs was associated with an
overall 11% reduction in fatal crashes involving 16-
year-old drivers (IRR: 0.89; 95% confidence interval
[CI]: 0.80-0.99). This overall reduction is based on com-
parison of crash rates for state quarters with and without
GDL programs. The reduction reflects the combined re-
sults for all of the states, some of which have relatively
weak GDL requirements, and, therefore, underestimates
the impact of stronger programs. There was no signifi-
cant change for drivers aged 20 to 24 (IRR: 0.97; 95% CI:
0.92-1.03) and 25 to 29 (IRR: 0.99; 95% CI: 0.93-1.05).

The relationship between the fatal crash involvement
rate and the total number of GDL program components
is shown in Fig 1. State quarters with and without any of
the 7 specified GDL components were compared. Only
programs with =5 components in the corresponding
state quarters experienced a significant reduction in fatal
crash involvement of 16-year-old drivers and also

15% *16

10% [ 0 20-24
+ * J(

| | © 25-29

259 L 1 2 3 4 5 6/7

FIGURE 1

Percentchange and 95% Cls in fatal crash rate in relation to driver age and number of GDL
program components, compared with state quarters with none of the 7 components in
Table 1, 1994 -2004.

showed reductions that differed from those of drivers in
their twenties. The reductions for 16-year-old drivers
were 18% for programs with 5 components and 21% for
those with 6 or 7 components.

The reduction in fatal crash involvement rates asso-
ciated with novice licensing systems varied with the
provisions included in the laws. Compared with state
quarters with none of the 7 specified GDL components,
state quarters with only age restrictions did not show an
association with a significantly reduced number of fatal
crashes involving 16-year-old drivers (Table 3). GDL
programs B through H with various combinations of 4
major components (other than age components) were
also compared with state quarters having none of the 7
GDL program components. Significant reductions of
16% to 21% in fatal crashes involving 16-year-old driv-
ers were associated only with GDL programs that con-

TABLE2 Percentages of State Quarters With Specified GDL Restrictions and 16-Year-Old Drivers Involved in Fatal Crashes in Relation to GDL

Programs, United States, 1994-2004

Variable Categories No. (%) of No. (%) of State No. (%) of 16-Year- RatesP
States? Quarters (Total 1480) Old Drivers (Total 8953)
GDL programs Yes 36 (84) 507 (34) 3230 (36) 25
No 7(16) 973 (66) 5723 (64) 32
Minimum age for learner permit 15y,6mo 3(30) 517 (35) 2761 (31 22
<15y,6 mo 30(70) 963 (65) 6192 (69) 35
Mandator waiting period =3mo 37(86) 663 (45) 3946 (44) 27
None or =3 6(14) 817 (55) 5007 (56) 31
Minimum hour of supervised driving =30h 8(42) 285 (19) 1775 (20) 24
None or <30 25(58) 1195 (81) 7178 (80) 31
Minimum age for intermediate stage =16y 29(67) 458 (31 3164 (35) 23
None or <16y 14(33) 1022 (69) 5789 (65) 35
Minimum age for full licensing =17y 23(53) 492 (33) 3273 (37) 22
<17y 20 (47) 988 (67) 5680 (63) 37
Nighttime restriction Any 31(72) 581 (39) 3820 (43) 23
None 12 (28) 899 61) 5133 (57) 36
Passenger restriction Any 21(49) 221 (15) 1198 (13) 21
None 22(51) 1259 (85) 7755 (87) 31
Total 1480 (100) 8953 (100) 29
@ Driver fatal crash involvement rate per 100 000 person-years for relevant state quarters.
bThrough 2004, for the 43 states studied.
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TABLE 3 IRRs and 95% Cls for Fatal Crashes Involving 16-Year-Old Drivers in Relation to GDL Program Components, Excluding Age
Requirements, Compared With Older Drivers in the Same States, United States, 1994-2004
Program Components No. State IRRs (95% Cls)
Learner =3 mo Supervised =30 h Nighttime Passenger Quarters Age 16y Age 20-24y Age 25-29y
Restriction Restriction

A2 186 0.95(0.85-1.08) 0.94(0.87-1.02) O 96 (0.87-1.06)
B Yes 143 096(083 1.11) 094(089 1.00) 91(0.82-1.01)
C Yes 184 (087 1.16) 0.97(0.91-1.04) 099(08971,11)
D Yes Yes 9 O 96 (0.81-1.14) O 97 (0. 89 1.05) 0.98 (0.90-1.06)
EP Yes Yes Yes 95 0.79 (0. 66 0.94) 00 (0.91-1.09) 0.97 (0.89-1.07)
Fb Yes Yes Yes 141 0.82(0.71-0.95) O 92 (0. 86 1.00) 0.94(0.86-1.02)
GP Yes Yes Yes Yes 83 O 84 (0. 74 0.96) 0.93(0.85-1.01) 0.93(0.84-1.02)
He Other combinations of components 07 (0.85-1.36) 0.89 (0.82-0.96) 0.94 (0.84-1.05)
Referenced No No No No 468

2 Programs having age restrictions but none of these 4 components.

b Confidence limits for ages 20 to 24 and 25 to 29 years do not include IRR for age 16 years.
< Programs with too few state quarters for analysis.

d State quarters with none of the 7 components in Table 1.

tained a minimum waiting period of =3 months after
obtaining a learner permit and a nighttime restriction,
plus: (1) passenger restrictions (21% reduction [IRR:
0.79; 95% CI: 0.66—-0.94]); or (2) 30 hours of supervised
driving in the learner period (18% reduction [IRR: 0.82;
95% CI: 0.71-0.95]); or (3) both (16% reduction [IRR:
0.84; 95% CI: 0.74-0.96]).

These GDL-associated reductions in fatal crashes of
16-year-old drivers were not seen for drivers aged 20 to
24 and 25 to 29 years, who were not affected by GDL.
The percentage of reductions for these 3 types of pro-
grams did not differ significantly from one another.

DISCUSSION

National Reductions
Results of this research provide a national overview of
the association between various GDL programs and fatal
crashes of 16-year-old drivers, the drivers most affected
by GDL implementation. The most comprehensive pro-
grams were associated with reductions of ~20% in crash
rates of 16-year-old drivers, adjusted for differences over
time and among states. For all of the full GDL programs
combined, implementation was associated with an 11%
reduction in fatal crashes involving 16-year-old drivers
when compared with state quarters without GDL. This
overall reduction reflects the combined results for all of
the 3-stage GDL programs. Including states with rela-
tively weak programs dilutes the reduction; even so,
11% is a substantial and important overall reduction.
Other investigators interested in crashes of teenage
drivers have taken different approaches to assessing
progress. Williams et al,'® analyzing the trend in per
capita fatal crash rates of 16-year-old drivers in the
United States between 1993 and 2003, without regard
for GDL implementation, reported a 26% drop during
this decade. The finding by Dee et al'! of a reduction of
only 6% associated with GDL programs may underesti-

60 CHEN et al

mate the effectiveness of GDL in reducing fatalities, be-
cause 16- and 17-year-old drivers were affected very
differently by GDL programs; combining results for 16-
and 17-year-old drivers may have shown a smaller re-
duction than would have been found specifically for
16-year-olds. Also, they did not exclude results for the 4
quarters after GDL restrictions took effect. Shope and
Molnar® pointed out that in the first year after imple-
mentation, the law applied to only about two thirds of
the 16-year-old drivers.

Our analyses showed that programs having <5 of the
7 major components (including programs that did not
qualify for 3-stage GDL programs) were not associated
with significant reductions in fatal crash rates of 16-
year-old drivers when compared with state quarters
with none of the 7 components, whereas a reduction of
18% to 21% was associated with programs having =5
components. This result is similar to the 19% reduction
reported for programs meeting the Insurance Institute
for Highway Safety criteria for good programs.!!!2

Comparing Specific Programs

Unlike most other countries, in the United States, GDL
programs vary among states. This offers a special oppor-
tunity for comparing the impact of GDL programs with
different combinations of restrictions. This is the first
time that analysis of the association between fatal crash
involvement rates and GDL programs with specific
groups of components has been reported. Our analysis of
programs with specified groupings of components (with-
out considering age criteria) revealed that combinations
that included a mandatory waiting period of =3 months
before the intermediate phase, a nighttime driving re-
striction, and either =30 hours of supervised driving or
a passenger restriction were associated with reductions
of 16% to 21% in fatal crashes of 16-year-old drivers.
Drivers aged 20 to 24 or 25 to 29 years did not experi-
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ence significant reductions in fatal crash involvement
rates, suggesting that the reductions in fatal crashes of
16-year-old drivers were independent of non-GDL
changes in policies or the driving environment that af-
fected all drivers. GDL programs with only age criteria
were not associated with reductions in crash rates.

According to Williams and Ferguson,?° the effective-
ness of GDL programs in reducing crash risk depends on
addressing both age and inexperience. They suggested 3
mechanisms underlying the safety benefit of GDL pro-
grams: raising the licensing age, increasing the length of
the low-risk supervised learner period,?! and reducing
high-risk driving after initial licensure. Research on in-
dividual states suggests that the minimum age compo-
nents are associated with crash reductions because they
delay age of full licensure and, therefore, reduce 16-
year-old drivers’ exposure to driving. For example,
Shope et al*> found a substantial reduction in the number
of 16-year-olds obtaining licenses after Michigan
adopted a GDL program. It is clear that part of the safety
benefit of GDL is because of reduced exposure to driv-
ing,>? which by itself can be expected to lead to reduced
crashes and injuries.?*> Our analysis of the number of
components of driver licensing systems also suggested
that age of licensure is important, because without age
components, a program would not have =5 compo-
nents, the number needed to make a significant differ-
ence. In addition, of course, the age components delay
licensure, which is important, because it can reduce
exposure of 16-year-olds.

Our analysis indicates that GDL components intended
to reduce high-risk driving at night or with teenage
passengers after initial licensure contribute to the effec-
tiveness of GDL programs. It is not possible to discern
whether the association that we observed is directly
because of enforcement of the nighttime driving and
passenger restrictions or whether parent-imposed limits
on high-risk driving of 16-year-olds are stricter in states
with more restrictive programs. The importance of pa-
rental involvement cannot be overestimated, and Si-
mons-Morton et al** state that future reductions in teen
driver crashes may depend on increasing parental man-
agement. Hartos et al2* reported that parents seem better
able to establish and enforce teenage driving restrictions
when state laws support them. Whatever the mecha-
nism by which nighttime and passenger restrictions are
associated with crash reductions, a program with those
components seems to be desirable.

Limitations

In the absence of data on age-specific driver populations
and time spent in driving, we were unable to determine
the extent to which GDL-associated reductions in fatal
crashes involving 16-year-old drivers were because of
reduced exposure associated with decreased licensure or
because of decreased driving time and distance.

Also, it was not possible to distinguish the benefits of
a law, per se, from benefits of implementation, enforce-
ment, and compliance with that law. When a particular
GDL program is not associated with a reduction in crash
involvement, it is likely that compliance is low, and this
could be because of flaws in the policy or the environ-
ment of the policy, such as publicity, enforcement, and
parental involvement. Some restrictions are easier to
enforce than others. Requirement of a 3- or 6-month
waiting period is virtually always enforced, because it is
an integral part of how the licensing system functions,
rather than depending on the actions of tens of thou-
sands of individual parents, whereas certified supervised
driving will largely depend on the willingness and ability
of parents to supervise. A night driving restriction is far
easier for parents to enforce than a passenger restriction.
Goodwin and Foss® surveyed teenagers and their par-
ents in North Carolina and confirmed that violation of
restrictions without parental knowledge was more com-
mon for passenger restrictions than nighttime restric-
tions.

Another limitation was that some groups of GDL
components were present in too few state quarters for
analysis, which could have prevented identification of
successful programs. Also, small numbers made it im-
possible to use more detailed categories for GDL compo-
nents. For example, we were not able to determine
whether results varied with the number of passengers
allowed or the permitted age for supervisors. Previous
studies have indicated that crash risk of teenage drivers
increased with the number of passengers.2627 The impor-
tance of supervisor age is underscored by data from
Chen et al,?” who found the highest case-fatality rates of
16-year-old drivers in crashes when passengers aged 20
to 29 years were present. This might be related to the fact
that older passengers may legally buy alcohol and (ille-
gally) provide it to underage drinkers, although Rice et
al?® indicated that the presence of adults aged 20 to 29
was associated with severe or fatal injury among 16- and
17-year-old drivers even when alcohol use was con-
trolled for. Williams and Shabanova?® reported that teen
drivers were less likely to use seat belts when passengers
were in their 20s, and recommended that passenger
restrictions not be waived unless there is a supervisor
=30 years of age. This recommendation is reasonable,
because mature passengers are more likely to take some
responsibility for the safety of a trip.

Finally, our estimates may underestimate the benefit
of GDL, because we assumed that a restriction imposed
at any time during a 3-month period became effective at
the beginning of the period. Any effect of this assump-
tion is likely to be small, because most restrictions do, in
fact, become effective at the beginning of a calendar
quarter and because the analysis excluded data for the
entire year after the effective date of each GDL require-
ment.
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CONCLUSIONS

GDL programs as a whole are associated with substantial
reductions in 16-year-old drivers’ fatal crash involve-
ment rates. The most comprehensive programs seemed
to be associated with the greatest benefit (~20% reduc-
tion, comparing state quarters with and without GDL
programs or specified GDL components), suggesting that
effective GDL programs need to be comprehensive.
Among existing programs that were sufficiently com-
mon for analysis, significant reductions were associated
with programs having =5 components, including age
requirements and =3 months of waiting before the in-
termediate stage, nighttime driving restriction, and ei-
ther =30 hours of supervised driving or restriction on
carrying passengers. Pediatricians and family physicians
can play a role by working with legislators to achieve
comprehensive GDL programs and by encouraging par-
ents of beginning drivers to enforce GDL requirements.
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