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Introduction

Motor  vehicle  crashes  are  the  number  one  cause  of 
death among teenagers in the United States, with roughly 
1,000 16-year-old drivers involved in fatal crashes annu-
ally. Many diverse approaches, from minimum drinking 
age laws to driver education, have attempted to reduce 
the toll of motor vehicle crashes involving new drivers.

One highly  promising  approach  is  Graduated  Driver 
Licensing (GDL), which is intended to ease new drivers 
onto  the  road  in  a  step-by-step  process  in  which  their 
driving privileges are initially limited and then phased in 
gradually as the driver gains experience. A typical three-
stage GDL program comprises a “learner” stage, during 
which all driving must be supervised; followed by an “in-
termediate” (or “provisional”) stage, during which unsu-
pervised driving is permitted except under certain condi-
tions (e.g., at night or with passengers); and finally full, 
unrestricted licensure.

In 1996, Florida became the first state in the U.S. to 
implement a three-stage GDL system. Today a total of 44 
states  have  enacted  three-stage  GDL  systems,  and  all 
states have some form of GDL. Virtually all studies of 
GDL programs, at the state or national level, have found 
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GDL to be effective in reducing the crash involvement of 
young drivers. However, due to both the wide range of 
types of GDL programs that exist, and differences in the 
methods used in different studies, it is extremely difficult 
to determine what types of GDL programs are most ef-
fective.

This study addresses this research need by analyzing 
the impact of GDL programs implemented in the United 
States between 1994 and 2004 on the involvement of 16-
year-old drivers in fatal crashes and injury crashes, and 
identifies characteristics common to effective programs.

Methodology

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 avail-
able to the public by the U.S. Census Bureau; data on in-
jury crashes, compiled by individual states and obtained 
specifically for this study with the permission of each re-
spective state; and information on GDL laws, provided 
by the Insurance Institute for Highway Safety, AAA, and 
representatives of individual states.

Negative binomial regression models were fitted using 
generalized estimating equations to estimate the impact 
of  GDL on the crash involvement  rates  of  16-year-old 
drivers over the period of the study, while controlling for 
factors  unrelated  to  GDL  that  influenced  crash  rates 
across  states  (e.g.,  demographics  or  level  of 
urbanization), over time (e.g., trends across all states in-
cluded in the study), and seasonal variation (e.g., weather 
or travel patterns). In these models, crash rates per unit 
population,  in  each  state,  for  each  quarter-year  of  the 
study  period  (hereafter  “state-quarter”),  were  analyzed 
for 16-year-old drivers. Drivers aged 20-24, 25-29, and 
30-54 were also analyzed for comparison purposes, under 
the assumption that their crash rates would not have been 
impacted by GDL.

First, statistical modeling assessed the overall impact 
of having any form of three-stage GDL program in effect, 
relative to not having a three-stage GDL program. In this 
model,  a  binary  variable  indicated  the  presence  or  ab-
sence of any program that included a learner stage and an 
intermediate stage prior to full licensure.

Second, a similar model analyzed the impact of GDL 
programs having a given number of the components de-
fined as follows. In this model, an ordinal variable indi-
cated the number of components in effect, with the refer-
ence  being  state-quarters  with  none  of  the  seven 
components. The maximum num-
ber  of  components  actually  in 
effect  in  any  state-quarter  in-
cluded in the analysis was five.



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

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

✔ A requirement for certification of  at least 30 hours 
of  supervised  driving  practice  during  the  learner 
stage.

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

✔ A  nighttime  driving  restriction  for  intermediate  li-
cense holders, beginning no later than 10 PM.

✔ A passenger restriction for intermediate license hold-
ers, allowing  no more than one passenger  (family 
members excepted).

✔ A minimum age of 17 years for full, unrestricted li-
censure.

Because overall results could be biased by short-term 
perturbations  in  crash  rates  associated  with  the  imple-
mentation  of  new licensing  policy  (e.g.,  young  people 
rushing  to  become licensed  shortly  before  new restric-
tions take effect), four state-quarters before the effective 
date of each change in GDL legislation were excluded 
from the analysis. Four state-quarters were also excluded 
after the effective date of each change in legislation, be-
cause it can take as long as one full year from the time 
when legislation becomes effective until all 16-year-old 
drivers  in  the  state  are  bound  by  the  new  legislation. 
Analyses  of  fatal  crashes  were  based  on data  from 43 
states  from  1994  through  2004  (1,480  state-quarters; 
8,953  16-year-old  drivers  in  fatal  crashes;  excluded 
states: AK, DC, HI, ME, NH, RI, UT, and VA). Analyses 
of injury crashes were based on data from 35 states from 
which usable data were obtained, spanning 1994 through 
2003, though not all years of data were available for all 
states (850 state-quarters; 489,836 16-year-old drivers in-
volved in injury crashes; excluded states were the above 
states excluded from analyses of fatal crashes plus CT, 
IN, MS, NC, NJ, NY, OK, and WA).

Results

The per capita involvement rate of 16-year-old drivers 
in  fatal  crashes,  adjusted for  state-,  year-,  and quarter-
fixed effects, was 11% lower in state-quarters with three-
stage GDL programs than in state-quarters without three-
stage GDL programs, and the corresponding rate of in-
jury crash involvement was 19% lower in state-quarters 
with three-stage GDL programs. These differences were 
both statistically significant at the 95% confidence level. 

Rates of involvement in both fatal crashes 
and  injury  crashes  were  somewhat  lower 
for comparison drivers aged 20-24, 25-29, 

and  30-54  in  states  with  three-stage 

GDL programs than in  states  without  three-stage GDL 
programs;  however,  none  of  these  apparent  reductions 
was statistically  significant.  These results  are shown in 
Figure 1.

In analyses  of  programs by their  number  of  compo-
nents, as defined above, the fatal crash involvement rate 
of  16-year-old drivers  was 38% lower in state-quarters 
with  five of  the  seven components  in  effect,  and 21% 
lower in state-quarters with four components, relative to 
the  rates  in  state-quarters  in  which  none  of  the  seven 
components  was  in  effect.  For  injury  crashes,  the  in-
volvement rates of 16-year-old drivers were 40% lower 
in state-quarters with five components, and 36% lower in 
state-quarters with four components, relative to the rates 
in  state-quarters  with  none  of  the  components.  All  of 
these differences were statistically significant at the 95% 
confidence level. Differences in crash rates were smaller 
in all cases, and were not statistically significant in most 
cases, for the older comparison drivers. For 16-year-olds 
in programs with fewer than four of the seven program 
components,  reductions were smaller, and were not sta-
tistically significant in the case of fatal crashes. These re-
sults are summarized in Figures 2 and 3.

Discussion 

This is the first study to present national data pertain-
ing to the impact of GDL  programs on the injury crash 
involvement  rates of 16-year-old drivers,  in addition to 
fatal crash involvement. The results indicate that imple-
mentation of three-stage GDL programs was associated 
with an overall national reduction in the fatal crash in-
volvement and injury crash involvement of 16-year-old 
drivers. The more comprehensive programs, quantified in 
this study according to the number of components that 
they  include,  are  clearly  more  effective.  Overall,  pro-
grams with five of the seven components analyzed here 

Figure  1.  Percentage  difference  in  fatal  crash  involvement 
rates and injury crash involvement rates in relation to driver 
age and presence of a three-stage GDL program. Vertical lines 
represent  95% confidence intervals.
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were associated with reductions of 38% and 40%, respec-
tively,  in  the  fatal  crash  involvement  rates  and  injury 
crash  involvement  rates  of  16-year-old drivers.  For  all 
three-stage  programs  combined,  including  weaker  pro-
grams, there were overall reductions of 11% and 19% in 
the  fatal  crash  involvement  rates  and  injury  crash  in-
volvement rates of 16-year-old drivers, respectively.

Although most of the differences between the observed 
crash reductions associated with having n program com-
ponents versus having n – 1 components (e.g., five com-
ponents versus four) were not statistically significant, it 
appears from Figures 2 and 3 that the crash involvement 
rates of 16-year-olds were generally lower in state-quar-
ters in which more program components were in effect 
than  in  state-quarters  in  which  fewer  program compo-
nents were in effect. Thus, these results suggest there is a 
“dose-response”  relationship  between  the  number  of 
components in a program and its impact on the crash in-
volvement of 16-year-old drivers.

It is extremely difficult to evaluate the effect of GDL 
legislation, because of  the variety of state laws and the 
inherent difficulty of isolating the effect of GDL legisla-
tion from other factors. First, there is much variety in the 
implementation of some restrictions. For example, some 
states have nighttime driving restrictions that begin at 8 
or 9 PM, whereas others do not begin until midnight or 1 
AM.  Second,  often  several  GDL program  components 
are implemented simultaneously (e.g., a nighttime driv-
ing  restriction  plus  a  passenger  restriction).  Together, 
these challenges  make it  virtually  impossible  to isolate 
the effectiveness of each individual component (e.g., hav-
ing vs. not having a nighttime driving restriction), or to 
differentiate  among  variations  of  a  single  component 
(e.g., a nighttime driving restriction beginning at 8 PM 
vs.  10 PM). To facilitate  statistical  modeling,  all  GDL 
program components were dichotomized (i.e., classified 
as present or absent) according to the definitions provid-

ed previously. These definitions were selected by balanc-
ing existing recommendations, from IIHS, AAA, and oth-
ers, with practical requirements to have a sufficient num-
ber of state-quarters to perform statistical analyses. The 
component definitions used here should not be construed 
as  the  optimal  components  for  the  best  possible  GDL 
programs.

The statistical modeling procedure used here took into 
consideration seasonal variations and time trends in crash 
rates across all states included in the study. However, the 
study was not able to account for changes in other laws, 
or other factors unrelated to GDL, that may have impact-
ed some but not all states or may have impacted different 
states at different times over the course of the study (e.g., 
changes in speed limits or alcohol control laws). For ex-
ample,  Figure  2  shows that  in  state-quarters  with  four 
GDL program components in effect,  the fatal  crash in-
volvement of the older comparison drivers was also sig-
nificantly lower than in state-quarters without any GDL 
program components. It is possible that there were other 
factors besides GDL (not accounted for in the statistical 
model) that influenced crash rates in state-quarters with 
four  GDL  program  components,  leading  to  the  result 
shown in Figure 2. This possibility should be investigated 
further in future studies.

It is also important to note that this analysis examined 
the crash rates of 16-year-old drivers per unit population. 
Thus, the observed crash reductions may have been at-
tributable to reductions in licensing rates and/or delay in 
licensure among 16-year-olds, general reductions in the 
amount of driving done by the 16-year-olds who were li-
censed, specific reductions in the amount of driving done 
under high-risk conditions (e.g., at night and/or with pas-
sengers),  driving  more  safely,  or 
some  combination  of  these.  It 
also was not possible to distin-
guish the impact of having a law 

Figure  2:  Percentage  difference  in  fatal  crash  involvement 
rates in relation to driver age and number of GDL program 
components. Vertical lines represent 95% confidence intervals.

Figure  3:  Percentage  difference  in  injury  crash involvement 
rates in relation to driver age and number of GDL program 
components. Vertical lines represent 95% confidence intervals.
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per se from the impact of existing laws as they have actu-
ally been implemented. The current study was not able to 
examine the levels of public awareness of or compliance 
with the GDL legislation that was in effect. Factors such 
as  these  would  likely  influence  the  actual  impact 
achieved in the real-world implementation of GDL legis-
lation, and might reasonably be expected to vary across 
states and over time. Determination of the mechanisms 
responsible for the observed crash reductions was outside 
the scope of this study and should be studied further. 

Finally, this report examines the impact of GDL on the 
per capita crash rates of 16-year-old drivers. The impact 
of GDL on the per capita fatal crash involvement rates of 
17- and 18-year-old drivers will be addressed in a sepa-
rate report by the same authors at a later date.

Despite the limitations of this study, these results, as 
well as a large and still growing body of research, indi-
cate that GDL programs are  effective in achieving real-
world reductions in the toll of crashes involving 16-year-
old  drivers.  The  potential  value  of  strengthening  GDL 
programs is indicated by the apparent great difference be-
tween the overall nationwide reductions in crash rates as-
sociated with all three-stage GDL programs combined—
including the weaker programs—and reductions associat-
ed  with  GDL programs  that  include  five  of  the  seven 
specified components.

Recommendations

✔ States  that  have  not  yet  implemented  three-stage 
GDL programs should do so.

✔ States should move toward implementation of a full 
complement of meaningful program components sim-
ilar to those analyzed in this report.

✔ Future  research  should 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 restriction 
is in effect).

✔ Future research should investigate how other aspects 
of  program implementation  (e.g.,  publicity  and  en-
forcement) influence the effectiveness of programs.

For more information

To obtain a copy of the complete research report  Na-
tionwide  Review  of  Graduated  Driver  Licensing,  upon 
which  this  Summary  Report  was  based,  visit 
www.aaafoundation.org and click “Resources” to view or 
download  a  PDF version.  To request  a  free  hardcopy, 
please call, e-mail, or write to the AAA Foundation for 
Traffic Safety.

About the sponsors

The  research  reported  in  this  Summary  Report  was 
funded  by  the  AAA  Foundation  for  Traffic  Safety  in 
Washington, D.C. Founded in 1947, the AAA Founda-
tion is a not-for-profit, publicly supported charitable re-
search  and  education  organization  dedicated  to  saving 
lives by preventing traffic crashes and reducing injuries 
when crashes occur. Funding for this report was provided 
by voluntary contributions from AAA/CAA and their af-
filiated  motor  clubs,  from  individual  members,  from 
AAA-affiliated insurance companies, as well as from oth-
er organizations and sources.

The work was supported in part by the Center for In-
jury Research and Prevention, Centers for Disease Con-
trol  and  Prevention (Grant  CCR302486).  The  National 
Highway Traffic Safety Administration supported much 
of the data acquisition that laid the groundwork for this 
research, under a cooperative agreement with Johns Hop-
kins  University  (DTNA22-03-H-05123),  and  provided 
data from the State Data System.

The AAA Foundation for Traffic Safety distributes this 
publication at no charge, as a public service. It may not 
be resold or  used for commercial  purposes without  the 
explicit permission of the Foundation. It may, however, 
be copied in whole or in part and distributed for free via 
any medium, provided the AAA Foundation is given ap-
propriate credit as the source of the material. 

The opinions, findings, conclusions, and recommenda-
tions expressed in  this  publication are those  of the au-
thors, and are not necessarily those of the AAA Founda-
tion for Traffic Safety or of any individual who reviewed 
this  publication  or  the accompanying  research  report 
upon which this summary is based. The AAA Foundation 
for Traffic Safety assumes no liability for the use or mis-
use of any information, opinions, findings, conclusions, 
or recommendations contained in this publication or in 
the accompanying research report.

If trade or manufacturers’ names are mentioned, it is 
only because they are considered essential to the object 
of this report, and their mention should not be construed 
as  an  endorsement.  The  AAA  Foundation  for  Traffic 
Safety does not endorse products or manufacturers. 

© 2007 AAA Foundation for Traffic Safety


	Introduction
	Methodology
	Results
	Discussion 
	Recommendations
	For more information
	About the sponsors

