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Abstract

Background—Graduated driver licensing (GDL) laws are associated with reduced crash rates
per person-year among adolescents. It is unknown whether adolescents crash less per miles driven
or drive less under GDL policies.

Methods—We used data from the US National Household Travel Survey and Fatality Analysis
Reporting System for 1995-1996, 2001-2002, and 2008-2009. We compared adolescents subject
to GDL laws with those not, by estimating adjusted incidence rate ratios for being a driver in a
crash with a death per person-year (alRRpy) and per miles driven (alRRm), and adjusted miles
driven ratios (aMR) controlling for changes in rates over time.

Results—Comparing persons subject to GDL policies with those not, 16-year-olds had fewer
fatal crashes per person-year (alRRpy 0.63, 95% confidence interval [CI] 0.47, 0.91), drove fewer
miles (aMR 0.79, 95% CI 0.63, 0.98), and had lower crash rates per miles driven (alRRm 0.83,
95% CI 0.65, 1.06). For age 17, the alRRpy was 0.83 (95% CI 0.60, 1.17), the aMR 0.80 (95% ClI
0.63, 1.03), and the alRRm 1.03 (95% CI 0.80, 1.35). For age 18, the alRRpy was 0.93 (95% ClI
0.72, 1.19), the aMR 0.92 (95% CI 0.77, 1.09), and the alRRm 1.01 (95% CI 0.84, 1.23).
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Conclusions—If these associations are causal, GDL laws reduced crashes per person-year by
about one-third among 16-year-olds; half the reduction was due to fewer crashes per miles driven
and half to less driving. For ages 17 and 18, there was no evidence of reduced crash rates per miles

Motor vehicle-occupant; Legislation; Policy; Adolescent; accidents

INTRODUCTION

Traffic crashes are the leading cause of death among teenagers in the United States (US),
accounting for 27% (2688/9823) of all deaths among 16-19 year olds in 2010.1 The fatal
crash rate per miles driven for 16-year-old drivers was approximately six times that for
drivers aged 30-54 years in the US in 2008-2009.23 This excess crash rate is mainly due to
inexperience and risky driving behaviors.#-® To address this issue, graduated driver
licensing (GDL), which is a phased approach to initiating driving, was first introduced in
Florida in 1996.78 By January 2012, all states and the District of Columbia had implemented
GDL laws.”8 State GDL laws require drivers younger than 18 years old to proceed through
three phases: an extended learner phase with supervised driving for three to twelve months;
an intermediate phase, which allows unsupervised driving under low-risk conditions such as
daylight, but restricts nighttime driving and, in many states, limits adolescent drivers to no
more than one or two young passengers; and a full licensure phase that permits unsupervised
driving at all times.®

State-level 810-21 and national 22-28 studies have reported a 15 to 40% reduction in crash
rate per person-year for persons age 16 years when they are licensed under GDL laws with
various strengths. Under GDL laws, adolescents may drive fewer miles because their learner
permit phase is extended, they are not allowed to drive at night, or their full licensure is
delayed. However, this mileage reduction has not been quantified before. It remains
unknown whether the crash rate reduction per person-year occurs because adolescents drive
fewer miles under GDL laws or because they have a lower rate of crashing per miles driven.
We conducted longitudinal analyses of nationally representative survey and fatal crash data
to estimate how GDL laws were associated with both miles driven and fatal crash rates per
miles driven.

METHODS

Data about miles driven

Estimates of miles driven were obtained from the 1995-1996, 2001-2002, and 2008-2009
National Household Travel Survey (NHTS). Computer-assisted telephone interviewers
collected information about personal characteristics and travel.3 Respondents were a
weighted sample of non-institutionalized US civilians. The NHTS interviewed 95,360
persons from May 1995 through July 1996; 160,758 from March 2001 through April 2002;
and 351,275 from March 2008 through April 2009.2 Respondents kept a diary about all trips
during a randomly assigned 24-hour day, including transportation method and trip length. A
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total of 80,814 diaries were recorded during 1995-1996; 136,919 during 2001-2002; and
262,934 during 2008-2009. Each respondent was assigned weights for their selection
probability, adjusted for non-response and the presence of multiple household phones.3

We classified respondents as exposed to a GDL law at the time of their trip diary if they
were 16, 17, or 18 years old at that time and their state had a GDL law with a learner phase
of at least three months, plus an intermediate phase restriction on either night driving or the
number of young passengers.” Annual miles driven were estimated based on trips reported
in the 24-hour diaries. Average annual miles driven were estimated for four age groups (16,
17, 18 and 20-24 years old), three survey periods, and whether the respondents were
exposed to a GDL law. This was done by dividing the total weighted miles accumulated by
the group by the weighted number of respondent in the group.

Total annual miles driven by age groups, survey periods, and presence of GDL were created
as denominators to calculate crash rates per miles driven. Because not all survey respondents
provided trip data, total annual miles driven were estimated by multiplying total annual
miles driven estimates from respondents by the relevant age-specific census count, 29
divided by the estimated count, based on the sampling weights, of respondents who provided
trip data. The variance for each mileage estimate was computed using the survey jackknife
weights.

Counts and rates per miles driven for drivers in crashes with a death

The Fatality Analysis Reporting System contains data for all US crashes involving at least
one death within the 30 days following the crash.2 We obtained counts of drivers 16, 17, 18,
and 20-24 years old who were in a crash with a death (hereafter called fatal crashes) from
states with (exposed) and without (unexposed) GDL laws for one-year periods that
overlapped the three NHTS survey intervals: May through the following April of 1995-
1996, 2001-2002, and 2008-2009. These counts were divided by the total annual miles
driven for each interval to estimate incidence rates for fatal crashes per miles driven,
according to driver age, GDL exposure, and survey period.

Statistical analysis

To estimate the adjusted miles driven ratio (aMR) for miles driven when exposed to GDL
compared with miles driven when not exposed, we used variance weighted least squares
linear regression3931 with the log of average miles driven in a year as the outcome and
presence of a GDL law as the explanatory variable. The variance used, from the delta
method,32 was the variance of average annual miles driven divided by the average annual
miles squared. The regression model included three indicator variables for the four driver
age categories (16, 17, 18 and 20-24 years old) and two indicator variables for the three
survey periods, to account for temporal trends in miles driven. Drivers 20-24 years of age
were included to help adjust for non-GDL factors that influence miles driven and crash rates
over time, such as changes in the economy or traffic enforcement.15-17 The age group 2024
years was chosen because this group was close to ages 16-18 years and but probably not
affected by graduated driver licensing. To estimate the adjusted incidence rate ratio (alRRm)
for being a driver in a fatal crash per miles driven in the presence of a GDL law compared
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with no GDL law, we used the same regression method with the log of the driver fatal crash
rate per miles driven as the outcome.

The fatal crash rate per person-year is the product of miles driven per person-year and fatal
crash rate per miles driven (Formula 1). Therefore, to estimate age-specific associations
between GDL presence and the adjusted incidence rate ratio (alRRpy) of being a driver in a
fatal crash per person-year, we multiplied the GDL-related aMR per person-year and the
GDL-related alRRm for being a driver in a fatal crash per miles driven for each adolescent
age group.

fatal crash rate per person — year=miles driven per person — year X fatal crash rate per miles

number of fatal crashes number of miles driven  number of fatal crashes

number of person — years mnumber of person — years number of miles driven

In some states, new GDL laws did not apply to 16-year-old drivers who had licenses when
the laws were passed.?? As a sensitivity analysis we re-estimated aMRs and alRRs
associated with GDL implementation. We used trip and crash data from a state with a GDL
law only if the respondent or driver was: 1) 16 years old and the law in effect for one year or
more, 2) 17 years old and the law in effect for two years or more, or 3) 18 years old and the
law in effect for three years or more.

RESULTS

Average annual miles driven

Average annual miles driven increased as age increased during all three survey periods
(Table 1). When no GDL law was present, the average miles driven for 16 year olds
increased considerably from the first to the second survey period, but only slightly for the
other ages; miles driven decreased among all groups in the third survey.

Adjusted miles driven ratios

Within each survey period, the average annual miles driven was always less when a GDL
law was present for 16 and 17 year olds, but not for 18 year olds (Table 1). On average
respondents exposed to a GDL law, compared with those not exposed, drove fewer miles;
the aMRs were 0.79 for 16 year olds (95% confidence interval [CI] 0.63, 0.98), 0.80 for 17
year olds (95% CI 0.63, 1.03), and 0.92 for 18 year olds (95% CI 0.77, 1.09).

Adjusted incidence rate ratios for being a driver in a fatal crash per miles driven

The incidence rate for being a driver in a fatal crash per miles driven usually decreased with
older age (Table 2). Comparing respondents exposed to GDL laws with those not exposed,
16 year olds had a 17% reduction (95% Cl —35%, 6%) in their rate of being a driver in a
fatal crash per miles driven, while there was almost no change for those age 17 and 18.
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Adjusted incidence rate ratios for being a driver in a fatal crash per person-year

Multiplying the aMR by the alRRm for being a driver in a fatal crash per miles driven
produced alRRpy for being a driver in a fatal crash per person-year, comparing persons
exposed to GDL laws with those not exposed. Sixteen year olds had a 35% reduction (95%
Cl 9%, 53%) for being a driver in a fatal crash per person-year, while reductions for those
17 and 18 years old were smaller (Table 3).

Sensitivity analysis
When we omitted persons from GDL states who were not exposed to GDL laws for a
sufficient time period, the aMR and alRRs estimates changed only minimally from those in
the tables; changes were less than 0.04 for aMRs, and less than 0.06 for alRRs. This
suggests that misclassification of some teenagers as covered by GDL requirements when
they were not is not likely to be an important cause of bias in our estimates.

DISCUSSION

We estimated that for adolescents age 16 years, GDL laws were associated with a 35%
reduction in the fatal crash rate per person-year. About half of this association was due to a
21% reduction in average miles driven and the other half due to a 17% reduction in the fatal
crash rate per miles driven. For those age 17 years, GDL laws were associated with a 17%
reduction in the fatal crash rate per person-year; this improvement was attributed to reduced
driving miles, with no reduction seen in the fatal crash rate per miles driven. For 18 year
olds, GDL laws showed little association with fatal crash rate per person-year, average miles
driven, or fatal crash rate per miles driven.

A strength of our study is that by using information from two national datasets we were able
to separately estimate the influence of graduated driver licensing on crash rates per miles
driven and per person-years, and assess the association with miles driven, which has not
previously been done. Our study has certain limitations. The periodic nature of the transport
survey impaired our ability to adjust for temporal trends in miles driven and crash rates. The
survey sampling scheme does not allow estimates of miles driven and crash rates within all
states; this limitation may have impaired our ability to remove confounding bias due to
regional variations in miles driven and crash rates. We included all adolescents in our main
analysis, and some teenagers might be misclassified as exposed to GDL laws when they
were not. This might be a source of bias; the estimated associations did not change greatly
when we restricted our analyses to persons covered by GDL laws for a longer period of
time. Despite including over 17,000 adolescents, the survey sampling design resulted in
wide confidence intervals around our estimates. However, our estimated associations
between GDL laws and crash rates per person-year were similar to those of other studies.
Previous nationwide studies have reported that GDL laws were associated with reductions in
crash rates per person-year for 16 year olds; the alRRpy of 0.74,23 0.62,24 0.59,22 and 0.422°
are compatible with our estimate of 0.65. For 17 year olds, prior studies have reported
alRRpy of 0.91,23 0.81,22 and 0.70,2° not very different from our estimate of 0.83. For 18
year olds the reported alRRs were 1.10,23 0.96,22 and 0.93,33 similar to our estimate of 0.93.

Inj Prev. Author manuscript; available in PMC 2016 April 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zhu et al.

Page 6

Other investigators have noted that lack of information about miles driven makes it difficult
to understand how GDL laws may work.91517 The NHTS surveys provide this missing
information. We found that graduated driver licensing was associated with a 20% reduction
in annual miles driven for both 16- and 17-year-old drivers. Adolescents may drive fewer
miles after GDL laws, simply due to the creation of an extended learner permit phase of
GDL for 3 to 12 months requiring adult supervision for driving. The requirements of
minimum practice hours may prolong the extended learner permit phase. Adolescents may
drive fewer miles during the extended learner permit phase because they have to drive under
adult supervision and adult drivers, usually parents, are not always available.3* In addition,
the minimum age at which an intermediate licensure can be obtained in many states is
usually older than that for full licensure before GDL laws went into effects. Adolescents
may drive fewer miles during the intermediate phase of GDL, because they cannot drive
during certain hours at night. Furthermore, adolescents may wait until age 18 to obtain
leaner permits to avoid GDL restrictions, and therefore not drive when they are 16 or 17.

From 2001-2002 to 2008-2009, average annual miles driven decreased for all four age
groups (16, 17, 18, 20-24). This might be linked with the economic recession and high
unemployment during 2008-2009. By including drivers 20-24 years of age in our model,
and adjusting for temporal changes in crash rates over time among those covered and not
covered by a GDL law in each teenage age group, we sought to control for non-GDL factors
that influence miles driven over time.15-17

Our findings suggest that 16-year-old drivers had a lower crash rate per miles driven under
GDL, but 17-year-old drivers did not. This may indicate that adult supervision and/or
restrictions on night driving and number of underage passengers, all of which should be
most common among 16-year-old drivers, combine to reduce the fatal crash rate per miles
driven, but as drivers become older and these restrictions are removed, the influence of GDL
on crash rates per miles driven among 17-year-old drivers is neither beneficial nor harmful.
In addition, graduation from GDL is possible at age 17 in most states, particularly if the
adolescent takes a driver education course.®

Teenagers aged 18 years were not substantially impacted by GDL in either driving distance
or crash rate per miles driven. Some researchers have hypothesized that 18-year-old drivers
may have more crashes after GDL implementation because they drove fewer miles and
therefore learned fewer driving skills while driving under GDL laws as 16 and 17 year olds.
Or, some teenagers wait until age 18 to get their learner permits to avoid GDL restrictions.
However, we found little evidence that GDL affected the driving distance or crash rates of
teenagers aged 18 years. A meta-analysis of traffic crash data from four states (California,3°
Florida,® Georgia,1*Wisconsin?1) reported the pooled rate ratio for 18-year-olds per person-
year was 1.00 (95% CI 0.95, 1.04) comparing GDL presence with absence.38 A study of all
fatal crashes for 18-year-olds in the U.S. during 1996-2007 reported a rate ratio per person-
year of 0.96 for states with a good GDL rating and 1.03 for states with a fair GDL rating,
relative to states with a poor GDL rating.22 However, another study of all fatal crashes in the
U.S. during 1986-2007 reported that GDL was associated with a 10% increase (aRR 1.10,
95% CI 1.03, 1.18) in fatal crash rate per person-year among 18-year-olds.23 The evidence
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currently available does not strongly support the theory that GDL is harmful for 18-year-
olds.

CONCLUSIONS

This study was one of the first attempts to assess the extent to which graduated driver
licensing affects miles driven and crash rate per miles driven using two national datasets
(National Household Travel Survey and Fatality Analysis Reporting System). We found that
GDL laws were associated with reduced miles driven and crash rates per miles driven
among persons age 16. Persons age 17 years drove fewer miles, but did not show reduced
crash rates per miles driven after GDL implementation. GDL was neither beneficial nor
harmful among 18-year-old drivers.
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Table 1

. . . . - a
Average annual miles driven by age, year, and graduated driver licensing exposure

Age (yr) Year Graduated driver licensing No. of respondents with trip ~ Average annual miles  Adjusted miles driven
exposureb diaries driven ratio (aMIz) (95%
CI)

16 1995-1996 Absent 1,272 2,851
2001-2002 Absent 634 4,156
Present 1,289 2,907
2008-2009 Absent 130 2,332
Present 3,081 1,652

total 6,406 0.79 (0.63, 0.98)
17 1995-1996 Absent 1,145 6,018
2001-2002 Absent 615 6,128
Present 1,123 5,425
2008-2009 Absent 108 4,268
Present 3,007 3,711

total 5,998 0.80 (0.63, 1.03)
18 1995-1996 Absent 1,099 7,507
2001-2002 Absent 481 7,605
Present 883 6,923
2008-2009 Absent 98 5,656
Present 2,359 5,857

total 4,920 0.92 (0.77, 1.09)
20-24 1995-1996 Not applicable 4,314 10,727
2001-2002 Not applicable 5,638 10,827
2008-2009 Not applicable 6,519 9,222

total 16,471

Abbreviation: aMR: adjusted miles driven ratio: average annual miles driven exposed to graduated driver licensing (GDL) / average miles driven
unexposed to GDL; ClI: confidence interval; GDL: graduated driver licensing.

a .
Data from the National Household Travel Survey.
Exposure to GDL means living in a state that has graduated driver licensing laws to restrict adolescent driving.

Adjusted miles driven ratios (aMR) compare the average miles driven by respondents exposed to GDL with those not exposed, adjusted for
changes over time as well as changes among drivers 20-24 years.
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Incidence rates per mile of driving for being a driver in a fatal crash by age, year, and graduated driver

. . a
licensing exposure

Age (yr) Year

Graduated driver licensing

No. of drivers in fatal

Rate per 100 million

Adjusted incidence rate

exposureb crashes miles driven  ratio per miles (iIRRm)
(95% CI)

16 1995-1996 Absent 1,310 125
2001-2002 Absent 319 7.8
Present 707 8.5
2008-2009 Absent 41 9.8
Present 486 8.1

0.83 (0.65, 1.06)
17 1995-1996 Absent 1,431 6.7
2001-2002 Absent 453 8.6
Present 956 7.2
2008-2009 Absent 59 5.7
Present 791 55

1.03 (0.80, 1.35)
18 1995-1996 Absent 1,703 6.4
2001-2002 Absent 523 6.3
Present 1,279 6.2
2008-2009 Absent 84 5.6
Present 1,170 4.8

1.01 (0.84, 1.23)
20-24 1995-1996 Not applicable 7,004 3.7
2001-2002 Not applicable 7,237 3.3
2008-2009 Not applicable 5,587 2.8

Abbreviation: alRRm: adjusted incidence rate ratio per miles driven; Cl: confidence interval; GDL: graduated driver licensing.

aData from the National Household Travel Survey and Fatality Analysis Reporting System.

Exposure to GDL means living in a state that has graduated driver licensing laws to restrict adolescent driving.

Adjusted incidence rate ratios (aIRRm) compare the rates per miles driven for drivers exposed to GDL with those not exposed, adjusted for
changes in rates over time as well as changes among drivers 20-24 years.
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Table 3
Adjusted incidence rate ratios (alRRpy) for being a driver in a fatal crash per person-year, comparing persons

exposed to GDL laws with those not exposeda’b

Age (yr) alRRpy 95% CI

16 0.65 0.47,0.91
17 0.83 0.60, 1.17
18 0.93 0.72,1.19

Abbreviation: alRRpy: adjusted incidence rate ratio per person-year; Cl: confidence interval.
a L . . . -
Exposure to GDL means living in a state that has graduated driver licensing laws to restrict adolescent driving.

b . . !
alRRpy adjusted for changes over time as well as changes among drivers 20-24 years.
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