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EXECUTIVE SUMMARY

Most jurisdictions in North America have some version of graduated driver licensing (GDL). GDL programs
attempt to provide a more protective environment for novice drivers, typically by lengthening the

learning process and imposing a set of restrictions aimed at reducing their risk of collision. To achieve
this, most GDL programs are multi-staged and include a learner’s stage and an intermediate stage before
graduation to a full license. A sound body of evidence documenting the effectiveness of GDL programs

in reducing collisions, fatalities and injuries among novice drivers is available. However, information

about the relative importance of individual components of GDL is lacking. Despite the available literature
it is still not known which GDL features contribute most to collision reduction and how exactly this

is achieved. Consequently, it is difficult to identify how a GDL program should be best designed or
improved.

The objectives of this study are to calculate a summary statistic of GDL effectiveness, to identify the most
effective components of GDL programs, and to help understand how GDL components achieve their
effect by applying a meta-analytic approach.

Data from 46 American States, the District of Columbia and 11 Canadian jurisdictions are used and
were obtained from the Fatality Analysis Reporting System (FARS) for the U.S. and from Transport
Canada’s Traffic Accident Information Database (TRAID) for Canada. The timeframe of this evaluation

is 1992 through 2006, inclusive. Relative fatality risks and their and 95% confidence intervals were
calculated using fatality counts and population data for target and comparison groups, both in a pre-
implementation and post-implementation period in each jurisdiction. The target groups were 16, 17, 18
and 19 year old drivers. The comparison groups were 25-54 year old drivers. The relative fatality risks of
all jurisdictions were summarized using the random effects DerSimonian and Laird model. Cumulative
meta-analyses and meta-regression using Restricted Maximum Likelihood (REML) and Markov Chain
Monte Carlo (MCMC) Gibbs sampling were also conducted.

Strong evidence in support of GDL was found. GDL had a positive and significant impact on the relative
fatality risk of 16 year old drivers (reduction of 19.1%). However, no such summary effects were found
for 17, 18 and 19 year old drivers.

Significant effects were found for meta-regression models with 16, 18 and 19 year old drivers. Two
variables were significant for 16 year old drivers, namely whether there are restrictions on passengers in
the intermediate stage (in jurisdictions with passenger restrictions in the intermediate stage, the relative
fatality risk of 16 year old drivers decreases) and whether passenger restrictions are lifted or not in the
intermediate stage if passengers are family members (lifting the passenger limit in the intermediate stage
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if passengers are immediate family members leads to an increase in the relative fatality risk of 16 year old
drivers).

One variable was significant with 18 year old drivers, more precisely mandatory driver education in
the learner stage (the relative fatality risk of 18 year old drivers decreases in jurisdictions where driver
education is mandatory in the learner stage).

Finally, five variables were significant with 19 year old drivers. These variables are length of night
restriction in the learner stage (an increase in length of the night restriction in the learner stage leads

to an increase in the relative fatality risk of 19 year old drivers), country (the relative fatality risk of 19
year old Canadian drivers is higher than that of 19 year old drivers in the U.S.), lifting night restrictions

in the intermediate stage for work purposes (the relative fatality risk of 19 year old drivers increases in
jurisdictions where night restrictions are lifted for work purposes in the intermediate stage), exit test in
the intermediate stage (the relative fatality risk of 19 year old drivers decreases in jurisdictions that require
an exit test to graduate from the intermediate stage), and mandatory driver education in the intermediate
stage (there is an increase in the relative fatality risk of 19 year old drivers in jurisdictions with mandatory
driver education in the intermediate stage). These results are described, interpreted and further discussed
along with the limitations of this study.

In conclusion, despite limitations of the study design, some previously established findings have
been confirmed and some interesting and intriguing new findings emerged from these analyses.
Recommendations for follow-up research are formulated based on the conclusions of this report.
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INTRODUCTION

Background

Graduated driver licensing (GDL) programs attempt to provide a more protective environment for novice
drivers, typically by lengthening the learning process and imposing a set of restrictions aimed at reducing
their risk of collision. To achieve this, most GDL programs are multi-staged and include a learner’s stage
and an intermediate stage before graduation to a full license.

Despite the “somewhat torturous journey that graduated licensing has experienced in achieving
acceptance among the public and policy-makers” (Simpson 2003: p. 25), GDL programs are now
commonplace. Indeed, most jurisdictions in Canada and the United States have some version of GDL.
Furthermore, a consensus exists in the research community about the effectiveness of GDL programs and
today they are widely accepted as an effective safety measure: “The systems that have been evaluated
have been found to be very effective in reducing crashes and injuries, and public acceptance is high. This
in and of itself provides the compelling case for graduated licensing.” (Williams 2003: p. 3).

A sound body of evidence documenting the positive influence of GDL programs on collisions among
novice drivers is available. In addition to the more than two dozen evaluation studies of specific GDL
programs (see Mayhew et al. 2005 for a descriptive review of these evaluations; see also Hedlund et al.
2006 for an update on research published since 2005 and research in progress; and Shope 2007 for the
most recent review of the GDL evaluation literature), two systematic reviews of this literature have been
carried out (Foss and Evenson 1999; Hartling et al. 2005). Collectively, these studies and their reviews
clearly establish GDL as an effective safety measure.

The authors of a recently published evaluation study that distinguished between different kinds of GDL
programs came to the same conclusion (Morrisey et al. 2006; see also Dee et al. 2005). This study,
however, was limited geographically in that it only analyzed data from the United States. A more recent
study (Baker et al. 2006) was carried out to determine which types of GDL programs are associated with
reductions in fatal crashes involving 16-year-old drivers — evaluations have found a wide range in GDL
effectiveness so this particular study sought to determine which types of programs had the greatest
impact. This study is also limited geographically to the U.S. and only investigated one age cohort.
Furthermore, while the results of this study allow distinguishing between more effective programs
(those with at least five GDL components) and less effective programs (those with less than five GDL
components), the authors did not estimate the relative importance of individual components of GDL
programs — components such as nighttime driving restrictions, supervision or passenger restrictions.
Some of the same limitations apply to a more recent study of GDL effectiveness, both in terms of fatal
and injury collision involvements, by the same authors (Baker et al., 2007).
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Finally, Williams (2007) conducted a literature review to analyze the available evidence regarding
GDL components and concluded that extended learner periods, nighttime restrictions and passenger
restrictions have contributed to crash reductions, but that there is more to learn about GDL and its
components.

Therefore, despite the available literature it is still not known which GDL features contribute most to
collision reduction and how exactly this is achieved. Consequently, it is difficult to identify how a GDL
program should be best designed or improved. As a result, a priority research need is to identify “effects
of specific GDL components and provisions” (Hedlund et al. 2003: p. 109), a need that had already
emerged from the Symposium on Graduated Driver Licensing in Chatham, MA on November 5 — 7,
2002.

Objectives and Rationale

The objectives of this study are to calculate a summary statistic of GDL effectiveness, to identify the most
effective components of GDL programs, and to help understand how GDL components achieve their
effect by applying a meta-analytic approach.

In their review of the existing literature, Foss and Evenson (1999) were unable to conduct a meta-analysis
of GDL evaluation studies and to draw reliable conclusions about the impact of different features of GDL
programs on crash numbers, probably because the number of studies available to them at that time

was rather small (seven). At best, Foss and Evenson (1999) had to compare outcomes from different
studies, using different methodologies. Without controlling for these differences, it is difficult to compare
the results of program effectiveness, which, in turn, makes it difficult to determine which features of
programs are most effective.

The ability to address this challenge is an advantage of meta-analysis that controls for the different
methodologies by comparing the different studies available “on the same scale”, i.e., standardizing.
Results of a meta-analysis regarding differences in effectiveness will, therefore, be more valid because
they truly reflect differences in programs and program features by accounting for differences in
evaluation methodologies (see Elvik 2005a and 2005b).

A more recent effort by Hartling et al. (2005) to systematically review the GDL literature used the well-
acknowledged Cochrane methodology (www.cochrane.org). Even though the number of evaluation
studies included in their review was higher than in the Foss and Evenson study (1999), the authors
decided it was not appropriate to pool the results of the evaluation studies and perform a meta-analysis,

“due to statistical heterogeneity and differences among studies with respect to study quality and design,
program quality and design, definition of outcomes, baseline rates, and data reported” (Hartling et al.
2005: p. 5).
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Their view is shared by the authors of this report and led to the investigation of the feasibility of
obtaining raw data for each of the evaluated studies. Using such raw data to conduct a meta-analysis is
considered to be “the ‘yardstick’ against which other forms of systematic review should be measured”
(Clarke and Stewart 2007: p. 110) because it becomes possible to standardize the outcome measure to
the fullest. In other words, by using raw data to calculate a standardized outcome measure it is no longer
necessary to use the different kinds of outcome measures that are being reported in evaluation studies
and that are not necessarily suitable to be summarized into one statistic. It was therefore decided to use
counts of fatalities per age cohort and by state from the Fatality Analysis Reporting System (FARS) for the
U.S. and comparable data for Canadian jurisdictions, contained in Transport Canada’s Traffic Accident
Information Database (TRAID), to calculate a standardized outcome measure. Once it was decided to

use these raw data, it was no longer desirable to limit the evaluation to those jurisdictions for which an
evaluation study was available; hence the present evaluation includes all U.S. and Canadian jurisdictions
that have a GDL program in place.

While the choice to use raw data to calculate a standardized outcome measure for each of the
jurisdictions included in this evaluation precluded any difficulties with respect to methodological
heterogeneity among different studies, there was still the considerable heterogeneity with respect to
programs and their features to deal with; see for example the on-line inventories of GDL programs on

the website of the Insurance Institute for Highway Safety (IIHS) and the Traffic Injury Research Foundation
(TIRF), respectively at www.iihs.org/laws/graduatedLicenselntro.aspx and www.trafficinjuryresearch./yndrc/
default.asp

However, sophisticated meta-analysis techniques are available today to explicitly model diversity, more
precisely random meta-regression analysis using multilevel techniques and Bayesian statistics in multilevel
modeling (Goldstein 2003). “The major advantage of using multilevel analysis instead of classical
meta-analysis methods is flexibility. In multilevel analysis, it is simple to include study characteristics as
explanatory variables in the model. If we have hypotheses about study characteristics that influence the
outcomes, we can code these and include them on a priori grounds in the analysis. Alternatively, after we
have concluded that the study outcomes are heterogeneous, we can explore the available study variables
in an attempt to explain the heterogeneity.” (Hox and de Leeuw 2003: p. 92).

These technical advantages and the flexibility of using ‘multilevel’ or ‘random effects’ meta-regression
rather than ‘fixed effect’ meta-analysis can also be expressed in terms of a conceptual advantage. The
fixed effect model assumes that variation between programs or heterogeneity is exclusively due to
random variation and, therefore, if the data available about each program were infinitely large, the
results would be identical (Egger and Smith 2007). Since fixed effect analysis considers a common effect
across programs (Smith et al. 1995), this would be equivalent to assuming that each program is equally
effective and that differences in effectiveness are really only due to random fluctuations, rather than to,
for example, GDL program features. In other words, using a fixed effect model really implies an a priori
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choice that no differences in effectiveness between programs exist, regardless of the different composite
features of each program.

A random effects model, on the other hand, “assumes a different underlying effect for each study and
takes this into consideration as an additional source of variation” (Egger and Smith 2007: p. 35), which
is “mathematically equivalent to assuming these effects are drawn from some population” (Smith et al.
1995: p. 2685). Since this study is predicated on the assumption that GDL programs can be improved
through the enhancement of their different features, it seems preferable to at least test for the presence
of heterogeneity and to use a random effects model to analyze the data accordingly, rather than to
simply model the data using a fixed effects model. This approach was adopted in the current study.
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METHOD

Study Population and Data

The analyses in this study use data from 46 American States, the District of Columbia and 11 Canadian
jurisdictions (see the appendices for a list of jurisdictions). The timeframe is 1992 through 2006, inclusive.
Jurisdictions were excluded from the analyses only if post data at the level of jurisdictions were not
available, e.g., because the implementation of the GDL program occurred too recently (note that at least
two years of data post-implementation were needed to calculate the outcome measure as explained
below). These jurisdictions include Arizona (implementation in July 2007), Hawaii (implementation in
September 2006), Montana (implementation in July 2006), Kansas (pursuing legislation in 2008) and
Canada’s North West Territories (implementation in 2005) and Nunavut (no GDL program in place).

If legislative changes to the initial GDL program were passed and took effect in a particular jurisdiction,
this jurisdiction was included at least twice, i.e., once to reflect the original implementation of the
program and once to reflect the legislative change. For example, the GDL program in British Columbia
(BC) was implemented in 1998 and improved in 2003, so two data points for BC were included in the
master data file, and the corresponding outcome measure and independent variables for the jurisdiction
were measured accordingly. As such, several jurisdictions have been included more than once (see
appendices for a list of jurisdictions and the corresponding dates of implementation or legislative
changes) so the master database contains 78 data points rather than 58 (46 States, Washington, DC and
11 Canadian jurisdictions).

Fatality rates were calculated separately for 16, 17, 18 and 19 year old drivers using counts of fatalities
per age cohort and by jurisdiction from FARS data for U.S. jurisdictions and TRAID data for Canadian
jurisdictions. Population data for each jurisdiction were obtained from the U.S. Census Bureau for U.S.
jurisdictions (see http://www.census.gov/popest/archives/1990s/st_age sex.html for estimates for 1992-

1999 and http://www.census.gov/popest/datasets.html for estimates for 2000-2007) and from Statistics

Canada’s 2007 Demographic Estimates Compendium for Canadian jurisdictions (see Statistics Canada
2007 for a detailed description of the methodology and the quality of Canadian population estimates).
Both IIHS’s and TIRF's websites were used to obtain descriptions of the GDL programs for each of the
included jurisdictions in the analyses. This information was then coded into a set of 23 independent
variables. These variables are described in more detail in Table 1 and were included as covariates in the
meta-regression analyses.

Outcome Measure

The outcome measure in this study, i.e., the dependent variable, was calculated as described in Altman
and Bland (2003) and applied by Ulmer et al. (2000), Mayhew et al. (2001, 2002), Foss et al. (2001) and
Shope et al. (2001). More precisely, for each jurisdiction eight numbers were obtained:
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> the number of fatalities in the post period for the target group (a);

> the population in the post period for the target group (b);

> the number of fatalities in the pre period for the target group (c);

> the population in the pre period for the target group (d);

> the number of fatalities in the post period for the comparison group (e);
> the population in the post period for the comparison group (f);

> the number of fatalities in the pre period for the comparison group (g);

> the population in the pre period for the comparison group (h).

The target groups were 16, 17, 18 and 19 year old drivers. In all cases, the comparison group was 25-54
year old drivers, who are assumed to be largely unaffected by the GDL program in a jurisdiction.

The post period was defined as a period of 12 months, starting one year after the implementation of the
GDL program and ending two years after implementation. The pre period was defined as a period of 12
months, starting two years before the implementation of the GDL program and ending one year before
the implementation. If the program was implemented more recently, the post and pre periods were
adjusted accordingly — for example GDL was implemented in mid September 2005 in Wyoming so only
3.5 months of post information was available (mid September 2006 to 31 December 2006) and only 3.5
months of pre information was used (June 2004 to mid September 2004).

The reason why such timeframes have been chosen is because it has been shown that the
implementation of a GDL program can disrupt the normal licensing patterns. For example, normal
licensing patterns can be disrupted before GDL implementation due to novices trying to avoid the change
and after GDL implementation due the time needed for drivers to meet new requirements, as well as to
progress through the different GDL stages. This may also affect crash patterns (see e.g., Mayhew et al.
1999, 2001).

The available information was then summarized into fatality rates for the target group ((a/b)/(c/d)) and
the comparison group ((e/f)/(g/h)) and then into a fatality ratio (or relative fatality risk) by dividing each
fatality rate for each target group (e.g., the fatality rate for drivers aged 16) by the fatality rate for the
comparison group (i.e., the fatality rate for drivers aged 25-54). Note that only drivers who died in a fatal
crash were counted for the numerators (a, ¢, e and g), while population numbers pertaining to the entire
population and not just drivers were used for the denominators (b, d, f and h). This process of obtaining
the fatality rates per age cohort and by jurisdiction and calculating the different relative fatality risks (four
in total) for each of the ‘jurisdictions’ (78 in total) was automated in Stata, release 10 (StataCorp. 2007)
with a variety of do-files and automatic do-files.
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Using such a relative fatality risk as an outcome measure standardizes the fatalities of a target group to
the population of that group as well as to the fatality rate of the comparison group. A ratio of less than
one indicates a positive impact of GDL on the fatality risk of young drivers (i.e., a decrease from pre to
post period) relative to the comparison group of older drivers in that jurisdiction. The standard error (s.e.)
of this measure is used to calculate whether this positive impact is significantly different from the trend in
the comparison group or not.

The different analyses used to summarize the data (described below) all assume that the outcome
measure and its s.e. are measured on the log-scale, so they have been transformed for further analyses
and rescaled using the exponential function for the interpretation of the effect of the independent
variables on the outcome measure.

Graduated Driver Licensing Programs

A description of the different North-American GDL programs included in this analysis can be found

on IIHS’s and TIRF's websites. Not surprisingly, there is a lot of variation among the different programs
making it particularly challenging to formally describe them in the form of variables that can be included
in @ meta-regression analysis to investigate potential sources of heterogeneity in the outcome measure.
Nevertheless, about two dozen variables were used in this study to capture such differences that can help
explain which GDL features are more effective than others, and why. Table 1 contains a description of
each of the independent variables used in this study.
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Table 1: Description of the independent variables included in the meta-regression analysis (variable label;

categories and frequencies for categorical variables and range and mean for numerical variables)

Variable label

Categories/range
(frequencies/mean)

effective date of implementation or legislative change

1992-2005

[IHS's rating of the quality of the GDL program

good (28), fair (18),

marginal (12), poor

required in learner stage

minimum length in months of mandatory 0-12 (6.0)
holding period learner stage

maximum length in months of mandatory 0-48 (6.8)
holding period learner stage

minimum # of hours of supervisory driving 0-60 (22.0)

conditions under which supervisory driving
occurs

0=no mandatory hours at night (43)

1=mandatory hours at night (35)

length of night restriction in hours in learner stage 0-10 (1.3)
night restrictions lifted if supervised 0=no (71)
1=yes (3)

restriction on passengers in learner stage

0=no restrictions (67)

1=restrictions (11)

passenger limit lifted in learner stage if 0=no (76)
passengers are immediate family members 1=yes (2)
pasenger restriction lifted for family in learner stage 0=no (77)

if driver is accompanied by a licensed instructor 1=yes (1)
and driver is in driver education

minimum entry age for learner stage 14-16 (15.3)
reduction in # of months of mandatory holding 0-8 (0.6)
period for taking driver education (time discount)

country 0=US (47)

1=Canada (12)

driver education requirements in learner stage

0=no requirements (35)

1=driver education mandatory (17)

2=time discount if driver ed. (8)

length of night restriction in hours 0-10 (4.1)
in intermediate stage
night restrictions lifted for work purpose 0=no (74)
in intermediate stage 1=yes (2)
restriction on passengers in intermediate stage 0=no (31)
1=yes (47)
passenger limit lifted in intermediate stage if 0=no (74)
accompanied by a qualified supervisor 1=yes (3)
passenger limit lifted in intermediate stage if 0=no (41)
passengers are immediate family members 1=yes (36)

minimum entry age for intermediate stage

14.5-17 (16.1)

driver education requirements in intermediate
stage

O=voluntary (54)

1=mandatory (2)

exit test required to graduate from intermediate
stage to full stage

0=no (50)

1=yes (7)

Model and Data Analysis

The data in this study were analyzed using three different approaches. First, in an exploratory phase, a

summary effect was calculated for each target group and a test for heterogeneity conducted using the
random effects DerSimonian and Laird model, as described in Deeks et al. 2007. This analysis was carried
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out in Stata, release 10 (StataCorp. 2007), using the metan-command. Furthermore, a cumulative meta-
analysis was carried out as well in Stata, using the metacum-command and the same random effects
model. The summary effect for each age cohort is based on the complete database of 78 ‘jurisdictions’.

In a second step, a meta-regression was carried out in Stata (using the metareg-command; see Harbord
and Higgins 2008) to investigate the relative influence of the different independent variables on the
outcome measure, using Restricted Maximum Likelihood (REML); see Sterne et al. 2007a.

The model used to summarize the data, expressed as a multilevel model is shown below (see Hox and de
Leeuw 2003):

dj:7/0+}/1le+;/2sz+...+;/pr +tu; +e, equation 1
In equation 1 4, denotes the observed outcome of jurisdiction j (j=1,...,)); 70is the intercept, i.e., the
estimate for the mean outcome measure across all jurisdictions, or the summary effect; Y7p are the
regression coefficients; “Jis the residual error term at the level of jurisdictions and its variance, o,

, represents the true variation between jurisdictions and is assumed to have a normal distribution; and
®/ is the residual error term representing the difference between the jurisdictions that is the result of
sampling variation, which is determined entirely by the within-jurisdiction variation and sample size, and

is assumed to be known from the jurisdictions.

Finally, a full Bayesian analysis (Smith et al. 1995) was conducted in the MLwiN statistical package, using
Markov Chain Monte Carlo (MCMC) Gibbs sampling (see Browne 2004). The meta-regression using the

REML estimation procedure in the second step and the MCMC Gibbs sampling in this third step are both
based on a sample of 48 ‘jurisdictions’ (rather than 78), due to missing data for the variables included

as covariates in these models. The results obtained from the random meta-regression in the second step

are used as starting values for each of the parameters that need to be estimated with the MCMC Gibbs

sampling procedure.

The length of each MCMC chain was set at 50,000 iterations with a burn-in period of 1,000 iterations.
Each of the models was estimated four times with different random number seeds to ensure the results
are stable when using different starting values (the results of these different models were found to be
similar; see appendices 5, 6 and 7). Diagnostics for each parameter were obtained as well to compare
different models. These include graphs of Gibbs sampling traces to check for autocorrelation in these
traces (see Browne 2004), the Raftery-Lewis diagnostic (Raftery and Lewis 1992) and the Brooks-Draper
diagnostic (see Browne 2004) to assess the required length of the MCMC chains and the Deviance
Information Criterion (DIC) according to Spiegelhalter et al. (2002), which is a generalization of Akaike’s
Information Criterion (AIC) to test the complexity of the different models and their goodness of fit.
Finally, the different jurisdictions were also ranked according to their effectiveness, although this turned
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out to be meaningless because the credibility intervals (confidence intervals in Bayesian terminology are
called credibility intervals) for each jurisdiction obtained with the MCMC Gibbs sampling all overlapped.

For a discussion about the advantages and disadvantages of a Bayesian approach used in step three of
the analyses versus the more classical ‘frequentist’ approach, used in steps one and two of the analyses,
see Carlin and Louis (2000). For a formal description of the Bayesian model used in this report, see
Browne (2004) and Smith et al. (1995). For a technical description about how to use MLwiN to run these
analyses, see Lambert and Abrams (1995) and Turner et al. (1999).
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RESULTS

Summary Effect
Summary effect for 16 year old drivers

Appendix 1 contains a table (entitled “Table 1.1: Random Effects Meta-Analysis”) showing the

outcome measure for 16 year old drivers (ES), i.e., the relative fatality risk (see subsection entitled
‘Outcome Measure’), its 95% confidence interval (95%-Cl) and its weight for each jurisdiction included
in the evaluation, as well as a pooled summary effect for all jurisdictions according to the random
effects model. The weight is derived from the variance of each jurisdiction, which means that smaller
jurisdictions with more variance will contribute less to the pooled estimate, while larger jurisdictions with
less variance will contribute more.

As can be seen, the pooled summary effect for 16 year old drivers is 0.809, with a 95%-Cl of (0.714-
0.917). The null hypothesis of no effect is rejected (z=3.32, p=0.001). This means the evaluation provides
strong evidence in support of GDL because the outcome measure is significantly smaller than one. More
precisely, GDL has had a positive and significant impact on fatalities among 16 year old drivers — a
decrease in the relative fatality risk of 19.1% ((1-0.809)*100) — when adjusting for a group of older
drivers who are assumed not to have been affected by the implementation of GDL.

The results of the test of homogeneity are also displayed in Table 1.1 in Appendix 1 and indicate that the
null hypothesis of homogeneity cannot be rejected (chi-square=81.17; d.f.=77; p=0.351). In other words,
there is no evidence for heterogeneity (i.e., differences in the outcome measure that can be accounted
for by differences among GDL programs) according to this test. However, the test of homogeneity has
low power (Deeks et al. 2007; Thompson 2007), which means the possibility of a type Il error (false
negative, or, deciding there is no heterogeneity between jurisdictions while in reality there is) must always
be considered. As such, “it is often more useful to quantify heterogeneity than to test for it” (Harbord
and Higgins 2008: p. 499). The I-squared measure quantifies heterogeneity (Higgins et al. 2003) and
shows that 5.1% of the variance in the outcome measure is due to heterogeneity. Potential sources of
heterogeneity will be investigated using meta-regression analysis techniques in the next section.

Appendix 1 also contains a forest plot (see Figure 1.1). In a forest plot the contribution of each
jurisdiction (its weight) is represented by the area of a box whose centre corresponds to the size of the
effect estimated from that jurisdiction. The 95%-Cl for the effect from each jurisdiction is also shown and
the summary effect is represented by the middle of a diamond whose left and right extremes represent
the corresponding confidence interval (Sterne et al. 2007a). This forest plot displays the same results from
the table in this appendix, but in a different format.
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Finally, a figure from a cumulative meta-analysis is inserted in Appendix 1 as well (see Figure 1.2). This
figure shows that there has been consistent albeit not significant evidence in support of GDL, since
approximately 1996, around the time when Virginia (VA) implemented its program. The pooled summary
effect was smaller than one from then on (the horizontal lines are 95%-Cls, the ovals are the point
estimates, and the vertical line corresponds to the overall summary effect). Note that findings from this
cumulative analysis do not say anything about individual results from Virginia or any other jurisdiction per
se. Since 2000, with the implementation of Oregon’s program, the overall effect also became significantly
smaller than one (95%-Cl: 0.710-0.994) and stayed significantly smaller than one. Since then, the effect
grew gradually stronger — albeit only slightly stronger — in favor of GDL, as can be seen both from the
summary effect, which is more removed from one and from its 95%-Cl, which has become narrower.

Summary effect for 17 year old drivers

Appendix 2 contains a table (Table 2.1) showing the outcome measure for 17 year old drivers. This table
uses the same format as the one for 16 year old drivers.

As can be seen, the pooled summary effect for 17 year old drivers is 1.001. However, the 95%-Cl for
this age cohort (0.906-1.105) contains one, meaning the relative fatality risk is not significantly different
from one, and the true effect could be greater or smaller than one. The null hypothesis of no effect is not
rejected (z=0.02, p=988). This means the evaluation provides no evidence in support of, or against GDL
based on data from 17 year old drivers. In other words, the available data do not support the contention
that GDL has had a positive and significant impact on the number of fatalities among 17 year old

drivers when adjusting for a group of older drivers who are assumed not to have been affected by the
implementation of GDL.

The results of the test of homogeneity are also displayed in Table 2.1 in Appendix 2 and indicate that
the null hypothesis of homogeneity cannot be rejected (chi-square=53.16; d.f.=77; p=0.983). While
there is still the possibility of a type Il error occurring, the I-squared measure now shows that none of
the variance in the outcome measure is due to heterogeneity. This will have to be kept in mind when
further investigating potential sources of heterogeneity — it is unlikely that further investigation of this
subpopulation’s data will reveal significant relationships between independent variables (i.e., the GDL
program features) and the dependent variable (i.e., the effectiveness of GDL in terms of the relative
fatality risk) due to this lack of variability.

A forest plot and results from a cumulative meta-analysis are also available in Appendix 2 (Figures 2.1 and
2.2). As can be seen from the cumulative meta-analysis, the point estimate of the pooled summary effect
has been very close — almost equal — to one since 1997 with the implementation of Quebec’s program.
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Summary effect for 18 year old drivers

Appendix 3 contains a table showing the outcome measure for 18 year old drivers (Table 3.1). This table
again uses the same format as the one for 16 year old drivers.

The pooled summary effect is now equal to 1.083 and the 95%-Cl for this age cohort (0.978-1.199)
contains one. The null hypothesis of no effect is not rejected (z=1.53, p=0.126). This means the
evaluation provides no evidence in support of, or against GDL based on data from 18 year old drivers. In
other words, the available data do not support the contention that GDL has had a positive and significant
impact on the number of fatalities among 18 year old drivers when adjusting for a group of older drivers
who are assumed not to have been affected by the implementation of GDL.

The results of the test of homogeneity indicate that the null hypothesis of homogeneity cannot be
rejected (chi-square=86.63; d.f.=77; p=0.212). According to the I-squared measure 11.1% of the
variance in the outcome measure is due to heterogeneity.

A forest plot and results from a cumulative meta-analysis are also available in Appendix 3 (see Figures
3.1 and 3.2). As can be seen in Figure 3.2, a pattern comparable to the pattern of 17 year old drivers
is apparent in that the pooled summary effect has never been significantly different from one, with
the exception of one time, namely after the implementation of New York’s program in 1992 when the
pooled summary effect was significantly smaller than one.

Summary effect for 19 year old drivers

Appendix 4 contains a comparable table (Table 4.1) showing the outcome measure for 19 year old
drivers.

The pooled summary effect is equal to 1.059 with a 95%-Cl of (0.963-1.165). The null hypothesis of no
effect is not rejected (z=1.19, p=0.235). This means the evaluation provides no significant evidence in
support of, or against GDL based on data from 19 year old drivers. In other words, the available data do
not support the contention that GDL has had a positive and significant impact on the number of fatalities
among 19 year old drivers when adjusting for a group of older drivers who are assumed not to have
been affected by the implementation of GDL.

The results of the test of homogeneity indicate that the null hypothesis of homogeneity cannot be
rejected (chi-square=81.48; d.f.=77; p=0.342). According to the I-squared measure 5.5% of the variance
in the outcome measure is due to heterogeneity.

A forest plot and results from a cumulative meta-analysis are also available in Appendix 4 (see Figures 4.1
and 4.2).
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The Examination of Heterogeneity among Jurisdictions

In this section heterogeneity in the outcome measure is examined. Potential sources of heterogeneity
have been formally described by a variety of variables (see Table 1) that have been included in a meta-
regression analysis as covariates. As explained in the method section, two approaches were used to
obtain the results. First, a random effects meta-regression analysis was run using REML. Then, MCMC
Gibbs sampling was used to obtain full Bayesian estimates of the coefficients of the covariates. Results
from both approaches are shown in Table 2 and compared in this section.

It warrants mentioning that only models for 16, 18 and 19 year old drivers are discussed in this section
because variance in the outcome measure due to heterogeneity among jurisdictions was equal to zero
for 17 year old drivers. The variance that was found for 16, 18 and 19 year old drivers on the other hand
(5.1%, 11.1% and 5.5% respectively) may be low but makes it more likely to identify possible sources of
heterogeneity (reasons why there is no variation among 17 year old drivers will be discussed later).

Meta-regression for 16 year old drivers

Table 2 provides an overview of the significant effects that were found for 16 year old drivers and
compares the REML results with the MCMC results. These results come from a model that includes all
covariates listed in Table 1. The full model can be found in Appendix 5 (see Table 5.1), as well as the
MCMC diagnostics per significant parameter (see Figure 5.1).

Two effects were found to be significant according to the REML estimation and according to the MCMC
Gibbs sampling (if a 95%-credibility interval does not contain zero, then the coefficient can be considered
significant according to the MCMC Gibbs estimation). These effects are restrictions on passengers in the
intermediate stage and whether passenger restrictions are lifted in the intermediate stage if passengers
are immediate family members. As can be seen, coefficients from both estimation procedures are very
similar — the coefficients according to the MCMC Gibbs sampling are somewhat smaller.

To assist with the interpretation of those parameters, the coefficients can be transformed using the
exponential function. The exponentiated coefficient for the first variable then becomes 0.115 (REML
p-value=0.014). The interpretation is as follows: in a jurisdiction with passenger restrictions in the
intermediate stage, the relative fatality risk of 16 year old drivers decreases by a factor of 0.115 or 88.5%
((1-0.115)*100), compared to jurisdictions without such passenger restrictions.

The transformed result for the second variable is 8.281 (REML p-value=0.014). The interpretation of this
coefficient implies that lifting the passenger limit in the intermediate stage if passengers are immediate
family members leads to a 728.1% increase in the relative fatality risk of 16 year old drivers ((8.281-
1)*100).
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Table 2: Comparison of significant effects (on log-scale) according to REML and/or MCMC Gibbs
for 16, 18 and 19 year old drivers

Variable REML MCMC Gibbs

Coefficient s.e. (p-value) Coefficient 95%-Credibility interval

16 year old drivers
Passenger restriction in

. ! -2.160 0.804 (0.014) -2.102 -3.833;-0.364
intermediate stage

No passenger restrictions
in intermediate stage if 2.114 0.794 (0.014) 2.01 0.237;3.762
passengers are family

18 year old drivers
Driver education in learner

-0.423 0.189 (0.036) -0.437 -0.876; -0.004
stage mandatory
19 year old drivers
Léngth night restriction in 0.104 0.047 (0.038) 0.102 0.020; 0.181
learner stage
Country 2.587 1.374 (0.074) 2.543 0.391; 4.682
No night restriction in 3.953 2.089 (0.072) 3.966 0.675; 7.237
intermediate stage if work
Driver education in 0.746 0.395 (0.073) 0.731 0.057; 1.394
intermediate stage mandatory
Exit test to graduate from 3.856 1612 (0.026)  -3.803 -6.383; 1195

intermediate stage

The model was further investigated by checking for outliers and the relative influence of individual
jurisdictions to find an explanation for these rather extreme effects. No single jurisdiction had an effect
that was particularly greater than that of the other jurisdictions and no outliers were found (see Figure
5.2 in Appendix 5).

Also, it was found that 73.7% of the variance between jurisdictions (i.e., heterogeneity) is explained
by the covariates in the model and that only 2.5% of the residual variation of the model is due to
heterogeneity; the remaining 97.5% is due to within jurisdiction variation (see Table 5.1).

Finally, It was argued previously that a random effects model (be it one using REML or MCMC Gibbs)
would be more appropriate for a variety of reasons (see section entitled “Objectives and Rationale”). This
was formally tested using the Bayesian DIC. The Bayesian DIC was 123.72 for the random model while it
was 135.79 for the fixed model. The lower value for the random model confirms such a model is indeed
more appropriate than a fixed model because it has a better fit.
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Meta-regression for 18 year old drivers

Table 2 also provides an overview of the results of the significant effect that was found for 18 year old
drivers and compares both estimation procedures. These results too come from a model that includes all
covariates listed in Table 1. The full model can be found in Appendix 6 as well as the MCMC diagnostics
of the significant parameter (see Table 6.1 and Figure 6.1).

The transformed coefficient for the significant variable in this model (driver education mandatory in the
learner stage) is 0.655 (REML p-value=0.036) and can be interpreted as follows. The relative fatality risk
of 18 year old drivers in jurisdictions where driver education is mandatory in the learner phase decreases
by a factor of 0.655, or by 34.5% ((1-0.655)*100%), compared to those jurisdictions where driver
education is not mandatory in the learner phase. This variable is significant according to both estimation
procedures.

The model for 18 year old drivers was further investigated by checking for outliers and the relative
influence of individual jurisdictions. No single jurisdiction had an effect that was particularly greater than
that of the other jurisdictions and no outliers were found (see Figure 6.2 in Appendix 6).

This significant covariate, however, does not explain any of the variance between jurisdictions (i.e.,
heterogeneity) according to the adjusted R-squared statistic of this model and 11.43% of the residual
variation is due to heterogeneity (see Table 6.1). This extreme value for R-squared can be explained by the
fact that the model may not satisfactorily fit the data. This can be derived from the value of tau-squared,
which is equal to zero. As such, this R-squared statistic bears no meaning and it is recommended not

to rely on it. Note that the coefficient of the significant effect in this model is not necessarily adversely
affected by this lack of model fit. In this regard, it is interesting to see that the Bayesian estimates — that
are not affected at all by the potential lack of fit of the REML model — are very comparable to the REML
estimates.

Finally, the Bayesian DIC was 110.13 for the random model while it was 115.82 for the fixed model. The
lower value for the random model confirms such a model is indeed more appropriate than a fixed model
because it has a better fit.

Meta-regression for 19 year old drivers

Table 2 provides an overview of the significant effects that were found for 19 year old drivers and
compares the results from both estimation procedures. These results too come from a model that
includes all covariates listed in Table 1. The full model can be found in Appendix 7, as well as the MCMC
diagnostics per significant parameter (see Table 7.1 and Figure 7.1).
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When checking this model for outliers and the relative influence of individual jurisdictions, one outlier
was identified (Maryland) — see Figure 7.2 in Appendix 7. Therefore, the results for 19 year old drivers
are based on a model that excludes this outlier.

As can be seen, five effects were significant according to the MCMC Gibbs estimation procedure, but
only two effects were significant according to the REML results. The first variable is length of night
restriction in the learner stage. This variable is significant according to both estimation procedures. Its
transformed coefficient is 1.11 (REML p-value=0.038). This means that for an increase in length of the
night restriction in the learner stage of one hour, the relative fatality risk of 19 year old drivers increases
by 11% ((1.11-1)*100).

The second variable is country and its transformed coefficient is 13.29. As can be seen in Table 2, this
variable is only significant according to the MCMC Gibbs results (REML p-value=0.074). Its interpretation
is as follows. The relative fatality risk of 19 year old drivers in Canadian jurisdictions is 1,229% ((13.29-
1)*100) higher than that of 19 year old drivers in U.S. jurisdictions. Apparently, there is something
different between Canada and the U.S. that has negative consequences for the relative fatality risk of 19
year old drivers in Canadian jurisdictions.

The transformed coefficient for the third variable is 52.09. This variable is also not significant according to
the REML estimates (REML p-value=0.072). It means that the relative fatality risk of 19 year old drivers in
jurisdictions where night restrictions are lifted for work purposes in the intermediate stage increases by a
factor of 52.09 or 5,109% ((52.09-1)*100%), compared to the relative fatality risk of 19 year old drivers
in those jurisdictions where such night restrictions are not lifted.

The fourth variable (driver education) is only significant according to the MCMC Gibbs estimates. Its
transformed coefficient is 2.11 (REML p-value=0.073). According to this variable there is an increase in
the relative fatality risk of 19 year old drivers of 111% in jurisdictions with mandatory driver education in
the intermediate stage ((2.11-1)*100).

The transformed result for the last variable (exit test) is 0.02 (REML p-value=0.026). This variable is
significant according to both estimation procedures. The interpretation of this coefficient implies that
the relative fatality risk of 19 year old drivers in jurisdictions that require an exit test to graduate from
the intermediate stage is 0.02 times smaller, or 98% ((1-0.02)*100) than that of 19 year old drivers in
jurisdictions that do not require such an exit test.

According to the adjusted R-squared statistic of this model all the variance between jurisdictions or
heterogeneity is explained (which implies that none of the residual variation is due to heterogeneity) —
see Table 7.1. This extreme value for R-squared can again be explained by the fact that the model does
not fit the data well enough for the R-squared statistic to be meaningful. The tau-squared statistic is also
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equal to zero. As a consequence, it is not recommended to rely on these model fit statistics. Note again
that the coefficients of the significant effects in this model are not necessarily adversely affected by this
lack of model fit. Interestingly, the Bayesian estimates are again very comparable to the REML estimates.

Finally, the Bayesian DIC was 71.85 for the random model while it was 76.19 for the fixed model. The

lower value for the random model confirms such a model is indeed more appropriate than a fixed model
because it has a better fit.
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DISCUSSION

Limitations

When interpreting the results from the analyses in this study, some limitations of the applied methods
have to be borne in mind. First, the scope of this study was limited geographically because only data
from North-American jurisdictions were used, while other GDL programs exist outside of North America.
However, the decision to include raw data from all North-American jurisdictions, rather than to use only
published results of the relatively few GDL programs that have been evaluated, considerably broadened
the scope of this study. Furthermore, if a more restricted meta-analysis had been carried out based on

a systematic review of available evaluation studies, the study’s scope would probably also have been
limited to North America because the bulk of the available literature comes from evaluations in those
jurisdictions.

Second, all the analyses are age-based. As such, it is implicitly assumed that 16, 17, 18 and 19 year old
drivers are affected by GDL while 25-54 year old drivers are not. While such an assumption is true to a
large extent, some bias may have been introduced in the analyses due to adopting such an age-based
approach. For example, in most Canadian and a few U.S. jurisdictions GDL applies to all novice drivers,
regardless of their age, which means that for those jurisdictions the comparison group of 25-54 year old
drivers may contain some drivers that have been affected by GDL. Also, the denominator used in this
study to calculate the relative fatality risks is the entire population of a particular age, rather than the
number of licensed drivers of that age. It can be argued that the population truly at risk is the number of
licensed drivers rather than the entire population. However, it is extremely difficult, if not impossible to
obtain such information about the number of licensed drivers.

The post period in this study began 12 months after implementation of a GDL program until 24 months
after implementation. As such, it can be expected that young drivers aged 16 and 17 would have gone
through the new GDL system, as well as many 18 year old drivers and some 19 year old drivers. In
Canada and a few U.S. states, GDL applies to new drivers of all ages and not all teenagers apply for a
license immediately after they become eligible but may wait until they turn 17, 18 or 19. This means the
evaluation period that was chosen likely captured young drivers of any age (i.e., 16, 17, 18 and 19) who
have been exposed to the new GDL system. However, it is acknowledged that such an evaluation period
may perhaps not have been long enough for a sufficient number of 19 year old drivers (and perhaps 18
year old drivers too) to already have gone through this new GDL system. This may explain why results
showed no summary effect of GDL on these older teens.

Furthermore, this age-based approach does not allow disentangling the effects of the different GDL
stages to the same extent that an analysis based on license status would. This also makes it difficult
sometimes to explain the reasons why an effect emerges. For example, an increase in crashes after
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lifting passenger limits when passengers are immediate family members could be due to the negative
influence of too many passengers on inexperienced drivers, but it could also be due to exposure, i.e.,
perhaps novice drivers simply drive more often when such a passenger limit is lifted, which would expose
them more to opportunities for crashing. The same is true for the effect that was found with respect to
lifting night restrictions for work purposes. While ambitious, challenging, and perhaps not feasible, the
results obtained in this study may improve and could be further explained if comparable analyses could
be conducted using license status-based data, rather than age-based data, or if these results could be
related to exposure data. On the other hand, some would argue that such age-based per capita rates are
actually better suited to capture the overall effects of GDL.

Third, only fatality data were used to investigate the impact of GDL while GDL may perhaps have a more
profound effect on injury and property damage only (PDO) crashes involving young drivers because
injury and PDO crashes are so much more prevalent than fatal crashes. The decision to use fatality

data, however, was made in light of the search for a common denominator among all North-American
jurisdictions and because only standardized fatality data for the U.S. were available.

Fourth, as explained in the method section, certain jurisdictions were included in the analyses more than
once to reflect any legislative changes that were passed after the implementation of a GDL program. As
such, the final database contained information from 78 ‘jurisdictions’, rather than from 58. The upside of
such an approach is that more data are used, which improves precision of the estimates and also enables
a more nuanced investigation of differences between programs — when a program is improved it should
logically lead to an additional reduction in fatalities, above and beyond the already established reduction
due to the implementation of the original program, assuming other relevant circumstances in the
jurisdiction have not changed too much. However, the downside is that the observations in the database
(or "data points’) for such jurisdictions are dependent inasmuch as improvements to a program are
conditional on the features of the already established program. While this may have adversely affected
the results, it should be noted that all the data points in the database are dependent, at least to some
extent, because it is unlikely that a GDL program would have been implemented in a vacuum, entirely
independently from what is being done in other jurisdictions.

In this regard, it had previously been suggested that there may be a learning effect in that jurisdictions
that are moving forward with the implementation of a GDL program can benefit from lessons learned in
other, pioneering jurisdictions; or, that earlier GDL programs can create a more receptive climate for the
implementation of stronger GDL programs. To further bolster this possibility, the different GDL programs
were sorted chronologically and for each program the number of components that can make a program
more effective were counted. The results can be found in Appendix 8, Table 8.1. As can be seen, the
number of components increases gradually over time. For example, the average number of components
until 1999, inclusive is 5.9, while the average number from 2000 until 2005, inclusive is 7.8. While a
significant learning effect was found in earlier versions of the model with 16 year old drivers during an
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exploratory data analysis phase, unfortunately this could not be confirmed with any of the final models.

As such, when looking at how programs evolved over time there seems to be some evidence to suggest

there is a need for dissemination of study results as other jurisdictions may benefit from it, but it was not
possible to confirm this formally with the meta-analyses.

Finally, while information from 78 jurisdictions was collected, the true sample size of the meta-regression
analyses was only 48, due to missing data for several of the covariates. It proved extremely challenging
and very labor-intensive to obtain complete GDL data records for each of the jurisdictions included in this
study, despite the availability of information about these programs on two on-line inventories (IIHS's and
TIRF's) and despite the access to experts in the field.

Findings

Using summary effects coming from a random effects DerSimonian and Laird model, strong evidence in
support of GDL reducing fatalities was found. The evidence, however, only showed that GDL has had a
positive and significant impact on fatality rates among 16 year old drivers, when adjusting for a group
of older drivers who are assumed not to have been affected by the implementation of GDL (reduction in
the relative fatality risk of 19.1%). No evidence was found to suggest GDL has had an overall impact on
relative fatality risks among 17, 18 and 19 year old drivers when looking at the summary effects only.

The results also showed that there was some heterogeneity among jurisdictions that could provide insight
into how GDL has significantly decreased fatalities among 16, 18 and 19 year old drivers. None of the
variance in the outcome measure for 17 year old drivers, however, was due to heterogeneity, which

is hard to explain. Compared to the patterns of variance that emerged among 16, 18 and 19 year old
drivers (5.1%, 11.1% and 5.5% respectively), this lack of variance among 17 year old drivers seems like
an anomaly, more than anything else. If it would be assumed that there truly is no variance among 17
year old drivers, this would mean that all GDL programs are equally effective for this age group. Given
that most GDL programs differ considerably from one another and that 17 year old drivers in this study
may have been in the learner, intermediate, or full license stages due to the nature of population data,

it seems highly unlikely that this assumption holds true. Perhaps the composition of this group differs
from the other age groups in that there is a greater variety of drivers in terms of license status among 17
years old drivers than there is among 16, 18 and 19 year old drivers. For example, the majority of 16 year
old drivers may be in the learner stage, and the majority of 18 and 19 year old drivers may be in the full
stage, whereas all stages, including the intermediate stage, could be equally represented among 17 year
old drivers. However, such an explanation cannot be tested due to the limitations of age-based data and,
as a consequence, is only speculative.

As for 18 and 19 year old drivers, the summary effect may not have suggested GDL has had a positive
impact, but the proportion of variance due to heterogeneity (11.1% and 5.5% respectively) suggested
it may still be possible to distinguish GDL programs which have had a significant and positive impact on
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relative fatality risks among 18 and 19 year old drivers from those GDL programs that have not had such
an impact.

Two variables were significant for 16 year old drivers, namely passenger restrictions in the intermediate
stage and whether passenger restrictions are lifted or not in the intermediate stage if passengers are
family members. Both variables were significant according to both estimation procedures (REML and
MCMC Gibbs).

The first variable suggests that passenger restrictions in the intermediate stage are beneficial in that such
restrictions lead to a 88.5% decrease in the relative fatality risk of 16 year old drivers. Conversely, the
second variable suggests it is beneficial not to lift passenger limits in the intermediate stage if passengers
are family members because lifting such restrictions leads to an increase in the relative fatality risk of
728.1%. Even though it could be argued that some of the 16 year old drivers are in the learner stage,
certainly there are 16 year old drivers who have already graduated to the intermediate stage. This
finding may suggest that restrictions should not only be license status based but instead be based on

a combination of license status and age as lifting such a restriction for 16 year olds, even if they have
already graduated to a more advanced stage, proves to have negative consequences.

One variable (mandatory driver education in the learner stage) was significant with 18 year old drivers
according to both estimation procedures. Mandatory driver education in the learner stage may be
beneficial in that it can lead to a 34.5% reduction in the relative fatality risk of 18 year old drivers. It

is noteworthy that this finding stands in marked contrast to what has previously been reported in the
literature (see for example Mayhew 2007 for an overview). Keeping the limitations of this study in mind,
such a finding should be further investigated.

Five variables were significant for 19 year old drivers, but not all of them were significant according

to both estimation procedures. The first variable (length of night restriction in the learner stage) was
significant according to both procedures. According to the results for this variable, an increase in the
length of the night restriction in the learner stage of one hour leads to an 11% increase of the relative
fatality risk of 19 year old drivers. Assuming the majority of drivers in this age cohort would be in

the intermediate or full stage, this may mean that too little night-time driving practice in the learner
stage may have negative consequences for drivers entering the less restricted intermediate or full

stage, although the limitations of aged based data, as discussed in the previous section, do not allow
confirming whether such a residual effect is truly at work or not. For this to be true, a sufficient number
of 19 year old drivers would have had to have gone through the new GDL licensing system, which is not
certain given the post period that was used in this study. The status of this interpretation is therefore only
speculative.
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The variable country was only significant according to one procedure. According to this variable, the
relative fatality risk of 19 year old drivers in Canadian jurisdictions is 1,229% higher than that of 19 year
old drivers in U.S. jurisdictions. Because the results for this variable are controlled for numerous other
variables that describe GDL programs, it is likely that other non-GDL related features, specific to Canadian
jurisdictions and different from U.S. jurisdictions may explain this extremely high increase in the relative
fatality risk of 19 year old drivers in Canadian jurisdictions. Further investigation is needed to better
understand this result.

Evidence was found against lifting the night restrictions in the intermediate stage for work purposes,

as it is associated with a 5,109% increase in the relative fatality risk of 19 year old drivers. This variable,
however, was only significant according to one procedure. It seems GDL programs could be enhanced if
stricter nighttime driving restrictions were applied. This is consistent with previous findings (see Williams
2007).

The fourth variable (mandatory driver education in the intermediate stage) also was only significant
according to one estimation procedure. Its interpretation is as follows. There is an increase in the relative
fatality risk of 19 year old drivers of 111% in jurisdictions with mandatory driver education in the
intermediate stage. While this finding may seem counterintuitive, it is more in line with other research
(see Mayhew 2007). Further investigation is needed to better understand this result.

Finally, requiring an exit test to graduate from the intermediate stage is beneficial since it leads to a 98%
reduction in the relative fatality risk.

It is noteworthy that model fit for each model was further investigated using a variety of model fit
statistics, including thvve proportion of residual variation due to heterogeneity, the proportion of
heterogeneity explained by the covariates in the model (adjusted R-squared), the Bayesian DIC and
checks for outliers and the relative influence of individual jurisdictions. Model fit statistics for the model
with 16 year old drivers indicated a very good fit, while model fit was less good for 18 and 19 year old
drivers. Taken together, however, these statistics suggest that the models for 18 and 19 year old drivers
fit the data reasonably well. In this regard, it was interesting to see convergence between the coefficients
coming from both estimation procedures (REML and MCMC Gibbs).
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CONCLUSION AND RECOMMENDATIONS

In conclusion, the meta-analysis used in this study has proven to be a useful approach. Despite some
limitations of the study design, some previously established findings have been confirmed and some
interesting and intriguing new findings emerged from these analyses. Some of the results were only
significant according to one approach and perhaps they should only serve as exploratory findings that
need further investigation and confirmation. Other results were strong and highly significant according to
both approaches that were adopted. Such results should also be further investigated and confirmed.

Some caution is warranted when interpreting the results from this study. For example, some effects
appeared to be very strong, but the accompanying confidence intervals were wide. As such, real effects
probably exist, but more research is needed to more reliably estimate the strength of these effects.

Further research along these lines seems promising. Based on this study, the following recommendations
are formulated:

> It should be investigated in a prospective study if it would be feasible to conduct a large scale
project to replicate the findings of the present study using license status based data rather
than age-based data and also to estimate at what cost this could be done. This would imply
gaining access to driver records systems of each of the jurisdictions included in this study (and
preferably jurisdictions elsewhere in the world) and would involve sophisticated and complex
data manipulation. This seems very ambitious and such an approach could probably only succeed
by relying on several teams of data-analysts who would collaborate under the guidance of a
coordinator. If feasible, however, such a project could produce highly relevant and important
results and overcome several of the limitations of aged-based data described previously.

> In the interim, a follow-up study should be conducted to complete data records of several
jurisdictions and to refine the formal description of the GDL programs by means of covariates.
Collecting more data for each of the covariates with missing values could increase precision of the
estimates and reveal more patterns. Refining the formal description of GDL programs could also
reveal more patterns between independent and dependent variables. This could be accomplished
by establishing a panel of experts who could discuss and refine the definitions of the covariates,
elaborate on the list of covariates, and use their resources to obtain more data. Comparable
analyses could be re-run and could lead to uncovering more patterns, useful for the improvement
of GDL programs.

> Other avenues for further research include replicating the models by gender; using Canadian
jurisdictions to model effectiveness of GDL programs in terms of fatalities and injuries instead of
just fatalities; using longer evaluation periods (e.g., 24 months rather than 12 months); and, re-
analyzing the data excluding second and further data points for the same jurisdiction.
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APPENDIX

Appendix 1: Summary effect for 16 year old drivers
Table 1.1: Random Effects Meta-Analysis

jurisdiction | ES [95% conf. Interval] % Weight
_____________________ o o e e e e e e e e i e e e e e e e
AK | 1.914 0.061 60.256 0.13
AL | 1.272 0.627 2.581 2.79
AR1 | 0.852 0.311 2.338 1.45
AR2 | 0.815 0.290 2.293 1.39
CA | 1.351 0.738 2.473 3.67
co | 0.224 0.048 1.052 0.64
CcTl | 0.603 0.098 3.699 0.47
CT2 | 1.185 0.073 19.342 0.20
DC | 0.275 0.005 14.926 0.10
DE | 0.914 0.142 5.867 0.45
FL | 3.389 1.459 7.873 2.03
GAl | 0.629 0.344 1.148 3.70
GA2 | 1.283 0.722 2.278 4.01
IA | 0.574 0.190 1.739 1.22
ID | 0.999 0.061 16.296 0.20
IL | 1.000 0.521 1.922 3.22
IN | 0.668 0.344 1.298 3.12
Kyl | 0.357 0.154 0.832 2.02
LA | 0.889 0.362 2.183 1.80
MA1 | 1.341 0.412 4.359 1.08
MA2 | 2.103 0.511 8.651 0.76
MD1 | 1.086 0.216 5.464 0.59
MD2 | 0.544 0.160 1.849 1.01
ME1 | 1.186 0.159 8.852 0.38
ME2 |  6.405 0.329 124.496 0.18
ME3 | 0.273 0.031 2.435 0.32
MI | 0.479 0.233 0.982 2.71
MN1 | 1.901 0.580 6.230 1.07
MN2 | 1.142 0.461 2.831 1.77
MO | 0.682 0.349 1.331 3.08
MS | 1.239 0.556 2.765 2.22
NC | 0.258 0.110 0.604 2.00
ND | 1.757 0.056 54.994 0.13
NE |  1.458 0.405 5.253 0.92
NH1 | 1.049 0.162 6.780 0.44
NH2 | 2.504 0.244 25.693 0.29
NH3 | 1.075 0.224 5.145 0.62
NJ | 0.460 0.015 13.841 0.13
NM | 0.243 0.011 5.452 0.16
NV | 1.013 0.220 4.660 0.66
NY1 | 1.169 0.435 3.147 1.51
NY2 | 0.541 0.183 1.603 1.26
OH1 | 0.486 0.226 1.046 2.42
OH2 | 0.626 0.276 1.422 2.14
OK | 1.899 0.733 4.924 1.62
OR | 0.259 0.030 2.252 0.33
PA | 0.515 0.237 1.115 2.38
RI1 | 1.257 0.073 21.539 0.19
RI2 | 2.002 0.064 62.588 0.13
scl | 0.722 0.349 1.493 2.66
SC2 |  0.472 0.159 1.397 1.26
SD | 0.545 0.018 16.781 0.13
TN | 0.546 0.284 1.051 3.21
TX | 0.640 0.393 1.045 5.22
uTl | 2.297 0.430 12.262 0.55
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uT2 | 2.061 0.333 12.750 0.46
uT3 | 0.509 0.125 2.063 0.78
VAL | 0.703 0.320 1.543 2.31
VA2 | 1.594 0.631 4.027 1.70
VA3 | 0.827 0.345 1.985 1.90
VA4 | 0.836 0.379 1.847 2.28
VT | 0.266 0.028 2.543 0.30
WA | 3.318 0.679 16.221 0.61
wI | 0.684 0.295 1.589 2.03
wv | 0.630 0.164 2.416 0.84
wy | 0.333 0.010 10.615 0.13
Alberta | 0.203 0.057 0.716 0.95
BC1 | 1.504 0.59%4 3.811 1.69
BC2 | 0.354 0.071 1.772 0.59
Manitoba | 0.200 0.010 3.896 0.18
NewBrunswick | 0.475 0.016 14.553 0.13
NewfoundTand | 1.174 0.036 37.906 0.13
NovaScotia | 0.458 0.046 4.555 0.29
ontario | 0.598 0.299 1.197 2.89
PrinceEdwardI | 0.430 0.033 5.691 0.23
Quebec | 1.329 0.443 3.984 1.24
Saskatchewan | 1.811 0.057 57.181 0.13
Yukon | 2.900 0.042 199.675 0.09
_____________________ oo
D+L pooled ES | 0.809 0.714 0.917 100.00
_____________________ oo
Heterogeneity chi-squared = 81.17 (d.f. = 77) p = 0.351
I-squared (variation in ES attributable to heterogeneity) = 5.1%

Estimate of between-study variance Tau-squared = 0.0158

Test of ES=1 : z= 3.32 p = 0.001
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Figure 1.1: Forest Plot
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Figure 1.2: Cumulative Random Effects Meta-Analysis
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Appendix 2: Summary effect for 17 year old drivers
Table 2.1: Random Effects Meta-Analysis

Jurisdiction | ES [95% conf. Interval] % weight
_____________________ o o e
AK | 0.245 0.010 5.764 0.10
AL | 1.223 0.569 2.626 1.69
AR1 | 0.852 0.376 1.927 1.48
AR2 | 1.172 0.519 2.648 1.49
CA | 1.132 0.677 1.892 3.75
co | 0.874 0.310 2.464 0.92
CTl | 0.708 0.154 3.257 0.42
CT2 | 1.595 0.343 7.408 0.42
DC | 0.383 0.007 20.828 0.06
DE | 0.712 0.121 4.185 0.32
FL | 1.308 0.751 2.280 3.20
GAl | 0.795 0.454 1.393 3.14
GA2 | 1.465 0.806 2.663 2.77
IA | 0.787 0.288 2.148 0.98
ID | 0.984 0.236 4.099 0.49
IL | 1.089 0.584 2.034 2.54
IN | 1.031 0.519 2.048 2.10
Kyl | 1.148 0.589 2.238 2.22
LA | 0.979 0.391 2.452 1.17
MA1 | 0.498 0.146 1.706 0.65
MA2 | 1.464 0.564 3.800 1.09
MD1 | 0.250 0.053 1.177 0.41
MD2 | 1.652 0.693 3.942 1.31
ME1 | 1.828 0.289 11.552 0.29
ME2 | 0.589 0.175 1.988 0.67
ME3 | 0.694 0.163 2.957 0.47
MI | 1.649 0.876 3.104 2.47
MN1 | 0.365 0.152 0.877 1.28
MN2 | 1.021 0.444 2.347 1.43
MO | 0.672 0.369 1.224 2.76
MS | 1.217 0.597 2.484 1.94
NC | 0.891 0.488 1.627 2.73
ND | 0.423 0.112 1.605 0.56
NE | 0.618 0.154 2.482 0.51
NH1 | 0.181 0.008 4.194 0.10
NH2 | 0.253 0.025 2.591 0.18
NH3 | 1.072 0.224 5.135 0.40
NJ | 2.843 0.753 10.742 0.56
NM | 2.520 0.478 13.279 0.36
NV | 0.972 0.252 3.741 0.54
NY1 | 1.017 0.525 1.971 2.26
NY2 | 0.855 0.473 1.547 2.81
OH1 | 1.183 0.569 2.459 1.85
OH2 | 0.841 0.458 1.546 2.67
oK | 1.059 0.435 2.575 1.25
OR | 1.037 0.271 3.969 0.55
PA | 0.718 0.390 1.321 2.66
RI1 | 0.582 0.018 18.344 0.08
RI2 | 0.687 0.105 4.495 0.28
scl | 0.867 0.416 1.807 1.83
sc2 | 1.471 0.702 3.086 1.80
SD | 0.222 0.025 2.001 0.20
TN | 0.933 0.484 1.797 2.30
TX | 1.025 0.682 1.541 5.94
uTl | 0.301 0.059 1.544 0.37
uT2 | 0.981 0.296 3.252 0.69
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uT3 | 0.202 0.024 1.733 0.21
VAL | 0.677 0.308 1.487 1.60
VA2 | 1.457 0.738 2.875 2.14
VA3 | 0.733 0.364 1.477 2.02
VA4 | 1.345 0.605 2.990 1.55
VT | 2.231 0.072 69.485 0.08
WA | 1.298 0.508 3.312 1.13
wI | 0.765 0.355 1.648 1.68
wv | 0.691 0.204 2.338 0.66
wy | 0.707 0.013 37.759 0.06
Alberta | 0.928 0.361 2.388 1.11
BC1 | 1.184 0.544 2.577 1.64
BC2 | 1.314 0.534 3.236 1.22
Manitoba | 1.250 0.316 4.950 0.52
NewBrunswick | 1.897 0.166 21.714 0.17
NewfoundTand | 0.098 0.004 2.138 0.10
NovaScotia | 1.940 0.413 9.122 0.41
ontario | 1.113 0.658 1.881 3.58
PrinceEdwardI | 0.909 0.016 51.292 0.06
Quebec | 1.592 0.835 3.036 2.37
Saskatchewan | 0.235 0.010 5.544 0.10
Yukon | 5.574 0.131 237.211 0.07
_____________________ oo
D+L pooled ES | 1.001 0.906 1.105 100.00
_____________________ o
Heterogeneity chi-squared = 53.16 (d.f. = 77) p = 0.983
I-squared (variation in ES attributable to heterogeneity) = 0.0%

Estimate of between-study variance Tau-squared = 0.0000

Test of ES=1 :

Z=

0.02 p =

0.988
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Figure 2.1: Forest Plot
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Figure 2.2: Cumulative Random Effects Meta-Analysis
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Appendix 3: Summary effect for 18 year old drivers
Table 3.1: Random Effects Meta-Analysis

Jurisdiction | ES [95% conf. Interval] % Weight
_____________________ o o e e e e e e e e et e e e e e e e e
AK | 0.990 0.019 52.330 0.07
AL | 1.023 0.522 2.004 1.94
AR1 | 0.822 0.388 1.743 1.60
AR2 | 1.118 0.523 2.388 1.57
CA | 1.547 1.005 2.381 3.85
co | 0.530 0.192 1.465 0.93
CcTl |  3.182 0.643 15.758 0.39
CT2 | 1.465 0.376 5.699 0.54
DC | 0.256 0.005 13.891 0.06
DE | 7.945 0.381 165.505 0.11
FL | 1.308 0.807 2.121 3.27
GAl | 0.981 0.582 1.653 2.92
GA2 | 0.933 0.538 1.617 2.69
IA |  3.408 1.204 9.651 0.89
ID | 0.471 0.155 1.428 0.79
IL | 0.907 0.484 1.702 2.17
IN | 1.177 0.587 2.362 1.83
KY1 | 1.444 0.797 2.617 2.38
LA | 1.385 0.642 2.988 1.54
MAL | 0.386 0.164 0.911 1.27
MA2 | 0.534 0.155 1.831 0.65
MD1 | 0.583 0.195 1.745 0.81
MD2 | 3.778 1.213 11.761 0.76
ME1 | 7.408 0.359 152.841 0.11
ME2 | 0.987 0.282 3.453 0.63
ME3 | 0.769 0.210 2.818 0.59
MI | 1.020 0.536 1.941 2.09
MN1 | 1.557 0.517 4.693 0.80
MN2 | 0.280 0.098 0.795 0.88
MO | 1.175 0.644 2.143 2.34
MS | 1.648 0.720 3.775 1.35
NC | 1.556 0.792 3.054 1.93
ND | 0.812 0.105 6.271 0.24
NE | 2.358 0.815 6.825 0.86
NH1 | 0.713 0.042 11.983 0.13
NH2 | 1.420 0.121 16.658 0.17
NH3 | 0.966 0.240 3.890 0.51
NJ | 1.039 0.366 2.948 0.89
NM | 0.572 0.133 2.453 0.47
NV | 2.541 0.499 12.942 0.38
NY1 | 0.394 0.208 0.748 2.10
NY2 | 0.877 0.488 1.576 2.43
OH1 | 1.598 0.940 2.718 2.84
OH2 | 1.282 0.769 2.138 3.01
OK | 1.499 0.685 3.280 1.49
OR | 1.018 0.366 2.834 0.92
PA | 0.900 0.524 1.545 2.77
RI1 | 0.969 0.057 16.600 0.13
RI2 | 0.517 0.017 16.150 0.09
scl | 1.097 0.560 2.145 1.95
SC2 | 1.477 0.704 3.098 1.64
SD | 0.814 0.169 3.910 0.41
TN | 1.650 0.953 2.857 2.70
TX | 1.391 0.969 1.998 4.84
uTl | 1.709 0.303 9.652 0.34
uT2 | 2.655 0.926 7.611 0.87
uT3 | 2.075 0.577 7.465 0.60

AN EVALUATION OF GRADUATED DRIVER LICENSING PROGRAMS | IN NORTH AMERICA



VAL | 0.892 0.416 1.911 1.56
VA2 | 0.987 0.529 1.842 2.20
VA3 | 1.017 0.541 1.912 2.15
VA4 | 1.026 0.506 2.080 1.78
VT | 0.168 0.019 1.500 0.21
WA | 0.940 0.428 2.064 1.48
WI | 0.555 0.271 1.140 1.73
wv | 0.466 0.166 1.311 0.90
wy |  4.248 0.197 91.426 0.11
Alberta | 1.148 0.509 2.591 1.39
BC1 | 1.478 0.683 3.196 1.53
BC2 | 0.832 0.412 1.680 1.80
Manitoba | 0.307 0.034 2.727 0.21
NewBrunswick | 1.004 0.019 51.797 0.07
NewfoundTand | 0.201 0.019 2.177 0.18
NovaScotia | 0.475 0.048 4,725 0.19
ontario | 1.085 0.639 1.842 2.85
PrinceEdwardI | 1.745 0.132 23.075 0.15
Quebec | 0.755 0.443 1.285 2.83
Saskatchewan |  4.032 0.171 95.208 0.10
Yukon | 2.643 0.038 181.963 0.06
_____________________ oo
D+L pooled ES | 1.083 0.978 1.199 100.00
_____________________ o
Heterogeneity chi-squared = 86.63 (d.f. = 77) p = 0.212
I-squared (variation in ES attributable to heterogeneity) = 11.1%

Estimate of between-study variance Tau-squared = 0.0218

Test of ES=1 : z= 1.53 p = 0.126
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Figure 3.1: Forest Plot
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Figure 3.2: Cumulative Random Effects Meta-Analysis
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Appendix 4: Summary effect for 19 year old drivers
Table 4.1: Random Effects Meta-Analysis

Study | ES [95% conf. Interval] % weight
_____________________ o e e e e e e e e e e e et e e e e e e e
AK | 1.834 0.058 57.727 0.08
AL | 0.944 0.547 1.630 2.71
AR1 | 1.383 0.569 3.365 1.10
AR2 | 1.363 0.654 2.839 1.58
CA | 1.062 0.698 1.616 4.25
co | 1.278 0.434 3.760 0.76
CcTl | 0.587 0.184 1.865 0.66
CT2 | 0.075 0.004 1.326 0.11
DC | 0.233 0.004 12.664 0.06
DE | 1.254 0.075 20.988 0.11
FL | 1.155 0.688 1.941 2.96
GAl | 1.238 0.669 2.294 2.18
GA2 | 1.026 0.548 1.920 2.11
IA |  1.904 0.730 4.966 0.95
ID | 1.075 0.330 3.499 0.64
IL | 0.762 0.415 1.401 2.23
IN | 0.827 0.407 1.679 1.69
Kyl | 0.978 0.500 1.912 1.87
LA | 2.428 1.211 4.870 1.74
MA1 | 0.717 0.251 2.042 0.80
MA?2 | 1.543 0.529 4.504 0.77
MD1 | 0.622 0.244 1.583 1.00
MD2 |  4.420 1.441 13.552 0.70
ME1 | 0.399 0.040 4.007 0.17
ME2 | 1.040 0.297 3.640 0.57
ME3 | 0.450 0.086 2.356 0.33
MI | 1.365 0.709 2.628 1.95
MN1 | 0.322 0.122 0.850 0.93
MN2 | 1.029 0.454 2.336 1.28
MO | 1.301 0.765 2.212 2.85
MS | 0.747 0.330 1.692 1.29
NC | 1.132 0.640 2.001 2.51
ND | 0.389 0.033 4.602 0.15
NE | 1.933 0.587 6.371 0.62
NH1 | 2.093 0.205 21.389 0.17
NH2 | 1.394 0.234 8.295 0.28
NH3 | 0.267 0.027 2.691 0.17
NJ | 2.107 0.890 4.986 1.17
NM | 1.013 0.316 3.242 0.65
NV | 0.938 0.184 4.779 0.34
NY1 | 0.709 0.387 1.297 2.26
NY2 | 0.728 0.392 1.351 2.17
OH1 | 1.432 0.845 2.427 2.88
OH2 | 1.217 0.693 2.134 2.57
OK | 1.939 0.839 4.482 1.23
OR | 1.395 0.533 3.651 0.94
PA | 0.589 0.334 1.038 2.53
RI1 | 0.887 0.052 15.197 0.11
RI2 | 1.021 0.060 17.309 0.11
scl | 0.540 0.281 1.038 1.96
SC2 | 1.004 0.525 1.921 1.99
SD | 2.762 0.501 15.213 0.31
TN | 1.869 1.007 3.468 2.17
TX | 0.901 0.649 1.251 6.25
uTl | 1.003 0.383 2.627 0.94
uT2 | 1.281 0.439 3.742 0.77
uT3 | 0.392 0.101 1.520 0.49
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VAL | 1.215 0.599 2.462 1.70
VA2 | 1.663 0.828 3.343 1.73
VA3 | 0.850 0.446 1.622 2.00
VA4 | 0.704 0.369 1.346 1.99
VT | 1.018 0.060 17.180 0.11
WA | 1.013 0.468 2.194 1.43
WI | 1.136 0.549 2.350 1.61
wv | 0.940 0.382 2.315 1.07
wy | 0.176 0.007 4.202 0.09
Alberta | 0.642 0.299 1.379 1.46
BC1 | 1.298 0.651 2.589 1.77
BC2 | 1.098 0.517 2.331 1.51
Manitoba | 10.441 1.235 88.251 0.20
NewBrunswick | 1.512 0.240 9.509 0.27
NewfoundTand | 0.295 0.024 3.641 0.14
NovaScotia | 9.676 1.148 81.583 0.20
ontario | 0.971 0.612 1.541 3.63
PrinceEdwardI | 0.212 0.008 5.433 0.09
Quebec | 1.558 0.904 2.687 2.72
Saskatchewan | 1.990 0.063 62.843 0.08
Yukon | 2.520 0.037 173.486 0.05
_____________________ oo
D+L pooled ES | 1.059 0.963 1.165 100.00
_____________________ o
Heterogeneity chi-squared = 81.48 (d.f. = 77) p = 0.342
I-squared (variation in ES attributable to heterogeneity) = 5.5%

Estimate of between-study variance Tau-squared = 0.0098

Test of ES=1 : z= 1.19 p = 0.235
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Figure 4.1: Forest Plot
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Figure 4.2: Cumulative Random Effects Meta-Analysis
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Appendix 5: Meta-regression for 16 year old drivers
Table 5.1: Meta-regression

Meta-regression Number of obs = 48
REML estimate of between-study variance tau?2 = .0301
% residual variation due to heterogeneity I-squared_res = 2.46%
Proportion of between-study variance explained Adj R-squared = 73.69%
Joint test for all covariates Model F(25,22) = 1.18
with Knapp-Hartung modification Prob > F = 0.3466
TogadjRR7 | Coef Sstd. Err t P>|t] [95% conf. Interval]
_____________ o e e e e e e e et e e e e e e 1 e e e e e e e e e e
year | -.1074513 .0644252 -1.67 0.110 -.2410609 .0261584
_Iiihs_2 | .2196012 .3505599 0.63 0.537 -.5074155 .946618
_Iiihs_3 | -.3659963 .4823285 -0.76  0.456 -1.366284 .6342918
TsTengthmin | .170582 .0852881 2.00 0.058 -.0062947 .3474587
TsTengthmax | -.0454361 .065892 -0.69 0.498 -.1820876 .0912155
Tsparlmin | -.0172798 .0097601 -1.77 0.091 -.0375211 .0029614
_ITspar2re~1 | .2156036 .4304987 0.50 0.621 -.6771961 1.108403
Tsnightr1l | -.0020125 .0600872 -0.03 0.974 -.1266257 .1226007
Tsnightifsup | .5086947 .6584168 0.77 0.448 -.8567781 1.874168
Tspaslrec | .6685581  1.296098 0.52 0.611 -2.019386 3.356502
Tsiffam | -.1769388 1.641356 -0.11 0.915 -3.580903 3.227025
Tsifdrivered | 2.59863 2.42896 1.07 0.296 -2.438725 7.635985
Tsage | .5202102 .416306 1.25 0.225 -.3431557 1.383576
Tsredu | -.6997212 .4169904 -1.68 0.107 -1.564506 .165064
Tsexit | 1.778373 1.589924 1.12 0.275 -1.518927 5.075673
_Ilsdredre~1 | -.2630512 .2516453 -1.05 0.307 -.7849315 .2588292
_Ilsdredre~2 | .4599831  1.870905 0.25 0.808 -3.420036 4.340002
isnightr1lib | -.0955647 .0806419 -1.19 0.249 -.2628058 .0716763
isnightifwor | 1.290175 2.80328 0.46 0.650 -4.523471 7.103821
ispaslrec | -2.160185 .8043738 -2.69 0.014 -3.828354 -.4920157
isifsup | .6340943 .9821616 0.65 0.525 -1.402784 2.670973
isiffam | 2.114694 .7944557 2.66 0.014 .4670933 3.762294
isage | -1.211882 .8049229 -1.51 0.146 -2.88119 .4574256
_Iisdred_2 | -.322202 .5473806 -0.59 0.562 -1.4574 .8129958
isexit | -3.9084 2.041057 -1.91 0.069 -8.141293 .3244924
_cons | 226.3739 129.2742 1.75 0.094 -41.72433 494 .4721
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Figure 5.1: Full Bayesian Meta-regression
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1.379(2.94 isnightifwor_1; +-2.102(0.877)ispaslrec_1; +0.574(1.058)isifsup_1; +2.011(0.888)isiffam_1; +-1.210(0.861)isage; +
-0.363(0.608)isdred 2, +-3.962(2.158)isexit 1, + e, logadjRR7s¢;

Boy = 211.074(146.598) + u
[wg] ~NO 25 %= [o07800118)]
[e1;] ~NO Q) Q-7 [10370473)]

Deviance(MCMC) =98.096(48 of 78 cases in use)
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[ 200000 400000 600000 800000 1000000 . _
P when k= 2 sigfigs and alpha = .05

Summary Statisties

param name : 3,  posterior mean = -2.102 (0.0049) SD =0.877 mode =-2.107
quantiles : 2.5% = -3.833, 5% =-3.540, 50%=-2.104, 95% =-0.659, 97.5% =-0.364

50000 actual iterations storing every iteration. Effective Sample Size (ESS) = 23295,
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@ 0.005
= when q =(.025, .975 ), r= .005ands= .95
0.001 Brooks-Draper (mean) : Nhat= 2040
0 200000 400000 500000 200000 1000000 i _
— when k = 2 sigfigs and alpha = .05
Summary Statistics
param name : §,,  posterior mean = 2.011 (0.0052) SD =0.888 mode =2.032
quantiles : 2.5% = 0.237, 5% =0.541, 50% =2.020, 95% =3.457, 97.5% =3.762
50000 actual iterations storing every iteration. Effective Sample Size (ESS) = 14616.
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BAYES, GIBSS SAMPLING, RANDOM MODEL, 16 YEAR OLDS (50,000 iterations, burn-in period of 1,000
iterations), RANDOM SEED 2
logadjRR7; ~ N(XB, Q)
logadjRR7,; = 3,,CONS + -0.098(0.073)year; + 0.225(0.376)g; + -0.412(0.525)m, + 0.163(0.092)lslengthmin, + -0.048(0.069)Islengthmax, +
-0.017(0.010)sparlmin; + 0.221(0.454)lspar2rec_1; + -0.007(0.068)lsnightrl; + 0.573(0.717)lsnightifsup_1; +
0.640(1.335)Ispaslrec_1; +-0.134(1.709)lsiffam 1, +2.577(2.477)Isifdrivered 1; + 0.498(0.450)lsage; + -0.690(0.429)lsredu; +
1.831(1.647)lsexit_1, + -0.266(0.273)Isdredrec_1; + 0.472(1.926)Isdredrec_2; + -0.096(0.088)isnightrllib, +
1.400(2.927)isnightifwor_1; +-2.095(0.869)ispas1rec_1; + 0.566(1.050)isifsup_1; +2.000(0.880)isiffam_1; +-1.207(0.858)isage; +
-0.369(0.606)isdred 2; +-3.976(2.157)isexit_1; + e logadjRR7se;
Bo; = 207.961(145.489) + u

[ug] =N Q)= [0,080(0.120)
[er;] ~NO Q= Q= [ 9190477)]

Deviance(MCMC) =97.318(48 of 78 cases in use)

BAYES, GIBSS SAMPLING, RANDOM MODEL, 16 YEAR OLDS (50,000 iterations, burn-in period of 1,000
iterations), RANDOM SEED 3

logadjRR7; ~ N(XB, Q)

logadjRR7; = 5,CONS +-0.099(0.074)year; + 0.223(0.381)g; + -0.403(0.537)m;, + 0.163(0.093 )Islengthmin; + -0.047(0.069)lslengthmax; +
-0.017(0.01 Dlsparlmin; + 0.222(0.456)Ispar2rec_1; + -0.007(0.068)lsnightrl; + 0.570(0.720)lsnightifsup_1; +
0.631(1.345)Ispaslrec_1; +-0.130(1.710)siffam 1, +2.605(2.534)Isifdrivered 1; + 0.500(0.454)lsage; + -0.692(0.434)lsredu; +
1.816(1.663)lsexit_1; +-0.270(0.274)lsdredrec_1; + 0.487(1.942)Isdredrec_2; + -0.096(0.088)isnightrllib; +
1.362(2.961)isnightifwor_1; +-2.095(0.882)ispas1rec_1; + 0.569(1.066)isifsup_1; +2.003(0.898)isiffam_1; +-1.201(0.863)isage; +
-0.363(0.610)isdred 2; +-3.955(2.182)isexit_1; + e logadjRR7se;

Boj =210.169(148.128) + u

[ug] ~NO Q)= [0 0810.128)]
[er;] ~NO Q= Q= [ 3500481

Deviance(MCMC) = 97.334(48 of 78 cases in use)
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BAYES, GIBSS SAMPLING, RANDOM MODEL, 16 YEAR OLDS (50,000 iterations, burn-in period of 1,000
iterations), RANDOM SEED 4

logadjRR7; ~ N(XB, Q2)

logadjRR7; = 3,CONS +-0.095(0.076)year; + 0.225(0.381)g; + -0.414(0.538)m, + 0.163(0.094)Islengthmin, + -0.048(0.068)lslengthmax; +
-0.017(0.010)Isparlmin; + 0.217(0.458)lspar2rec_1; + -0.009(0.069)Isnightrl; + 0.592(0.718)lsnightifsup_1; +
0.625(1.330)spaslrec_1; + -0.115(1.69Nsiffam_1; + 2.558(2.501)Isifdrivered _1; + 0.493(0.453)lsage; + -0.689(0.427)Isredu; +
1.838(1.647)lsexit_1, +-0.273(0.279)Isdredrec_1; + 0.476(1.918)Isdredrec_2; + -0.096(0.089)isnightrllib; +
1.442(2.929)isnightifwor 1, +-2.071(0.884)ispaslrec_1; +0.554(1.062)isifsup 1, +1.968(0.910)isiffam 1, +-1.199(0.869)isage; +
-0.366(0.608)isdred 2; +-3.994(2.167)isexit 1; + e logadiRR7s¢;

Boy = 202.522(151.786) + u;

[,] ~NO Q)= Q= [0.003(0.140)]
[er,] ~NO Q)= Q= [4007(0.505)]

Deviance(MCMC) = 93.962(48 of 78 cases in use)

Figure 5.2: Normal probability plot of standardized shrunken residuals

Standardized predicted random effects

¢ =M U] 1 pd

Inverse Normal
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Appendix 6: Meta-regression for 18 year old drivers
Table 6.1: Meta-regression

Meta-regression Number of obs = 48
REML estimate of between-study variance tau?2 = 0
% residual variation due to heterogeneity I-squared_res = 11.43%
Proportion of between-study variance explained Adj R-squared = %
Joint test for all covariates Model F(25,22) = 0.87
with Knapp-Hartung modification Prob > F = 0.6351
TogadjRR9 | Coef. Sstd. Err t P>|t] [95% conf. Interval]
_____________ o e e e e e e e et e e e e e e 1 e e e e e e e e e e
year | .0108451 .0527708 0.21 0.839 -.0985949 .1202851
_Iiihs_2 | .0730795 .2698139 0.27 0.789 -.4864803 .6326394
_Iiihs_3 | -.2167965 .3504076 -0.62 0.542 -.9434974 .5099044
TsTengthmin | .0286035 .0680428 0.42 0.678 -.1125086 .1697156
Tslengthmax | -.055624 .0538544 -1.03 0.313 -.1673112 .0560632
Tsparlmin | -.0082214 .0070555 -1.17 0.256 -.0228536 .0064109
_ITspar2re~1 | .4045334 .2982076 1.36 0.189 -.2139113 1.022978
Tsnightrl | .0426433 .0478848 0.89 0.383 -.0566638 .1419503
Tsnightifsup | -.1207104 .4950782 -0.24 0.810 -1.14744 .906019
Tspaslrec | -.1823846 .6793941 -0.27 0.791 -1.591362 1.226593
Tsiffam | 2.119684 1.775762 1.19 0.245 -1.563021 5.802389
Tsifdrivered | .2768912 2.012674 0.14 0.892 -3.897139 4.450921
Tsage | .1051972 .3343059 0.31 0.756 -.5881109 .7985052

Isredu | -.2408143 .3354282 -0.72 0.480 -.9364498 .4548212
Tsexit | .2461586 1.209511 0.20 0.841 -2.262214 2.754531
_Ilsdredre~1 | -.4232671 .1889674 -2.24 0.036 -.8151615 -.0313728
_Ilsdredre~2 | .4547635 1.101381 0.41 0.684 -1.829361 2.738888
isnightr1lib | -.018547 .0615327 -0.30 0.766 -.1461581 .1090641
isnightifwor | -.4938242 1.961843 -0.25 0.804 -4.562438 3.574789
ispaslrec | .0643973 .6731866 0.10 0.925 -1.331706 1.460501
isifsup | .6135038 .8539684 0.72 0.480 -1.157518 2.384526
isiffam | -.3337816 .6759174 -0.49 0.626 -1.735548 1.067985
isage | -.3207081 .5763126 -0.56 0.583 -1.515907 .8744911
_Iisdred_2 | .1629145 .4435683 0.37 0.717 -.7569899 1.082819
isexit | -.6391904 1.569569 -0.41 0.688 -3.894278 2.615897

_cons | -17.42221 105.2834 -0.17 0.870 -235.7666 200.9222
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Figure 6.1: Full Bayesian Meta-regression

BAYES, GIBBS SAMPLING, RANDOM MODEL, 18 YEAR OLDS (50,000 iterations, burn-in period of 1000
iterations), RANDOM SEED 1

logadjRRY;; - N(XB, (1)

logadiRR9; = B, CONS + 0.007(0.063)year; + 0.100(0.318)g; +-0.190(0.416)m; + 0.023(0.079)lslengthmin; + -0.054(0.059)Islengthmax; +
-0.008(0.008)lsparImin; + 0.385(0.339)Ispar2rec_1; + 0.037(0.058)lsnightrl; + -0.108(0.561)lsnightifsup_1, +
-0.155(0.762)Ispaslrec_1; + 2.056(1.907)lsiffam_1; + 0.226(2.177)lsifdrivered_1; + 0.049(0.394)lsage; + -0.231(0.368)lsredu; +
0.199(1.342)Isexit_1; +-0.437(0.220)lsdredrec_1; + 0.528(1.213)Isdredrec_2; + -0.008(0.074)isnightrllib; +
-0.616(2.211)isnightifwor_1; + 0.058(0.762)ispaslrec_1; + 0.683(0.958)isifsup_1; +-0.340(0.761)isiffam_1; + -0.249(0.673)isage; +
0.156(0.512)isdred_2; +-0.520(1.818)isexit_1; + e logadjRR9se;

Boy = -9.833(124.941) +u

[ ~NO @) o.04000.074)]
[e1;] ~NO Q) Qo [156500.534)]

Deviance(MCMC) = 84.436(48 of 78 cases in use)
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Summary Statisties

param name : 3, posterior mean = -0.437 (0.0012) SD =0.220 mode =-0.436
quantiles : 2.5% = -0.876, 5% =-0.801, 50% =-0.436, 95% =-0.079, 97.5% =-0.004
50000 actual iterations storing every iteration. Effective Sample Size (ESS) = 27494,

Update Diagnostic Settings

Help |
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BAYES, GIBSS SAMPLING, RANDOM MODEL, 18 YEAR OLDS (50,000 iterations, burn-in period of 1,000
iterations), RANDOM SEED 2

logadjRR9; ~ N(XB, Q)

logadjRRY;, = 3,,CONS +0.009(0.061)year; + 0.095(0.311)g; +-0.199(0.406)m, + 0.023(0.078)lslengthmin, + -0.054(0.059)Islengthmax; +
-0.008(0.008)Ispar1min; + 0.387(0.339)Ispar2rec_1; + 0.038(0.0537)lsnightrl; + -0.114(0.560)lsnightifsup 1, +
-0.163(0.759)Ispaslrec_1; +2.072(1.913)Isiffam _1; + 0.190(2.170)lsifdrivered 1, + 0.055(0.389)lsage; + -0.226(0.368)lsredu, +
0.198(1.345)lsexit_1; +-0.435(0.219)lsdredrec_1; + 0.509(1.221)lsdredrec_2; + -0.009(0.074)isnightrllib, +
-0.584(2.177)isnightifwor 1; + 0.060(0.760)ispaslrec 1, + 0.665(0.952)isifsup 1; +-0.340(0.760)isiftam 1; + -0.250(0.670)isage; +
0.163(0.504)isdred _2; +-0.529(1.795)isexit_1; + e ;;logadjRR9se;

Boy =-13.980(121.271) +u

~N(0 : = -
[] ~NO Q) = Q= [0.03500.064)]
[e1;] ~NO Q= Q== [1570(0.503)]
Deviance(MCMC) = 85.632(48 of 78 cases in use)

BAYES, GIBSS SAMPLING, RANDOM MODEL, 18 YEAR OLDS (50,000 iterations, burn-in period of 1,000
iterations), RANDOM SEED 3
logadjRR9; ~ N(XB, Q)
logadjRRY, = 3,,CONS + 0.007(0.062)year; + 0.102(0.316)g, + -0.190(0.413)m, + 0.022(0.078)Islengthmin, + -0.054(0.059)lslengthmax; +
-0.007(0.008)lsparlmin, + 0.379(0.342)lspar2rec_1; + 0.037(0.058)Isnightrl; + -0.105(0.564)Isnightifsup 1, +
-0.152(0.76 Dlspaslrec_1; +2.063(1.892)lsiffam_1; + 0.185(2.173)lsifdrivered_1; + 0.035(0.403)lsage; +-0.227(0.368)lsredu; +
0.193(1.338)lsexit_1, + -0.441(0.222)Isdredrec_1, + 0.551(1.228)lsdredrec_2, + -0.005(0.076)isnightrllib, +
-0.641(2.189)isnightifwor_1; +0.059(0.762)ispaslrec_1; + 0.685(0.954)isifsup 1, +-0.340(0.760)isiffam 1, +-0.229(0.68 1 )isage; +
0.163(0.512)isdred_2; +-0.498(1.795)isexit_1; + e j logadjRR9se;
Boy = -10.417(123.904) + u o;

[1g] ~NNO Q) Q= [0.047(0.083)]
[e1,] ~NO Q)2 Q= [15330.535)

Deviance(MCMC) = 83.332(48 of 78 cases in use)
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BAYES, GIBSS SAMPLING, RANDOM MODEL, 18 YEAR OLDS (50,000 iterations, burn-in period of 1,000
iterations), RANDOM SEED 4
logadjRR9; ~ N(XB, Q)
logadjRRY, = 3,,CONS + 0.008(0.062)year, + 0.102(0.314)g; +-0.196(0.412)m, + 0.024(0.079)Islengthmin, + -0.054(0.059)lslengthmax, +
-0.008(0.008)Ispar1min; + 0.382(0.342)lspar2rec_1; + 0.038(0.058)Isnightrl; +-0.108(0.567)Isnightifsup 1, +
-0.165(0.761)Ispaslrec_1; +2.059(1.906)Isiffam_1; + 0.206(2.202)lsifdrivered_1; + 0.044(0.399)lsage; + -0.228(0.370)Isredu; +
0.206(1.355)lsexit_1; +-0.437(0.222)lsdredrec_1; + 0.519(1.231)lsdredrec_2; + -0.007(0.075)isnightrllib; +
-0.574(2.184)isnightifwor_1; + 0.051(0.765)ispaslrec_1; + 0.684(0.964)isifsup_1; +-0.336(0.765)isiffam_1; + -0.238(0.681)isage; +
0.156(0.512)isdred 2, +-0.535(1.798)isexit_1; + e y;logadjRR9se;
Bo; = -12.145(123.415) + u ;

[1g] ~NO @)= [0.0410072)]
[er,] ~NO Q2 Q= [1271(0.548)

Deviance(MCMC) = 84.931(48 of 78 cases in use)

Figure 6.2: Normal probability plot of standardized shrunken residuals

MD2

Standardized predicted random effects

Y - U] 1 pd

Inverse Normal
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Appendix 7: Meta-regression for 19 year old drivers
Table 7.1: Meta-regression

Meta-regression Number of obs = 47
REML estimate of between-study variance tau2 = 0
% residual variation due to heterogeneity I-squared_res = 0.00%
Proportion of between-study variance explained Adj R-squared = 100.00%
Joint test for all covariates Model F(25,21) = 1.53
with Knapp-Hartung modification Prob > F = 0.1630
TogadjRR10 | Coef. std. Err t P>|t] [95% conf. Interval]
_____________ o o e
year | -.0477804 .0491847 -0.97 0.342 -.1500655 .0545047
_TIiihs_2 | .1787797 .2516661 0.71 0.485 -.3445887 .7021481
_Iiihs_3 | -.12238 .3198451 -0.38 0.706 -.7875344 .5427744
1slengthmin | -.0325761 .0668439 -0.49 0.631 -.1715856 .1064335
Tslengthmax | .0362948 .0530123 0.68 0.501 -.0739503 .1465399
Tsparlmin | -.005056 .0067624 -0.75 0.463 -.0191193 .0090073
_ITspar2re~1 | .0971577 .2767202 0.35 0.729 -.4783135 .672629
Tsnightrl | .103704 .0468253 2.21 0.038 .0063254 .2010826
Tsnightifsup | -.1092041 .443524 -0.25 0.808 -1.031563 .8131545
Tspaslrec | .2855166 .599157 0.48 0.639 -.9604986 1.531532
Tsiffam | .3092276  1.539185 0.20 0.843 -2.891682 3.510137
Tsifdrivered | -2.581543 1.863311 -1.39 0.180 -6.456511 1.293425
Tsage | -.0221124 .3083675 -0.07 0.944 -.6633977 .6191728
Isredu | -.0666995 .260502 -0.26 0.800 -.6084432 .4750441
Tsexit | 2.586603 1.37388 1.88 0.074 -.2705375 5.443743
_ITsdredre~1 | .04917 .1744854 0.28 0.781 -.3136923 .4120323
_ITsdredre~2 | -2.029129 1.570542 -1.29 0.210 -5.29525 1.236992
isnightr1lib | -.0791428 .0577926 -1.37 0.185 -.199329 .0410435
isnightifwor | 3.952962 2.088877 1.89 0.072 -.391096 8.297021
ispaslrec | -.8806373 .6443105 -1.37 0.186 -2.220554 .4592797
isifsup | -.7353308 .835918 -0.88 0.389 -2.473717 1.003056
isiffam | .9064637 .6406229 1.41 0.172 -.4257846 2.238712
isage | -.4324577 .5493029 -0.79 0.440 -1.574796 .7098802
_Tisdred_2 | .7456382 .3945228 1.89 0.073 -.0748169 1.566093
isexit | -3.856032 1.611587 -2.39 0.026 -7.207511  -.5045527
_cons | 103.1957 97.99118 1.05 0.304 -100.5881 306.9795
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Figure 7.1: Full Bayesian Meta-regression

BAYES, GIBBS SAMPLING, RANDOM MODEL, 19 YEAR OLDS (50,000 iterations, burn-in period of 1000

iterations), RANDOM SEED 1

NOTE THAT MD2 HAS BEEN DELETED FROM THE FILE BECAUSE IT WAS IDENTIFIED AS AN OUTLIER.

logadjRR10,; ~ N(XB, Q)

logadiRR10,; = 3, CONS + -0.051(0.042)year, + 0.176(0.213)g; + -0.116(0.274)m; + -0.032(0.055)lslengthmin, + 0.037(0.042)lslengthmax; +

-0.005(0.006)lsparlmin; + 0.084(0.229)Ispar2rec_1; + 0.102(0.041)Isnightr]; + -0.102(0.371)Isnightifsup_1; +
0.265(0.492)Ispaslrec_1; + 0.315(1.20)Isiffam_1; + -2.603(1.452)lsifdrivered_1; + -0.021(0.262)Isage; + -0.060(0.210)Isredu; +
2.543(1.085)lsexit_1; + 0.048(0.149)lsdredrec_1; + -2.072(1.241)Isdredrec_2; + -0.078(0.049)isnightrllib; +
3.966(1.660)isnightifwor_1; + -0.890(0.540)ispaslrec_1, + -0.721(0.674)isifsup_1; + 0.924(0.535)isiffam_1; +
-0.422(0.466)isage; + 0.731(0.337)isdred _2; + -3.803(1.310)isexit_1; + e, logadjRR10se;

Bo; = 109.521(83.920) + u
[25,] N Q2 = T5.0190.027)]
[e1y;] ~NO- Q= Q= [ 586(0.241)]

Deviance(MCMC) = 44.924(47 of 77 cases in use)
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Summary Statistics
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BAYES, GIBBS SAMPLING, RANDOM MODEL, 19 YEAR OLDS (50,000 iterations, burn-in period of 1000
iterations), RANDOM SEED 2

logadjRR10; ~ N(XB, ()

logadjRR10,; = 8, CONS + -0.051(0.042)year; + 0.178(0.211)g; +-0.113(0.274)m; + -0.031(0.055)Islengthmin, + 0.037(0.041)lslengthmax; +
-0.005(0.006)Ispar1min, + 0.088(0.226)lspar2rec_1; + 0.102(0.040)Isnightr]; + -0.100(0.368)lsnightifsup_1; +
0.262(0.487)lspaslrec_1; + 0.321(1.197)Isiffam_1; + -2.607(1.461)lsifdrivered_1; + -0.022(0.258)lsage; + -0.061(0.209)lsredu; +
2.544(1.076)Isexit_1; +0.047(0.149)lsdredrec_1; +-2.072(1.233)Isdredrec_2; +-0.079(0.049)isnightrllib, +
3.986(1.642)isnightifwor_1; + -0.894(0.532)ispaslrec_1; + -0.713(0.670)isifsup_1; + 0.925(0.527)isiffam_1; +
-0.419(0.462)isage; + 0.730(0.333)isdred 2; + -3.811(1.299)isexit 1; + e ;;logadjRR 10se;

Bo; = 109.415(82.965) + u

[1,] ~NO Q) = 7 [0,01900.028)]
[en,] ~NO Q)= Q7 [457000.244)]

Deviance(MCMC) = 44.406(47 of 77 cases in use)

BAYES, GIBBS SAMPLING, RANDOM MODEL, 19 YEAR OLDS (50,000 iterations, burn-in period of 1000
iterations), RANDOM SEED 3

logadjRR10,, ~ N(XB, Q)

logadjRR10; = f3,;CONS +-0.051(0.043)year; + 0.177(0.213)g; + -0.113(0.274)m; + -0.031(0.055)Islengthmin; + 0.037(0.042)Islengthmax; +
-0.005(0.006)lsparlmin; + 0.085(0.228)lspar2rec_1; + 0.102(0.040)Isnightr], +-0.100(0.369)Isnightifsup 1, +
0.263(0.490)spas1rec_1, +0.325(1.185)Isiffam_1; + -2.591(1.459)lsifdrivered 1, +-0.024(0.262)lsage; + -0.060(0.210)Isredu; +
2.547(1.083)lsexit_1; +0.046(0.150)Isdredrec_1; +-2.078(1.237)lsdredrec_2; +-0.078(0.050)isnightrllib; +
3.977(1.655)isnightifwor_1, +-0.892(0.537)ispaslrec_l, + -0.708(0.669)isifsup_1; + 0.925(0.533)isiffam_1, +
-0.420(0.466)isage; + 0.727(0.334)isdred_2; +-3.812(1.312)isexit _1; + e logadjRR10s¢;

Boy = 110.343(84.802) + u

[g] =N ) = 2= [0,02000.020)]
[e1y] ~NO Q)= Q= [o57600241)]

Deviance(MCMC) = 44.104(47 of 77 cases in use)
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BAYES, GIBBS SAMPLING, RANDOM MODEL, 19 YEAR OLDS (50,000 iterations, burn-in period of 1000
iterations), RANDOM SEED 4

logadjRR 10, ~ N(XB, Q)

logadjRR10;; = 3,,CONS + -0.051(0.042)year; + 0.175(0.214)g; + -0.113(0.274)m; + -0.032(0.055)lslengthmin, + 0.037(0.042)lslengthmax; +
-0.005(0.006)IsparImin, + 0.084(0.230)spar2rec_1; + 0.101(0.040)Isnightrl, + -0.101(0.372)Isnightifsup 1, +
0.260(0.494)Ispaslrec_1; + 0.312(1.189)lsiffam_1; + -2.608(1.466)Isifdrivered _1; +-0.023(0.262)lsage; + -0.059(0.210)Isredu; +
2.547(1.076)lsexit_1; + 0.048(0.149)Isdredrec_1; + -2.084(1.240)lsdredrec_2; +-0.078(0.050)isnightrllib; +
3.986(1.659)isnightifwor_1; +-0.892(0.534)ispaslrec_1, + -0.713(0.677)isifsup_1; +0.925(0.53 )isiffam_1; +
-0.416(0.467)isage; + 0.728(0.335)isdred_2; +-3.807(1.301)isexit_1; + e ; logadjRR10se;

Bo = 110.044(84.443) + u

[] =N )= T0.0200.027)]
[e1y] ~NO Q) = Q= [ 5820251

Deviance(MCMC) = 44.452(47 of 77 cases in use)

Figure 7.2: Normal probability plot of standardized shrunken residuals

With outlier MD2
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Without outlier MD2

Standardized predicted random effects
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Appendix 8: Number of GDL components per program

Legend

juris —

jurisdiction

date — GDL implementation date (year)

iihs — iihs rating: good(>6 points) fair(4-5 points) marginal(2-3 points) poor(0-1 points)

gdl — gdl stages: both learner and intermediate stage

Learner Stage

Isc1 - Learner stage entry age (>16)

Isc2 - Learner stage length - minimum mandatory holding period (=6 months)

Isc3 - Learner stage length - minimum mandatory holding period (<3 months)

Isc4 - Minimum amount of supervised driving (=30 hours)

Isc5 - Minimum amount of supervised driving (=50 hours)

Isc6 - Mandatory hours of driving at night and/or inclement weather/before age 16 (yes/no)
Isc7 - Learner stage night restriction (begins at 9 or 10 pm)

Isc8 - Learner stage night restriction (begins after 10 pm)

Isc9 - Learner stage passenger restriction (<1 passengers allowed)

Isc10 - Learner stage passenger restriction (<2 passengers allowed)

Isc11 - Learner stage exit test (yes/no)

Intermediate Stage

>

isc1 - Intermediate stage entry age — difference between entry age for learner stage and
intermediate stage is >12 months

isc2 - Intermediate stage — most conservative night restriction (begins at 9 or 10 pm)
isc3 - Intermediate stage — most conservative night restriction (begins after 10 pm)
isc4 - Intermediate stage passenger restriction (<1 passengers allowed)

isc5 - Intermediate stage passenger restriction (<2 passengers allowed)

isc6 - Intermediate stage exit test (yes/no)

total — total number of ‘x’s checked off
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Table 8.1: Count of number of GDL components per GDL program

juris date iihs |gdl Isc1 |Isc2 |Isc3 |Isc4 |Isc5|Isc6 |Isc7|Isc8 |IscO |Isc10|Isc11]isc1]isc2|isc3 |isc4 |isc5 |iscB |total

MD1 1992 X X 2
MA1 1992 X X X 3
MN1 1992 X X 2
NY1 1992 X X X X 4
ON 1994 m X|Xx X X X X 6
NS 1994 f] X x| x X X X X X X 9
NB 1996 m X x| x X X X X 7
FL 1996 f] X X X X X X X X 8
VA1 1996 X X X X 4
KY1 1996 m x| X X X 4
CT1 1997 X X 2
MI 1997 f] X X X X X X X X 8
QC 1997 m X X|Xx X X 5
GA1 1997 X X X X X 5
NC 1997 g X| X X X X X X X X 9
1L 1998 g X| X X X X X X X X X X 11
LA 1998 f] X X X X X 5
NH1 1998 X X X 3
CA 1998 g X X X X X X X X 8
OHA1 1998 X 1
SC1 1998 X X X X 4
VA2 1998 X X X X 4
ME1 1998 X X X X X 5
BC1 1998 m X X X X X X 6
MA2 1998 g X X|x X X X X X X 9
IN 1999 f] X X X X X X 6
1A 1999 f] X| X X X X X 6
MN2 1999 g X X X X X X X X X 9
NE 1999 g X X X X X X X X 8
NF 1999 f] X x| X X X X X X X X 10
OH2 1999 g X X X X X X X 7
RI1 1999 X X| X X X 5
SD 1999 m X X X X X X X 7
OK 1999 g X X X X X X X X 8
CcO 1999 g X X X X X X X X X 9
DE 1999 g X| X| X X X X X X X X X X X 13
MD2 1999 g X X X X X X X X X 9
UT1 1999 X| X X X 4
AR1 1999 X X X 3
ND 1999 m X X X 3
NH2 1999 f] X X X 3
PA 1999 g X| X|x X X X X 7
PE 2000 f] X X X X X 5
NM 2000 m X X X X X X X X X 9
OR 2000 g X X X X X X X X X 9
DC 2000 g X X|X X X X X X X X X 11
MS 2000 m X X X 3
VT 2000 f] X| X X X X X X X X X 9
Wi 2000 g X X X X X X X X X 9
ME2 2000 X X X X X X X 7
YU 2000 g X| X X X X X X X X X X X 12
1D 2001 m X| X X X X X X X X X 10
MO 2001 g X X X X X X X X X 9
NJ 2001 g X X|X X X X X X X X X 11
WV 2001 f] X X X X X 5
NV 2001 g X X X X X X X X X X 10
TN 2001 g X X X X X X X X X X X X X 13
uT2 2001 X X X X X X 6
VA3 2001 g X X X X X X X X 8
WA 2001 g X X X X X X X X X X 10
GA2 2002 g X X X X X X X X 8
X 2002 f] X X X X X X X 7
SC2 2002 m X X X X X X X X X X 10
AR2 2002 m X X X X X 5
AL 2002 f] X X X X 4
MB 2003 f] X X|X X X X 6
NH3 2003 X X X X 4
AB 2003 X X X X X X X 7
UT3 2003 X X X X X X 6
VA4 2003 X X X X X X X X 8
RI2 2003 g X| X| X X X X X X 8
NY2 2003 g X X|x X X X X 7
ME3 2003 g X| X X X X X X X X 9
CT2 2003 g X X| X X X X 6
BC2 2003 X| X| X X X X X X X X 10
AK 2004 g X X X X X X X X 8
SA 2005 X X X X X 5
WY 2005 f] X X X X X X X X 8
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