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A B S T R A C T

Speed plays an important role in road safety as it affects accident risk and severity. Among safety policies
implemented to control driving speed, speed limits are the most highly developed. Since the 1970′s, numerous
studies have focused on the effectiveness of speed limits, but even today there is still no clear consensus as to the
impact that raising the speed limit has on traffic fatalities. With the aim of consolidating knowledge on this topic,
a meta-analysis has been carried out of a set of econometric studies assessing the effects on traffic fatalities of
increasing speed limits in the US. Two sub-samples were obtained, taken from the traffic fatality measures
considered by studies (fatality count and fatality rate normalized per vehicle miles traveled), and two approaches
were analyzed: rural interstates (where speed limits were increased in 1987 and 1995), and a statewide approach
(all roads network). Our findings show that by count traffic fatalities went up on both rural interstates and
statewide level, although the effect was higher on rural interstates. In other respects, statewide fatality rates
could be improved in relative terms by raising legal speed limits, although the effect would be weak.

1. Introduction

Of all the strategies available to control speed, speed limits are the
most widely used to manage traffic speed (Aarts and van Schagen,
2006; Archer et al., 2008; Augeri et al., 2015). It is true that in some
countries there are highways where no legal speed limits exist as such,
including Germany, with recommended speed limits on the Autobahns
(Manner and Wünsch-Ziegler, 2013) and the US state of Montana,
where reasonable and prudent speed limits were in place from 1996 to
1999 (Yowell, 2005). However, there is a consensus in the highway
safety community as to the need and appropriateness of applying legal
speed limits on all types of roads, as drivers may not always subjectively
choose the optimum speed from the social point of view (Elvik, 2002,
2012).

The research has addressed the relationship between modifications
to the maximum speed limit and road safety in depth, with studies
dealing with both the effect of a rise in the maximum permitted speed
limit (Imprialou et al., 2016; Ritchey and Nicholson-Crotty, 2011; van
Benthem, 2015) and a reduction in the limit (De Pauw et al., 2014;
Islam and El-Basyouny, 2015; Kloeden et al., 2007). Similarly, many
other studies focus on improvements to road safety through the setting

of variable or dynamic speed limits depending on traffic or atmospheric
conditions (Islam et al., 2013; Yu and Abdel-Aty, 2014; Zhibin et al.,
2014) or temporary speed limits imposed to save energy, for example
(Castillo-Manzano et al., 2014) or reduce air pollution levels (Elvik,
2013).

As part of this relationship between speed limits and road safety, the
present research seeks to conduct a meta-analysis of the influence that
increases to maximum speed limits have on traffic fatalities, based on a
quantitative systematic review of the empirical evidence in this field of
research.

If we focus only on scholars who have addressed the impact of
raised speed limits on road safety, there are studies of a range of
countries, such as Finland (Peltola, 2000), Australia (Sliogeris, 1992),
New Zealand (Scuffham and Langley, 2002), Israel (Friedman et al.,
2007; Richter et al., 2004), and China (Wong et al., 2005). However,
most are of the United States (US) and focus either on the national level
(Grabowski and Morrisey, 2007; Ritchey and Nicholson-Crotty, 2011;
Shafi and Gentilello, 2007), an individual state (Bartle et al., 2003;
Ledolter and Chan, 1996; Upchurch, 1989), or a group of states (Baum
et al., 1990; Farmer et al.,1999; Patterson et al., 2002).

The reason for this predominance lies in the relevant legal changes
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to the maximum permitted speed limit implemented in the US since
1974. Speed limit regulations have traditionally come under state re-
sponsibility. However, in March 1974, all states adopted a maximum 55
mph limit set by Congress on the countrywide level with the National
Maximum Speed Law. This measure was aimed at offsetting the rise in
oil prices (Friedman et al., 2009; Shafi and Gentilello, 2007) caused by
the embargo put in place by the Organization of Petroleum Exporting
Countries -OPEC- (Grabowski and Morrisey, 2007). Two changes were
subsequently made to the law to raise the speed limit. First, in 1987,
Congress enacted the Surface Transportation and Uniform Relocation
Act, which allowed states to put up speed limits from 55mph to 65mph
on rural interstates (Greenstone, 2002). Second, in 1995 Congress re-
pealed the National Maximum Speed Law with the passing of the Na-
tional Highway System Designation Act, devolving powers to individual
states to set their own speed limits (Retting and Cheung, 2008; Vernon
et al., 2004). This Repeal enabled many states to quickly move to raise
speed limits from 65mph to 70mph or more on both rural and urban
interstates (Albalate and Bel, 2012; Friedman et al., 2009; Retting and
Teoh, 2008). As Farmer (2016) highlights, even states like Texas have
followed this trend toward higher speed limits in recent years, with an
increase to over 80mph on specified segments of interstate roads (see
IIHS, 2017a, 2017b and The Insurance Institute for Highway Safety
website for a broader treatment of the topic: http://www.iihs.org/iihs/
topics/laws/speedlimits?topicNamen=speed).

Two possible focuses can be highlighted regarding US studies that
measure the effect on road safety of increases to the speed limit. On the
one hand, some studies propose an analysis of the consequences of
increased speed limits solely on the roads on which the new legislation
is implemented (see, for example, Gallaher et al., 1989 for the state of
New Mexico; Haselton et al., 2002 for the state of California; and Pfefer
et al., 1991 for the state of Illinois). In contrast, other studies such as
Garber and Graham (1990), Lave and Elias (1994) and McCarthy
(1994a, 1994b) have put forward the argument that the effects of an
increase to the speed limit should be studied on all the roads in the
network and not only the roads where the new limit has been applied
(in a statewide approach).

This broader approach is based on the influence of two results of
raising speed limits: the allocation of surveillance resources and
changes in driver behavior. Regarding the former, according to Lave
and Elias (1994) a rise in the speed limit can lead to the reallocation of
surveillance patrols from speed enforcement to other accident preven-
tion activities that may be more effective in reducing fatalities (e.g.,
enforcing drunk-driving laws). On the other hand, two different and
contradictory effects of increases to speed limits have to be taken into
account with regard to driver behavior. The first, the so-called “diver-
sion effect” (Lave and Elias, 1994; Rock, 1995; Wagenaar et al., 1990),
assumes that drivers will divert toward roads and highways where the
permitted driving speed is higher, so road safety improves on roads that
are not affected by the increase to the limit. The second effect is the
“speed spillover effect” (Brown et al., 1990; Garber and Graham, 1990),
according to which drivers get used to driving at higher speeds, even on
roads where the maximum speed limit has not changed. This “speed
adaption or generalization” effect (Rock, 1995) would therefore lead to
a decline in road safety on roads not affected by the increase to the
speed limit.

As far as the findings of these studies are concerned, major dis-
crepancies can be observed in the estimations obtained by the wide
range of studies on the topic, irrespective of the geographic areas and
roads under study. Comments will be made on these in the following
paragraphs.

First, several studies conclude that there is no doubt that increases
to speed limits have a harmful effect on road safety. The following can
be cited as examples: Ossiander and Cummings ( 2002) for the state of
Washington; Bartle et al. (2003) for the state of Alabama; Baum et al.
(1991) for a set of 40 states and Ashenfelter and Greenstone (2004) for
a set of 21. A study by Ledolter and Chan (1996) should also be

highlighted for having found an increase in fatal accidents both on the
roads affected by the rise in the speed limit and on the network of road
that form the US road system.

Other authors found the opposite. Examining each of the US states
individually, Lave and Elias (1994), for example, observed a fall in the
fatality rate when analyzing a set of roads in the majority of states
where the maximum speed limit had been increased. Houston (1999)
reached the same conclusion when examining the road network in each
of the 50 states.

Lastly, some studies found no clear evidence of a link between road
safety and increases to speed limits. For example, Garber and Graham
(1990) found inconclusive evidence from all 40 states where the mea-
sure had been adopted to increase the speed limit to 65mph. In the
same line, Yowell (2005) was unable to confirm the existence of a clear
correlation between speed limit and fatality rate in 27 analyzed states.
Lastly, on the individual state level, McCarty (1994b) concluded that no
great changes to road safety were apparent in California after the speed
limit was raised.

Bearing all the above considerations in mind and following Ritchey
and Nicholson-Crotty (2011), it can be stated that, despite many years
of research, there is still no clear consensus in the literature as to the
impact that increased legal speed limits have on traffic safety. The
contribution that the present study therefore makes is to shed some
light on the debate in the highway safety community on the relevance
and real effects of increasing speed limits on road safety, measured in
our case by fatalities. We therefore use a meta-analysis to give a
quantitative systematic review of empirical evidence on the topic.

To achieve this goal, the present study is organized as follows. After
this introduction, a section is included on the methodology used for the
meta-analysis. Next, there is a results and discussion section, and lastly,
some conclusions are given. Finally, two appendixes offer a broader
technical explanation of the meta-analysis and a description of the
sample.

2. Data and method

2.1. Methodology

Following Glass et al. (1981) and Castillo-Manzano and Castro-
Nuño (2012), meta-analysis is a methodology that consists of the in-
tegration and scientific analysis of results obtained in prior analyses of a
specific topic with the aim of conducting a synthetic quantitative esti-
mation of all of these together. According to Borenstein et al. (2009),
this enables questions to be answered that cannot be addressed by a
traditional systematic review, applying the same methodological rigor
as required in experimental research (Rosenthal, 1995).

Following Lipsey and Wilson (2001), to do this, the technique ob-
tains what is called a Summary Effect of the estimates taken from a
sample of chosen studies using a combination of a range of statistical
procedures.1 The degree of accuracy of the estimates is the information
offered by the statistics for each of the estimates (Chalmers et al, 2002).

The Methodological Appendix at the end of the paper provides a
broader treatment of methodological issues related to meta-analysis.

2.2. Study search and selection

The meta-analysis of the current paper has been conducted fol-
lowing the international PRISMA and QUORUM protocols established
for both systematic reviews and meta-analysis studies (see Moher et al.,
2010; and Urrutia and Bonfill, 2010 for a more extensive explanation).
All the articles that might potentially meet defined eligibility criteria

1 The Summary Effect (SE) is the pooled outcome of a meta-analysis, obtained
through a statistical combination of estimates derived from primary studies
(Borenstein et al., 2009).
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were independently selected for initial review by two reviewers.
The keywords used in the first phase were general: speed limits and

road safety. However, the search criteria were later refined and the
keywords further specified. The following were used: road safety ana-
lysis; speed limit policies; mandatory maximum speed limit change; speed
limit change implications; speed limit change effects; speed limit change
impact; speed limit legislation; speed limit laws; driving speed regulation;
motor vehicle accidents; motor vehicle crashes; motor vehicle collisions; in-
juries; fatalities; mortality; and morbidity.

Further articles were compiled in two ways; i) with cluster
searching (using bibliography referenced in previous studies) and ii)
reviewing the bibliography used as a sample in previous meta-analyses
(Elvik, 2005, 2009; Elvik et al., 2004; Elvik and Vaa, 2006) and pub-
lished systematic reviews (Aarts and van Schagen, 2006; Dougherty,
2000; Feng 2001; Fildes and Lee, 1993; Finch et al., 1994; Godwin and
Lave, 1992; Richter et al., 2006; Wilmot and Khanal, 1999).

A total of 428 documents were obtained during this first phase.2 To
select the studies that were to form part of the sample, several different
filters were applied, specifically, five (see Fig. 1).

2.3. Coding framework

As Fig. 1 shows, the final sample for coding was 39 studies that
measure the influence of increases to the speed limit on traffic fatalities
in the US.

The following codes were used:

1. Geographical Scope. Each study was coded according to the US
State or States considered in the analysis.
2. Increased speed limits studied. Coded according to the increase
to speed limits in US States whose subsequent effects are analyzed in
studies in the sample. We followed the Elvik and Vaa (2006) meta-
analysis specifications that consider the impact on fatalities caused
by any increase in the speed limit, without specifying any variation
ranges.
3. Roads studied. Each study is coded according to the road or
roads for which the effect that an increase in the speed limit has had
on fatalities has been quantified. To be precise, two codes have been
used:
a. Rural interstate roads as they are a type of road that was subject

to two increases to speed limits (from 55mph to 65mph in 1987,
and a further increase in 1995 when all speed limit restrictions
were removed), following Patterson et al. (2002) and Davis et al.
(2015).

b. Statewide, considering the entire road network, as commented
in the Introduction Section.3

4. Control variables. Coded according to the control variables used
in each of the studies and grouped in the categories in Table A.1.
5. Measurement of outcome. Each of the studies is coded ac-
cording to the way that the outcome (fatalities) is measured, with
the use of only two codes: by count or, as proposed by Houston
(1999) and Lave and Elias (1994), by rate normalized by risk ex-
posure by vehicle miles traveled (VMT). The Dee and Sela (2003)
study was excluded from the sample as it normalizes fatalities by
number of inhabitants.
6. Methodology used. Each of the studies is coded by specifying the

methodology followed to evaluate the impact of a rise in speed
limits on fatalities (e.g., Poisson model, negative binomial model,
time series, inter alia). Some studies were excluded for the following
reasons when coding the methodology:
a. Papers that were only descriptive, such as reviews or comments

on papers (Feng, 2001; Godwin and Lave, 1992; Grabowski and
Morrisey, 2001; Griffith and Lave, 1995; Jolly, 1998a, 1998b;
McCarthy, 2001; Richter et al., 2006).

b. Studies not based on regressions. According to Garber and
Graham (1990), the regression-based focus is preferable to the
use of methods of a “quasi-experimental design” tradition.
Moreover, in our case the regression-based studies form the lar-
gest group and so allow a larger sample size for our meta-ana-
lysis. Thus, certain studies, such as Bartle et al. (2003); Baum
et al. (1989, 1990, 1991); Haselton et al., (2002); Ossiander and
Cummings (2002); and Yamane and Bradshaw (2008), were ex-
cluded for this reason.

7. Result of the experiment. The result obtained by each of the
studies (primary estimation) was coded. Studies that did not enable
a clear and accurate link to be made between increased speed limits
and traffic fatalities were therefore excluded from the sample
(Chang and Paniati, 1990; Chang et al., 1993).
8. Sample size. The sample size considered in each of the studies
was coded.
9. Accurate measures. The accuracy of the measures used in the
various studies was coded (confidence intervals, tests for statistical
significance or p-values, standard errors or deviations, t-ratios, etc.).
Following other authors such as Sommer et al. (2004) and Watson
and Rees (2008), studies that did not explicitly report accurate
measures were excluded (e.g., Friedman et al., 2009; Hoskin, 1986;
Jehle et al., 2010; Rock, 1995).

Consequently, the final sample contained 17 papers for analysis,
which were included in the present meta-analysis. In the Sampling
Appendix, Table A.1 summarizes important information about each of
these 17 studies.

2.4. Sample of estimates

When coding the 17 papers selected in Section 2.3 with code 5,
Measurement of outcome, 9 were found to measure fatalities as count;
9 measure fatalities as rate normalized by VMT; and one, Farmer et al.
(1999), uses both measures (fatality count and fatality rate). We have
split the sample into two groups (fatality count and fatality rate) with 9
studies each.

These 17 studies were in turn separated into two scenarios as per
code 3, Roads studied.

- Scenario I: Rural interstate roads
- Scenario II: Statewide (the entire road network).
129 estimates (primary data) were obtained from the sub-sample of

9 studies that measure traffic fatalities as count (fatality count). More
specifically, for Scenario I, 43 independent estimates (corresponding to
4 studies) and 4 dependent estimates were found, which produced 2
combined4 estimates (provided by 2 different studies); for Scenario II,
82 independent estimates (from 3 different studies) and 8 dependent
estimates were found, generating 2 combined estimates (provided by 2
different studies).

With respect to the sub-sample of 9 studies that measure traffic
fatalities by rate (fatality rate), it was only possible to obtain estimates2When studies had been published on different dates and/or in different

journals, the criterion followed was to include the most recent study in order to
prevent a duplication of records (for example, Lave and Elias, 1994, 1997).
3When coding with this code, the only exception is the inclusion of the

Garber and Graham (1990) study that analyzes the influence of a speed limit
increase on both rural interstate and rural non-interstate roads; as the authors
themselves state, the latter are a good framework for studying both the traffic
diversion and speed spillover effects commented in our introduction.

4When the same study presented primary estimates that could be considered
dependent on one another as they had come from the same sample, following
Borenstein et al. (2009) and Scammacca et al. (2014) a technique was used to
combine them through a weighted average ES in order to obtain a single pri-
mary study estimate.
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for Scenario II. Specifically, 75 independent estimates were found.
Comprehensive meta-analysis 3.0. (see www.meta-analysis.com)

software was used to analyze these data, enabling the primary estimates
to be converted or standardized into a common measure of Effect Size.
Effect Size (ES) from each study may be considered as the effect of an
intervention analyzed by individual studies on a specific topic (i.e., the
unit of the meta-analysis) that the meta-analysis uses to synthesize a
collection of results in the form of a Summary Effect (see e.g.,

Borenstein et al., 2009).
The basis for the current paper is primary studies analyzing the

effects of increasing speed limits on road traffic fatalities with regres-
sion studies. ES from these studies are therefore standardized regression
coefficients. As is known, these coefficients can be interpreted as the
size of the effect of the exogenous variable (increasing speed limits, in
our case) on the endogenous variable (road traffic fatalities, in our
case).

Fig. 1. Flow chart of filters.
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3. Meta-analysis results from fixed effects model (FEM) and
random effects model (REM) estimates

Table 1 summarizes the meta-analysis outcomes subdivided into the
two sub-samples (count and rate) and the two scenarios considered. The
fourth and fifth columns show the Summary Effect (SE) (the meta-
analysis outcome through a pooled combination of estimates from
primary studies), obtained with the Fixed Effects Model (FEM) and the
Random Effects Model (REM), respectively, and calculated by the
weighted mean of the Effect Size (ES) for each sample, for a 95%
confidence statistical significance interval. Measures to identify and
quantify ES variability due to heterogeneity have also been included for
both samples and scenarios in the last column of Table 1.5

If we first analyze the studies that measure fatalities by count,
Table 1 shows a positive SE for Scenario I (Rural Interstate Roads) ir-
respective of the estimate model used, FEM or REM. Note that in this
meta-analysis, positive SE indicates an increase in traffic fatalities due
to an increase to the speed limit, and vice versa. Therefore, raising the
speed limit appears to increase fatalities on roads where the increase to
limits is applied. This result corroborates the evidence given by pre-
vious scholars such as Friedman et al. (2009), Imprialou et al. (2016)
and Richter et al. (2004).

However, when the two scenarios are considered jointly, further
interesting results are found. First, as the obtained SE estimates in both
scenarios are positive and statistically significant, it can be stated that
increases to speed limits increase mortality if the entire road network is
considered (Friedman et al., 2007; Wagenaar et al. 1990).

Second, and interpreting the results with caution, the fact that the
SE coefficients obtained for Scenario II (statewide) are substantially
lower than those for Scenario I (Rural Interstate Roads) might indicate a
reduction in the number of fatalities recorded on other types of roads
(non Rural Interstates) included in the statewide focus (Greenstone,
2002; Houston, 1999; Lave and Elias, 1997). According to what was
stated in the introduction, this effect might suppose that traffic switches
to roads with higher speed limits, which reduces fatalities on roads not
affected by the increase to the speed limit, but which are included in the
statewide focus. Unfortunately, it has not been possible to carry out a
meta-analysis only for roads not affected by increases to speed limits.
This is due to the lack of suitable primary estimates derived from stu-
dies that would allow us to test for a possible increase of traffic fatalities
on these roads (the so-called “spillover effect” according to Brown et al.,
1990).

From a heterogeneity perspective, results in Table 1 show that the
sub-sample for fatality counts considered for Scenario I is hetero-
geneous. Consequently, the homogeneity null hypothesis is rejected
using a Q statistic test. According to Huedo-Medina et al. (2006), and
Lipsey and Wilson (2001), the null hypothesis of homogeneity between
estimates refers to variability between ES being greater than might be
expected from pure randomness (within-study variance due to sampling
error). Considering the I2 result for Scenario I, it can be deduced from
the values commented in the Methodological Appendix that approx.

66.46% of the total observed variability can be attributed to moderated
true heterogeneity or between-study variability rather than to ran-
domness.

Considering the fatality count sub-sample in Scenario II, both the Q
statistic test (null hypothesis of homogeneity rejected) and the high
value of the I2 statistic (0.894) obtained, indicate that the ES distribu-
tion among these estimates is highly heterogeneous for the statewide
focus. Consequently, the resulting SE may be less representative of the
study population. Taking into account this high proportion of varia-
bility, and considering the major differences found among primary
studies, REM may be considered an appropriate technique to pool ES
(Borenstein et al., 2009, 2010; Higgins et al., 2009). The REM proce-
dure is based on the weighted average of ES to minimize any bias
caused by the considerable variance. By definition, the REM model
allows for the true effect varying from study to study, because the es-
timates included in the meta-analysis are assumed to be a random
sample of the relevant distribution of effects, and the combined effect
estimates (SE) to be the mean effect in this distribution (Borenstein
et al., 2009).

In order to perform a sensitivity analysis of both FEM and REM
estimates for the two scenarios, Comprehensive Meta-Analysis software
was used to find any potential outlier studies, removing one to one
estimates from the initial sample and recalculating the SE and meta-
analysis outcomes for both scenarios. The limited variability observed
in the iterative analyses allows it to be stated that robust estimates exist
in both scenarios, irrespective of the model; no estimate that might be
considered an outlier was detected in the respective samples.6

Lastly, the obtained results for the sub-sample that measures fatal-
ities by rate (see Table 1, row 4) only show SE estimate significance for
FEM, with a value approaching zero and a negative sign. Thus, in line
with other studies such as Houston (1999) and Lave and Elias (1994),
we have determined that when the statewide focus is applied, increases
to speed limits reduce fatality rates, albeit only slightly. This conclusion
is in line with Garber and Graham (1990), who stress that, as fatalities
normalized by VMT are generally lower on rural interstates, traffic di-
version might indeed improve safety for all roads.

With respect to heterogeneity, it can be deduced from the value of
the Q statistic that the null hypothesis of homogeneity is rejected, and
the 91.1% I2 statistic can be interpreted as a high between-estimates
proportion of variance that cannot be explained by observed effects. As
above, REM estimation may be more appropriate in this circumstance,
although, as can be deduced from Table 1, the result is not statistically
significant.

3.1. Publication bias analysis

Finally, the main quantitative methods used to address publication
bias are considered for the two sub-samples and two Scenarios analyzed
in the current paper. The software is applied following the Borenstein
et al. (2009) methodological indications to test whether a bias might
modify the robustness of the findings. The results are given in Table 2,

Table 1
Meta-analysis outcomes and heterogeneity analysis.

Sub-sample Scenarios No. of estimations (sample size) FEM summary effect estimation/Z-value REM summary effect estimation/Z-value Heterogeneity

Q-value I2

Fatalities: Count I Rural Interstates 45 0.214***/10.897 0.155***/3.858 131.174** 0.664
II Statewide 84 0.092***/15.676 0.084***/3.518 786.973* 0.894

Fatalities: Rate II Statewide 75 −0.001***/−3.169 −0.001/−0.683 823.365*** 0.910

Note: Statistical significance at 1% (***), 5% (**) and 10% (*), respectively.

5 All meta-analysis outcome graphics for both Scenarios are available from
the authors upon request.

6 All the sensitivity analyses based on one to one studies excluded from the
respective sample are available from the authors upon request
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considering the three usual bias indicators commented in the metho-
dological appendix.

No major bias can be seen to exist in any of the analyzed cases that
might significantly undermine the validity of the current meta-analysis.

4. Conclusions

Of all the safety policies implemented worldwide to control driving
speed, legal speed limits are the most highly developed and most widely
used strategy. Numerous studies have been conducted of the impact on
road safety of increased speed limits, mostly for case studies of US states
due to different legal speed limit increases implemented since 1987.
Nevertheless, this research did not identify a clear relationship between
higher speed limits and traffic fatalities. The findings seem to vary
depending, in part, on the analytical techniques applied, the type of
roads considered, and the available data.

The quantitative synthesis provided in the current paper aims to
consolidate knowledge of the effect of raised speed limits on traffic
fatalities with a meta-analysis that follows standard technical protocols.
We selected 17 econometric studies for the US case returned by a broad
search procedure with a variety of scientific and academic search en-
gines.

Later, after carrying out an appropriate coding process, the final
sample was separated into two sub-samples according to the type of
traffic fatalities measures considered (fatality counts; fatality rates
normalized per vehicle-miles-traveled, VMT). Following the same ap-
proaches introduced by previous studies (e.g., Greenstone, 2002;
Houston, 1999; Lave and Elias, 1994, 1997, among many others), two
Scenarios were considered: Scenario I for rural interstate roads where
speed limits were increased, and Scenario II, which was a statewide
approach.

After applying both statistical Fixed and Random Effects Models and
heterogeneity analyses, our results showed, first, that, generally, there
is a positive link between higher speed limits and higher traffic fatalities
(in line with previous studies such as e.g., Davis et al., 2015; Farmer
et al., 1999, Patterson et al., 2002). More specifically, increasing speed
limits increases traffic fatalities measured by fatality count in both
Scenario I (rural interstate roads) and Scenario II (the entire road net-
work at the statewide level).

If we observe the values of the coefficients, the higher impact found
for rural interstate roads over all roads as a whole (statewide approach)
could suggest a possible reduction in fatalities on roads unaffected by
the increase to the limit. The academic literature attributes this result to
the so-called “diversion effect”, or traffic switching to roads with a

higher speed limit (see e.g., Houston, 1999; Lave and Elias, 1994; Rock,
1995; Wagenaar et al., 1990, among others). However, unfortunately
we have not been able to test this result independently as it has not
been possible to perform a separate meta-analysis only for roads where
speed limits were not raised due to the lack of suitable estimates from
primary studies. Should enough studies be conducted that tackle this
focus, new lines of future study could address the development of meta-
analyses by different types of road or segments.

Additionally, we have analyzed the statewide approach considering
a sub-sample of regression estimates of traffic fatalities normalized by a
proxy variable of exposure risk in terms of vehicle miles traveled
(VMT). The results obtained have a negative coefficient and indicate
that increasing speed limits could slightly reduce traffic fatality rates
per VMT, although with a statistical significance only when a Fixed
Effects Model is run.

Finally, certain methodological issues must be considered when
interpreting the findings of this meta-analysis. Although the obtained
results are generally robust and stable from the perspective of sensi-
tivity analysis and publication bias detection, significant heterogeneity
was observed between studies that may be due to differences in study
design or in the way outcomes were defined and data collected.
Consequently, caution is needed when generalizing the present meta-
analysis’ findings to make inferences outside the US.

Even so, as our conclusions synthesize the results of the prior lit-
erature, they can contribute to the debate about changes to speed
limits. They do this by positing the need to consider the effects of any
such changes on the traffic accident rate on the roads that the changes
affect and on the entire road network, and any possible diversion of
traffic from one road to another. In this regard, it would be advisable
for public transportation and road safety departments to present their
road safety data in detail and disaggregated by section of road, and
using comparable definitions for road types within the same territorial
area. This recommendation can be extended to include the scientific
community in their studies, as this would enable a comparison of stu-
dies with the ultimate aim of obtaining conclusive findings that lead to
an improvement in knowledge about the speed limit-road safety re-
lationship.
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Appendix A. Methodological appendix

According to Glass et al. (1981) and Lipsey and Wilson (2001), the meta-analysis method consists of obtaining a Summary Effect or overview
effect of the combination of different estimates (Effect Size) of a selected sample of studies using a range of statistical techniques; the most usual of
these are the Fixed Effects Model (FEM) and the Random Effects Model (REM).

Following a FEM, the chosen studies are combined under the premise that there is no significant heterogeneity among them and that, according to
Borenstein et al. (2009), there is one true effect size (θ) shared by all the studies. This inference is only dependent upon the studies that are

Table 2
Publication bias analysis.

Sub-sample Scenarios Sample size Classic fail safe N (no. of missing estimates
that would raise p-value > .05)

Egger’s regression
(intercept B0)

Duval & Tweedie’s Trim and Fill technique

No. of missing estimates
under REM

Re-adjusted Random
Point estimation

Fatality count I Rural
Interstates

45 591 −0.790 0 (to right/left of mean) –

II Statewide 84 1918 −0.101 0 (to left of mean)
6 (to right of mean)

–
0.107

Fatality rate II Statewide 75 0 1.277 0 (to right of mean)
7 (to left of mean)

–
0.0007
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considered, and no variability among them is taken into account. The only factor that determines the weight of each of the studies in the meta-
analysis is its own variance (within-study variance).

The technique to combine studies in a FEM, known as the inverse-variance weighted method, was described by Birge (1932) and Cochran (1937).
Each effect size is reflected in the summary effect in such a way that it is inversely weighted according to its accuracy (statistical weight). Considering
a sample of “m” estimates or effect sizes (i= 1, 2,…m) that represents a measure of the analyzed effect, called Ti, an overall effect or summary effect
called T can be formulated from expression (1) (Borenstein et al., 2009):

=
∑

∑
T

w T
w
i i

i (1)

where wi is the statistical weight of the i-esima estimate:

=w v1/i i (2)

and viis the i-ésima variance estimate.
Summary effect variance is formulated as:

=
∑

Var T
w

( ) 1
i (3)

Between-study variability may be greater due, simply, to pure randomness, and this will be detected by the homogeneity hypothesis in the first
instance. The most used test, based on the computation of the so-called Q parameter, was originally developed by Cochran (1954) and subsequently
developed by DerSimonian and Laird (1986).

∑= −Q w T T( )i i
2 (4)

Due to the low reliability of this test, as demonstrated by Takkouche et al. (1999), subgroup analysis is recommended of studies with similarities
and/or the use of additional procedures to detect and quantify any possible heterogeneity. Among these alternatives, I2 is a parameter proposed by
Higgins and Thompson (2002) and Higgins et al. (2003) that determines the proportion of dispersion among the studies (between-study variance)
compared to total dispersion.

=
+

I τ
τ σ

2
2

2 2 (5)

where τ2 is between study variance and σ2 is the study's internal variance.
This I2 statistic can be interpreted as follows: when I2 > 0.75 there is high heterogeneity; 0.50 < I2 < 0.75 represents moderate heterogeneity;

and 0.25 < I2 < 0.50 equals low heterogeneity.
If heterogeneity is detected, a REM could be used to find the summary effect (Borenstein et al., 2009). This technique considers that the estimated

effects of the included studies are only a random sample of all those that are possible. Following these authors, according to a REM, the real effect (θ)
could vary from study to study. If it were possible to undertake an infinite number of studies, the sizes of their real effects would be distributed
around a mean effect that would explain two possible sources of variation: internal, within each of the studies (random error) and external, between
the studies (true dispersion), so:

= +T θ ei i i (6)

where ei is the error when Ti estimates the real effect θi.
Summary effect variance T is now given by expression (7):

= +Var T τ v( ) θ i
2 (7)

where vi is variance due to sampling error in the i-ésima estimate, and τθ
2 is between study variance.

If the weighted variance method explained by expression (2) is applied with a REM application, there would be a transformation with some
adjusted weights (wi

*) obtained for each individual i-ésimo effect estimated, as in expression (8):

=
+

∗w
τ

1
i

w
1 2

i (8)

where τ2 is the between study variance and wi the statistical weight for each i-ésimo under a FEM.
The summary effect T (i.e., a mean effect obtained from an effect size distribution) and its variance can be calculated from (9):

=
∑

∑
=

∑

∗

∗ ∗T
w T
w

Var T
w

; ( ) 1i i

i i (9)

It must also be taken into account that the presence of so-called publication biases, due to which many completed studies have not really been
published, either because they do not achieve significant effects, or they are unfavorable, or because they have negative effects (Sterne et al., 2000;
Thornton and Lee, 2000), may be induced when computing the summary effect. In analytical terms, publication biases can be detected with the Begg
Method (rank correlation test: Begg and Mazumdar, 1994) and the Egger intersection test (Egger et al., 1997). These methods are usually com-
plemented with so-called funnel plots, which require the application of the Duval and Tweedie trim and fill algorithm (Duval and Tweedie, 2000) to
estimate the number of missing studies. Another statistic to measure meta-analysis stability is the Failsafe-N test, which computes the number of
estimates or studies that would be required to nullify the summary effect calculated by meta-analysis (Rosenthal, 1979).

Finally, to assess the solidity or stability of the computed summary effect, and following Castro-Nuño et al. (2013), it is useful to perform a
sensitivity analysis based on the iterative repetition of the meta-analysis, alternatively omitting each of the estimates and re-computing the meta-
analysis with those remaining. Thus, if both the direction and size of the effect and the statistical significance of the obtained results for are similar,
this is an indication that the solution is robust and stable.
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Appendix B. Sampling appendix

Tables A.1 gives the main characteristics of the studies used in the
present meta-analysis. The first column in the table identifies the dif-
ferent studies in the sample by author's or authors' name/s and year of
publication, listed in alphabetical order.

Appendix C. Supplementary material

Supplementary data associated with this article can be found, in the
online version, at https://doi.org/10.1016/j.ssci.2018.08.030.

References(*) Studies included in the meta-analysis.

Aarts, L., van Schagen, I., 2006. Driving speed and the risk of road crashes: A review.
Accid. Anal. Prev. 38, 215–224.

Albalate, D., Bel, G., 2012. Speed limit laws in America: The role of geography, mobility
and ideology. Transp. Res. Part A: Policy Practice 46, 337–347.

Archer, J., Fotheringham, N., Symmons, M., Corben, B., 2008. The Impact of Lowered
Speed Limits in Urban and Metropolitan Areas. Report 276. Monash University.

Ashenfelter, O., Greenstone, M., 2004. Using mandated speed limits to measure the value
of a statistical life. J. Political Economy 112, S226–S267.

Augeri, M.G., Cozzo, P., Greco, S., 2015. Dominance-based rough set approach: An ap-
plication case study for setting speed limits for vehicles in speed controlled zones.
Knowl.-Based Syst. 89, 288–300.

Bartle, S.T., Baldwin, S.T., Johnston, C., King, W., 2003. 70-mph speed limit and motor
vehicular fatalities on interstate highways. Am. J. Emerg. Med. 21, 429–434.

Baum, H.M., Wells, J.K., Lund, A.K., 1989. The mortality consequences of raising the
speed limit to 65 mph on rural interstates. Am. J. Public Health 79, 1392–1395.

Baum, H.M., Wells, J.K., Lund, A.K., 1990. Motor vehicle crash fatalities in the second
year of 65 mph speed limits. J. Saf. Res. 21, 1–8.

Baum, H.M., Wells, J.K., Lund, A.K., 1991. The fatality consequences of the 65 mph speed
limits, 1989. J. Saf. Res. 22, 171–177.

Begg, C.B., Mazumdar, M., 1994. Operating characteristics of a rank correlation test for
publication bias. Biometrics 50, 1088–1101.

Birge, R.T., 1932. The calculation of errors by the method of least squares. Phys. Rev. 40,
207–227.

Borenstein, M., Hedges, L., Higgins, J.P.T., Rothstein, H.R., 2009. Introduction to Meta-
Analysis. Wiley, Chichester, UK.

Borenstein, M., Hedges, L.V., Higgins, J., Rothstein, H., 2010. A basic introduction to
fixed-effect and random-effects models for meta-analysis. Res. Synth. Methods 1,
97–111.

Brown, D.B., Maghsoodloo, S., McArdle, M.E., 1990. The safety impact of the 65 mph
speed limit: A case study using Alabama accident records. J. Saf. Res. 21, 125–139.

Castillo-Manzano, J.I., Castro-Nuño, M., 2012. Driving licenses based on points systems:
efficient road safety strategy or latest fashion in global transport policy? A worldwide
meta-analysis. Transp. Policy 21, 191–201.

Castillo-Manzano, J.I., Castro-Nuño, M., Pedregal-Tercero, D.J., 2014. Temporary speed
limit changes: An econometric estimation of the effects of the Spanish energy effi-
ciency and saving plan. Econ. Model. 44, S68–S76.

Castro-Nuño, M., Molina-Toucedo, J.A., Pablo-Romero, M.P., 2013. Tourism and GDP: a
meta-analysis of panel data studies. J. Travel Res. 52 (6), 745–758.

Chalmers, T.C., Hedges, L.V., Cooper, H., 2002. A brief history of research synthesis. Eval.
Health Prof. 25, 12–37.

Chang, G.-L., Chen, Ch.-H., Carter, E., 1993. Intervention analysis for the impacts of the
65 mph speed limit on rural interstate highway fatalities. J. Saf. Res. 24, 33–53.

Chang, G.-L., Paniati, J.F., 1990. Effects of the 65 mph speed limit on traffic safety. J.
Transp. Eng. 116, 213–226.

Cochran, W.G., 1937. Problems arising in the analysis of a series of similar experiments. J.
Royal Stat. Soc., Supplementary 4, 102–118.

Cochran, W.G., 1954. The combination of estimates from different experiments.
Biometrics 10, 101–129.

Davis, A., Hacker, E., Savolainen, P.T., Gates, T., 2015. Longitudinal analysis of rural
interstates fatalities in relation to speed limit policies. Transp. Res. Rec. 2514,
21–31 (*).

Dee, T.S., Sela, R.J., 2003. The fatality effects of highway speed limits by gender and age.
Econ. Lett. 79, 401–408.

De Pauw, E., Daniels, S., Thierie, M., Brijs, T., 2014. Safety effects of reducing the speed
limit from 90 km/h to 70 km/h. Accid. Anal. Prev. 62, 426–431.

DerSimonian, R., Laird, N., 1986. Meta-analysis in clinical trials. Control. Clin. Trials 7,
177–188.

Dougherty, G., 2000. Increasing the speed limit in Georgia: Have rural highways become
more dangerous? Georgia: Carl Vinson Institute of Government, University of
Georgia. Accessible at: http://athenaeum.libs.uga.edu/bitstream/handle/10724/
19026/56.pdf?sequence=1.

Duval, S., Tweedie, R., 2000. Trim and fill: a simple funnel-plot–based method of testing
and adjusting for publication bias in meta-analysis. Biometrics 56, 455–463.

Egger, M., Smith, G.D., Schneider, M., Minder, Ch., 1997. Bias in meta-analysis detected
by a simple, graphical test. Br. Med. J. 31, 629–634.

Elvik, R., 2002. Optimal speed limits: the limits of optimality models. Transp. Res. Rec.
1818, 32–38.

Elvik, R., 2005. Speed and road safety: Synthesis of evidence from evaluation studies.
Transp. Res. Rec. 1908, 59–69.

Ta
bl
e
A
1
(c
on

tin
ue
d)

St
ud

y
G
eo

gr
ap

hi
ca
l
sc
op

e
R
oa

ds
st
ud

ie
d

C
on

tr
ol

va
ri
ab

le
s

Fa
ta
lit
y

m
ea
su
re

M
et
ho

do
lo
gy

M
ai
n
fi
nd

in
gs

In
cr
ea
se
d
sp
ee
d
lim

it
s
st
ud

ie
d

Sa
m
pl
e
si
ze

N
um

be
r
an

d
ty
pe

of
es
ti
m
at
es

Y
ow

el
l
(2
00

5)
U
ni
te
d
St
at
es

(2
7
St
at
es
)

St
at
ew

id
e

Ec
on

om
ic

(u
ne

m
pl
oy

m
en

t)
R
at
e

R
eg

re
ss
io
n
m
od

el
U
nc

le
ar

co
rr
el
at
io
n
be

tw
ee
n
st
at
e
sp
ee
d
lim

it
an

d
it
s

eff
ec
t
on

fa
ta
lit
y
ra
te
.T

he
re
pe

al
an

d
th
e
ra
is
in
g
of

sp
ee
d
lim

it
s
in

ce
rt
ai
n
st
at
es

di
d
no

t
le
ad

to
a

st
at
is
ti
ca
lly

si
gn

ifi
ca
nt

ri
se

in
th
e
fa
ta
lit
y
ra
te

In
cr
ea
se
s
du

e
to

19
95

na
ti
on

al
m
ax

im
um

sp
ee
d
la
w

re
pe

al
N
ot

re
po

rt
ed

26
in
de

pe
nd

en
t
es
ti
m
at
es

J.I. Castillo-Manzano et al. Safety Science 111 (2019) 287–297

296

https://doi.org/10.1016/j.ssci.2018.08.030
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0005
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0005
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0015
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0015
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0020
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0020
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0025
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0025
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0030
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0030
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0030
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0035
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0035
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0040
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0040
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0045
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0045
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0050
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0050
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0055
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0055
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0060
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0060
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0065
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0065
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0070
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0070
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0070
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0075
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0075
http://refhub.elsevier.com/S0925-7535(18)30635-0/h9000
http://refhub.elsevier.com/S0925-7535(18)30635-0/h9000
http://refhub.elsevier.com/S0925-7535(18)30635-0/h9000
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0080
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0080
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0080
http://refhub.elsevier.com/S0925-7535(18)30635-0/h9005
http://refhub.elsevier.com/S0925-7535(18)30635-0/h9005
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0085
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0085
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0090
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0090
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0095
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0095
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0100
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0100
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0105
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0105
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0110
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0110
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0110
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0115
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0115
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0120
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0120
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0125
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0125
http://athenaeum.libs.uga.edu/bitstream/handle/10724/19026/56.pdf?sequence=1
http://athenaeum.libs.uga.edu/bitstream/handle/10724/19026/56.pdf?sequence=1
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0135
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0135
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0140
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0140
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0145
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0145
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0150
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0150


Elvik, R., 2009. The Power Model of the Relationship Between Speed and Road Safety.
Update and New Analysis. TOI (Institute of Transport Economics), Oslo.

Elvik, R., 2012. Speed limits, enforcement, and health consequences. Annu. Rev. Public
Health 33, 225–238.

Elvik, R., 2013. A before-after study of the effects on safety environmental speed limits in
the city of Oslo, Norway. Saf. Sci. 55, 10–16.

Elvik, R., Christensen, P., Amundsen, A., 2004. Speed and road accidents: An evaluation
of the Power model (Report 740). TOI (Institute for Transport Economcs), Oslo.

Elvik, R., Vaa, T., 2006. El manual de medidas de seguridad vial. Fundación Instituto
Tecnológico para la Seguridad del Automóvil, España.

Farmer, C.M., 2016. Relationship of traffic fatality rates to maximum state speed limits.
Traffic Inj. Prev. 18, 1–6 (*).

Farmer, C.M., Retting, R.A., Lund, A.K., 1999. Changes in motor vehicle occupant fatal-
ities after repeal of the national maximum speed limit. Accid. Anal. Prev. 31,
537–543 (*).

Feng, C., 2001. Synthesis of studies on speed and safety. Transport Res. Rec. 1779, 86–92.
Fildes, B.N., Lee, S.J., 1993. The Speed Review: Road Environment, Behaviour, Speed

Limits, Enforcement and Crashes. Monash University Accident Research Center,
Victoria.

Finch, D.J., Kompfner, P., Lockwood, C.R., Maycock, G., 1994. Speed, speed limits and
accidents (Project Report 58). Safety Resource Center, Transport Research
Laboratory, Crowthorne.

Friedman, L.S., Barach, P., Richter, E., 2007. Raised speed limits, case fatality and road
deaths: a six-year follow-up using ARIMA models. Injury Prevention 23, 156–161.

Friedman, L.S., Hedeker, D., Richter, E., 2009. Long-term effects of repealing the national
maximum speed limit in the United States. Am. J. Public Health 99, 1626–1631.

Gallaher, M.M., Sewell, C.M., Flint, S., Hernon, J.L., Graff, H., Fenner, J., Hull, H.F., 1989.
Effects of the 65-mph speed limit on rural interstate fatalities in New Mexico. J. Am.
Med. Assoc. 262, 2243–2245.

Garber, S., Graham, J.D., 1990. The effects of the new 65 mile-per-hour speed limit on
rural highway fatalities: A state-by-state analysis. Accid. Anal. Prev. 22, 137–149 (*).

Glass, G.V., McGaw, B., Smith, M.L., 1981. Meta-Analysis in Social Research, 56. Sage
Publications, Beverly Hills, CA.

Godwin, S., Lave, C., 1992. Effect of the 65 mph speed limit on highway safety in the USA
(with comments and reply to comments). Transport Rev. 12, 1–14.

Grabowski, D.C., Morrisey, M.A., 2001. The effect of state regulations on motor vehicle
fatalities for younger and older drivers: A review and analysis. The Milbank Quarterly
79 (4), 517–545.

Grabowski, D.C., Morrisey, M.A., 2007. Systemwide implications of the repeal of the
national maximum speed limit. Accid. Anal. Prev. 39, 18–189 (*).

Greenstone, M., 2002. A reexamination of resource allocation responses to the 65 mph
speed limit. Econ. Injury 40, 271–278 (*).

Griffith, M., Lave, Ch., 1995. News, queries & comment. Accid. Anal. Prev. 27, 137–140.
Haselton, C.B., Gibby, A.R., Ferrara, T., 2002. Methodologies used to analyze collision

experience associated with speed limit changes on selected California highways.
Transp. Res. Rec. 1784, 65–72.

Higgins, J., Thompson, S.G., 2002. Quantifying heterogeneity in a meta-analysis. Stat.
Med. 21, 1539–1558.

Higgins, J.P., Thompson, S.G., Deeks, J.J., Altman, D.G., 2003. Measuring inconsistency
in meta-analyses. Br. Med. J. 327, 557–560.

Higgins, J., Thompson, S.G., Spiegelhalter, D.J., 2009. A re-evaluation of random-effects
meta-analysis. J. Royal Stat. Society: Ser. A (Stat. Soc.) 172, 137–159.

Hoskin, A.F., 1986. Consequences of raising the speed limit. J. Saf. Res. 17, 179–182.
Houston, D., 1999. Implications of the 65-mph speed limit for traffic safety. Eval. Rev. 23,

304–315 (*).
Huedo-Medina, T.B., Sánchez-Meca, J., Marín-Martínez, F., Botella, J., 2006. Assessing

heterogeneity in meta-analysis: Q statistic or I2 index? Psychol. Methods 11,
193–206.

IIHS, 2017a. Fatality Trends. Retrieved November 16, 2017 from http://www.iihs.org/
iihs/topics/t/general-statistics/fatalityfacts/overview-of-fatality-facts.

IIHS, 2017b. Speed limits. Retrieved November 16, 2007 from http://www.iihs.org/iihs/
topics/laws/speedlimits.

Imprialou, M.I., Quddus, M., Pitfield, D.E., 2016. Predicting the safety impact of a speed
limit increase using condition-based multivariate Poisson lognormal regression.
Transp. Planning Technol. 39, 3–23.

Islam, M.T., El-Basyouny, K., 2015. Full Bayesian evaluation of the safety effects of re-
ducing the posted speed limit in urban residential area. Accid. Anal. Prev. 80, 18–25.

Islam, M., Hadiuzzaman, M., Fang, J., Qiu, T., El-Basyouny, K., 2013. Assessing mobility
and safety impacts of a variable speed limit control strategy. Transp. Res. Rec. 2364,
1–11.

Jehle, D., Connolly, S., Godzala, M., Cole, A., 2010. Speed kills? Not always: The New
York State thruway experience. J. Trauma Injury, Infection, Crit. Care 69, 708–714.

Jernigan, J.D., Lyn, ChW., 1991. Impact of 65 mph speed limit on Virginia’s rural in-
terstate highways through 1989. Transp. Res. Rec. 1318, 14–21 (*).

Jolly, B.T., 1998a. Effect of increased speed limits in the post-NMSL era. Ann. Emerg.
Med. 33, 266–267.

Jolly, B.T., 1998b. Commentary: Does speed really kill ? Ann. Emerg. Med. 33, 267–268.
Kloeden, C., Woolley, J., McLean, J., 2007. A follow-up evaluation of the 50 km/h default

urban speed limit in South Africa. Adelaide: Centre for Automotive Safety Research,
The University of Adelaide. Accessible at: http://acrs.org.au/files/arsrpe/RS07069.
pdf.

Lave, C., Elias, P., 1994. Did the 65 mph speed limit sabe lives? Accid. Anal. Prev. 26,
49–62.

Lave, C., Elias, P., 1997. Resource allocation in public policy : The effects of the 65-mph
speed limit. Econ. Inq. 35, 614–620 (*).

Ledolter, J., Chan, K.S., 1996. Evaluating the impact of the 65 mph maximum speed limit
on Iowa rural interstates. Am. Stat. 50, 79–85.

Lipsey, M.W., Wilson, D.B., 2001. The way in which intervention studies have “person-
ality” and why it is important to meta-analysis. Eval. Health Prof. 24, 236–254.

Manner, H., Wünsch-Ziegler, L., 2013. Analyzing the severity of accidents on the German
Autobahn. Accid. Anal. Prev. 57, 40–48.

McCarthy, P.S., 1994a. An empirical analysis of the direct and indirect effects of relaxed
interstate speed limits on highway safety. J. Urban Econ. 36, 353–364.

McCarthy, P.S., 1994b. Relaxed speed limits and highway safety. New evidence from
California. Econ. Lett. 46, 173–179.

McCarthy, P.S., 2001. Effect of speed limits on speed distributions and highway safety: A
survey of recent literature. Transport Rev. 21, 34–50.

Moher, D., Liberati, A., Tetzlaff, J., Altman PRISMA Group, 2010. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA statement. Int. J. Surg.
8, 336–341.

Morrisey, M.A., Grabowski, D.C., 2005. State motor vehicle laws and older drivers. Health
Econ. 14, 407–419 (*).

Neeley, G.W., Richardson, L.E., 2009. The effect of state regulations on truck-crash
fatalities. Am. J. Public Health 99, 408–415 (*).

Ossiander, E.M., Cummings, P., 2002. Freeway speed limits and traffic fatalities in
Washington State. Accid. Anal. Prev. 34, 13–18.

Patterson, T.L., Frith, W.J., Povey, L.J., Keall, M.D., 2002. The effect of increasing rural
interstate speed limits in the United States. Traffic Inj. Prev. 3, 316–320 (*).

Peltola, H., 2000. Seasonally changing speed limits: Effects on speeds and accidents.
Transp. Res. Rec. 1734, 46–51.

Pfefer, R.C., Stenzel, W.W., Lee, B.D., 1991. Safety impact of the 65-mph speed limit: A
time series analysis. Transp. Res. Rec. 1318, 22–33.

Retting, R., Cheung, I., 2008. Traffic speeds associated with the implementation of the 60
mph speed limits on West Texas rural interstates. J. Saf. Res. 39, 529–534.

Retting, R.A., Teoh, E.R., 2008. Traffic speeds on interstates and freeways 10 years after
repeal of national maximum speed limit. Traffic Inj. Prev. 9, 119–124.

Richter, E., Barach, P., Friedman, L., Krikler, S., Israeli, A., 2004. Raised speed limits,
speed spillover, case-fatality rates, and road deaths in Israel: A 5-year follow-up. Am.
J. Public Health 94, 568–574.

Richter, E.D., Berman, T., Friedman, L., Ben-David, G., 2006. Speed, road injury, and
public health. Annu. Rev. Public Health 27, 125–152.

Ritchey, M., Nicholson-Crotty, S., 2011. Deterrence theory and the implementation of
speed limits in the American states. The Policy Stud. J. 39, 329–346 (*).

Rock, S.M., 1995. Impact of the 65 mph speed limit in accidents, deaths, and injuries in
Illinois. Accid. Anal. Prev. 27, 207–214.

Rosenthal, R., 1979. The file drawer problem and tolerance for null results. Psychol. Bull.
86, 638–641.

Rosenthal, R., 1995. Writing meta-analytic reviews. Psychol. Bull. 118, 183–192.
Scammacca, N., Roberts, G., Stuebing, K.K., 2014. Meta-analysis with complex research

designs dealing with dependence from multiple measures and multiple group com-
parisons. Rev. Educational Res. 84, 328–364.

Scuffham, P.A., Langley, J.D., 2002. A model of traffic crashes in New Zealand. Accid.
Anal. Prev. 34, 673–687.

Shafi, S., Gentilello, L., 2007. A nationwide speed limit ≤ 65 miles per hour will save
thousands of lives. Am. J. Surg. 193, 719–722 (*).

Sliogeris, J., 1992. 110 kilometer per hour speed limit. Evaluation of road safety effects.
Victoria Road Safety and Traffic Authority. Victoria, Australia.

Sommer, I.E., Aleman, A., Bouma, A., Kahn, R.S., 2004. Do women really have more
bilateral language representation than men? A meta-analysis of functional imaging
studies. Brain 127 (8), 1845–1852.

Sterne, J.A.C., Gavaghan, D., Egger, M., 2000. Publication and related bias in meta-
analysis: power of statistical tests and prevalence in the literature. J. Clin. Epidemiol.
53, 1119–1129.

Takkouche, B., Cadarso-Suárez, C., Spiegelman, D., 1999. Evaluation of old and new tests
of heterogeneity in epidemiologic meta-analysis. Am. J. Epidemiol. 150, 206–215.

Thornton, A., Lee, P., 2000. Publication bias in meta-analysis: its causes and con-
sequences. J. Clin. Epidemiol. 53, 207–216.

Upchurch, J., 1989. Arizona’s experience with the 65-mph speed limit. Transp. Res. Rec.
1244, 1–6.

Urrutia, G., Bonfill, X., 2010. PRISMA declaration: a proposal to improve the publication
of systematic reviews and meta-analyses. Medicina Clínica 135 (11), 507.

van Benthem, A., 2015. What is the optimal speed limit on freeways? J. Public Econ. 124,
44–62.

Vernon, D.D., Cook, L.J., Peterson, K.J., Dean, J.M., 2004. Effect of the repeal of the
national maximum speed limit law on occurrence of crashes, injury crashes, and fatal
crashes on Utah highways. Accid. Anal. Prev. 6, 223–229.

Wagenaar, A.C., Streff, F.M., Schultz, R.H., 1990. Effects of the 65 mph speed limit on
injury morbidity and mortality. Accid. Anal. Prev. 22, 571–585 (*).

Watson, H.J., Rees, C.S., 2008. Meta-analysis of randomized, controlled treatment trials
for pediatric obsessive-compulsive disorder. J. Child Psychol. Psychiatry 49 (5),
489–498.

Welki, A.M., Zlatoper, T.J., 2007. The impact of highway safety regulation enforcement
activities on motor vehicle fatalities. Transp. Res. Part E: Logistics Transp. Rev. 43,
208–217 (*).

Wilmot, Ch.G., Khanal, M., 1999. Effect of speed limits on speed and safety: a review.
Transport Rev. 19, 315–329.

Wong, S.C., Sze, N.N., Lo, H.K., Hung, W.T., Loo, B.P.Y., 2005. Would relaxing speed
limits aggravate safety? A case study of Hong Kong. Accid. Anal. Prev. 37, 377–388.

Yamane, G.K., Bradshaw, B.S., 2008. Motor vehicle driver death and high state maximum
speed limits: 1991–1993. Accid. Anal. Prev. 40, 1690–2169.

Yowell, R.O., 2005. The evolution and devolution of speed limit law and the effect on
fatality rates. Rev. Policy Res. 22, 501–518 (*).

Yu, R., Abdel-Aty, M., 2014. An optimal variable speed limits system to ameliorate traffic
safety risk. Transp. Res. Part C: Emerging Technol. 46, 235–246.

Zhibin, L., Ye, L., Pan, L., Wei, W., Chengcheng, X., 2014. Development of a variable
speed limit strategy to reduce secondary collision risks during inclement weathers.
Accid. Anal. Prev. 72, 134–145.

J.I. Castillo-Manzano et al. Safety Science 111 (2019) 287–297

297

http://refhub.elsevier.com/S0925-7535(18)30635-0/h0155
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0155
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0160
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0160
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0165
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0165
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0170
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0170
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0175
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0175
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0180
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0180
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0185
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0185
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0185
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0190
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0195
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0195
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0195
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0200
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0200
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0200
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0205
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0205
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0210
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0210
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0215
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0215
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0215
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0220
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0220
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0225
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0225
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0230
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0230
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0235
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0235
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0235
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0240
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0240
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0245
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0245
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0250
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0255
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0255
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0255
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0260
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0260
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0265
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0265
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0270
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0270
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0275
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0280
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0280
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0285
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0285
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0285
http://www.iihs.org/iihs/topics/t/general-statistics/fatalityfacts/overview-of-fatality-facts
http://www.iihs.org/iihs/topics/t/general-statistics/fatalityfacts/overview-of-fatality-facts
http://www.iihs.org/iihs/topics/laws/speedlimits
http://www.iihs.org/iihs/topics/laws/speedlimits
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0300
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0300
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0300
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0310
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0310
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0315
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0315
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0315
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0320
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0320
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0325
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0325
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0330
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0330
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0335
http://acrs.org.au/files/arsrpe/RS07069.pdf
http://acrs.org.au/files/arsrpe/RS07069.pdf
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0345
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0345
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0350
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0350
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0355
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0355
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0360
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0360
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0365
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0365
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0370
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0370
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0375
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0375
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0380
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0380
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0385
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0385
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0385
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0390
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0390
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0395
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0395
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0400
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0400
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0405
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0405
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0410
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0410
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0415
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0415
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0420
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0420
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0425
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0425
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0430
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0430
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0430
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0435
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0435
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0440
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0440
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0445
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0445
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0450
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0450
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0455
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0460
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0460
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0460
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0465
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0465
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0470
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0470
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0480
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0480
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0480
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0485
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0485
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0485
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0490
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0490
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0495
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0495
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0500
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0500
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0505
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0505
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0510
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0510
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0515
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0515
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0515
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0520
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0520
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0525
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0525
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0525
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0530
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0530
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0530
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0535
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0535
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0540
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0540
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0545
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0545
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0550
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0550
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0555
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0555
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0560
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0560
http://refhub.elsevier.com/S0925-7535(18)30635-0/h0560

	The complex relationship between increases to speed limits and traffic fatalities: Evidence from a meta-analysis
	Introduction
	Data and method
	Methodology
	Study search and selection
	Coding framework
	Sample of estimates

	Meta-analysis results from fixed effects model (FEM) and random effects model (REM) estimates
	Publication bias analysis

	Conclusions
	Acknowledgements
	Methodological appendix
	Sampling appendix
	Supplementary material
	References




