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Abstract
In this paper, we use 2006 FARS data to estimate seatbelt use in the United States. We
apply a method to correct the FARS data for sample selection bias introduced by Levitt
and Porter (2001), as well as discuss the advantages of using FARS data for seatbelt
analysis. Furthermore, based on assumptions of independence for seatbelt choice, we
establish a lower and upper bound for seatbelt usage rates, and that once we correct for
sample selection bias, the seatbelt usage estimates from the corrected FARS emerge at
least as a comparable alternative to NOPUS estimates. This implies that researchers can
use corrected FARS to complement NOPUS, thus being able to utilize the rich crosssectional details available in FARS data to analyze various relevant research questions.
1.

Introduction

Every 14 seconds someone is injured, and every 12 minutes someone is killed in a crash on American
roads. Highway crashes cost Americans at least $230.6 billion a year, about $820 per person (NHTSA,
2003, 2007). Over the past couple of decades, seatbelt usage rates in the United States have been improving
as primary seatbelt laws become more common and as more vehicle users recognize their potential to
lessen the extent of injury and prevent fatalities. Most research and government evaluations continue to
support their effectiveness in fatality reduction overall and have found them to be about 45% effective in
preventing fatalities (Evans, 1986, Partyka, 1988, and Blincoe, 1994)1. In 2006, eighty one percent of
automobile occupants used seatbelts in the United States, based on statistics obtained from the annual
National Occupant Protection Use Survey (NOPUS) which has been conducted since 1994. And yet,
according to the National Highway Traffic Safety Administration (NHTSA) of the U.S. Department of
Transportation, over half of passenger vehicle occupants killed in traffic accidents in 2006 died unbuckled
(NHTSA, 2007).
NOPUS is an annual survey providing the only probability-based observed data on seatbelt use in the
United States conducted by the National Center for Statistics and Analysis of the NHTSA who consider it
to be their most reliable data set tracking the trends in seatbelt usage by motorists. However, NOPUS data
has limitations precisely because it is observational. For instance, observations are made either while
standing at the roadside or, in the case of expressways, while riding in a vehicle in traffic. This is
considered a superior alternative to stopping vehicles and directly interviewing occupants because that

1

It is, however, acknowledged that in rare cases safety devices such as seatbelts and air bags can cause
injury, and are even fatal at times (Hollands, et al, 1996; Morris and Borja, 1998)
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could taint the behavior of motorists. However, observations made in a split second on occupants of swiftly
moving vehicles - or at times, while driving in traffic oneself - place limits on data reliability, given the
considerable scope for human error on the part of the observers.
The other more comprehensive data base available to evaluate highway safety practices as well as measure
the effectiveness of vehicle safety devices is the Fatality Analysis Reporting System (FARS). This national
census of motor vehicle fatalities is widely used by federal agencies and academics analyzing highway
safety. FARS data has been collected since 1975 and contains information on over 989,451 motor vehicle
fatalities within the 50 States, the District of Columbia, and Puerto Rico as well as over 100 different coded
data elements that characterize the crash, the vehicle, and the people involved.
A critical problem with FARS data is that it underestimates seatbelts usage when compared to estimates
obtained from observational data such as NOPUS (Salzberg, et al., 2002) due to the nature of the reporting
system resulting in a sample selection bias. To be included in FARS, a crash must result in the death of a
person (occupant of a vehicle or a non-occupant) within 30 days of the crash. Since it only lists those
crashes where there is at least one fatality, the problem of sample selection becomes obvious. Sample
selection arises because a given individual’s seatbelt usage affects his or her probability of death, which in
turn influences whether the crash is included in the data. It has been shown conclusively that such sample
selection leads to biased estimation (Angrist and Krueger, 1999; Heckman, 1979; Heckman, et al., 1996).
The extent of the estimation bias becomes even more significant when we consider the fact that about 0.5%
of motor vehicle crashes involve a fatality and in 90% of the incidents, there is a single death (NHTSA,
1998). Had that death not occurred, the crash would not be included in the FARS data base. Therefore,
empirically the impact of sample selection can be substantial, and failing to account for it leads to estimates
that systematically understate seatbelt usage
Much of the earlier interest in seatbelt usage was in estimating their effectiveness in saving lives (Partyka,
1988; Partyka and Womble, 1989; Blincoe, 1994 and Klein and Walz, 1995). Recently, Salzberg et al.
(2002) investigated seatbelt usage rates by comparing FARS data with observation surveys and concluded
that unbelted occupants are over-represented in fatal collisions for two reasons: (a) because of a greater
chance of involvement in potentially fatal collisions in the first place, and (b) because they are not afforded
the protection of seatbelts when a collision does occur. Their model focused on risk but they did not
address the sample selection bias.
Levitt and Porter (2001) use a simple but ingenious identification strategy that allows them to directly
estimate the impact of seatbelts and air bags on crash survival rates, despite sample selection in the data.
Seatbelts and air bags affect the probability of death, which consequently determines whether a crash is
included in the FARS data set or not. As long as anyone else dies in the crash, it is included in the FARS
data regardless of what happens to others in the crash. Focusing on this subset of crashes corrects the
sample selection bias. Curiously but rather insightfully, the sample selection problem that arises because of
the exclusion of a majority of non-fatal crash statistics from the FARS data set is countered by further
limiting the data.
In this paper, we primarily focus on Levitt and Porter’s (2001) identification method to correct for sample
selection bias in FARS – a rich data base that NHTSA has maintained since 1975 - to obtain a credible
estimate of seatbelt usage in the U.S. Most recent studies on safety devices tend to focus on the
technicalities of the methodology to arrive at a precise estimation of effectiveness, taking the seatbelt usage
rates released in NOPUS as given. Research suggests that consumers who are risk averse - and therefore,
typically the safer drivers on the roads - buy vehicles with safety devices (Fell and Nash, 1989; NHTSA,
1998; Levitt and Porter, 2001). At times, because of this endogeneity of vehicle choice, results are believed
to overstate any correlation between safety devices and fatality reduction. These are important results with
serious policy implications and, therefore, accurate estimation is critical.
Answers to a host of policy questions such as the effectiveness of seatbelt legislation in increasing the
usage and thereby reducing highway fatalities rely on the surveyed data. However, NOPUS data is
aggregated, and lacks data on characteristics of the driver, passengers, the vehicle and the road
environment, whereas FARS provides very detailed disaggregated data. If the FARS database can be
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established as an acceptable and comparable alternative to the observational NOPUS data, then the
additional cross-sectional details collected in FARS can be used to analyze various relevant research
questions, such as modeling seatbelt usage as a function of personal and vehicle attributes, not to mention a
possible re-estimation of past studies (Partyka, 1988; Partyka and Womble, 1989; Blincoe, 1994; Klein and
Walz, 1995; Dee, 1998; and Salzberg et al. 2002). Using two different specifications, i.e., correction based
on strict independence of seatbelt choice (specification 1), and correction based on strict dependence of
seatbelt choice (specification 2) to eliminate the sample selection bias and ensure a random sample, we are
able to present empirical evidence that NOPUS may be underestimating seatbelt usage. Additionally, these
two specifications allow us to show that the characteristics of vehicles, roads and riders affect the extent of
the independence of observations in the databases.
The remainder of this paper is organized as follows: Section 2 describes the databases, and specifications
used for our analysis. Section 3 presents the results and discusses their implications. Section 4 presents a
summary of our findings and outlines possible future extensions of the current paper. Tables and figures are
included at the end of the paper.
2

Data and Methodology

For our analysis, we used the 2006 data from the Fatality Analysis Reporting system (FARS) compiled by
the National Highway Traffic Safety Administration (NHTSA)2. We specifically focused on the following
categories of vehicles and passengers for easy correspondence with the NOPUS data: (i) passenger cars
(body type code 1 – 12), utility vehicles (14 – 19), mini vans (20), vans (21), and pick-up trucks (30 – 39),
(ii) front seat passengers (seating position code 11 and 13), and (iii) people using no restraint system or lap
belts or shoulder belts or both3. ‘Day time’ is considered to be the hours between 8 a.m. to 6 p.m.,
following NHTSA survey times.
The categories for expressways and surface streets are derived from the reported roadway functional class.
We follow the classification for urban, suburban and rural roadways in combination with the city code. For
example, the “suburban” category is defined as urban roadway outside of a city. Vehicles types 14 through
21 which include utility vehicles, mini vans and vans are combined in the “Vans & SUVs” category.
In Table 1 we show the 2006 NOPUS data in column (1), as well as the results of three different
specification of the 2006 FARS estimation. In column (2) of the table we present the estimates from the
data set that includes all FARS observations, and, thus, does not correct for sample selection bias. This
specification includes all 25,437 FARS observations and consistently underestimates when compared to the
surveyed data from NOPUS. We provide this specification to demonstrate the extent of sample selection
bias on seatbelt usage estimates if the FARS data base were to be used with no correction. A detailed
explanation of the two other specifications that we used to correct for sample selection bias to different
degrees follows:
2.1.
Specification 1: Correction assuming independence of seatbelt choice
Column (3) in Table 1 presents the estimates we refer to as “correction assuming independence of seatbelt
choice”. The sample size is 16,941. Based on the justification presented by Levitt and Porter (2001), it is
safe to state that the FARS data set oversamples people without a seatbelt, since the lack of seatbelt will
result in a higher probability of death. The single selection criterion that a crash is reported in the FARS
data base is the occurrence of at least one fatality. Therefore, the data base is not a random sample of
crashes; rather it is a self-selected sample of crashes with the selection criteria that at least one death has
occurred. Since the selection criteria for fatality is correlated with seatbelt use, the data set cannot be
considered a random sample for the purpose of effectively analyzing seatbelt use. However, if we assume
independence of individual observations4, we can remove the record of the passengers who succumbed to a
2

Source: http://www-fars.nhtsa.dot.gov/Main/index.aspx
For reasonable comparison with NOPUS data, only passengers/vehicle occupants with shoulder belts or
both shoulder and lap belts are considered to be using a seatbelt.
4
Independence of observations imply that occupants in the same vehicle choose whether to use a seatbelt
or not independently of each other.
3
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crash in all one-fatality crashes. The remaining observations then become a random sample, because all
non-random observations, based on the selection criteria, are excluded. Crashes with more than one fatality
can be seen as random because, from the perspective of the first fatality, the other fatality is random (not
self-selected) and vice versa. The estimates from this specification reflect what we refer to as the ‘lower
bound’ of possible seatbelt usage rates. This approach generally results in higher seatbelt usage rates than
NOPUS. A detailed discussion of the results is provided in Section 3.
2.2.
Specification 2: Correction assuming dependence of seatbelt choice
What if we cannot assume independence of observations in a car? Since seatbelt use of one person in a
vehicle is highly correlated with the seatbelt use of the other occupant (Saibel and Salzberg, 1996;
Nambisan and Vasudevan, 2007), we need to go a step further to remove the sample selection bias and to
ensure a random sample. We refer to this second specification as “correction assuming dependence of
seatbelt choice” in which we remove all the one-car crashes from the sample with the rationale that the
likelihood of not using a seatbelt is not only higher for the killed person, but also for all other vehicle
occupants. In addition, for every instance of a crash with only one fatality, we remove from the sample the
vehicle in which this fatality occurred, based on the same argument, that the probability of not using the
seatbelt is correlated both with the fatality as well as the other vehicle passengers. What remains in the final
data set - with a sample size of 11,504 - are only the vehicles without fatalities as well as all vehicles from
crashes where the fatalities occur in more than one vehicle because - as already explained in the previous
section - from the point of view of either vehicle with a fatality, the other vehicle with a fatality is not selfselected. The results for this specification are shown in the last column of Table 1. As expected, the
estimates are even higher than the results from the FARS data with correction assuming independence.
However, assuming dependence of seatbelt choice may remove too many unbelted passengers from the
sample due to their association with a fatality -- an event which has a higher probability of occurring
precisely when vehicle occupants are unrestrained. Thus, the estimates from this specification reflect refer
to as the ‘upper bound’ for seatbelt usage rates. This is relevant because research shows that seatbelt choice
is not strictly independent in vehicles with more than one occupant (Saibel and Salzberg, 1996).
3

Results and Discussion

Table 1 presents NOPUS data for overall seatbelt use and seatbelt use for subgroups in column (1) and
compares it with three different specification of FARS data reported in columns (2) through (4). As
expected, FARS without correction in column (2) undercounts seatbelt use when compared to NOPUS in
column (1). This is due to the previously discussed sample selection bias in FARS. Standard errors - which
are small in magnitude - are also included in Table 1.
Column (3) presents the corrected estimates using specification 1 and implies independence of seatbelt
usage choice, i.e., one occupant’s choice does not influence that of other occupant(s). Column (4) assumes
that the choice to use seatbelts is dependent or correlated across occupants of a vehicle and corresponds to
specification 2. If seatbelt use is indeed strictly independent in reality, then both estimates of seatbelt usage,
specification 1 and 2 should statistically be the same which is exactly what we find for the “Drivers, no
passengers” category, (see Table 1). For most other categories, the estimates for each specification differ by
some margin depending on the degree of independence. For example, if the category includes a large
number of drive-alone vehicles, the margin between both estimates is expected to be small (around 5
percentage points), but if the opposite is true - such as in the categories of “Drivers with passengers”,
“Right-front passengers” and “Age 8-15” - the margin between both estimates almost doubles.
The magnitude of the each estimate from specification 2 is determined simultaneously by:
(a)
the degree of dependence of observations
(b)
how many risk-takers are in the remaining sample (after correction)
If risk-taking and fatality are not correlated (i.e., if there is no over-correction), then the upper bound would
be the true usage rate and it would be determined solely by the degree of dependence in the observations.
With the possibility of overcorrection, it could very well be that specification 2 includes fewer risk-takers
than there are in reality, and as a result overestimates seatbelt use.
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Now, if we compare the lower bound result of FARS with the NOPUS data, we find that in almost 60
percent of all sub-categories, NOPUS seatbelt usage rate is lower than the FARS lower bound seatbelt
usage rate, including the seatbelt usage rate for “All occupants”. For some of the subcategories where that
is not the case, (e.g., “With passenger”, “Right-front passenger”, “Age 8-15” and “Weekends”), it is clear
that the observations are not independent. More than one occupant increases the likelihood that choices are
correlated. Children are influenced by the behavior of accompanying adults. On weekends, more families
are driving together. Therefore, the true result would be closer to the upper bound. The other categories that
stand out are “Secondary enforcement law”, “Pick-up trucks” and “Urban” for which the lower bound
values are already more than 3 percentage points higher than the NOPUS values. The finding is not wholly
unexpected, as it is quite possible that in an effort to minimize Type I errors (false positive), “conservative”
roadside observers are more prone to committing Type II errors (false negative).
There can be another explanation for the comparatively higher magnitudes of the corrected FARS
estimates, if we agree that reasonable predictions about the independence of seatbelt choice can be made
for certain sub-categories. For instance, since “pickup truck” drivers are more likely to be driving alone, we
can expect a greater degree of independence in their seatbelt choice. Yet, for this sub-category, the upper
bound estimate is higher than the surveyed estimate by a wide margin. However, this finding may be
explained by the high correlation between risk-taking and fatality for this sub-category of vehicles/users,
and not the degree of dependence in the observations. Moreover, it also implies that pickup truck users take
more risks generally because even after overcorrection, risk-takers are still well-represented. Likewise, in
states with primary enforcement law, drivers are more likely to be using seatbelts regardless of what others
are doing in order to avoid the penalties. Since primary enforcement law deters risky behavior, the
correlation between risk-taking and fatality is expected to be low as well. In this case, the true estimate is
closer to the lower bound. Using similar reasoning, we can comment on whether the true estimate is going
to be closer to the upper or the lower bound for the rest of sub-categories as well.
It is important to note here that since risk-taking is correlated with seatbelt use5, and thus fatalities, using
specification 2 may overcorrect the sample selection bias and push it to the opposite extreme compared to
the results from FARS with no correction (column 2 in Table 1). Given our discussion so far, by now the
reader will agree that whenever there is more than one person in a vehicle, seatbelt usage becomes a
dependent event. However, at any given point in time on any U.S. road, there are also a sufficiently large
number of people driving alone. Therefore, we believe that the correct seatbelt usage rate is anywhere in
between both estimates, with specification 1 estimates (column 3 in Table 1) establishing the lower bound
and specification 2 estimates (column 4 in Table 1) setting the upper bound. This is relevant for four of the
sub-categories (e.g., “Vans and SUVs”, “Motorists on expressways”, “Age 16-24”, and “South”) for which
the NOPUS estimate is higher than what we find with our lower bound specification but not quite close
enough to the upper bound specification to indicate dependence of seatbelt choice. To a certain extent,
these may be instances were road-side observers are committing Type I errors by letting pre-conceived
notions regarding types of vehicles, roads and travelers bias the surveys. For these sub-categories, the true
usage rate is expected to be somewhere in between the lower and the upper bound.
For the remaining sub-categories where dependence cannot be established as the reason for overestimation, our findings seriously raise the question whether NOPUS is undercounting seatbelt use. Even
the lower bound estimates from FARS data using the strong assumption for strict independence of seatbelt
choice to correct for sample selection bias suggest that more people wear seatbelts than found in the roadside surveys. This is clearly discernible from the graph in Figure 1. The 45-degree line represents all values
where NOPUS estimates equal FARS estimates. The scatter plot clearly shows that generally the estimates
from ‘Spec 1’ – although closer to the 45-degree line than either ‘FARS-no correction’ which is
systematically underestimating due to sample selection bias or ‘Spec 2’ which has a tendency to

5

It is well documented that certain driving behaviors, such as speeding, intentional risk taking, aggressive
driving, and impaired driving are associated with increased risk of Moving vehicle collisions and that
individuals engaging in high-risk behaviors are less likely to use belts than are low-risk persons (Evans and
Wasielewski, 1983; Wasielewski, 1984; Preusser et al., 1991; Hunter et al. 1993; Winnicki, 1997 and Dee,
1998).
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overcorrect – lie above it. This suggests that road-side surveys may be under-sampling seatbelt use.
Reasons could include poor visibility, high speeds of passing vehicles, and, especially in states with no
primary seatbelt laws, a general bias on the part of the observers to err on the side of caution (Type II
errors), especially in certain regions (Northeast), areas (urban) where more reckless driving is expected as
well types of vehicles and drivers (pickup trucks).
Additionally, in Figure 1 we can see that the ‘Spec 2’ estimates converge towards the ‘Spec 1’ estimates the
higher the surveyed NOPUS seatbelt rates are. This illustrates that the difference between the lower (Spec
1) and upper bound (Spec 2) estimates decreases at higher seatbelt use rates, which supports the hypothesis
of fewer risk-takers in groups with higher rates of seatbelt use.
4

Conclusion

While the effectiveness of seatbelts is commonly recognized, U.S. seatbelt usage rates have been relatively
low, especially compared to other developed nations. For years, the U.S. has trailed behind neighboring
Canada in seatbelt usage rates even in states with mandatory seatbelt laws. In 1997, the federal government
set targets to increase seatbelt usage from 68 percent in 1996 to 85 percent by 2000, and then 90 percent in
2005, both of which went unachieved according to NOPUS data. Even as federal funding for highway
safety initiatives and awareness programs rise, and primary and secondary law enforcement becomes more
stringent at the state level, the failure to meet targeted usage rates is confounding. The results of the
analysis presented in this paper suggest that, at least partially, the low usage rate may be explained by the
fact that NOPUS is under-counting seatbelt users. Once we correct for sample selection, even the lower
bound FARS estimates for a majority (more than 60 percent) of the sub-categories of vehicles and drivers
indicate a higher rate of seatbelt usage in the U.S. when compared to the estimates from the observational
NOPUS data. Although we cannot determine an exact estimate for seatbelt usage even with corrected
FARS data, we find evidence in support of prior research that for the different sub-categories of vehicles,
location, or occupant type, seatbelt usage is correlated with the degree of risk-taking (Salzberg, et al. 2002),
as well as the dependence of seatbelt choice (Saibel and Salzberg, 1996; Nambisan and Vasudevan, 2007).
However, it must be noted that the FARS data is not immune to additional bias. Fatal crashes are more
likely to occur on highways with higher speeds, where it reasonable to assert that more vehicle occupants
choose to buckle up. These same people could be less likely to wear a seatbelt when they are on suburban
roads, say, for a quick trip to the grocery store. But this issue is easily addressed of by applying weights
based on road classification and/or geography. In addition, it must be said, that the quality of the FARS
data is only as good as the effort put in by the recording police officer. Since the police do not have any
incentive for filling out the FARS form with care, there is some doubt about its overall accuracy. On the
other hand, there is no reason for us to suspect a systematic bias. Accordingly, we have established in this
paper that corrected FARS is overall at least as good at predicting seatbelt usage rates as NOPUS and
therefore can be used as a credible alternative.
We acknowledge here that FARS is not the only alternative to NOPUS when it comes to crash and fatality
data, but in many ways it is the most comprehensive, not to mention inexpensive and readily available. Our
analysis and results are primarily an application of the Levitt and Porter (2001) methodology to address one
specific problem with the FARS dataset – sample selection bias. Once sample selection is corrected
following Levitt and Porter (2001), we show that FARS data can be used to estimate the effectiveness of
seat belt usage. Our findings have implications for those earlier studies (mentioned in the introduction) that
used uncorrected FARS data and likely presented biased results.
We consider our results especially significant given the rich cross-sectional detail available in the
disaggregated FARS data base, which extends its potential for applicability in addressing and answering a
myriad of policy questions in safety research. Future extensions of this paper will use methodologies
established here to examine the extent to which seatbelt usage rates for states with primary seatbelt law
compare to states without primary enforcement laws.
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Figure 1: Comparison of FARS estimates using different specifications to correct for
sample selection bias depending on NOPUS seatbelt rates
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Table 1: Comparison of NOPUS seatbelt rates with FARS estimates using different specifications
(1)
NOPUS
2006
Sample size
All Occupants
Males
Females
Driver
No passengers
With passengers
Right-front passengers
Age 8-15
Age 16-24
Age 25-69
Age 70 and older
Primary enforcement laws
Secondary enforcement laws
Motorists on expressways
Motorists on surface streets
Passenger cars
Vans & SUVs
Pickup trucks
Urban areas
Suburban areas
Rural areas
Northeast
Midwest
South
West
Weekday
Weekends

81%
78%
85%
82%
83%
87%
78%
84%
76%
82%
85%
85%
74%
89%
81%
82%
84%
74%
79%
84%
78%
74%
77%
83%
90%
81%
82%
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(2)
FARS
(no correction)
25,437
71.7%
68.4%
76.9%
71.5%
69.3%
75.1%
72.5%
72.5%
65.3%
73.0%
76.5%
66.6%
74.9%
77.3%
70.7%
74.2%
71.6%
65.6%
74.6%
78.5%
68.0%
68.8%
69.7%
70.0%
79.1%
71.9%
71.3%

SE
0.3%
0.4%
0.4%
0.3%
0.4%
0.5%
0.6%
1.7%
0.7%
0.4%
0.7%
0.5%
0.3%
0.7%
0.3%
0.4%
0.6%
0.6%
0.4%
0.8%
0.4%
0.9%
0.6%
0.4%
0.6%
0.3%
0.5%

(3)
FARS
(independent)
16,941
81.5%
79.2%
85.1%
83.4%
86.3%
80.2%
76.9%
78.4%
74.3%
83.8%
86.6%
84.1%
77.1%
87.0%
80.1%
82.3%
82.2%
78.3%
83.3%
86.8%
78.3%
78.5%
79.2%
80.5%
87.0%
81.9%
80.6%

10

SE
0.3%
0.4%
0.4%
0.3%
0.4%
0.5%
0.6%
1.7%
0.7%
0.4%
0.8%
0.4%
0.5%
0.6%
0.3%
0.4%
0.6%
0.7%
0.4%
0.8%
0.5%
1.0%
0.7%
0.4%
0.5%
0.4%
0.5%

(4)
FARS
(dependent)
11,504
86.8%
84.6%
90.7%
87.1%
86.3%
88.7%
85.5%
88.3%
83.3%
87.6%
90.8%
88.8%
83.5%
92.4%
85.9%
87.6%
87.0%
84.4%
88.3%
90.1%
84.4%
84.1%
83.9%
86.2%
91.9%
87.0%
86.3%

SE
0.3%
0.4%
0.5%
0.4%
0.4%
0.6%
0.7%
1.9%
0.8%
0.4%
1.0%
0.4%
0.6%
0.7%
0.3%
0.4%
0.7%
0.7%
0.4%
0.8%
0.5%
1.0%
0.8%
0.5%
0.5%
0.4%
0.6%

