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17We develop a methodology to use FARS data as an alternative to NOPUS in estimating seat belt usage. The
18advantages of using FARS over NOPUS are that (i) FARS is broader because it contains more variables relevant
19for policy analysis, (ii) FARS allows for easy multivariate regression analysis, and finally, (iii) FARS data is more
20cost-effective. We derive coefficient estimates for categories such as vehicle occupants' age and night time seat
21belt use that observational surveys like NOPUS cannot easily provide. Although this is primarily amethodological
22paper, we present and discuss our results in the context of public policy so that our findings are relevant for road
23safety practitioners, researchers, and policy makers. Our results indicate that policies should focus on passengers
24(as opposed to drivers), male and young vehicle occupants, and that law enforcement should focus on pick-up
25trucks, rural roads, and nights. We find evidence that primary seat belt laws are effective.

26 © 2015 National Safety Council and Elsevier Ltd. All rights reserved.
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31 1. INTRODUCTION

32 While the effectiveness of seat belts is well established in research
33 (Blincoe, 1994; Carpenter & Stehr, 2008; Crandall, Olson, & Sklar,
34 2001; Evans, 1986; Kahane, 2000; Klein & Walz, 1995; Levitt & Porter,
35 2001; McCartt & Northrup, 2004; Partyka, 1988; Partyka & Womble,
36 1989), U.S. seat belt usage rates have been relatively low compared to
37 other developed nations (NHTSA, 2007).1 In 1997, the federal govern-
38 ment set targets to increase seat belt usage from 68% in 1996 to 85%
39 by 2000, and then to 90% in 2005, both of which went unmet according
40 to the annual National Occupant Protection Use Survey (NOPUS).2 The
41 National Highway Traffic Safety Administration (NHTSA) of the U.S.
42 Department of Transportation reported that over half of passenger vehi-
43 cle occupants killed in traffic accidents in 2006 died unbuckled (NHTSA,
44 2007).
45 With the rise in federal funding for highway safety initiatives and
46 awareness programs, and more stringent primary and secondary law
47 enforcement at the state level, the failure to meet targeted usage rates
48 is confounding. But more importantly, it points to a need for targeted
49 policies to incentivize usage. Beforewe can design such policies it is crit-
50 ical to determine the factors that affect vehicle occupants' decision to

51wear a seat belt. In the past, seat belt effectiveness studies that used
52NOPUS data could not address many of these factors because of the
53lack of certain details in the NOPUS data.
54Research on seat belt usage typically utilizes one of two publicly
55available data sources: (a) National Occupant Protection Use Surveys
56(NOPUS), and (b) Fatality Analysis Reporting System (FARS). The Na-
57tional Center for Statistics and Analysis of the NHTSA consider NOPUS
58to be their most reliable data set tracking the trends in seat belt usage
59by motorists. However, the observational nature of NOPUS data not
60only subjects it to some limitations due to the probability of human
61error in the data collection, but also due to lack of reliable data on
62vehicle occupants' personal characteristics or nighttime travel behavior.
63Fatality Analysis Reporting System (FARS) is the other available
64database for evaluating the usage rates of occupant's protection
65devices.3 An advantage of using the FARS database over NOPUS is that
66it is more comprehensive in the reported variables, providing, for
67example, additional data for vehicle occupant characteristics, as well
68as nighttime data. However, one critical problem with FARS data is
69that it underestimates seat belts usage when compared to estimates
70obtained from observational data such as NOPUS4 (Salzberg, Yamada,
71Saibel, & Moffat, 2002) due to the nature of the reporting system.
72To be included in FARS, a crash must result in the death of a person
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1 It must be noted here, however, that safety devices such as seat belts and air bags can
cause injury, and even fatalities at times (Hollands, Winston, Stafford, & Shochat, 1996;
Morris & Borja, 1998).

2 NOPUS is an annual survey providing probability-based observed data on seat belt use
in the United States conducted by the National Center for Statistics and Analysis of the
NHTSA.

3 FARS is a national census of motor vehicle fatalities which 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.

4 NOPUS is not the only source of probability-based observational data. States conduct
their own observational surveys annually. However, several states only survey passenger
cars and omit light trucks (Kahane, 2000).
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73 (occupant of a vehicle or a non-occupant) within 30 days of the crash.
74 Since it lists only those crashes where there is at least one fatality,
75 there is a potential issue of sample selection given that an individual's
76 seat belt use affects his or her probability of death, which in turn
77 influences whether the crash is included in the data because of the
78 correlation between seat belt use and fatality. It has been shown that
79 such sample selection leads to biased regression coefficient estimates
80 (Angrist & Krueger, 1999; Heckman, 1979; Heckman, Ichimura, Smith,
81 & Todd, 1996). The extent of this sample selection bias becomes even
82 more significant when we consider that only about 0.5% of motor
83 vehicle crashes involve a fatality, and in 90% of the incidents there is
84 just a single death (NHTSA, 1998). Had that death not occurred, the
85 crashwould not be included in the FARS database. Therefore, empirical-
86 ly, the impact of sample selection can be substantial, and failing to
87 account for it leads to estimates that systematically understate seat
88 belt usage. Previously, Salzberg et al. (2002) investigated seat belt
89 usage rates by comparing FARS data with observation surveys and
90 concluded that unbelted occupants are over-represented in fatal
91 collisions for two reasons: (a) because of a greater chance of involve-
92 ment in potentially fatal collisions in the first place, and (b) because
93 they are not afforded the protection of seat belts when a collision does
94 occur. Their model focused on risk but they did not address the sample
95 selection bias.
96 In our 2009 paper (Islam&Goetzke, 2009), we used an identification
97 method developed by Levitt and Porter (2001)5 to correct for the sam-
98 ple selection bias in FARS data in order to obtain a credible estimate of
99 seat belt usage in the United States. Curiously, but rather insightfully,
100 the sample selection problem that arises because of the exclusion of a
101 majority of non-fatal crash statistics from the FARS data set is countered
102 by further limiting the data. We used two different specifications to
103 correct the sample selection bias in FARS data: (a) correction based on
104 strict independence of seat belt choice (Model 1, details of which are
105 described in Section 3.1 below), and (b) correction based on strict
106 dependence of seat belt choice (Model 2, described in Section 3.2
107 below). By applying these corrections, we showed that the FARS data-
108 base can be established as an acceptable and comparable alternative
109 to the observational NOPUS data (Islam & Goetzke, 2009). In this
110 paper, we extend our previous work (Islam & Goetzke, 2009) on
111 correcting the sample selection bias evident in the FARS dataset and
112 using a multivariate regression analysis, address the following critical
113 question: What factors affect the decision to use seat belts? This
114 question is critical in designing effective policies. For example, are
115 there particular socio-demographic groups that policy should focus
116 on? Do specific times of day or regions require heightened enforce-
117 ment? These specific policy-relevant questions are precisely what the
118 corrected FARS dataset allows us to answer due to the rich cross-
119 sectional detail that it contains on each reported event.
120 While in Islam and Goetzke (2009) we presented a method to
121 correct sample selection bias in FARS data and then proceeded to
122 conduct a univariate statistical analysis to show its applicability as an
123 alternative to NOPUS data, in this paper we go further by presenting
124 results from a multivariate regression analysis of different categories
125 of vehicle occupants, times of day, regions, and vehicle types on seat
126 belt use. We begin our analysis with model specifications similar to
127 our 2009 paper (described above). For consistency of methodology,
128 we use the same 2006 data that we used in our earlier paper. We pro-
129 duce coefficient estimates for categories such as nighttime seat belt
130 use that NOPUS cannot provide since roadside surveys are conducted
131 during daylight hours. We develop a methodology to use FARS data as
132 an alternative to NOPUS. The advantages of using FARS over NOPUS
133 are that FARS data are: (a) broader because it contains more variables
134 relevant for policy analysis (e.g. nighttime observations), (b) better in

135quality (once corrected for sample selection bias) because multivariate
136regression analysis can be easily conducted, and (c) more cost-
137effective. Although this is primarily a methodological paper, we present
138and discuss our results in the context of public policy so that our find-
139ings become relevant for road safety practitioners, researchers, and
140policymakers.
141The remainder of this paper is organized as follows: Section 2
142describes the methodology and data used for our analysis. Section 3
143describes our model specifications and variables. Section 4 presents
144the results and a discussion of their policy implications. Section 5 pre-
145sents a concluding summary of ourfindings and outlines possible future
146extensions of this paper.

1472. METHODOLOGY AND DATA

148For our analysis we utilize 2006 data from the Fatality Analysis
149Reporting system (FARS) compiled by the National Highway Traffic
150Safety Administration (NHTSA).6 We focus on the 2006 data to remain
151compatible with our previous analysis of NOPUS (Islam & Goetzke,
1522009). We define the following categories of vehicles and passenger
153characteristics for easy correspondence with the NOPUS data: Occu-
154pants wearing seat belts (shoulder belts or both lap and shoulder
155belts) and occupants without seat belts (only lap belts or no belts);
156front seat passengers (seating position code 11 and 13); Passenger
157cars (body type codes 1–12), vans & SUVs (body type codes 14–21).
158‘Day’ is considered to be the hours between 8 a.m. and 6 p.m., following
159NHTSA survey times. The categories for expressways and surface streets
160are derived from the reported roadway functional class. We follow the
161classification for urban, suburban, and rural roadways in combination
162with the city code.
163We apply a binary logit model in our analysis to determine the
164likelihood of seat belt usage given various occupant, vehicle, and built
165environment characteristics. In general, a logistic regression model
166with multiple predictor variables can be characterized as follows
167(Hosmer & Lameshow, 2010):

logit pð Þ ¼ log p= 1−pð Þð Þ ¼ β0 þ β1X1 þ…þ βkXk:

169169

Each estimated coefficient is the expected change in the log-odds,
170log(p / (1 − p)), of the dependent binary choice variable, that is,
171using seat belts as in our case, for a unit increase in the corresponding
172independent variable, holding the other predictor variables constant.
173When a binary outcome variable is modeled using logistic regression,
174the interpretation of the logistic regression coefficients becomes easier
175after transforming of the logistic regression coefficient into odds ratios.
176The odds ratio is the odds of an event occurring in one group compared
177to the odds of it happening in another group, or a sample based estimate
178of that ratio.7 An odds ratio of 1 indicates that the condition or event
179under study is equally likely in both groups. Using the odds ratio, it is
180also possible to compare the regression results of the FARS data with
181the NOPUS survey findings.
182There are several advantages to this method that allows researchers
183to use FARS data instead of NOPUS in their estimations. As mentioned
184earlier, FARS data contains more variables relevant for policies, and,
185with corrections for sample section bias, allows for multivariate
186regression analysis to be conducted. It is also relatively inexpensive to
187collect and maintain.

5 Levitt and Porter (2001) use a simple but ingenious identification strategy that allows
them to directly estimate the impact of seat belts and air bags on crash survival rates, de-
spite sample selection in the data.

6 Source: http://www-fars.nhtsa.dot.gov/Main/index.aspx.
7 If the probabilities of an event happening are p1 (first group) and p2 (second group),

then the odds ratio is:
(p1 / (1 − p1)) / (p2 / (1 − p2)) =p1/q1 / p2 / q2 = p1q2 / p2q1where q1 = 1 − p1 and
q2 = 1 − p2.
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