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Safety-Restraint Use Rate as Function of
Law Enforcement and Other Factors

Preliminary Analysis

David J. White and Simon P. Washington

Persistent use of safety restraints prevents deaths and reducesthe sever-
ity and number of injuriesresulting from motor vehicle crashes. How-
ever, safety-restraint useratesin the United Stateshave been below those
of other nationswith safety-restraint enforcement laws. With a better
under standing of the relationship between safety-restraint law enfor ce-
ment and safety-restraint use, programscan beimplemented to decrease
the number of deathsand injuries resulting from motor vehicle crashes.
Doessafety-restraint useincr ease asenfor cement incr eases? Domotorists
increase their safety-restraint usein response to the general presence of
law enfor cement or to tar geted law enfor cement efforts? Doesarelation-
ship between enfor cement and restraint useexist at thecountywidelevel ?
A logistic regression model was estimated by using county-level safety-
restraint use data and traffic citation statistics collected in 13 counties
within the state of Floridain 1997. The model results suggest that safety-
restraint useis positively correlated with enforcement intensity, is nega-
tively correlated with safety-restraint enfor cement cover age (in lane-miles
of enforcement coverage), and isgreater in urban than rural areas. The
quantification of theserelationships may assist Florida and other law
enforcement agenciesin raising safety-restraint use rates by allocating
limited funds more efficiently either by allocating additional time for
enforcement activities of the existing force or by increasing enfor ce-
ment staff. | n addition, theresear ch supportsacommonsense notion that
enforcement activitiesdo result in behavioral response.

Despite research that shows safety restraints prevent deaths and
reduce injuries sustained in motor vehicle crashes (1), in 1997 the
safety-restraint use rate was 69 percent nationwide, and 41,967 peo-
plewerekilled in motor vehicle crashes(2). To underscore theimpor-
tance of this statigtic, President Clinton’s administration initiated the
Buckle Up Americacampaign, which included commitmentsto raise
the saf ety-restraint use rates nationwide to 85 percent by 2000 and
90 percent by 2005 (3).

Toincrease safety-restraint userates, numerous statesimplemented
mandatory uselaws (MULS). Although these lawsincreased use, use
rates till are not comparable with the significantly higher useratesin
other countriesthat have MUL s (4, 5). Inan effort to elevate userates,
some states implemented selective traffic enforcement programs
(STEPs) (5-8). These programs consist of intensified enforcement of
a particular traffic offense, such as the nonuse of safety restraints,
combined with heightened publicity about the program through media
outlets. Agenciesjustify theintent of these programs as public edu-
cation services.
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The state of New Y ork enacted the first mandatory safety-restraint
uselaw on December 1, 1984. By the end of 1998, 48 additiond states
and the District of Columbiahad mandatory safety-restraint laws (2).
A MUL can beeither primary or secondary. A primary safety-restraint
law enableslaw enforcement officers to stop vehicles and issue cita
tions solely on safety-restraint law violations. A secondary safety-
restraint law permits enforcement only after a driver has committed
another violation. Florida s secondary enforcement law was enacted
July 1, 1986, and enforcement began January 1, 1987. I1n 1997, Florida
had a safety-restraint use rate of 60 percent (2), and the fine for a
safety-restraint citation in Floridawas $30.

A number of jurisdictions have successfully increased safety-
restraint use with programs ranging from enforcement alone (6, 9,
10) to enforcement combined with public information, education,
and incentives (4, 5, 8, 11, 12).

Although research has shown that the number of belted drivers
increases with heightened enforcement, several specific research
questions have not been addressed:

* To what extent do motorists increase their safety-restraint use
when safety-restraint enforcement isincreased? That is, what change
in safety-restraint use is associated with a margina change in law
enforcement?

» Domotoristsincreasetheir safety-restraint usein responseto the
genera presence of law enforcement or to targeted law enforcement?
In other words, do motorists respond to the mere presence of law
enforcement, who enforce many laws including moving violations,
criminal activities, and safety-restraint use, or do they respond only to
targeted ticketing of safety-restraint violations? The former would
imply that the presence of law enforcement motivates motorists to
buckle up, whereas the latter would imply that word of mouth and
publicity of heightened safety-restraint enforcement are what moti-
vates motorists to buckle up.

* Arerelationships between enforcement and restraint use present
at the county level ? Thisquestion will help inform the preceding ques-
tion. Will countywide policies of enforcement affect safety-restraint
use rates across the county? A “yes’ answer provides support for an
impact of word of mouth and publicity of safety-restraint ticketing,
and a“no” answer suggests that these relationships exist only at the
corridor level and that presence and localized law enforcement are
what motorists respond to when considering whether to use safety
restraints.

Because most STEPs have limited budgets, determining what
works most efficiently and effectively can result in maximum returns
from targeted enforcement efforts. Also, states can receive additional
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funds from the federal government through incentive clauses by
increasing safety-restraint use among motorists. Through the use of
alogistic regression model, this paper strivesto provide answersto
these research questions (at least for the state of Florida).

REVIEW OF RELATED MODELING EFFORTS

Several analytical methods have beenimplemented to determinewhat
factors affect the use of safety restraints by motor vehicle occupants.
A logistic regression analysis and categorical data analysis revealed
that safety-restraint use was related to socioeconomic and demo-
graphic factors (13). Low use rates were related to lower-income
families, nonwhite drivers, and drivers younger than 25 years old;
however, the model accounted for lessthan 5 percent of the variabil-
ity in safety-restraint use. Linear regression analysisfor both primary
and secondary enforcement states showed a direct statistical associa
tion between safety-restraint use and enforcement, and primary
enforcement states had higher belt use rates at constant levels of
enforcement; seethework of Campbell (9). Campbell did not exam-
inethe patia influence of enforcement on safety-restraint userates (9).
In another study, Kim used alinear regression model to model the
relationship between enforcement and safety-restraint use (6). The
number of belted driversincreased with heightened enforcement from
both amonthly and cumulative monthly perspective. Although report-
ing that enforcement of the safety-restraint law had been strong, con-
sistent, and uniform, Kim did not address the spatia relationships
between enforcement and safety-restraint use. In addition, a linear
regression on acontinuousvariablethat isbounded by 0 and 1 (safety-
restraint use rate) is not the best choice of modeling approaches and
cannot limit predictions within the appropriate range of values.

Other modeling efforts included the use of a binary logit model
of driver beliefs as arandom variablein ordered probability safety-
restraint use models for both urban and rural trips (14), the devel-
opment of binary logit models for both safety-restraint beliefs and
safety-restraint use (15), and stepwise multiple regression analysis
to identify factors that influenced safety-restraint use.

In general, studies have shown that safety-restraint use rates are
affected by factors that include gender (15-17), race (15, 18, 19),
income(19), and age (15, 17, 19). In addition, level of education, place
of residence (15, 19), facility where ticket was issued (17), beliefs
about safety (20), and type of enforcement law (9, 15) affect rates of
safety-restraint use. These studies revealed factors that affect safety-
restraint use but provide little information regarding the relationship
between safety-restraint use and law enforcement.

RESEARCH HYPOTHESIS

Research hypotheses were constrained because of the data available
for analysis. Thus, nothing can be postul ated about sociodemographic
factorsand their relation to safety-restraint use. Theresearch hypothe-
seswere used to guide the modeling effort and to provide insight into
new aspects of safety-restraint use not explored previously. Specific
research hypotheses were asfollows:

* Increasesintotal citations and safety-restraint violations written
will positively affect safety-restraint use rates.

* Countywidetotal violationswritten will beabetter predictor of
restraint use rates than will countywide saf ety-restraint violations
written.
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* For agivenlevel of law enforcement intensity (ticketing rate),
safety-restraint use will decrease with increased enforcement
coverage.

* Rura motoristswill have lower safety-restraint use than urban
motorists on average.

The first hypothesis reflects the a priori belief that increased law
enforcement will indeed motivate motoriststo buckle up. The second
hypothesis reflects the a priori beliefs that motorists are more sensi-
tiveto law enforcement presence than word of mouth and advertising
of targeted ticketing, and that countywide enforcement campaigns
will have atrickle-down effect on residentsin that county. Support
for the second statement comes from the belief that to some extent
word of mouth and advertising of enforcement have impact, and that
law enforcement agencies know how best to allocate resources to
be highly visible and affect the greatest number of motorists. The
third hypothesis comes from the a priori belief that for a given law
enforcement intensity (resourcesand ticketing rate), increased area of
enforcement coveragewill be associated with reduced safety-restraint
userates. Thisassertion provides support for the notion that visibility
isakey component of law enforcement and that as the transportation
systemislessdense, visibility isdecreased, frequency of ticketing per
facility isdecreased, and motorist sensitivity islessened. Finaly, the
fourth hypothesis represents the a priori belief that surveyed rural
motoristsareless apt to be observed wearing saf ety restrai ntsthan sur-
veyed urban motorists on average. There are many reasonsto suspect
that this difference exists, including differencesin sociodemographic
factors, perception of safety and level of security, duration and speed
of travel, and other differences between the average rural and
urban motorist.

DESCRIPTION OF DATA

Data employed in this analysis were obtained from sponsored
research by Florida State University for the Florida Department of
Transportation (FDOT) State Safety Office (21). The data were
collected during May and June 1997 as part of the state observational
survey of safety-belt use done for NHTSA (22). The datainclude
observations from 13 of 67 countiesin Florida and were collected
at 25 sitesin each county for atotal of 61,499 observations at 325
observation sites (Figure 1).

Thecountiesrepresented in the datawere Brevard, Broward, Dade,
Escambia, Hillsborough, Leon, Marion, Orange, Palm Beach, Pasco,
Pinellas, Polk, and Volusia. Escambia and Leon Counties are in
the northern part of the state, and Palm Beach, Broward, and Dade
Counties arein the south. Data collection proceduresincluding site
selection, observation times, and observation methods, and data
analysis relied on guidelines established by NHTSA (23).

Survey sitesincluded roads with average daily traffic of at least
500 vehicles and were selected from the FDOT transportation statis-
ticsdatabase. County population, land use (urban, rural), and highway
functional classification (principal arterial, minor arterial) stratified
the sample. Ohservation timesincluded all daylight hoursfor all days
of the week for a predetermined period at each site. Only stopped or
slow-moving vehiclesinthenear curb lanewere observed, and obser-
vationsincluded restraint use by front-seat occupants of passenger
cars, trucks, vans, and sport utility vehicles. Weighted estimates of
safety-restraint use with one standard error and a95 percent confidence
interval were reported. Also, the surveyswere probability based, met
aprecision requirement specified by NHTSA, and represented at | east
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FIGURE 1 Florida counties in seat belt survey.

85 percent of the state' s population. The variables used in the devel-
opment of thelogistic regression model areshownin Table 1. In addi-
tion to safety-restraint use, other summary statistics of the data are
shown in Table 2. The variation in both restraint use rates and tickets
issued per month by county isdisplayed in Figure 2.

MODELING RESULTS

Theresulting model isagrouped logistic regression model wherein
the dependent variable is safety-restraint use rate, BeltUse. The
S-Plus statistical software program (24) was used to produce esti-
mates of coefficients, standard errors, and t-statistics. Table 3 shows
theresults of thefinal model, which was obtained after many starter
specifications and various forms of the variablesas shownin Table 1.
The table shows that both LandUse and SBTicketRate.Month pos-
itively influence safety-restraint use, and PALaneMiles influences
safety-restraint use negatively. The t-statistics for all coefficients
aresignificant. Although therewere only 13 sitesin the model, the
grouped nature of the model accounts for the fact that many obser-
vations were used to derive BeltUse, hence the large t-statistics.
Thetable also showsthat the mean absol ute deviation or mean error
of predictionisabout 2.5 percent. Table 4 showsthe oddsratio of the
results of the final model.

Figure 3 shows a scatter plot of observed BeltUse versus fitted
BeltUsefor the 13 counties. Although it appearsthat apotential cur-
vature exists in this plot, the curvature did not exist in any partial
correlation plots. In other words, nonlinear patterns were not found
between BeltUse and the independent variablesin the model.

The estimated model, transformed back into probability units, is
shown in Equation 1:
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BeltUseg =

exp0.4206 + X,(~0.0022) + X,(0.1176) + X,(0.0053)]
1+ exp[0.4206 + X,(-0.0022)+ X,(0.1176) + X,(0.0053)]

@

where

BeltUsg = average seatbelt usein county i,
X; = PALaneMiles,
X, = LandUse, and
X5 = SBTicketRate.Month.

Notethat the model shownin Equation 1 ismultiplicativein param-
eters. In addition, the marginal effect of avariableisafunction of
the value of other variablesin the model, unlike alinear regression
equation.

The model depicted in Table 3 shows that the logit of BeltUse
increases with SBTicketRate.Month, decreases with PALaneMiles,
and ishigher for urban areas (LandUse = 1). Because parametersare
multiplicative, and because marginal effects depend on the level of
other explanatory variablesin the model, an example can be used to
best illustrate use of the model. For best results, the model should
be used only within the range of observations (joint distribution of
independent variables).

Suppose arural county with 6 million daily vehicle milestraveled
(VMT) (9.66 million km) wants to increase safety-restraint use at
monitoring stations from 47 percent to 60 percent through increased
enforcement. Assumethat this county has 300 lane-mi (483 lane-km)
of principal arterias to enforce, and their current safety-restraint
ticket rate is 25 tickets per daily million VMT. Solving Equation 1
for SBTicketRate when UseRate = 60, PALaneMiles = 300, and



TABLE 1 County-Level Variables

UseRate Driver seatbelt use percentage observed during a survey period in May
or June, 1997, at 25 survey stations in 13 counties in Florida

County County where data were collected

PcWhiteMale Percent of white males observed wearing seatbelts

PcWhiteFemale Percent of white females observed wearing seatbelts

OtherMale Percent of other males observed wearing seatbelts

OtherFemale Percent of other females observed wearing seatbelts

LandUse 1 if survey station in urban location, 0 otherwise

PcAADTPA Percent annual average daily traffic on principal arterials

PcAADTMA Percent annual average daily traffic on minor arterials

NumPA Number of principal arterial survey stations

NumMA Number of minor arterial survey stations

Sbtickets Number of seatbelt tickets issued in May and June, 1997, in county

Movtickets Number of moving violations tickets issued in May and June, 1997, in
county

AADTTot Average annual daily traffic measured at all survey sites

DMVTTot Average daily vehicle miles traveled on all facilities in county

DMVPA Average daily vehicle miles traveled on principal arterials in county

TotLaneMiles Centerline lane miles of all facilities in county

PALaneMiles Centerline lane miles of principal arterials in county

BeltUse Seatbelt use rate in decimal (UseRate/100) in county

SBTicketRate Number of seatbelt tickets issued in May and June, 1997, in county per
DMYTTot

SBTicketRate.Month Number of seatbelt tickets issued in May and June, 1997, in county per
DMVTTot per month

Public Road Mileage and Miles Traveled, 1997; source: Transportation Statistics Office, FDOT.

TABLE 2 County Variables in Model

BeltUse Observed driver rate of safety
restraint use compliance

SBTicketRate.Month 14 - 109 Number of seat belt tickets
issued per DYMTTot

LandUse 0-1 Urban or rural county
designation

PALaneMiles 107 - 308 Lane-miles of principal arterials

DVMTTot 5.06 - 39.1 Daily million vehicle miles of
travel on all facilities in county

*Measured at randomly selected survey sites (25 sites per county) at urban and suburban
locations.
1 mi. = 1.61 km.
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FIGURE 2 Florida safety-restraint data for 1997.

LandUse=0, onegets SBTicketRate =122, or equivalently 582 addi-
tiondl tickets per month on average. Thus, an amost fivefold increase
in ticketing would result in an increase of BeltUse by 13 percent.

DISCUSSION OF RESULTS

The results of the logistic regression modeling can now be used to
assess the research hypotheses stated previously.

Hypotheses 1 and 2. Increasesintotal citationsand safety-restraint vio-
lations written will positively affect safety-restraint use rates, and

30.00

Seat Beit Use Rate (%)

20.00

countywide violationswritten will be abetter predictor of restraint use
rates than will countywide safety-restraint violations written.

Early attempts to estimate a logistic regression model by using
total citation ticketing ratesinstead of safety-restraint ticketing rates
failed. The modelsthat resulted from use of thetotal violation ticket
rate did not suggest asignificant relationship, and only when safety-
restraint ticketing rateswere used did adefensible and logical model
emerge. This result suggests that observed motorists respond to
targeted ticketing most likely through word of mouth and adver-
tising campaigns such as TV commercials. Thisresult opposed the
apriori hypothesis, which presumed that law enforcement pres-

TABLE 3 Estimation Results of Logistic Model of Safety-Restraint Use

{Intercept) 0.420685 0.00781177 53.85280

PALaneMiles -0.002204 0.00003682 -39.86497
LandUse 0.117598 0.00387656 30.33575

SBTicketRate.Month 0.005331 0.00008636 61.7315

*t-values and standard errors reflect attributes of grouped data through the use of a weighting variable;
i.e., AADT/12 was used as grouping weights at sites, which assumes a 2-hour collection period at each site.

Null Deviance = 10108.3 on 12 degrees of freedom.

Residual Deviance = 2167.8 on 9 degrees of freedom.

Mean Square Prediction Error = 8,38%.
Mean Absolute Deviation = 2.56%.
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TABLE 4 Odds Ratio of Results of Logistic Model of Safety-Restraint Use

PALaneMiles 0.997798 0.000037 0.9977-0.9979
LandUse 1.124791 0.004361 1.1163-1.1333
SBTicketRate.Month 1.005345 0.000087 1.0052-1.0055

ence alone would prompt motorists to buckle up. The results
also suggested that counties have varying levels of enforcement
across ticket categories that are not highly correlated, at least
between safety-restraint and total ticket rates, and that total tick-
eting rate generally is not a good indicator of rate of safety-
restraint ticketing.

The data and resulting model suggest that increasing safety-
restraint enforcement, even with a secondary safety-restraint law,
results in an increase in safety-restraint use. It was interesting to
observe that county-level statistics resulted in a reasonable model.
This provides further support for the notion that law enforcement
agenciesdowell at targeting influential sitesfor enforcement and that
word of mouth and other forms of advertising carry across acounty.

Hypothesis 3. For agiven level of law enforcement intensity (ticketing
rate), safety-restraint use will decrease with increased enforcement
coverage.

The third hypothesis could not be rejected with the data observed
in this study. The model suggested that for a given level of enforce-
ment, the number of principal arterials in the county is negatively
related to safety-restraint use rates. In other words, as VMT is more
dispersed in acounty, law enforcement officers conduct enforcement

less frequently at a given site and time of day. This affects both law
enforcement presence and word of mouth and other advertising of law
enforcement. Aswould be expected, thelarger the county (in termsof
road mileage) to enforce, the lower the impact of agiven intensity of
enforcement.

Total county lane mileage also was tested; this proved inferior
(statistically) to principal arterial lane mileage for predictive pur-
poses. This probably isbecause survey sitesare primarily located on
principal arterials, and motorists are likely to be more sensitive to
enforcement on arterials than on Interstates.

Hypothesis 4. Rural motoristswill have lower safety-restraint use than
urban motorists on average.

Thefourth hypothesis could not berejected with the sample of data
obtained in Florida. Unfortunately, the database lacked sociodemo-
graphic variables, and so the variable LandUse is believed to corre-
latewith those variablesthat wereknown to affect safety-restraint use
inpreviousstudies. As suspected, those variabl es associated with sub-
urban locations (rel ative to urban), higher minority population, lower
educational levels, greater sense of security, and greater mileage on
non-Interstates are thought to account for the negative relation with
LandUse, as shown in the model.

o .

n

©

° o

o
o) (o]
(o] o
o

o

© 4 [e]

o
b
2
© [e]
]

wn

n

o o

o

wn -

o o

o
T T T T
0.50 0.55 0.60 0.65

Fitted: PALaneMiles + LandUse + SBTicketRate.Month

FIGURE 3 Observed belt use rate versus fitted model.
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CONCLUSIONS AND FUTURE WORK

A model relating safety-restraint use and enforcement intensity, land
use designation, and enforcement coverage was estimated by using
alogistic regression methodology. In general, the modeling results
agreed with apriori hypotheses, and the signs and magnitudes of the
explanatory variables are reasonable. The model can be used inthe
state of Florida and perhaps other states to assess the payback for
increased enforcement intensity. However, the model is considered
preliminary, and acarefully designed study, which uses panel data
with changes in enforcement intensity, controls for safety-restraint
counts stations, and survey of sociodemographic factors, should be
conducted to validate the results postul ated here.

Whether the model is generalizable to other states depends on
many factors. Florida has a secondary safety-restraint enforcement
law, and motoristsin states with primary laws may exhibit different
behavior. Anassumption underlying the model isthat datacamefrom
randomly selected survey sites throughout a county—nonrandom
selection of sitesin Florida or future comparison sites would render
the results suspect. It is possible that greater enforcement as refl ected
through SBTicketRate.Month may have been conducted simultane-
ously with other public information and education programs, thus
overestimating theeffect of SBTicketRate.Monthinthe current model.
In addition, the size of countiesand extent of principal arterial mileage
may be markedly different in other states. Perhaps most important are
the potential effects of other programs related to safety-restraint use,
such aseducational campaigns, advertising, news coverage, and short-
term intensified enforcement programs, such as check points, which
were not accounted for in this model. The sociodemographic distri-
bution of people, which was partly accounted for by aland use vari-
ablein thismodel, may differ across other states and thus render the
effect of theland use variable incorrect. Finally, the model presented
here is estimated on cross-sectional data; however, inferences are
being made in a dose-response way: if ticketing is increased by an
amount x, then safety-restraint use will increase by y. It is presumed
that the most important elements leading to safety-restraint use are
captured in the model; however, some obvious omitted variables
could not beincluded. Because of the paired in space and time nature
of thedata, and because of the omitted variable bias potential, follow-
on studiesto validate these findings need to be conducted.

Similar datacollection and anaysis could be donein other statesto
determinethe spatial stability of the model estimated inthisresearch.
In subsequent efforts, variables such asthefregquency of programmed
enforcement efforts, price of safety-restraint violation, frequency or
extent of advertising campaigns, and age, ethnicity, alcohol use, and
number of prior citationsof thedriver should beincluded to the extent
possible.

Future work should also include a microanalysis of enforcement
and rates of safety-restraint use to study the relationship between
safety-restraint use and enforcement at the link level by using link-
level travel, ticketing, and sociodemographic variables.
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