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ABSTRACT

Seat belt use has frequently been identified as one of the most effective ways of improving highway safety and considered to be particularly useful in reducing fatalities. However, some states experience considerably lower seat belt usage rates compared to other states and the national average. State transportation agencies and other involved parties are interested in increasing the usage rates and thereby improve safety of all road users. Accordingly, the study described in this paper was intended to identify the most effective factors affecting average seat belt usage rate in a given state with the intention of reducing huge economic losses in the form of traffic crashes. This objective was achieved through statistical modeling of state level data related to all potential factors that could possibly affect usage rates. Identification of important factors affecting safety belt usage would be helpful in developing more effective education programs and providing guidance for required policy changes. Findings of this research suggest switching to primary seat belt law as the single most effective way of increasing seat belt usage rate in a state with the secondary law, where it could be expected to go up by about 11.5%. Second most effective action towards increasing the usage rate would be to increase the penalty for seat belt law violation. A $10 increase in penalty could be expected to raise the usage rate by about 4.8 %. Additionally, increased interstate mileage, fuel tax, crime rate, and median household income tend to increase the usage rate. Higher percentages of African American population and rural highway mileage tend to decrease the usage rate in a state, and could be identified as areas needing focused attention. Even though some of these identified factors represent the characteristics of the users rather than the direct effect, the findings provide insights on increasing usage rates in an average state in the United States.
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Introduction

Based on data for year 2003, more than 42,000 people in the United States died as a result of motor vehicle crashes and the number injured is close to 2.9 million (1). Federal, state, and local transportation related agencies, non-profit organizations, academic institutions, and various other individuals are interested in reducing these fatalities and injuries so that the enormous economic loss to the country could be reduced. Seat belt could be considered as one of the most effective safety innovations ever designed for motor vehicles and almost 80% of Americans agree that seat belt laws should be enforced just like any other law (2). There is a very strong belief among all involved parties that the number of lives saved could be substantially increased if more people used safety belts. About 20,000 of the people who die each year and another 600,000 who get injured were not using safety belts. National Highway Traffic Safety Administration (NHTSA) believes that increasing the use of safety belts is the most effective way to reduce the nations death toll from traffic crashes. Based on the estimates by NHTSA around 10,000 fatalities, 200,000 injuries and tens of billions of dollars in costs to the society could be avoided if all of the occupants of motor vehicles wore safety belts (3). 

With the realization of the importance of seat belts towards improving highway safety, federal policy has started requiring that seat belts be installed on all new automobiles sold in the United States since 1968. However, voluntary seat belt use did not increase much above 10 percent until mandatory seat belt laws were passed by the states (4). There are two broad categories of mandatory seat belt laws used in the United States, commonly referred as primary and secondary laws. Under primary law, a law enforcement officer can stop a motorist solely based on an observed seat belt violation. However under secondary enforcement law, initial stopping of a motorist must have occurred for some other violation before a seat belt violation is issued.  As of 2005, 29 states have yet to enact primary enforcement seat belt laws, including New Hampshire, which has no law for occupants 18 and older. Only 21 states (AL, CA, CT, DE, GA, HI, IL, IN, IA, LA, MD, MI, NJ, NM, NY, NC, OK, OR, TN, TX, and WA) and the District of Colombia (DC) have enacted primary enforcement seat belt laws (5). 

Even though a vast majority of people seems to agree that wearing the safety belts have beneficial effects in improving highway safety and reducing fatalities on nation’s highways, some states struggle with changing the seat belt law from secondary to primary. This is irrespective of the fact that there is clear evidence that the primary seat belt states enjoy significantly higher seat belt usage rates than the secondary states. Accordingly, this study made an attempt to model state seat belt usage rate with the intention of identifying the significant contributing factors towards increasing average state seat belt usage. Through the developed models, it is possible to quantify the effect of expected change (increase) in usage rate, if the law is changed from secondary to primary. In addition to that, identified significant factors other than the seat belt law, provide important characteristics related to seat belt usage and could be used in identifying the focus groups for directing special education and training programs.  

LITERATURE REVIEW

Existing literature related to seat belt use in the United States and related fatalities was reviewed in detail. Accordingly, variables that affect seat belt use could be broadly divided into four categories as follows.

· Demographic & Socio-Economic Variables – Considers variables such as percentage of young drivers, percentage of male/female drivers, income, urban vs. rural population, race/ethnicity of population, percentage of high school graduates etc.

· Policy & Regulation – Considers factors like seat belt law, blood alcohol concentration law, maximum speed limit law, fuel tax, penalty for seat belt law violation etc. 

· Roadway & Traffic Characteristics– Considers variables which represent the total number of highway miles which are broken down into subcategories like interstate roads, miles of rural/urban road vehicle miles traveled on rural/urban roads, travel time for commuting to work, traffic densities etc.

· Other Factors – Considers total number of fatalities, fatalities per 100 million vehicle miles traveled, crime rate, unemployment rate etc.

When considering demographics, age was found to be an important factor related to seat belt use. Young drivers have lower seat belt use compared to older drivers (6, 7, 8). Young drivers are more prone to fatalities because of aggressive and risk taking behavior as well as inexperience (9).  Along with age, various studies have considered the gender of non-users and findings suggest that females are more likely to use seat belts compared to males (10, 11, 12, 13). Seat belt usage also varies with the socio-economic status of a person. Belt use was found to be higher among people with higher education and income levels (10, 11, 13). Similarly fatalities were found to decrease in higher income levels and higher education levels (14). When considering fatally injured vehicle occupants, lower seat belt use among African Americans was found to be one of the most crucial factors (8, 16, 17). Additionally, African American and Hispanic male teenagers were twice more likely to be involved in a fatal crashes than others (18). 

Additionally, some policies and regulations affect seat belt usage and traffic fatalities. Between the two types of seat belt law i.e. primary law and secondary law, it has been found that primary law significantly increases seat belt usage rates. Average seat belt usage rate for secondary states in 2002 was 73.46 % as compared to 84.45% for states with primary law. One of the potential reasons to explain this is that police officers are more likely to issue tickets if the law is primary. A driver in a state with primary seat belt law perceives a higher risk of punishment or penalty compared to a driver in a state with secondary seat belt law (19). Seat belt law was found to be the strongest predictor of higher observed seat belt use in fatal crashes (9). Most of the studies have found that primary seat belt law leads to a reduction in vehicle occupant fatalities. One such study estimated that changing from secondary to primary seat belt law reduced occupant fatalities by an estimated 7 percent (19). It is widely agreed that seat belt law is effective in reducing vehicle occupant fatalities (20, 21, 22, 23). Blood alcohol concentration is another important factor affecting seat belt use. Some studies reveal that those who drink and drive are less likely to wear seat belt (6, 7). Similarly, a direct relationship has been found between amount spent on highway maintenance and traffic fatalities. Vehicle occupant fatalities decrease with an increase in amount spent on highway maintenance (15).

Some factors related to roadway and traffic characteristics like urban and rural vehicle miles traveled, rural highway mileage, interstate roadway mileage, travel time, length of trips etc. have also been considered by previous studies. One study reveals that drivers exiting from freeway had higher belt use than drivers on other roads (23). One of the reasons for this could be traveling at higher speeds, which increases the perceived risk of a crash. Teenage drivers involved in fatal crashes are 1.2 times more likely to wear a seat belt if the crash occurred on urban road as compared to rural road (9). 

Considering the existing literature and general perception, various factors that may affect seat belt usage were identified. This study develops the relationships between these factors and seat belt usage rate. Statistical modeling was carried out using Statistical Analysis Software (SAS, 8.1) (24). 

METHODOLOGY

Data Collection and Variable Selection 

Based on previous literature and general understanding in the area of the research, all relevant variables were identified and state level data related to those were collected. Data included information about policies and regulations like seat belt law, blood alcohol concentration law, fuel tax, physical characteristics like miles of rural and urban highways, socio-economic and demographic data like median income, unemployment rate, and some other general factors. These data were collected for year 2002 for all 49 states excluding New Hampshire, which does not have a mandatory seat belt law. District of Columbia was also not considered in the modeling process since it has significantly different characteristics than the rest of the states. Identified variables have been defined and briefly explained in Table 1.
Data Analysis and Modeling 

While modeling, a correlation matrix was first developed for the independent variables and all those variables with correlation coefficient above 0.70 were not considered simultaneously. Multi collinearity was also checked and variables with variance inflation factor above 10 were removed. The remaining variables were considered in the model development and stepwise regression procedure was used. Significant level for entering the model (SLE) was specified as 0.15 and for staying in the model (SLS) was specified as 0.10. After the model was developed, four assumptions of linear regression were verified. These assumptions are listed below.

 Assumption 1 – Zero Expectation; E (
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i ) = 0 for all i  i.e. Linear regression model is adequate.
Assumption 2 – Constant Variance; V (
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i ) = 
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2   for all i. Verified using Standardized residual plots. These plots are observed for any particular trend in residuals like wedge shaped, U or inverted U-shape trends etc.

Assumption 3 – Normality; 
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i is normally distributed. Verified using Normal probability plots, kurtosis and skewness statistics. If normal probability plot is not linear and kurtosis and skewness statistics show value significantly different from zero, then some non-normality of error exists.

Assumption 4 – Independence; The 
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i are statistically independent and hence uncorrelated. This assumption is critical for time series data. As single year data was used, this assumption need not be verified. 

Similarly assumption 1 is automatically verified as stepwise regression analysis is used. So in this case, only assumptions 2 and 3 need to be verified for the models developed.

Non-normality of errors usually occurs due to outliers and as a few outliers were detected influence statistics were used evaluate if these outliers influence the model fit. Two types of influence statistics were used, namely, DEFITS and DFBETAS (25). A large value of DEFITS indicates that the observation is very influential in its neighborhood of the X space. A size-adjusted cut-off value is 2
[image: image6.wmf]n

p

/

 where p and n are parameters in the model and number of observations respectively. Similarly, large values of DFBETAS indicate observations that are influential in estimating a given parameter. A recommended size-adjusted cut-off value is 2/
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RESULTS

Multiple Linear Regression (MLR) analysis procedure was used to develop the statistical models to predict the seat belt usage in a given state and labeled as Seat Belt Usage Rate Model and Modified Seat Belt Usage Rate Model.
Results on Seat Belt (Usage Rate) Model and Modified Seat Belt Usage Rate Model

Seat belt usage rate model was developed to identify the factors that significantly affect seat belt usage rates in each state. After developing the model, two assumptions of MLR model i.e. assumption of constant variance and normal distribution of errors were verified to check the robustness of the model. Assumption on constant variance was verified by using the Standardized Residual plot shown in Figure 1, which did not show any particular type of trend that might suggest a non-constant variance. Second assumption of normal distribution of errors was verified by observing the Normal Probability Plot shown in Figure 2, which does not show a linear trend. Moreover the lower and upper most part of the line deviates away from the straight line, which is a strong evidence of non-normality of errors. Values of kurtosis and skewness statistics were 2.38 and -0.88 respectively even though these values should be close to zero for standard normal distribution, which again confirms non-normality of errors. Outliers, which have certain characteristics farther away from the average value, could be one of the potential reasons for non-normality of errors. From the standardized residual plots, potential outliers with residual values greater then 
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2 were found. These outliers were identified as Louisiana, Maine, Massachusetts and Vermont. Table 3 shows standardized residuals for these states. Outliers with high leverage are termed as influential outliers. As explained earlier, DEFITS and DFBETAS statistics were used to investigate if these outliers are influential. Size adjusted cut-off values for DEFITS statistic was calculated by using formula 2
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 = 0.70 and DFBETAS statistic is calculated by 2/
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  = 0.29.

Influence statistics for these four extreme observations in this model, which included six variables as affecting seat belt usage rates, are summarized in Table 3. These statistics explain why a particular observation (state) is identified as an outlier. For example, average percentage of African American population in USA is 10.02 % and corresponding numbers are very low for Vermont (1%), Maine (~0) and very high (33%) for Louisiana. Due to this situation, the DFBETA criteria for variable related to African American population for the mentioned states were above the cut-off criteria of 0.29. Similar reasoning could be done for other variables as well. 
Accordingly, it was understood that these observations influence the overall model fitness. Additionally the developed model violates the assumptions of MLR model, which states that errors should be normally distributed. Due to these considerations, the identified outliers were removed from the data and another model was developed for representing average states, which is referred to as the Modified Seat Belt Usage Rate Model. Same procedure was followed for checking the robustness of the model and it was found that the assumptions of constant variance and normality of errors were satisfied and no extreme observations were found by analyzing the standardized residual plot. Normal probability plot also showed a better linear trend as shown in Figure 2. Overall fit of the model was found to be better then the previous model, with a higher R2 value of 0.843 compared to 0.617 in the original model. Modified seat belt model can be written in the form of equation as follows, based on variable definitions given in Table 1.

Usage_Rate = 38.73 + 11.49 (LAW) + 0.36 (TI) -3.53 (LAFAM) – 0.65 (HMR) +0.43 (FT) + 2.65(CR) + 4.79 (LPEN) + 1.85 (MHI)
                         

       (1)

                      
                    

Discussion of Results obtained by Modified Seat Belt Usage Rate Model 

Model results provide the factors that contribute to state seat belt usage rates in an average state. In the following sections, the eight identified factors are discussed and compared with the findings of the previous studies.

Log of African American Population (LAFAM) 

Percentage of African-American population is inversely proportional to seat belt use and the model estimated that 1 percent increase in African American population would result in a decrease in seat belt use by 0.353 percentage points, which yields a confidence interval (CI) from 0.615 to 0.09 when a 90% level of confidence is considered. A previous study (25) found that seat belt use is higher for whites than for African Americans. Another study estimated that a percentage of African-American population as accounting for 5-9 % variability in seat belt use (26).
Crime Rate (CR) 

Based on model results higher crime rate results in increased seat belt usage. The model estimates that the seat belt use would increase by 0.36 (90 % CI =1.49 to 3.80) percent, if total number of crimes increases by 1000. One plausible reason for this situation is the feeling of insecurity people might experience in areas of higher crime rate. This psychological fear of an unsafe environment might be increasing seat belt use. Moreover, with increased crime rate, there could be an increase in patrolling by law enforcement officers, which could result in a higher seat belt use.

Fuel Tax (FTD) 

Fuel tax positively affects the seat belt usage rate in a State. The model estimates an increase in seat belt use by 0.43 (90% CI = 0.22 to 0.65) percent, for an increase in fuel tax by one cent. A possible reason for this is the association of fuel tax and highway improvements in terms of higher number of lanes, reduced congestion, etc. that could lead to driving at higher speeds. Drivers who drive at higher speeds are more likely to buckle up (27). Also some portion of fuel tax is used for safety programs that include education and training programs for general public, higher enforcement of laws and media coverage of strict enforcement like “Click it or Ticket” campaigns, resulting in higher use of seat belts.

Highway Miles of Rural Roads (HMR) 

Higher rural highway mileage reduces the seat belt usage rate in a state. This confirms the fact that the seat belt use is low in rural areas as compared to urban areas. Model estimates a decrease in seat belt use by 0.65 (90% CI =0.32 to 0.98) percentage points for one unit (1 unit = 10000 miles) increase in highway miles of rural roads. According to Traffic Safety Center (28), majority of people involved in fatal-rural crashes were those who live in rural areas and one reason for high fatality rate in rural areas is low seat belt use. 

Seat Belt Law (LAW) 

Based on the model results, seat belt usage rate would increase by 11.49 (90% CI =9.16 to 13.82) percentage points, if secondary seat belt law is changed to primary seat belt law. This result matched closely with past research and experience of other states in similar situations. Examples are states like Michigan, New Jersey, and Alabama that switched from secondary to primary law in 2000 and showed an increase 14 %, 11 %, and 13% respectively in seat belt usage rate. It is the case for states Oklahoma, Maryland and Washington D.C which showed an increase of 9-14% after changing from secondary to primary law (29).

Total Miles of Interstate Road (TI)  

With increased interstate mileage, seat belt usage rate increases, obviously because people are more likely to wear seat belts while driving at high speeds in interstates. Modified model estimates an increase in seat belt usage rate ranges by 0.36 (90% CI =0.21 to 0.52) percentage points for an increase of hundred miles of interstate road. Observational surveys in Illinois and Utah have consistently found that seat belt use is more on interstate roads. Similarly Minnesota occupant protection survey (31) also found that seat belt use on interstate is higher for both metro and non metro-highways. 

Penalty for Seatbelt Law Violation

As it could be perceived, increased penalty for seat belt violation increases the seat belt usage rate in a given state.  Model results suggest that a ten-dollar increase in penalty would roughly increase seat belt usage rate by about 5 percent.

CONCLUSIONS 

This study provided some useful understandings about factors that affect seat belt usage rate in an average state in the United States. Seat belt usage rate model developed in the study indicate that changing from secondary to primary seat belt law is the most effective way of increasing seat belt usage rates. This study estimated an average increase of 11.5 percent in usage rate, if states with secondary law adopt primary seat belt law. Some critical groups were also identified and education and training programs should be more focused on them if the states are motivated towards improving usage rates. These groups consist mainly of African-American population and lower income groups. Moreover, results suggest that stricter enforcement is also required particularly on rural highways where the seat belt usage is comparatively low. Another effective way of increasing seat belt usage is by increasing the penalty for violation of seat belt law, at least in states where the penalty seems to be too low. Model results suggest that a ten-dollar increase in penalty would roughly increase seat belt usage rate by about 5 percent.  

Overall, study provided some useful and interesting results regarding predictors of sate seat belt usage rates and assessed the associated safety benefits of changing to primary seat belt law while controlling other contributing factors.
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Table 1 Variables considered for Statistical Modeling

	Variable Label
	Variable Description
	Units

	BAC LAW


	Blood Alcohol Concentration Law, takes value “1” for BAC law =0.08 and Value “0” otherwise
	N/A



	CR


	Crime Rate, included violent crimes and property crimes
	Crimes/100 Million Population

	FT
	Fuel Tax charged per gallon of gas
	Cents/Gallon

	HMR


	Highway Mileage of Rural Roads. Includes the sum of Principle arterial, Minor arterial, Minor and Major collectors and other local roads
	Miles

 (In Ten Thousands)

	LHAF
	Log of Percentage of African American and Hispanic Population 
	N/A

	LAFAM
	Log of Percentage of African American Population 
	N/A

	MHI
	Median Household Income 
	Dollars (Ten Thousands)

	LPEN
	Log of Penalty for Seat Belt Violation 
	N/A

	PBAC
	Percentage of Fatalities with driver having BAC >0.08 g/dl 
	Percent

	HIGHSK
	Percentage of High School Graduates 
	Percent

	LAW
	Seat Belt Law, takes value “1” for primary law and value “0” for secondary law
	N/A

	MAX SPEED
	Speed Limit Law, takes value equal to “1” for maximum speed limit above 70 mph and “0” otherwise
	N/A

	TI
	Total Interstate Mileage 
	Miles (In Hundreds)

	UNEMP
	Percentage of unemployed labor force
	Percent

	VMTRT
	Vehicle Miles Traveled on Rural Roads 
	Miles (In Thousands)

	YD
	Young Drivers between the age of 16 to 24 years 
	Percent


Table 2 Results of Statistical Modeling 

	Seat Belt Usage Rate Model

	Variable Description
	Variable

Label
	Original Model
	Modified Model

	
	
	Parameter estimate
	p- value
	Parameter estimate
	p- value

	Intercept
	INTERCEPT
	52.670
	<0.000
	38.730
	<.000

	Seat Belt Law
	LAW
	12.670
	<0.000
	11.490
	<.000

	Total Miles of Interstate Road
	TI
	0.400
	0.011
	0.360
	0.000

	Log of Percentage of African American Population
	LAFAM
	-4.670
	0.029
	-3.530
	0.009

	Highway Miles of Rural Road
	HMR
	-0.640
	0.037
	-0.650
	0.002

	Fuel Tax
	FT
	0.390
	0.065
	0.430
	0.001

	Crime Rate
	CR
	2.770
	0.016
	2.650
	0.004

	Log of Penalty
	LPEN
	NS
	N/A
	4.790
	0.091

	Median Household Income
	MHI
	NS
	N/A
	1.850
	0.063


Table 3 Influence Statistics for the Seat Belt Model 

	Influence Statistics for Seat Belt Usage Rate Model

	

	State
	Standardized Residual
	DEFITS Statistic
	DFBETAS

	
	
	
	LAW
	TI
	LAFAM
	HMR
	FT
	CR

	Louisiana
	-2.14
	-0.84
	-0.31
	-0.16
	0.41
	-0.11
	-0.20
	-0.31

	Maine
	-3.01
	-1.14
	0.05
	-0.03
	0.53
	0.30
	0.07
	0.45

	Massachusetts
	-2.80
	-0.95
	0.08
	-0.26
	-0.28
	0.58
	-0.04
	0.40

	Vermont
	2.67
	1.04
	-0.07
	-0.03
	-0.49
	-0.32
	-0.25
	-0.38
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       Figure 1 Standardized Residual Plot for Seat Belt Usage Rate Model
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Figure 2 Normal Probability Plots for Seat Belt Usage Rate Models
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