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ABSTRACT 

 Overcorrection crashes have long been a concern in crash analysis because the 

outcomes vary from the vehicle coming to rest after a rollover, to the vehicle passing 

through the opposite lanes either hitting or without hitting an oncoming vehicle, to rear 

end and sideswipe impacts. These crashes occur when a vehicle begins drifting off the 

road one way and the driver oversteers in the opposite direction resulting in a vehicle- 

vehicle, fixed object, or overturning crash. While analyzing fatal crash data from the year 

2000 in the state of Florida, it was found that these crashes represented around 25 % of 

the total number of run-off-the-road (ROR) crashes. With that intention, this research 

developed models to identify the factors that influence ROR crashes involving 

overcorrection. 

 

 Since the outcome of these models is discrete in nature, logistic regression was 

identified as the most suitable approach. A set of binary logistic regression models were 

applied to fatal crash data, which were collected from different sources, primarily traffic 

homicide reports, for crashes occurring on state roads in Florida. Various results were 

derived from this study and the conclusions were made accordingly. It was found that 

female drivers are nearly 1.5 times more likely to overcorrect than males. A straight 

moving vehicle is less likely to be involved in an overcorrection crash than a vehicle that 

is moving in any other pattern. It was also found that the presence of rumble strips has a 

negative impact on overcorrection crashes. The odds ratio and p-value for this variable 

are 1.731 and 0.053 respectively. The odds ratio indicates that the presence of rumble 

strip increases the chances of overcorrection. All of these factors were significant at 

minimum at the 85 percent level. For the overcorrection crashes, an additional statistical 

model was developed to analyze the factors that led the vehicle to leave the paved 

shoulder prior to overcorrection. These factors are found to be driver sex, age, vehicle 

movement, vehicle type, speeding, annual daily traffic and presence of rumble strips. 

Based of the results of this study, recommendations were made suggesting various 

countermeasures, both behavioral and roadway related, to minimize the occurrence of 

overcorrection crashes. 
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CHAPTER 1 

INTRODUCTION 

 
 

1.1 Problem Statement 

 
One of the most potentially hazardous situations that a driver can face is the loss 

of directional control. Whether due to a driver error, an environmental factor, a roadway 

characteristic, a vehicle problem, or a combination of factors, once control is lost, it is 

difficult for the driver to regain control of a vehicle that has lost lateral stability. A 

leading cause of this directional loss of control is the phenomenon known as 

overcorrection. 

 

Overcorrection occurs when a vehicle begins drifting off the road one way and the 

driver oversteers in the opposite direction, leading the vehicle to cross over into 

oncoming lanes of traffic, sideswipe an adjacent vehicle, or travel off the road into a 

hazard. The situation often occurs when a driver is faced with a piece of unexpected or 

unusual information, which leads the operator to input a large steering angle. The 

combination of this driver input and speed causes the vehicle to begin a rapid rotation, 

and often leads to an outright spin. 

 

The danger of overcorrection has been addressed through a combination of 

automotive engineering techniques, human factors analyses, environment and highway 

design. However, as the highway-engineering field is one component of the HVE 

(Human, Vehicle, Environment) system, the issue of overcorrection needs to be included 

in consideration of transportation safety projects. Just as clear zone widths and sideslope 

grades have been developed to accommodate the likelihood of single- vehicle run-off-

the-road crashes, highway environment design decisions can account for frequency and 

effects of overcorrection situations.  
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In 2002, failure to keep in the lane or running off the road accounted for one-third 

of all traffic fatalities, and two-thirds of traffic fatalities on rural roadways. [NHTSA, 

2002] According to information obtained in a study of fatal crash data from the year 2000 

in the state of Florida, overcorrection crashes represented around 25% of the run-off-the-

road crashes. [Spainhour et al, 2004] 

 

1.2 Goals and Objectives 

 
 Overcorrection crashes have long been underreported because outcomes vary 

from vehicles coming to rest after a rollover, to vehicles passing through the opposing 

lanes either hitting or without hitting an on coming vehicle, to the rear end or side swipe 

impacts. As the crash avoidance maneuver may be the first in a whole sequence of 

events, the reporting officer may be unaware of its occurrence or neglect to mention it on 

the crash report. Moreover, if the driver safely comes back into the original lane, no crash 

occurs, so it is difficult to understand how frequently that overcorrection actually causes 

crashes.  

 

 Therefore, there is a need to analyze overcorrection crashes in more detail. For 

reasons mentioned previously, such analysis requires more detailed data beyond what is 

available from the Florida Traffic Crash Report (FTCR), the standard crash report in the 

state of Florida. In the case of fatal crashes, the Florida Highway Patrol (FHP) or a local 

law enforcement agency conducts a detailed investigation of the crash, called the Traffic 

Homicide Investigation (THI). These reports, prepared by specially trained officers, 

contain any available background information prior to the crash of the 

drivers/pedestrians, besides the detailed information of roadway features, environmental 

characteristics, vehicle condition etc. associated with a crash. Analysis of skid marks; 

crash reconstructions; and interviews with driver, passengers, and witnesses, make these 

reports much more comprehensive and accurate than the standard crash report, especially 

concerning vehicle trajectory and overcorrection. 

 

 Using data from THI reports and other sources, this research examines a set of 

run-off-the-road (ROR) crashes, including those involving overcorrection that 
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traditionally would not be classified as ROR crashes, because the initial damage occurred 

from a sideswipe or head-on collision. For the purpose of this research, a ROR crash is 

defined as one in which the vehicle leaves the outermost travel lane, including those in 

which the vehicle only travels onto the paved shoulder before overcorrecting back into 

the travel lane. It investigates the relationship among several variables, characteristic to 

run-off-the-road crashes, which may affect the risk of overcorrection. These include 

driver characteristics (e.g. influence of alcohol on drivers which, in this study, is termed 

as incapacitation, age, sex), vehicle characteristics (e.g. vehicle movement, type, speed, 

number of occupants, ROR direction), roadway characteristics (e.g. number of lanes, 

shoulder type, presence of rumble strip, median width, etc.), and environmental factors 

(e.g. lighting, weather). Logistic regression procedures were used to investigate potential 

associations between these predictor variables and a single response variable—whether 

overcorrection occurred in the crash. Specifically, this research tests a binary response for 

overcorrection crashes and investigates which explanatory variables best account for the 

occurrence of overcorrection. 

 

1.3 Scope and Merit 

 
 Application of the results of this study of overcorrection and traditional ROR 

crashes would help in developing countermeasures to: 

● Keep the vehicle on road, 

● Lessen the chances of overcorrection, and 

● Reduce the severity of crashes. 

 

 While studying these crashes, various roadway characteristics like surface before 

overcorrection, whether the vehicle left the pavement, presence of rumble strips, number 

of lanes, road condition, shoulder type, width of median and radius of curvature were 

considered. The crashes were studied for geographic location (i.e. urban, rural) and 

roadway configuration (divided or undivided highway). Drivers’ behavior, like 

incapacitation, and environmental factors, like lighting condition and weather, were 

examined for the crashes. As a study objective, special attention was paid to recognizing 
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possible roadway condition that might contribute to crashes. This study identifies both 

engineering and behavioral factors, such as driver’s sex, vehicle movement, speeding, 

presence of rumble strip, average t-factor and shoulder type, potentially impacting both 

the occurrence and outcome of these crashes. Based on the results of the analytical 

studies, recommendations were made on various countermeasures, both behavioral and 

roadway related, to address fatal crashes. The results of this study will be used to guide 

future design standards as well as to develop education and enforcement program. 
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CHAPTER 2 

BACKGROUND AND LITERATURE REVIEW 

 
 

2.1 Traffic Safety and Crash Causation 

 
 Safety and efficiency are two primary goals of transportation engineering. Traffic 

and highway engineers are continually working towards improving the roadway systems 

in order to minimize the traffic related accidents. According to NHTSA, in 2004 there 

was an estimation of 6,181,000 police-reported traffic crashes that occurred in the United 

States, in which 42,636 people were killed and 2,788,000 people were injured; 4,281,000 

of these crashes involved property damage only. An average of 117 people died each day 

in motor vehicle crashes in 2004—one every 12 minutes. Along with the human lives, 

traffic crashes result in enormous expenses in terms of property damage. The economic 

cost alone of motor vehicle crashes in 2000 was $230.6 billion. Roadside crashes, in 

which a single vehicle runs-off-the-roadway and crashes, account for an estimated $80 

billion per year in societal losses. [Mc Ginnis 1997] 

 

 Run-off-the-road crashes contribute to one third of all highway fatalities in United 

States. These crashes are generally single vehicle crashes in which the driver leaves the 

road for any reason. This could include intentional departure to avoid another vehicle or 

object; involuntary departure due to tire blow out, ice, hydroplaning or trailer sway; or 

driver error such as distraction or drowsiness. Overcorrection crashes are defined as a 

subset of run-off-the-road crashes in which the driver leaves the outermost travel lane 

but, in an attempt to return to the travel lane, oversteers, resulting in a crash. This often 

occurs when a driver is drowsy or distracted or faces some piece of unexpected or 

unusual information, leading the operator to input a large steering angle.  

 

 In 2004, there were about 3,380 fatalities that involved crash avoidance 

maneuvers [FARS 2004]. Rollover is the most harmful event and accounts to 
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approximately one-third of all roadside crashes in the U.S. [Viner 1995]. Also, rollover 

crashes are more hazardous than any other crash types in terms of the severity of injuries 

to vehicle occupants. These vehicle maneuvers associated with overcorrection can be 

attributed to vehicle problems (type, steering, etc.), pavement condition (dry, wet, 

slippery, etc.), driver problems (excessive speed, incapacitation, age etc.), highway 

design deficiencies (rumble strip, radius of curvature, roadway system, etc.) or 

environmental problems (fog, rains, etc).  

 

The causes of overcorrection or oversteering are usually complex and involve 

many factors. These factors include interaction of vehicle, driver, roadway and 

environmental characteristics. If the factors that have contributed to the crash are 

identified it could then be possible to modify and improve the transportation system. The 

following sections will review these key components of crashes. 

 

2.1.1 Driver Characteristics 

 The major contributing factor in both single vehicle and multi-vehicle crashes is 

the performance of the driver [Garber & Hoel 2001]. The key component involved in 

overcorrection crashes is the driver’s ability to control both speed and direction. 

Overcorrection occurs when a driver is faced with some piece of unexpected or unusual 

information, which leads he or she to input a large steering angle. These include the 

driver behavior, distractions (like talking, eating etc.); influence of alcohol, drugs or 

medication; drowsiness, fatigued, illness, or blackout; speeding; failure to obey traffic 

signs, signals or officer, which could be due to confusion or unfamiliarity with the 

roadway. 

 

 Table 2.1 shows the different driver related factors involved in all fatal crashes. 

The driver’s age also plays an important role in the causation of crashes: a younger driver 

could be inexperienced in driving, while an older driver has longer perception-reaction 

time for any type of safe vehicle maneuvers. From an older traveler’s perspective, 

decrements in cognitive and psychomotor functions associated with the aging process 

increases their vulnerability to running off the road. 
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Table 2.1. Related Factors for Drivers Involved in Fatal Crashes [FARS 2004] 

Factors Number Percent 

None Reported 20216 34.8 

Failure to keep in Proper Lane or Running-off-the-Road 13954 24 

Driving too fast for conditions or in excess of posted limit 11818 20.3 

Other factors 9389 16.2 

Under the influence of Alcohol Drugs or Medication 7072 12.2 

Failure to Yield Right of Way 4611 7.9 

Operating vehicle in erratic reckless, careless, or 
negligent manner 3905 6.7 

Inattentive (Talking Eating, etc.) 3671 6.3 

Failure to Obey traffic signs, signals, or officer 2607 4.5 

Swerving or avoiding due to wind slippery surface, 
vehicle, object, non-motorist in roadway, etc. 2562 4.4 

Overcorrecting/Oversteering 2466 4.2 

Vision obscured (rain snow, glare, lights, building, trees, 
etc.) 1679 2.9 

Drowsy asleep, fatigued, ill, or blackout 1653 2.8 

Making Improper Turn 1537 2.6 

Driving wrong way on one--way traffic way or wrong side 
of road 936 1.6 

Unknown 780 1.3 

Total Drivers 58080 100 

 

 

 Alcohol use is also one of the great sources of excess traffic fatality. Although 

drivers with low BAC may be less at risk to die in a crash, once it has occurred they are 

more at risk of committing driving errors that may lead to fatality. [Bédard 2001] 

2.1.2 Vehicle Characteristics 

 The vehicle and roadway interaction plays a major role in preventing the vehicle 

from encroaching onto the off-road features like shoulders, medians and other roadside 

hardware. While the concept of motor vehicle handling is usually thought in terms of a 

steering wheel, a gas pedal, and a brake pedal, the ultimate control takes place at the 

contact patch between tires and pavement. Tire tread separation is another factor that 

leads to loss of control. According to Spainhour et al [2004], it was concluded with 95 

percent confidence that SUV’s are three times likely to rollover than non-SUV’s. The 

rollover fatality rate of SUV’s was significantly higher than the other type of crashes in 

SUVs. However it was observed that, if involved in a rollover, SUV’s have lower fatality 
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rates as compared to non-SUV’s. For a vehicle drifting off the roadway, hitting a fixed 

object is the most harmful effect associated with the crash.  

2.1.3 Roadway Characteristics 

 In overcorrection crashes, the driver drifts off the roadway and in an attempt to 

come back into the original lane, jerks the wheel and loses stability or overshoots the 

lane. In any run-off-the-road crash, including those involving overcorrection, the severity 

of the crash depends to a large degree on the roadside features and roadway 

characteristics. Roadside features such as presence of fixed objects, roadway curvature, 

rumble strips, shoulder type, etc. plays an important role in deciding the severity of the 

crash. More than 20 percent of motor vehicle crash deaths result from a vehicle leaving 

the roadway and hitting a fixed object such as a tree or utility pole alongside the road 

[IIHS 2004]. A total of 9,092 people died in fixed object crashes in the year 2004. 

Sixteen percent of deaths in fixed object crashes in 2004 occurred on interstates and 

freeways, 47 percent occurred on major roads, and 36 percent occurred on minor roads.  

 

 Roadside characteristics, especially the presence of rumble strips, can also affect 

the occurrence of overcorrection in ROR crashes According to Morena [2003], rolled in 

rumble strips and concrete intermittent rumble strips reduce the number of run-off-the-

road crashes on a given roadway by 20%. The milled design reduces crash frequency by 

39%. However, there has been speculation that rumble strips increase the rate of 

overcorrection crashes because of the sudden noise and vibration that occurs when the 

vehicle drives over it. 

2.1.4 Environmental Characteristics 

 The main cause of overcorrection crashes is driver distraction, which leads to loss 

of control. This mainly occurs when the driver faces some unexpected or unusual piece of 

information. Environmental conditions are among the key issues related to driver’s 

distraction. A wet pavement reduces friction, which can contribute to a crash. Stagnant 

water of depth greater than 1/8” can cause the vehicle to hydroplane. Visibility is greatly 

reduced by fog, rain or cloudy weather. Glare can reduce driver visibility, especially on 

east-west roadways during the hours of sunrise and sunset.  
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2.2 Logistic Regression  

 
 Regression methods have become an integral component of any data analysis 

concerned with the relationship between a response variable and one or more explanatory 

variables. The phenomenon of overcorrection is discrete or qualitative in nature, i.e. 

either overcorrection occurs in the crash or it does not. This binary discrete phenomenon 

usually takes the form of a dichotomous indicator or dummy variable. Binomial (or 

binary) logistic regression is a form of regression that is used when the dependent 

variable is a dichotomous and the independent variables are of any type. Regression 

coefficients have a useful interpretation with a dummy dependant variable. They show 

the increase or decrease in the predicted probability of having a characteristic or 

experiencing an event due to a one-unit change in the independent variables. If the 

independent variables are categorical, or a mix of continuous and categorical, logistic 

regression is preferred. 

 

2.2.1 Assumptions of Logistic Regression 

 Logistic regression is popular in part because it enables the researcher to 

overcome many of the restrictive assumptions of ordinary least square regression, which 

is a standard linear regression procedure. These assumptions are as follows: 

 Logistic regression does not assume a linear relationship between the dependents 

and the independents. It can handle nonlinear effects even when exponential and 

polynomial terms are not explicitly added as additional independents because the 

logit link function on the left-hand side of the logistic regression equation is non-

linear.  

 The dependent variable need not be normally distributed.  

 The dependent variable need not be homoscedastic for each level of the 

independents; that is, there is no homogeneity of variance assumption.  

 Normally distributed error terms are not assumed. 

 Logistic regression does not require that the independents be unbounded.  
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2.2.2 The Model 

 The dependent variable in logistic regression is usually dichotomous, that is, the 

dependent variable can take the value 1 with a probability of success θ, or the value 0 

with probability of failure 1-θ. This type of variable is called a Boolean (or binary) 

variable. The advantage of using the logistic regression model rather than a linear or any 

other type of model is that the independent or predictor variables in logistic regression 

can take any form. That is, logistic regression makes no assumption about the distribution 

of the independent variables. They do not have to be normally distributed, linearly related 

or of equal variance within each group. The relationship between the predictor and 

response variables is not a linear function in logistic regression; instead, the logistic 

regression function is used, which is the logit transformation of θ: 

………………………. (1) 

Where α = the constant of the equation and, β = the coefficient of the predictor variables. 

An alternative form of the logistic regression equation is: 

………. (2) 

 The goal of logistic regression is to correctly predict the category of outcome for 

individual cases using the most parsimonious model. To accomplish this goal, a model is 

created that includes all predictor variables that are useful in predicting the response 

variable. Several different options are available during model creation. Variable can be 

included or removed from the regression model by the testing the significance. This is 

known as stepwise regression. 

 Stepwise regression is used in the exploratory phase of research but it is not 

recommended for theory testing [Menard 1995]. Theory testing is the testing of a-priori 

theories or hypotheses of the relationships between variables. Exploratory testing makes 

no a-priori assumptions regarding the relationships between the variables, thus the goal is 
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to discover relationships. Backward stepwise regression appears to be the preferred 

method of exploratory analyses, where the analysis begins with a full or saturated model 

and variables are eliminated from the model in an iterative process. The fit of the model 

is tested after the elimination of each variable to ensure that the model still adequately fits 

the data. When no more variables can be eliminated from the model, the analysis has 

been completed. 

2.2.3 Model Testing  

 The process by which coefficients are tested for significance for inclusion or 

elimination from the model involves several different techniques. The techniques used 

during the study are discussed below. 

2.2.3.1 Likelihood-Ratio Test 

 The probability of the observed results given the parameter estimates is known as 

the likelihood. Since the likelihood is a small number less than 1, it is customary to use -2 

times the log of the likelihood. -2LL is a measure of how well the estimated model fits 

the likelihood. A good model is one that results in a high likelihood of the observed 

results. This translates to a small number for -2LL (If a model fits perfectly, the 

likelihood is 1, and -2 times the log likelihood is0). 

 The likelihood-ratio test uses the ratio of the maximized value of the likelihood 

function for the full model (L1) over the maximized value of the likelihood function for 

the simpler model (L0). The likelihood-ratio test statistic equals: 

…………………….. (3) 

 This log transformation of the likelihood functions yields a chi-squared statistic. 

This is the recommended test statistic to use when building a model through backward 

stepwise elimination. 
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2.2.4 Test of Independent Predictor Variables 

 The process by which coefficients are tested for significance involves different 

techniques, which are discussed in the following sections. 

2.2.4.1 Hypothesis Testing 

 Hypothesis testing in logistic regression involves reasoning by contradiction. The 

first assumption, or the null hypothesis, is that the predictor coefficient is 0 in the 

population. Hypothesis tests tell whether there is sufficient evidence in the sample data to 

reject the null hypothesis and, therefore to accept the alternative hypothesis that the 

predictor variable coefficient differs from zero. 

 A large test statistic means that the coefficient probability differs from zero. The 

criteria for this test is the probability (p-value) associated with the test statistic. Typically 

if the observed statistic occurs in 5% or fewer of random samples from a population in 

which the coefficient is zero, the null hypothesis is rejected. The cutoff probability for 

hypothesis testing is usually 0.05 and is known as alpha. 

2.2.4.2 Confidence Intervals 

 Confidence intervals can be used for hypothesis testing as well as for regression 

coefficients. The interpretation of the 95% confidence interval is that if a 95% confidence 

interval were computed for an infinite number of random samples from a population, 

95% of the intervals would contain the population value on average. In addition, when 

the 95% confidence interval includes 0, the coefficient is not significant at the 5% alpha 

level. A 95% confidence interval can be computed for the odds ratio by raising e to the 

power of upper and lower confidence bounds for the regression coefficients. If the 95% 

confidence interval contains the number 1, the odds ratio is non – significant at the 5% 

(0.05) level of significance, meaning that the change from one category to another does 

not reliably increase the odds of membership in the target group. 

2.2.5 Interpretation of Logistic Regression Coefficients 

 The interpretation of the effect of the independent variables has intuitive appeal 

on the response variable. The logistic regression coefficients show the change in the 

predicted logged odds of experiencing an event or having a characteristic for a one-unit 
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change in the independent variables. Odds in logistic regression express the likelihood of 

an occurrence relative to the likelihood of a nonoccurrence. To illustrate this, assume that 

each independent variable has a probability of experiencing an event, defined as Pi. 

Given this probability, the logit transformation involves two steps. First, take the ratio of 

Pi and 1−Pi, or odds of experiencing the event. Second, take the natural logarithm of the 

odds. The logged odds or logit thus equals, 

Li= ln [Pi/(1−Pi)] …………………………………... (4) 

 For example, if Pi equals 0.2, its odds equal 0.25 or 0.2/0.8, and its logit equals 

−1.386, the natural log of the odds. Manipulating the above formula for odds will give 

further insight into one of the inherent problems faced with nonlinear functions in linear 

regression and how logistic regression performs in dealing with these functions.  

Pi/(1−Pi) = Oi  implies that Pi= Oi /(1+Oi)…………………(5) 

 Based on this formula, the probability can never be equal or exceed one. 

Conversely, the probability can never fall below zero. So the first property of logit is that 

it has no upper or lower boundary. Logits vary from negative infinity to positive infinity. 

The second property is that the logit transformation is symmetric around the midpoint 

probability of 0.5. The third property is that the same change in the probabilities 

translates into different changes in the logits. As Pi comes closer to 0 and 1, the same 

change in the probability translates into a greater change in the logged odds. So the 

general principle is that small differences in probabilities results in increasingly larger 

differences in logit when the probabilities are near the bounds of 0 and 1.This is 

illustrated in Table 2.2. 

Table 2.2 Steady Change in Logit Related to the Respective Pi Values 

Pi 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

1-Pi 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 

Odds 0.11 0.25 0.43 0.67 1.00 1.50 2.33 4.00 9.00 

Logit -2.20 -1.39 -0.85 -0.41 0.00 0.41 0.85 1.39 2.20 
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2.2.6 Fitting a Binary Logistic Regression Model 

 In the case of binary logistic regression models, the relationship between a binary 

response variable and one or more explanatory variables are modeled. The logistic 

regression model uses the explanatory variables to predict the probability that the 

response variable takes on a given value. The response variable takes one of the two 

binary values (0 and 1) in the case of binary logistic regression models. For a binary 

response variable y, the logistic regression model has the form as, [Dissanayake 2003] 

Logit (Pi)= log [Pi/(1−Pi) ] 

=α+βΧi..........................................................(6) 

where 

Pi= Prob. (yi=y1ΧI) is the response probability to be modeled, and y1 is the first 

ordered level of y. 

α = Intercept parameter 

β = Vector of slope parameters 

Χi = vector of explanatory variables 

 This logistic regression equation models the logit transformation of the i
th 

individual’s event probability, Pi, as a linear function of the explanatory variables in the 

vector, Χi.  

2.3 Literature Review 

 
 Run-off-the-road crashes constitute a major segment of all roadway crashes. 

There is considerable research devoted to analyzing these crashes. But not much 

literature is available on overcorrection crashes. While driver oversteer is a problem that 

arises as a direct result of human action, the interrelation of roadway and vehicle with the 
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driver is often an underlying causative factor leading to the human error. Thus a review 

of the literature was done to provide insight into the types of situation in which a driver 

overcorrects. Since overcorrection is a subset of run-off-the-road crashes, analyzing the 

factors associated with run-off-the-road crashes will help in unfolding the causes that lead 

to overcorrection. 

 

 Regression methods have become an integral component of any data analysis 

concerned with the relationship between a response variable and one or more explanatory 

variables. When the outcome is discrete, the conventional regression methods (e.g. linear 

and non linear regressions) are not appropriate because of two major reasons. Firstly, the 

response variable must be continuous. Secondly, the response variable can take 

nonnegative values. Thus a comprehensive literature review was done on logistic 

regression.  

 

 Abdel-Aty and Radwan [1999] used a negative binomial technique to model the 

frequency of accidents on a principal arterial in Central Florida. The results showed that 

heavy traffic volume, speeding, narrow lane width, larger number of lanes, urban 

roadway sections, narrow shoulder width and reduced median width increase the 

likelihood for accident involvement. They found that female drivers experience more 

accidents than male drivers in heavy traffic volume, reduced median width, narrow lane 

width, and larger number of lanes. Male drivers have a greater tendency to be involved in 

traffic accidents while speeding. The models also indicated that young and older drivers 

experience more accidents than middle aged drivers in heavy traffic volume, and reduced 

shoulder and median widths. 

 

 Dissanayake [2003] developed models to estimate the severity of young driver 

ROR crashes using sequential binary regression modeling and thereby identified the 

factors influential in crash severity. She used sequential binary logistic regression 

modeling for predicting crash severity and found that use of alcohol or drugs, ejection in 

the crash, gender, impact point of the vehicle, restraint device usage, urban/rural nature 

and grade/curve existence at the crash location, lighting condition, and speed were the 
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most important factors affecting the severity of younger driver single vehicle fixed object 

crashes involving passenger cars.  

 

 According to a study conducted by the Insurance Institute for Highway Safety 

[IIHS 2004], more than 20 percent of motor vehicle crash deaths result from a vehicle 

leaving the roadway and hitting a fixed object, such as a tree or utility pole alongside the 

road. Trees are the most common objects stuck, accounting for half of all fixed object 

crashes. These fixed object crashes often happen due to driver errors. Efforts to reduce 

these driver errors are only somewhat effective, so its important to shield or remove fixed 

objects or avoid putting them along roads in the first place, especially on roads where 

vehicles are more likely to leave the pavements. The study presents facts based on 

analysis of data from the U.S. Department of Transportation’s Fatality Analysis 

Reporting System (FARS).  

 

 Melcher [2003] discussed the driver oversteering mechanism and the vehicle 

dynamics fundamentals. This study aims to present the underlying theory of how 

oversteer leads to loss of directional control, based on fundamental physics and dynamics 

principles. The study discussed the situations of control loss, which arise at the contact 

patch between tire and pavement. 

 

 In a study of analyzing median crossover crashes (MCC) by George et al [2006] 

in Wisconsin between 2001 and 2003, the results showed that seasons or the time of year 

play a critical role in determining the MCC severity. Additional statistical analysis 

showed that younger drivers had a higher severe crash probability than older driver when 

the traffic volume on roadway was relatively high. 

 Al-Ghamdi [2001] analyzed the influence of crash factors on accident severity 

using logistic regression. Logistic regression was applied to accident-related data 

collected from traffic police records in order to examine the contribution of several 

variables to accident severity. The findings show that logistic regression is a promising 

tool in providing meaningful interpretation of contributing causes of accident severity. 
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 Mannering and Chang [1999] analyzed the injury severity and vehicle occupancy 

in truck and non-truck involved accidents. This paper studies the occupancy/injury 

severity relationship using Washington State accident data. The effects of large trucks, 

which are shown to have a significant impact on the most severely injured vehicle 

occupant, are accounted for by separately estimating nested logit models for truck-

involved accidents and for non-truck involved accidents. They found that nested logit 

modeling, which is able to take into account vehicle occupancy effects and identify a 

broad range of factors that influence occupant injury, is a promising methodological 

approach. This study describes the effect of truck traffic on severity/fatality of crashes 

using logistic regression. 

 

 In a similar study conducted by Bédard, Guyatt, Stones and Hirdes [2001], the 

independent contribution of driver, crash and vehicle characteristics to the driver’s 

fatality risk were studied. A multivariate logistic regression revealed that the odds ratio of 

a fatality increased with age. Female drivers and blood alcohol concentration greater than 

0.30 were also associated with higher fatality odds. In comparison with frontal impacts, 

driver-side impacts doubled the odds of a fatality. Speeds in excess of 69 mph prior to or 

at impact were related to higher fatality odds compared with speeds of less than 35 mph. 
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CHAPTER 3 

METHODOLOGY 

 

 A systematic approach was adopted to analyze the factors affecting overcorrection 

crashes. This research is a part of more descriptive study done to evaluate the causes and 

effects of traffic crash fatalities occurring on state-maintained roads in Florida in the year 

2000. For this purpose, a comprehensive database was developed to encompass different 

crash characteristics related to the driver, vehicle, environment and roadway at the time 

of the crash. This database contains the data input from Florida Traffic Crash Report 

(FTCR); site location and other site information queried from the Roadway 

Characteristics Information (RCI) mainframe database. Extracts from Florida Department 

of Transportation (FDOT) Crash Analysis Reporting system (CAR) database and other 

additional sources were used to complete the missing/incomplete data. The final data, 

which was used for analyzing the presence of overcorrection, was extracted using 

Microsoft Access. The data was then evaluated by means of logistic regression using the 

STATA statistical analysis program. 

 

3.1 Data Development 

 
 The data used during the study was extracted from a comprehensive database that 

was developed to analyze fatal crashes on state maintained roadways in Florida in the 

year 2000. The different tasks that were carried out during the development of this 

database are described below. 

3.1.1 Data Collection 

 For any fatal crash that occurs there are two types of reports created, namely, the 

Florida Traffic Crash Report (FTCR) and the Traffic Homicide Investigation Report 

(THI). The Fetch’s are prepared for all fatal and non-fatal crashes; in case of a fatality, a 

detailed THI report is prepared by crash investigating officers who are specially trained. 



 19  

 Law enforcement agencies report the traffic crashes on the FTCR form. The 

reporting officer at the crash scene prepares the FTCR. It is a brief report which gives the 

date and time; location of the crash; vehicles involved in the crash; vehicle information; 

driver, passenger and pedestrian (if involved) information; summary of the crash; crash 

scene diagram; final rest positions of the vehicles, etc. It has various codes for the vehicle 

type, alcohol & drug use; safety equipment used; first & second harmful event, road 

conditions at the time of crash, traffic control devices present; contributing causes of 

driver/pedestrian and similar other information to aide officer in explaining the crash 

events. The Florida Department of Highway Safety and Motor Vehicles (DHSMV) 

collects the paper forms, warehouses the data and, for crashes on state roads, supplies 

crash data to the Florida Department of Transportation (FDOT). Copies of Fatal Traffic 

Crash Reports and electronic records were furnished by the FDOT for this project.  

 

 The Florida Highway Patrol (FHP) and other law enforcement agencies usually 

conduct a detailed traffic homicide investigation when a crash is fatal. Traffic homicide 

reports are significantly more detailed reports than the crash reports, prepared by 

specially trained officers. The detailed report includes the scaled crash scene diagram and 

sometimes reconstruction information. It also furnishes any available background 

information prior to the crash of the drivers/pedestrians. This helps in understanding the 

state of the mind of driver, such as whether the person was under lot of stress, if he had a 

fight with someone, if there were alcohol/drugs involved, whether the person was fleeing 

from police, etc. The report gives the detailed information of the state of roadway during 

the time of crash. It describes the signage present, the speed zones posted, whether there 

was ongoing construction, roadway defects, etc. The THI report typically provides the 

driver’s histories, autopsy reports and the different citations issued. The driver history 

tells a lot about the type of driver, for instance, the person who has violated many statutes 

within a short period of time is classified as a reckless driver, and so on. The autopsy 

report not only tells us about any controlled substance present, but whether the death was 

as a result of the crash or other medical problems. When obtainable, traffic homicide 

reports were reviewed, as they were a significant source for verifying, augmenting, or 
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correcting information found in the original crash report. Both paper and computer based 

reports were obtained. 

 

 To facilitate the analysis, a computerized database was created in Oracle. The data 

was duplicated in Access for ease of analysis. The data from both the crash report and 

THI report was incorporated in the database. This database includes seventeen relational 

tables with data about the crashes, roadways, drivers, vehicles, passengers, pedestrians, 

violations, and heavy trucks. The main objective of this data entry was to go beyond the 

data that was available from existing computerized databases based primarily on the 

crash report. A thorough review of all cases was conducted to find and note any 

discrepancies on the two reports. After a careful reading of both the reports, a sequence 

of events was established for the crash. Separate tables documented the sequence of 

events in each crash, as well as factors contributing to both the crash and the fatality.  

3.1.2 Resources  

 The resources used in the case reviews are discussed in the following sub-

sections. 

3.1.2.1 CAR Database 

 The Florida Department of Transportation uses and maintains a state mainframe 

database known as Crash Analysis Reporting system (CAR). This database is the data 

source for state-level crash statistical analysis. This database contains the data input from 

FTCR; site location and other site information queried from the RCI mainframe database. 

Extracts from FDOT CAR database and other additional sources were used to complete 

the missing/incomplete data. Still there exists some percentage of missing/pending data 

since that information was never updated on the crash reports after the investigation was 

completed and results obtained.  

 

3.1.2.2 Roadway Characteristic Inventory (RCI) 

The Florida Department of Transportation’s Transportation Statistics Office 

(TranStat) maintains an electronic inventory of the highway system known as the 

Roadway Characteristics Inventory (RCI). The RCI is a computerized database of 
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physical and administrative data related to the roadway networks that are maintained by 

or are of special interest to the Department. In addition to data required by the 

Department, the RCI contains other data as required for special Federal and State 

reporting obligations. The RCI is maintained by District and Central Office personnel. 

While there are many other important databases maintained by the Department (several 

that contain more highly technical data such as bridge specifications, highway design, or 

pavement) the RCI remains the largest database with over one million records. This data 

was accessed to get additional quantitative roadway information where necessary. At this 

point the online querying capabilities of the RCI limit the data extraction to a case-by-

case basis. This limited the study-wide augmentation of the roadway data. However, 

FDOT has already updated some of the crash records with a limited number of features 

from the RCI database. One such feature is the Average Daily Traffic (ADT), a measure 

of roadway congestion. It is important to note that the roadway data is updated as road 

change overtime, thus it is not possible to get the exact characteristics of the crash. 

 

3.1.2.3 Crash Scene Photos 

Where available, crash scene photos were reviewed. Roadway features (e.g. 

signage, traffic control devices) were observed. Skid marks and other evidence to 

hypothesize on driver action (e.g. skid marks show evasive actions as if to avoid 

collision, lack of skid marks combined with small exit angle indicate driver fatigue 

issues) were examined.  
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Figure 3.1: Crash Scene Photos 

 

 

 Figure 3.1 shows the crash scene photographs of a single vehicle crash occurred 

in Duval County on State Road 9A resulting in one fatality. The crash happened on the 

ramp as can been seen from Photo 1, which involved Jeep Grand Cherokee a midsize 

sports utility vehicle. The driver failed to negotiate the curve and lost control of the 

vehicle. As can be seen from Photo 1, it shows the tire marks that the vehicle first ran-

off-the-road on left side. The driver then overcorrected and ran-off-the-road on right side 

as can be seen in Photo 2. The vehicle overturned one and half times. The first overturn 

occurred on the pavement, which can be seen from scratches on the pavement in Photo 3. 

The other half overturn occurred in the grass portion between the SR9A and the ramp. 

Photo 4 shows the gouge marks by the vehicle and the final rest position of the vehicle. 

From the photos it can be seen that driver overcorrected twice, first when he ran-off-the-

road on left side and the second time when he ran-off-the-road on the right side. At this 

point the right rear tire got deflated and the vehicle started overturning.  
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3.1.2.4 Video Logs 

 The video-logs were used to investigate potential roadway design and traffic 

operations issues that might have contributed to the crash and/or the fatality. The video 

logs are still photographs taken in both directions at regular interval from the right most 

lanes of the state maintained roads. As required video-logs provided by the Florida 

Department of Transportation were accessed and reviewed. They were useful in finding 

sight distances, signage, crosswalks, speed transition zone, presence of pedestrian signals 

and other information. The main advantage of using the video-logs was that it limited the 

need for site visits. Figure 3.2 shows a snapshot of the video log viewer. 

 

 

 

 

Figure 3.2: Example of Video Logs 

 

 

3.1.2.5 Site Visits 

 Site visits were necessary to investigate the potential roadway contributing factors 

where all other resources were exhausted. Depending on the site team members 

videotaped the drive-through in the direction of both at-fault and not at-fault vehicles; 

measured and photographed various site features; investigated sun glare, traffic volumes 

and other time related aspects. 
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3.1.2.6 Geographical Information Systems (GIS) 

 The Florida Department of Transportations Planning Office maintains an 

inventory of data for use with geographical information system (GIS). Layers include 

roadway data and traffic data. Another source of GIS data is the Florida Geographic Data 

Library (FGDL). This online library is warehoused and maintained by the University of 

Florida GeoPlan Center, a GIS research and teaching facility. There are currently over 

350 layers in the FDGL, including land use, census, traffic meter data, roadway 

characteristics inventory and USGS quad maps. A GIS layer of crash locations was 

created on the base map of Florida using route events. The GIS data enabled spatial 

analysis, which helped in understanding how different characteristics varied by location. 

This also helped in determining the areas where particular crash types dominated.  

 

3.2 Data Extraction and Data Processing 

 
 After the data entry process was over and the database completed; a querying tool 

called Structured Query Language (SQL) was used to generate queries and extract data 

from the Access database. Using SQL, data in separated tables can be joined together, 

new tables can be queried and data can be inserted, updated and deleted. It is also 

possible to perform computations on the data in tables. SQL is very useful and powerful 

tool in getting desired results. However, it is very important to have quality data to get 

quality results.  

 

 Some variables that were not present initially in the database were also created 

specifically for this portion of the study. For example, leave_pave is the variable that 

shows whether or not the vehicle left the paved shoulder, encroaching onto the unpaved 

roadside, before overcorrection. It is included in the analysis because ‘leaving the 

pavement’ is one of the potential contributing causes to overcorrection that is of interest 

in the study. The type of shoulder present along the roadside at the time crash is also an 

important factor that might be related to overcorrection. The shoulder was divided into 

two parts—shoulder type 1 and shoulder type 2.  The first shoulder type is generally the 
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paved shoulder adjacent to the lane, if present. In some cases, a second shoulder was not 

present. In such cases, the second shoulder type is considered to be grass. The width of 

the shoulder was also included in the dataset. 

 

3.3 Data Coding for Logistic Regression 

 
 Coding and preparing data for statistical analysis were required to transform 

contributing factors into useful qualitative variables for logistic regression modeling. 

Information extracted from crash reports, or produced during case-study reviews, initially 

was not formatted appropriately for logistic regression. Therefore, a data set of variables 

specifically formatted for finding the factors that influence overcorrection crashes, was 

built from database. The set of promising variables fell into four categories. Variables 

were selected to represent driver, vehicle, roadway, and environmental factors. 

 

 Variables were partitioned from the range of values taken by continuous variables 

into sub-ranges which were then treated as discrete categories. In many cases, the discrete 

categories required a logical ordering that was important to consider when interpreting 

results. Final coding and data manipulation techniques yielded a combination of 

continuous and categorical variables. Careful consideration and multiple iterations were 

needed in the development of classification schemes for certain variables. A fundamental 

data consideration was whether the variable selected and the coding schemes effectively 

captured essential features of the data source. Frequently, only the Boolean outcome 

(factor present or not present) was coded. It was important to code categorical variable 

with the most benign case as 1, and dichotomous variable as 0 and 1 (rather than 1 and 2 

or otherwise), because the coding affects the odds ratio and slope estimates. Usually, the 

absence of risk factor is coded as 0, and the presence of the risk factor is coded as 1 or as 

a categorical variable. The first category (the one of lowest value, which is 1 here) is 

designated as the reference category.  

 

 The STATA statistical software program was used to perform logistic regressions. 

STATA handles missing data by ignoring all the data rows that have missing entries. 
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Therefore measures were taken to fill the missing data. For example, in the few cases 

where ADT data was missing, the average ADT for all the crashes in the study was 

assigned.  

 

3.4 Dependent Variable 

 
 A consistent standard is used to code the overcorrection variable, which proves to 

be advantageous for meaningful interpretation of coefficients in binomial logistic 

regression. The dependant class of greatest interest, which in this study happens to be 

overcorrection crashes, is conventionally coded as 1 and the other class as 0. Logistic 

regression predicts log odds of being in the class of greatest interest. In this study, logistic 

regression displays the occurrence of overcorrection as 1 or 0. Values closer to one 

indicate a higher probability of overcorrection, while the values closer to 0 indicate a 

higher probability of no overcorrection. 

 

3.5 Independent Variable 

 
 The data analyzed in this study had 579 run-off-the-road crashes. These cases do 

not include the crashes in which the vehicle was redirected back into the original lanes 

due to the presence of guardrail, attenuators etc. Then, different variables related to 

driver, vehicle, roadway and environment characteristics, which may influence the 

overcorrection crashes, are combined together in a table. The data set used during the 

course of this study contains additional information from comprehensive case study 

reviews and represents a significant enhancement in data quality, particularly accuracy 

and completeness. However, data transformations were needed to encode data for logistic 

regression because the raw data codes have certain limitation. While raw data codes seem 

realistic in terms of data collection, these codes are not suitable for logistic regression. 

The transformed variables were then imported to STATA, where the analysis took place. 

The various independent variables and their final coding with their level of significance is 

illustrated in Table 3.1.  
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Table 3.1 Description of Variables Affecting Overcorrection Crashes 

Data Variables Data Explanation Data Type CONDITION USED  

DEPENDANT VARIABLE      

OVERCORRECT 
Run-off-the-road 
crash involving 
overcorrection 

Binary 00- No; 01-Yes 

INDEPENDENT VARIABLE      

MALE 
Whether driver was 
male or not 

Binary 00- No; 01-Yes 

DRIVER_AGE Driver age Categorical

01- Younger Driver (under 
25yrs); 02- Middle Aged (25-
65); 03- Older Driver ( Above 
65 years) 

VEH_MOVE 
Movement of vehicle 
before overcorrection 

Categorical
01- Straight; 02- 
Slowing/Turning; 03- 
Passing/Changing; 04- Others 

VEH_TYPE 
Type of vehicle 
involved 

Categorical
01- Passenger Car; 02- 
SUV/Van; 03- Single Trailer & 
above 

ROADTYPE Type of road facility Categorical
01- Limited Access; 02- 
Divided; 03- Undivided 

INCAP 
At-fault driver under 
influence of alcohol 
(BAC >0.08) 

Binary 00- No; 01- Yes 

POSTED_SPEED 
Posted speed on 
roadway 

Categorical
01- <35 mph; 02- 35-70 mph;      
03- >70 mph 

VEH_SPEED 
Recorded speed of 
the vehicle just before 
crash 

Categorical
01- <35 mph; 02- 35-70 mph;      
03- >70 mph 

SPEEDING 

Whether driver was 
driving at speed 
higher than the 
posted limit 

Binary 00- No; 01-Yes 

OCCUPANTS 
Number of occupants 
inside the vehicle 

Categorical
01- One occupant; 02- Two or 
more occupant 

ROR_DIR 
Direction of the 
vehicle at the time of 
ROR crash 

Categorical 01- Right; 02- Left; 03- Straight 

RUMBLE_STRIP 
Presence of rumble 
strips in ROR 
direction 

Binary 00- No ; 01-Yes 

NUM_OF_LANES Number of lanes  Categorical
01- One-Three; 02- Four or 
more 

ADT 
Average daily traffic 
for the site. 

Categorical
00- <10k; 01- 10k-20k; 02- 20k-
30k; 03- 30k-40k; 04- >40k 

ROAD_COND 
Condition of roadway 
at the time of crash 

Categorical 01- Dry; 02- Wet/ Slippery 
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Table 3.1 – Continued 

 

SLD_TYPE1 
First shoulder type in 
the direction of the 
ROR 

Categorical 
01- Unpaved; 02- Paved; 03-
Curb 

PAVE_SLDWIDT 

Width of 
paved/unpaved 
shoulder in the 
direction of the ROR 

Categorical 
01- <5; 02- 5-10; 03- 10-15; 04- 
>15 

SLD_TYPE2 
Second shoulder 
type in the direction 
of the ROR 

Categorical 
01- Unpaved; 02- Paved; 03- 
Curb 

LEAVE_PAVE 

Whether vehicle left 
the pavement or not 
(prior to 
overcorrection) 

Binary 00- No; 01-Yes 

RURAL 
Geographical 
location of roadway 

Binary 00- No; 01-Yes 

MEDIAN_WIDTH Width of median Categorical 01- <=20; 02- 21-54; 03- >54 

AVG_T_FACTOR 
Average truck factor 
of roadway 

Categorical 
01- <6.66; 02- 6.67-13.64; 03- 
>13.64 

DAYLIGHT 
Lighting condition at 
the time of crash 

Binary 00- No; 01-Yes 

BADWEATHER 
Weather condition at 
the time of crash 

Binary 00- No; 01-Yes 

 
 
 

3.6 Data Analysis and Modeling 

 
 The final dataset obtained by categorizing different factors influencing 

overcorrection crashes, was analyzed by the logistic regression method. The dependent 

variable in this research, overcorrect, is dichotomous and indicates whether there was an 

overcorrection during the crash. Logistic regression then determines the coefficients that 

make the observed outcome (overcorrection or no overcorrection) most likely using the 

maximum likelihood estimation (MLE) technique. MLE seeks to maximize the log 

likelihood, LL, which reflects how likely it is (i.e., the odds) that the observed values of 

independent variable may be predicted from the observed values of the dependent 

variable. 
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 The algorithm used for the statistical analysis of crashes is shown in the Figure 

3.3. A detailed treatment of each of the statistical methods used in the various steps 

follows the standard techniques for logistic regression given in works by Agresti [1996], 

and Pampel [2000]. The process involves fitting terms suspected to be associated with 

overcorrection crashes into logistic model to predict the factors that influence these 

crashes. Following the development of the logistic regression model, predictions are 

made on the basis of 90% confidence level of significance, and odds ratios are developed 

for each response variable. The nature of fit is then explored to find the classification of 

the data and how successful the model is in explaining the outcome (overcorrection). The 

last step involves the summary of results and interpretative comments. 

Converting Variables

Into Categories

Pearson chi2

Goodness-of-fit Test

Graphic

Representation

ROC curve

Stepwise Logistic

Regression

1. Forward  

2. Backward

Logistic Regression

Select Significant

Variables  ( p<0.1 )

 Figure 3.3 Modeling and Analyzing Process Using Logistic Regression 
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CHAPTER 4 

RESULTS 

 
 The original study of fatal crashes involved 2080 fatal crashes on state roads in 

the state of Florida in the year 2000. There were 579 run-off-the-road crashes in the study 

set, out of which 153 involved in overcorrection. Table 4.1 shows the percentage of ROR 

crashes in the study set.  

Table 4.1 Percentage of ROR Crashes 

Total 

Number of 

Crashes 

Number of ROR 

Crashes 

Percentage 

ROR 

Crashes 

2080 579 27.79 

 

 

 Table 4.2 shows the number and percent of vehicles overcorrecting after running-

off-the-road to either the left, right or straight. Vehicles that were redirected back into 

traffic after hitting a roadside feature, such as a barrier, guardrail, or attenuator,  are not 

included in the table and therefore in the study. Regardless of the direction in which the 

vehicle left the roadway, approximately 25 percent of the vehicles overcorrected in an 

attempt to come back to original lane. 

 

Table 4.2 Distribution of Run-Off-the-Road Crashes 

  ROR to Right ROR to Left ROR Straight 

  Number Percent Number Percent Number  Percent 

Overcorrection 82 26.20 69 26.64 2 33.33 

No Overcorrection 231 73.80 190 73.36 4 66.67 

Total 313 100 259 100 6 100 
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Vehicle drift off which side of road ?

RIGHT

54%

LEFT

45%

STRAIGHT

1%

RIGHT

LEFT

STRAIGHT

 

 
 

Figure 4.1: Overcorrection Vehicle: Run-off-the-Road Direction 

 

 

4.1 Analysis of Significant Variables 

  
 
 To analyze the factors affecting overcorrection crashes, twenty-three explanatory 

variables were selected, as described in the previous chapter. A binary logistic regression 

of each individual variable was performed to investigate the effect of each independent 

variable on overcorrection. Table 4.3 summarizes these explanatory variables along with 

their coefficients, odds ratios and p-values. 
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Table 4.3 Summary of Variables Effecting Overcorrection  

 

Variable Name Code Values and Definition 

Dependent Variable 

OVERCORRECT 00-No; 01-Yes 

Independent Variable 

Coefficients 
Odds 

Ratio 
p > lzl 

MALE 00- No; 01-Yes -0.617 0.540 0.011 

RUMBLE_STRIP 00- No; 01-Yes 0.587 1.798 0.056 

SPEEDING 00- No; 01-Yes -0.479 0.620 0.120 

SLD_TYPE2 01- Unpaved; 02- Paved; 03- Curb -1.528 0.217 0.145 

ROAD_COND 01- Dry 02- Wet/ Slippery -0.658 0.518 0.162 

VEH_MOVE 
01- Straight; 02- Slowing/Turning; 03- 
Passing/Changing; 04- Others 

0.163 1.177 0.185 

VEH_TYPE 
01- Passenger Car; 02- SUV/Van; 03- Single Trailer & 
above 

-0.226 0.798 0.235 

AVG_T_FACTOR 01- <6.66; 02- 6.67-13.64; 03- >13.64 -0.203 0.816 0.243 

RURAL 00- No; 01-Yes 0.324 1.383 0.272 

BADWEATHER 00- No; 01-Yes 0.529 1.698 0.319 

INCAP 00- No; 01- Yes. 0.233 1.262 0.334 

ROR_DIR 01- Right; 02- Left; 03- Straight 0.201 1.223 0.361 

ADT 
00- <10k; 01- 10k-20k; 02- 20k-30k; 03- 30k-40k; 
04- >40k 

0.068 1.070 0.472 

VEH_SPEED 01- <35 mph; 02- 35-70 mph; 03- >70 mph -0.198 0.820 0.526 

DRIVER_AGE 
01- Younger Driver (under 25yrs); 02- Middle Aged 
(25-65); 03- Older Driver ( Above 65 years) 

0.115 1.122 0.564 

ROADTYPE 01- Limited Access; 02- Divided; 03- Undivided 0.101 1.107 0.607 

MEDIAN_WIDTH 01- <=20; 02- 21-54; 03- >54 0.113 1.120 0.611 

  
PAVE_SLDWIDT 

01- <5; 02- 5-10; 03- 10-15; 04- >15 0.073 1.076 0.638 

SLD_TYPE1 01- Unpaved; 02- Paved; 03-Curb 0.093 1.098 0.644 

DAYLIGHT 00- No; 01-Yes -0.104 0.901 0.657 

POSTED_SPEED 01- <35 mph; 02- 35-70 mph; 03- >70 mph 0.150 1.162 0.667 

OCCUPANTS 01- One occupant; 02- Two or more occupants -0.057 0.945 0.852 

NUM_OF_LANES 01- One-Three; 02- Four or more -0.060 0.942 0.852 

 

 

 The logistic regression coefficients show the change in the predicted logged odds 

of experiencing an event or having a characteristic for a one-unit change in the 

independent variables. Odds in logistic regression express the likelihood of an occurrence 

relative to the likelihood of a nonoccurrence. This means that an odds ratio greater than 
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one indicates that an overcorrection is more likely as the code value increases. The higher 

the ratio is, the stronger the correlation is. 

 

 After performing stepwise regression, there were five significant variables found, 

namely, male (i.e. driver’s gender), presence of rumble strips, speeding, shoulder type 2 

and vehicle movement. Table 4.4 summarizes the results of the stepwise regression with 

a p-value cutoff of 0.15.   

Table 4.4 Results of the Stepwise Logistic Regression 

overcorrect Coef. 
Odds 

Ratio 
p > lzl 

male -0.676 0.509 0.003 

rumble_strip 0.550 1.733 0.053 

speeding -0.373 0.689 0.093 

sld_type2 -1.428 0.240 0.165 

veh_move 0.167 1.182 0.152 

 

*Log likelihood = -266.932, Number of obs = 540, LR chi2 (26) = 22.80, Prob > chi2 = 0.0009, Pseudo R2= 0.0409 

 

 

 As shown in Table 4.4, driver’s sex is one of the significant factors, with an odds 

ratio of 0.509 for the variable, male, showing that females are more likely to overcorrect 

than males. This can be explained in the following way. The variable male has a p-value 

of 0.003, the lowest in the study, meaning that the result is statistically significant to over 

a 99 percent level. The odds ratio is less than one, meaning that a male (Male =01=Yes) 

is less likely to overcorrect than a female (Male=00=No). Specifically, the co-efficient 

value of -0.676 means that a female is e-0.676 or 0.509 times as likely to overcorrect as a 

male. Table 4.5 indicates that the percentage of females who overcorrect after running-

off-the-road is generally greater than the percentage of males who do the same. This table 

elaborates on this result by looking at the overcorrection rate of males and females in 

various age groups. For drivers aged 65 and below, females were about fifty percent more 

likely to overcorrect than males. 
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Table 4.5 Distribution of Run-Off-the-Road Crashes Based on Age and Driver Sex. 

Less than 25 years From 25 to 65 years Greater than 65 yrs 

 Male Female Male Female Male Female 

Overcorrection 29 18 58 31 8 5 

No Overcorrection 83 34 208 64 10 10 

% Overcorrection 25.89 34.62 21.80 32.63 44.44 33.33 

 

 The next most significant variable, rumble_strip, has a p-value of 0.053 and an 

odds ratio of 1.733. This means that, when rumble strips are present, fatal crashes are 

over 70 percent more likely to involve overcorrection, at almost 95 percent confidence.  

Rumble strips, crosswise grooves milled or pressed into the paved shoulder, are 

frequently introduced as a warning device to prevent vehicles leaving the paved roadway. 

Vehicles passing over shoulder rumble strip produce a sudden rumbling sound and cause 

the vehicle to vibrate, thereby alarming inattentive, drowsy, or sleeping drivers of 

encroachment on the shoulder and possibly on the roadside. But ironically, this safety 

feature has a negative impact on overcorrection crashes. The rumbling sound may cause a 

sudden fright or panic, due to which the driver immediately jerks the wheel too hard in 

the opposite direction, causing overcorrection. Table 4.6 shows that, on roads without 

rumble strips, about 24 percent of the run-off-the-road vehicles overcorrected, but on 

roads with rumble strips, over 38 percent overcorrected. However, it should be noticed 

that the logistic regression method differentiates the presence of rumble strips from the 

shoulder type, posted speed, road type and other factors with which rumble strips may be 

associated. In other words, overcorrection is associated just with presence or absence of 

rumble strips, not with any of the other roadway factors or types on which the rumble 

strips might be generally more common. 
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Table 4.6 Distribution of Run-Off-the-Road Crashes Based on Presence of Rumble 

Strips 

Rumble Strip No/UK Rumble Strip 

 Number Percent Number Percent 

Overcorrection 35 38.04 121 24.85 

No Overcorrection 57 61.96 366 75.15 

 

 The occurrence of overcorrection is also related to vehicle speeding, which has an 

odds ratio of 0.689 and a p-value of 0.093. It can be observed that, in case of run-off-the-

road crashes, if the driver has exceeded the speed limit, the chances of overcorrection 

decreased. Logically this might be explained with the fact that once a speeding vehicle 

runs off the road, there would be less chance for the driver to overcorrect as the 

perception-reaction time would not be sufficient. Speeding vehicles might also be at 

increased risk severe fixed objects impacts, decreasing the chance of overcorrection. 

Table 4.7 shows that the percentage of overcorrection is less among speeding vehicle 

when compared to the non-speeding vehicles, although the difference is more noticeable 

among older drivers. 

 

Table 4.7 Distribution of Run-Off-the-Road Crashes Based on Age and Speeding 

Factor 

Less than 25 years From 25 to 65 years Greater than 65 yrs 

  Speeding No Speeding Speeding No Speeding Speeding No Speeding 

Overcorrection 17 28 49 50 3 6 

No 

Overcorrection 49 76 145 119 22 15 

% Overcorrection 25.76 26.92 25.26 29.59 12.00 28.57 
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 While there is no strong correlation to the first shoulder type, the study shows that 

overcorrection is most common when the second shoulder type is a lawn or grass 

shoulder. However, this may happen primarily because most of the second shoulders on 

state roads are of this type.  

 

 Another significant variable is veh_move, which represents the movement of the 

vehicle just before the occurrence of overcorrection. It is divided into four different 

categories, namely straight, slowing/turning, passing/changing, and others. This variable 

has a p-value of 0.152, meaning that the variable is statistically significant at about 82% 

level, and an odds ratio of 1.182, showing that the probable chances of overcorrection is 

1.18 times more in a slowing/turning vehicle than a vehicle moving straight. Similarly, a 

vehicle that is performing a passing/changing lanes movement, would be 1.392 (1.182) 

times more likely to get involved in overcorrection than a straight vehicle. 

 

4.2 Factors Influencing Leaving the Pavement after Overcorrection 

 
 Because the presence of rumble strips was such a significant variable in the study, 

it was desired to investigate whether the vehicle actually left the pavement prior to the 

overcorrection. Recall that, for the purposes of this study, a vehicle was defined as a run-

off-the-road vehicle after leaving the outermost travel lane, whether it entered the paved 

or unpaved shoulder. Where a paved shoulder was present, overcorrection could occur 

while a vehicle was on the paved shoulder (with or without a rumble strip), or after it left 

the paved shoulder onto an unpaved/grass shoulder. However, because all ROR vehicles 

that do not overcorrect leave the pavement, this variable could only be investigated for 

vehicles that overcorrected. The results of the full model are summarized in Table 4.8; 

Table 4.9 shows results of the model with stepwise regression, with p-value cutoff of 

0.15. In this study, an odds ratio greater than 1 means that leaving the pavement (for 

overcorrection crashes) was more likely as the code value of the dependant variable is 

increased. The p-value is interpreted as before. 
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Table 4.8 Summary of Factors Influencing Vehicle Leaving the Pavement after 

Overcorrection 

Data Variables Code Values and Definition 

Dependent Variable 

LEAVE_PAVE 00-No; 01-Yes 

Independent Variable 

Coefficients 
Odds 
Ratio 

p > lzl 

MALE 00- No; 01-Yes -1.176 0.309 0.034 

DRIVER_AGE 
01- Younger Driver (under 25yrs); 02- Middle Aged (25-
65); 03- Older Driver ( Above 65 years).  

0.931 2.538 0.040 

ADT 
00- <10k; 01- 10k-20k; 02- 20k-30k; 03- 30k-40k; 04- 
>40k 

0.473 1.605 0.053 

SPEEDING 00- No; 01-Yes -1.225 0.294 0.100 

VEH_TYPE 
01- Passenger Car; 02- SUV/Van; 03- Single Trailer & 
above. 

-0.653 0.520 0.103 

RUMBLE_STRIP 00- No; 01-Yes 1.010 2.747 0.144 

VEH_MOVE 
01- Straight; 02- Slowing/Turning; 03- Passing/Changing; 
04- Others. 

0.478 1.613 0.164 

  
PAVE_SLDWIDT 

01- <5; 02- 5-10; 03- 10-15; 04- >15. -0.368 0.692 0.219 

DAYLIGHT 00- No; 01-Yes -0.535 0.585 0.258 

ROR_DIR 01- Right; 02- Left; 03- Straight. 0.473 1.604 0.379 

VEH_SPEED 01- <35 mph; 02- 35-70 mph; 03- >70 mph. 0.390 1.478 0.594 

RURAL 00- No; 01-Yes 0.357 1.429 0.598 

MEDIAN_WIDTH 01- <20; 02- 21-54; 03- >54. -0.197 0.821 0.715 

POSTED_SPEED 01- <35 mph; 02- 35-70 mph; 03- >70 mph. -0.203 0.816 0.778 

NUM_OF_LANES 01- One-Three; 02- Four or more. -0.167 0.846 0.809 

ROAD_COND 01- Dry; 02- Wet/ Slippery. -0.213 0.808 0.843 

SLD_TYPE1 01- Unpaved; 02- Paved; 03-Curb. 0.089 1.094 0.847 

INCAP 00- No; 01- Yes. 0.101 1.106 0.849 

OCCUPANTS 01- One occupant; 02- Two or more occupant. 0.140 1.150 0.850 

AVG_T_FACTOR 01- <6.66; 02- 6.67-13.64; 03- >13.64. 0.051 1.053 0.886 

ROADTYPE 01- Limited Access; 02- Divided; 03- Undivided. -0.021 0.979 0.961 
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Table 4.9 Results of the Stepwise Logistic Regression 

overcorrect Coef. Odds Ratio p > lzl 

adt 0.368 1.445 0.017 

driver_age 0.890 2.435 0.032 

male -1.131 0.323 0.033 

speeding -1.057 0.347 0.039 

veh_type -0.714 0.490 0.051 

pave_sldwidth -0.441 0.643 0.111 

rumble_strip 0.981 2.667 0.125 

Veh_move 0.440 1.553 0.147 
 

*Log likelihood = -64.217, Number of obs = 168, LR chi2 (26) = 29.98, Prob > chi2 = 0.0002, Pseudo R2= 0.1893 

 

 

 The most significant variable during this analysis is ADT, with an odds ratio of 

1.445 and a p-value of 0.017. These values indicate that annual daily traffic is a key 

factor that influences the vehicle departure from the pavement. It was found that increase 

in ADT increases the probability of vehicle leaving the pavement prior to overcorrection. 

This is possibly due to the fact that when there are more vehicles on the roadway, the 

driver maneuvers increases. 

 

 It was also evident that younger drivers involved in over correction crashes are 

less likely to have left the pavement before overcorrection. This was derived based on the 

odds ratio of the driver_age factor, which had a value of 2.43 as driver age increased. 

Older drivers comparatively have a higher perception-reaction time and thus might 

perform the act of oversteering a little later than what a younger driver would have done. 

This delay would result in the vehicle leaving the pavement before the occurrence of 

overcorrection. 

 

 One of these significant variables is male ( i.e. driver’s sex), which was found to 

have an odds ratio of 0.323 and a p-value of 0.033 during this analysis. This value of the 

odds ratio indicates that if the driver of a ROR vehicle is male, the driver was less likely 

to have left the pavement prior to overcorrection. 
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 In addition, as discussed before in this study, once a speeding vehicle runs-off-

the-road, potentially colliding with a fixed object, there might be less chance for the 

driver to overcorrect, as the perception-reaction time would not be sufficient, and any 

impact of the collision would be severe owing to the high speed. Hence if a speeding 

vehicle which has been involved in an overcorrection crash is the subject of 

consideration, it is implicit that the vehicle has probably not left the pavement before the 

occurrence of overcorrection. This supposition is further validated by the odds ratio of 

0.347 and p-value of 0.039 of the speeding variable in this analysis. 

 

 As the vehicle size increases (veh_type variable), the odds of leaving the 

pavement during overcorrection (0.49 at p-value of 0.051) decreases. These vehicle 

characteristics possibly indicate that a larger vehicle, such as a trailer, can more easily be 

prevented from leaving the pavement. Another fact that should be kept in mind is that, 

the larger the vehicle, less the chances of severe or even fatal passenger injury. Hence, in 

general, ROR crashes causing fatality are more likely to occur with passenger cars than 

SUVs or larger vehicles. 

 

 Furthermore, the increase in the width of the paved shoulder decreases the 

likelihood of vehicle leaving the pavement. This can be explained as, if paved width of 

the roadway is greater, there is more time for the vehicle to come back safely in the 

original lane, without being involved in a crash. This is substantiated with the p-value of 

0.111 and an odds ratio of 0.643. 

 

 Another significant variable in this model is the presence of rumble strips, which, 

with an odds ratio of 2.667 and p-value of 0.125, suggests that there are increased 

chances of the ROR vehicle leaving the pavement before the occurrence of the 

overcorrection crash with the presence of the rumble strip. It appears that the rumble strip 

does not prevent the overcorrecting vehicle from leaving the pavement prior to 

overcorrecting, possibly leading to a more severe oversteering action. 
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 Another important factor influencing this analysis is the movement of the vehicle 

before the occurrence of the crash. On the basis of the odds ratio of the veh_move 

variable, which is 1.553, and the different types of the vehicle movement considered in 

this study, it was inferred that a passing/changing vehicle has a greater possibility of 

leaving the pavement, than a slowing/turning vehicle, which in turn is more likely to 

leave the pavement than a straight moving vehicle. 
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CHAPTER 5 

CONCLUSIONS & RECOMMENDATIONS 

 

 Overcorrection has been the cause of many fatal crashes in United States. There 

were more than one million run-off-the-road (ROR) crashes in the United States in 2002, 

of which 387,000 caused injury and 15,458 were fatal [FARS 2002]. According to the 

study described herein, around 25% of the total number of ROR crashes involved 

overcorrection. Many rollovers occur when drivers overcorrect their steering as a panic 

reaction to an emergency—or even to a wheel going off the pavement’s edge. At 

highway speeds, overcorrecting or excessive steering can cause the driver to lose control, 

which can force the vehicle to slide sideways and roll over. A comprehensive research on 

the factors influencing overcorrection crashes has been conducted for fatal ROR crashes 

in the state of Florida for the year 2000. Logistic regression analysis was used as a tool to 

analyze these crashes. The STATA statistical software program was used to perform 

these regressions.  

 

5.1 Conclusions 

 

 After this analysis, overcorrection cases were found to be strongly associated with 

the driver’s sex, presence of rumble strips, speeding above the posted limit, shoulder 

characteristics and the vehicle movement. The results of our study show that if the driver 

is a female, the vehicle is at a greater risk of being involved in an overcorrection crash. 

 

 The presence of rumble strips was observed to increase the possibility of 

overcorrection crashes. The rumble strips alert drivers by creating an audible (noise) and 

tactile (rumble or vibratory) warning sensation indicating that the vehicle is leaving the 

traveled way (traffic lane) and that a steering correction is required. However, this is 

speculated to have created panic occurrences among the drivers, leading to oversteering. 

The comparison of crashes that occurred on roadways with rumble strip and the ones that 
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occurred in the absence of rumble strip, shows that 24% of the crashes on roadways with 

no rumble strip were due to overcorrection, where as, 39% of crashes on roadways 

facilitated with rumble strip were due to overcorrection. This substantiates our conclusion 

that overcorrection is more frequent in the presence of rumble strip. 

 

 Our study also infers that the speeding factor is inversely related to overcorrection 

crashes. When a vehicle moving with a speed greater than the posted limit runs-off-the-

road, there might be lesser chances for the driver to overcorrect as the perception-reaction 

time might not be sufficient. 

 

 It is possible that while considering the shoulder type 2 variable, the analysis done 

during our study may have produced biased results, because over ninety five percent of 

the overcorrection crash cases in our data included unpaved (grass/lawn) shoulder. The 

crashes that occurred in the presence of other forms of shoulder type 2 such as paved and 

curbed, were almost negligible compared to this figure. 

 

 The occurrence of overcorrection also depends on the pattern of the vehicle 

movement. The data indicates that an overtaking vehicle or a vehicle that is changing 

lanes (i.e. odds ratio 1.182), is almost twice at the risk of overcorrecting than a straight 

moving vehicle. This may be due to the fact that a vehicle moving straight might be 

easier to control than an overtaking or turning vehicle. 

 

 In order to study the circumstances that lead the vehicle to leave the pavement 

prior to overcorrection, an additional statistical analysis was carried out to develop 

another model. For this purpose, the ROR crashes, which were only due to 

overcorrection, were considered. It was observed that many significant variables found in 

our original model were again major key factors, which compel the vehicle to leave the 

pavement. Apart from driver sex, vehicle movement, speeding and presence of rumble 

strip, additional factors namely, driver’s age, vehicle type, annual daily traffic and width 

of the paved shoulder were found to be significant in this model. 



 43  

 It is evident from the study that that annual daily traffic is also a key factor 

associated with vehicle departure from the travel lane before overcorrection. The increase 

in ADT may increase driver maneuvers to avoid crash, which in turn increased the 

probability of vehicle leaving the pavement.  

 

 Furthermore, the increase in the width of the paved shoulder is observed to have 

decreased the likelihood of the vehicle leaving the pavement prior to overcorrection. 

Wider paved shoulder may have provided the drivers with more time to safely come back 

to original lane. 

 

 Driver’s age is another factor to influence the vehicle in leaving the pavement 

before overcorrection. Older drivers, comparatively have a higher perception reaction 

time and thus might perform the act of oversteering a little later than their younger 

counterparts. This shows that younger drivers are less likely to have left the pavement 

before overcorrecting.  

 

 The passenger cars were seen to have been more likely to have left the pavement 

before involving in overcorrection. The larger the vehicle, the less the chances of severe 

or even fatal passenger injury. Since the database used for this study included only the 

fatal crashes, there may be fewer cases studied which involved a larger vehicle or a 

trailer. This may be the justification for the result obtained related with the type of the 

vehicle. 

 

5.2 Recommendations & Future Study 

 
 Many highway safety programs can be effectively enhanced with a properly 

designed public information and educational campaign. Educational programs should 

thus be developed to train drivers how to properly respond to emergency driving 

situations. Education and enforcement measures could be structured in the form of public 

service campaign particularly directed toward female drivers and younger drivers.  Many 
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crashes occur when drivers overcorrect their steering as a panic reaction to an emergency 

or even to a wheel going off the pavement’s edge. At highway speeds, overcorrecting or 

excessive steering can cause the driver to lose control, which can force the vehicle to 

slide sideways and roll over or lose control and impact another vehicle. A public service 

campaign should hence advise drivers to be cautious and maintain a safe speed. They are 

required to be calm and should not overcorrect in a panic if one of the wheels drops off 

the pavement. If the vehicle departs from the roadway, the vehicle speed should be 

gradually reduced and then the driver is advised to ease the vehicle back on to the 

roadway when it is safe to do so.  

 

 Studies should be carried out to evaluate sites with soft/unpaved shoulders, for 

their potential to trip the departing vehicles. Potential countermeasures include improving 

the quality of the soil/grass shoulder, or providing additional paved shoulder width. In 

many cases, overcorrection on non-limited access facilities typically involves dropping 

off the paved shoulder onto the grass. Although drop-offs are a relatively infrequent 

factor in data utilized during our analysis; the severity of such drop-offs could be 

evaluated in conjunction with a program to improve soft shoulders. Much less is known 

about the effectiveness of edge drop treatments, since it is difficult to specifically define 

the percentage of ROR or head-on crashes, which is the result of overcorrection by 

vehicles that run-off-the-road first. 

 

 It is visibly inferred from our study that overcorrection is more frequent in the 

presence of rumble strips, owing to the fact that rumble strip generates audible and tactile 

warning sensations that create panic occurrences among the drivers, leading to 

overcorrection. It has been suggested that by varying the position, depth, and placement 

method in installing rumble strip (e.g. rolled into fresh pavement rather than milled into 

existing pavement), the sound volume resulting from driving over the rumble strips can 

be altered. Additional research into this issue should be undertaken.  
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